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Abstract

Remimazolam (Anerem® in Japan; ByFavo™ in the USA; Aptimyda™ in the EU) is an ultra-short-acting intravenous (IV)
benzodiazepine sedative/anesthetic being developed by PAION AG in conjunction with a number of commercial partners
for use in anesthesia and procedural sedation. Remimazolam was approved on 23 January 2020 in Japan for use in general
anesthesia in adult patients. Remimazolam is also undergoing regulatory assessment in South Korea for this indication and for
use in procedural sedation in the USA, the EU and China. This article summarises the major milestones in the development
of remimazolam for this first approval for the induction and maintenance of general anaesthesia, and its potential upcoming
approvals in general anaesthesia and procedural sedation.

1 Introduction

Remimazolam (Anerem®; ByFavo™; Aptimyda™):

Key points Remimazolam (Anerem® in Japan [1]; ByFavo™ in the USA
[2], Aptimyda™ in the EU) is an intravenous (IV) benzodi-
azepine sedative/anesthetic being developed by PAION AG
in conjunction with a number of commercial partners for
use in anesthesia and procedural sedation [3]. Remimazolam
was approved on 23 January 2020 in Japan for use in gen-
eral anesthesia [4]. Remimazolam is undergoing regulatory
assessment in South Korea for use in general anesthesia [5],
Received its first approval on 23 January 2020 in Japan and for procedural sedation in the USA (PDUFA date of 5
July 2020) [3, 6, 7], the EU [8] and China [3].

Commonly used IV sedatives in anesthesia practice
include the hypnotics propofol (an anesthetic alkylphenol)
and midazolam (a benzodiazepine), both of which are often
administered in combination with an I'V opioid (e.g. fentanyl)
for analgesia [9, 10]. Limitations of such regimens include
the narrow therapeutic index of propofol (due to cardiorespi-
ratory depression) and the onset and recovery time of mida-
zolam. Consequently, there is a need for anesthetic agents
Enhanced material for this AdisInsight Report can be found at that have a fast onset of action, good safety profile and short
https://doi.org/10.6084/m9.figshare.12017124. recovery time [9, 10]. Remimazolam is an ultra-short-acting
This profile has been extracted and modified from the AdisInsight GABAA. receptor agonist E?Hd is thougl.lt t(.) have a sedative/
database. AdisInsight tracks drug development worldwide through anesthetic effect by promoting GABA binding to the GABA
the entire development process, from discovery, through pre- receptor via the receptor benzodiazepine binding site [11].
clinical and clinical studies to market launch and beyond. In Japan, remimazolam is approved for the induction and
maintenance of anesthesia [1]. In adults undergoing general
anesthesia, remimazolam is administered at a rate of 12 mg/
kg/h until the patient achieves the required level of uncon-
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anesthesia, an initial continuous infusion rate of 1 mg/kg/h
is recommended, with the dose rate adjusted to maintain an
appropriate depth of anesthesia, but not exceeding 2 mg/
kg/h. The infusion rate should be reduced appropriately
depending on the patient’s age and condition. If signs of
arousal are evident, up to 0.2 mg/kg of remimazolam may
be administered IV. Remimazolam should be used in com-
bination with analgesics and muscle relaxants as part of an
anesthetic regimen. If an overdose of remimazolam is sus-
pected, flumazenil (a benzodiazepine receptor antagonist)
should be administered. Remimazolam is contraindicated in
patients with hypersensitivity to the drug, acute-angle glau-
coma, myasthenia gravis, shock, coma, or acute alcoholism
with depressed vital signs [1].

1.1 Company Agreements

In January 2020, Cosmo Pharmaceuticals N.V. (Cosmo) and
Acacia Pharma Group plc (Acacia Pharma) entered into a
licensing agreement for remimazolam. Under the agreement,
Cosmo sublicensed the exclusive US rights to remimazolam
to Acacia Pharma [2]. In June 2016, PAION had granted an
exclusive license to Cosmo for the development and com-
mercialisation of remimazolam in USA. PAION would be
responsible for and would bear the cost associated with the
completion of the ongoing US trials in procedural sedation.
Cosmo would be responsible for further development and
commercialisation of remimazolam in the USA, while bear-
ing all future associated costs for market authorisation and
distribution [12].

A\ Adis

In January 2020, PAION extended its license agree-
ment for remimazolam with Hana Pharm to include
Southeast Asia (Indonesia, Philippines, Singapore, Thai-
land and Vietnam). According to the agreement Hana
Pharm will manage the development and marketing
approval process [13]. The development and commer-
cialisation of remimazolam was licensed to Hana Pharm
for Korea in 2013 [14].

In December 2017, PAION entered into a development
and commercialisation agreement with Mundipharma Co.,
Ltd (Mundipharma), granting Mundipharma an exclusive
license to develop and commercialise remimazolam, in
Japan. Under the terms of the agreement, Mundipharma
has the right and obligation to further develop remimazolam
in all indications in Japan with PAION’s support. Mundip-
harma will bear all costs for market authorisation and dis-
tribution [15].

In July 2014, PAION entered into a license agree-
ment with Pendopharm (through its European affiliate
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Pharmascience International Ltd) to develop and com-
mercialise remimazolam in Canada [16]. In October 2013,
PAION and R-Pharm entered into a license agreement for
the development, manufacture and commercialisation of
remimazolam in Russia and CIS. R-Pharm will manage
the development and marketing approval process in Russia
and CIS [17]. PAION and R-Pharm extended their license
agreements (through the R-Pharm affiliate TRPharm) for
remimazolam to include Turkey in November 2013 [18] and
the MENA region (i.e. Middle East and North Africa) in
June 2014 [19]. In July 2012, PAION entered into a license
agreement with Yichang Humanwell for the development,
manufacture and commercialisation of remimazolam in
China [20].

In November 2014, Ono Pharmaceutical Co., Ltd (Ono),
terminated the exclusive licensing agreement for Japanese
rights to remimazolam and returned back the license to
PAION [21, 22]; the knowledge and technology transfer
from Ono was completed in July 2015 [23].

In June 2008, CeNeS Pharmaceuticals was acquired
by PAION [24]. Previously, in November 2003, CeNeS
Pharmaceuticals had acquired TheraSci Ltd and included
in the assets of TheraSci was a simultaneous transaction
under which GlaxoSmithKline assigned all rights to the
pre-operative sedative programme with TheraSci to CeNeS.
This transaction included remimazolam and several back-up
compounds [25] In August 2007, CeNeS Pharmaceuticals
had entered into a license agreement with Ono to develop
and commercialize remimazolam in Japan [26].

1.2 Patent Information

PAION has been granted patents in numerous countries
worldwide, including Japan and the USA, relating to the
dosing regimen for sedation with remimazolam [27]. In
September 2017, a formulation patent for remimazolam was
granted to PAION in the EU by the European Patent Office.
The patent, named “Compositions Comprising Short-Acting
Benzodiazepines” (patent no. 2 852 389), relates to stable
preparations of remimazolam and related compounds and
will expire in May 2033 [28]. In February 2016, a patent
related to crystalline forms of the besylate salt of remima-
zolam named “Short-Acting Benzodiazepine Salts and their
Polymorphic Forms” was granted to PAION in the USA
(patent no. US 919 373 0B2). The patent will expire in May
2031 [29]. PAION also holds a patent for remimazolam in
Japan (patent no. JP 6199869 expiring in May 2033) [30].
CeNeS had announced in February 2006 that it had been
granted a patent by the European Patent Office for a series of
its short-acting sedatives in preclinical development, includ-
ing remimazolam [31].

2 Scientific Summary
2.1 Pharmacodynamics

In vitro, remimazolam had a high affinity for the benzodi-
azepine binding site of the rat brain GABA , receptor (Ki
26.3 nmol/L) [1] and in tissue homogenates from human,
rat and Yucatan micropig brain [11]. Remimazolam showed
a 320- to 410-fold greater affinity for the GABA , benzodi-
azepine receptor than its carboxylic acid metabolite CNS
7054 in rat, micropig and human brain tissue homogenates;
remimazolam and CNS 7054 (10 pM) showed no detect-
able affinity for other receptor sites [11]. Like midazolam,
remimazolam enhanced GABA currents in Ltk cells stably
transfected with GABA , receptor subtypes (o, o, &3, s,)
and did not show selectivity between receptor subtypes. [V
remimazolam dose-dependently inhibited substantia nigra
pars reticulata (SNpr) neuronal firing (to ~20% of baseline
levels; EDs5, 0.83 mg/kg) in a rat model. Recovery to base-
line SNpr firing rates was achieved within =7 min of ceasing
administration with the highest (8 mg/kg) dose of remima-
zolam. In rats, the loss of righting reflex after IV administra-
tion of remimazolam or midazolam was immediate; how-
ever, the duration of the drug-induced loss of righting reflex
was shorter with remimazolam than with midazolam (9.6 vs
24.6 min). Pretreatment with the benzodiazepine receptor
antagonist flumazenil significantly reduced the loss of right-
ing reflex duration induced by IV remimazolam 30 mg/kg
in mice (0.7 vs 8.4 min; p=0.013) [11]. In animal models
(mice, rats, minipigs and monkeys), remimazolam exerted
a dose-dependent sedative effect [1]. Inhaled remimazolam
was effective in producing sedation in rodent models and
was not associated with pulmonary adverse events, including
lung irritation or bronchospasm. Remimazolam potentiated
the effects of remifentanil when both drugs were concur-
rently delivered via inhalation in a rat model [32].
Simulations based on population pharmacodynamic mod-
els showed that maximal sedation is reached within 3 min of
IV remimazolam single-dose administration [33]. In healthy
volunteers, rapid-onset, dose-dependent sedation [assessed
using Modified Observer’s Assessment of Alertness/Seda-
tion (MOAA/S) scores] was seen after IV administration
of remimazolam > 0.05 mg/kg in a single ascending-dose
US study [34]. IV remimazolam 0.075-0.20 mg/kg induced
peak sedation levels similar to or greater than those with
midazolam 0.075 mg/kg, but with a more rapid median
recovery time from sedation (5.5-20 vs 40 min) [34].
Peak sedation (assessed using MOAA/S and BiSpectral
monitoring scores) occurred within 1-2 min after injec-
tion of IV remimazolam > 0.075 mg/kg in a single ascend-
ing dose study in healthy volunteers conducted in China
(ChiCTR180001518) and remimazolam achieved deeper
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sedation than midazolam during a 2 h continuous IV infu-
sion of either drug (ChiCTR1800015186;) [induction over
1 min with remimazolam 0.2 mg/kg or midazolam 0.15 mg/
kg over 1 min then maintenance with 1.0 mg/kg/h remima-
zolam or 0.05 mg/kg/h midazolam] [35].

A rapid decrease in the MOAA/S score from 5 (fully alert)
to <2 (loss of consciousness) was evident within 5 min of
starting a 35-min IV infusion of remimazolam (5 mg/min for
5 min, then 3 mg/min for 15 min and 1 mg/min for 15 min) in
a study in healthy volunteers (EudraCT201700045512). Full
alertness (MOAA/S score of 5) was seen at 19 min after stop-
ping the infusion [36]. EEG changes during the remimazolam
infusion were characterized by an initial transient increase in
the beta frequency band (shortly after the start of the infu-
sion) and a late increase in the delta frequency band; no burst
suppression patterns or isoelectric EEG were evident [37].

Time-to-event modelling using data from clinical trials
of remimazolam found that the sedative effects of remima-
zolam are not cumulative when administered for up to~9 h
during general anesthesia [38]. The sedative effect of remi-
mazolam was rapidly reversed by flumazenil in vivo (in rats)
and in humans (within a median 1-2 min of administration)
in a phase 1b trial in healthy volunteers undergoing colo-
noscopy (multiple-dose procedural sedation) and a phase
2/3 general anesthesia trial (JapicCTI121973) [1, 39, 40].
Clinically relevant prolongation of the QTc interval was not
evident in a thorough QT study of IV remimazolam [41].

2.2 Pharmacokinetics

The pharmacokinetic profile of remimazolam was linear
when administered as a single IV 0.01-0.30 mg/kg dose
over 1 min in a phase 1 dose-finding trial in healthy volun-
teers. The mean steady-state volume of distribution (V) of
remimazolam was 34.8 L, while that of midazolam was 81.8
L [34]. The V of remimazolam administered as a 35-min

IV infusion (5 mg/min for 5 min, then 3 mg/min for 15 min,
then 1 mg/min for 15 min) in a phase 1 trial in healthy vol-
unteers was 35.4 L [36]. In vitro, remimazolam was ~ 92%
bound to serum protein (predominantly albumin) and at a
concentration of 1-10 pg/l showed a human blood cell trans-
location rate of 7.5-11.7% [1].

Remimazolam is rapidly hydrolyzed by tissue esterases
(mainly liver carboxylesterase) to a pharmacologically inac-
tive carboxylic acid metabolite (CNS7054) [1, 11, 42].

Systemic clearance (CL) after a single dose of IV remi-
mazolam 0.01-0.35 mg/kg administered over 1 min was
three times as rapid as that of a single dose of IV midazolam
0.075 mg/kg administered over 1 min (70.3 vs 23.0 L/h) in
healthy volunteers [34]. CL was considered independent of
bodyweight [33, 34]. The mean residence time of remima-
zolam was 0.51 h and the terminal half-life (t;,,) was 0.75 h
(vs 3.62 and 4.29 h, respectively, with midazolam) [34]. In
healthy volunteers who received remimazolam as a 35-min
IV infusion (5 mg/min for 5 min, then 3 mg/min for 15 min,
then 1 mg/min for 15 min), CL was 1.15 L/min and t,,, was
70 min (i.e. 1.17 h). The simulated context-sensitive half-
time after a 4 h infusion was predicted to be 6.8 min [36].

Remimazolam is predominantly excreted in urine; > 80%
of a dose was detected in urine as metabolites 24 h after
administration of a single 0.2 or 0.3 mg/kg dose of IV remi-
mazolam; the unchanged drug was not detected [1].

The pharmacokinetics of remimazolam did not differ
between elderly (median age 66.0 years) and younger (median
age 21.0 years) patients or between patients with normal renal
function (eGFR >80 mL/min/1.73m?) and end-stage renal
failure (eGFR < 15 mL/min/1.73m?). In patients with severe
hepatic dysfunction (Child Pugh class C), AUC_, V and t,,,
(171 ng-h/mL; 1.01 L/kg; 109 min) were increased compared
to patients with normal hepatic function (132 ng-h/mL; 0.329
L/kg; 43.1 min). Careful titration to effect is recommended in
patients with severe hepatic impairment [1].

Features and properties of remimazolam

Alternative names

besylate
Class
Mechanism of action GABA , receptor agonist
Route of administration v
Pharmacodynamics
Pharmacokinetics

0.75h
Adverse events

Most frequent (general anesthesia) Hypotension, vomiting, nausea

ATC codes
‘WHO ATC code NO5C-D14 (Remimazolam)
EphMRA ATC code N5B (Hypnotics/Sedatives)

Chemical name
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Anerem®:; ByFavo™; Aptimyda™; CNS 7056B, CNS 7056 besylate, ONO-2745BS, remimazolam

Benzodiazepines; general anesthetics; hypnosedatives; small molecules

V&35 L; ®#92% bound to serum protein; rapidly hydrolyzed by serum esterases; CL 70.3 L/h; t,,,

Methyl 3-[(4S)-8-bromo-1-methyl-6-pyridin-2-yl-4H-imidazo[ 1,2-a][ 1,4 ]benzodiazepin-4-yl]propanoate
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2.3 Therapeutic Trials
2.3.1 General Anesthesia

IV remimazolam was as effective as propofol for the induc-
tion and maintenance of general anesthesia in adult patients
undergoing surgery in a randomized Japanese phase 2/3
noninferiority trial JapicCTI121973) [1, 39]. The primary
efficacy endpoint of no intra-operative awakening or recall,
no need for rescue sedative medication and no body move-
ment was achieved in 100% of remimazolam or propofol
recipients, thus achieving noninferiority. Patients were
administered an IV infusion of remimazolam 6 or 12 mg/
kg/h for induction and then a starting dose of remimazolam
1 mg/kg/h for maintenance, titrated up or down, as required
(n=150 and 150 evaluable) or a standard dose regimen of
IV propofol (n="75 evaluable). Anesthesia induction time
was significantly shorter in the 12 mg/kg remimazolam
group compared with the 6 mg/kg group (p<0.001). Time to
loss of consciousness was significantly longer with remima-
zolam 6 or 12 mg/kg/h than with propofol (102.0 and 88.7 vs
78.7 s; p<0.001 and p=0.0149) as was time to extubation
(19.2 and 19.2 vs 13.1 min; p=0.0007 and p=0.0006), and
the time to leaving the operating theatre (p =0.007 for both
remimazolam dosages vs propofol) [1, 39, 43].

Results from phase 3 trials conducted in Russia (in 150
patients; NCT03669484) [44] and South Korea (in 198
patients; REVOLUTION study) [45] that compared IV
remimazolam with IV propofol in surgery requiring general
anesthesia confirmed the efficacy of remimazolam for the
induction and maintenance of general anesthesia. In REVO-
LUTION, remimazolam was considered to be as effective
as propofol.

The efficacy of IV remimazolam in the induction and
maintenance of general anesthesia in adult patients (n =90)
undergoing cardiac surgery was established in a randomized,
single-blind phase 2 comparison (NCT01937767; EudraCT
2013-001113-32) with propofol and sevoflurane (the stand-
ard regimen for cardiac surgery general anesthesia) [46].
Success of anesthesia (primary endpoint; defined as no need
for another sedative between the start of the study medica-
tion and the end of the surgical procedure) was achieved
in 98% (61 of 62) of remimazolam recipients and 96% (27
of 28) of propofol recipients. The onset (time to loss of
consciousness and time with Narcotrend Index <60) and
offset (time to extubation in PACU/ICU post surgery) of
action profile of remimazolam and propofol was compara-
ble across all treatment arms [46]. Patients were adminis-
tered an IV infusion of remimazolam 6 or 12 mg/kg/h for
induction (n=34 and 28) and then remimazolam 1-3 mg/
kg/h for maintenance (n=62) or IV propofol 2-2.5 mg/kg
administered over = 1 min for induction and inhaled sevo-
flurane 0.8-2.5 MAC for maintenance (until the start of

extracorporeal circulation) then maintenance IV propofol
3-12 mg/kg/h as an infusion (n=28). During recovery, the
remimazolam or propofol dosage was downtitrated then
stopped. The anesthetic regimen also included fentanyl and
remifentanil as opioid analgesics and neuromuscular block-
ade with rocuronium. Patients were aged 18—84 years (mean
60—-64 years) and surgery was assumed to require >2 h of
maintenance of general anesthesia and use of extracorporeal
circulation [46].

2.3.2 Procedural Sedation

2.3.2.1 Bronchoscopy IV remimazolam provided effective
procedural sedation for patients undergoing bronchoscopy
(446 evaluable) in a randomized, double-blind, placebo-
controlled phase 3 trial that also included an open-label
IV midazolam arm (NCT02296892) [47]. The success rate
with remimazolam (n=310) was significantly higher than
with placebo [n=63] (80.6% vs 4.8%; p<0.0001; primary
outcome); the success rate in the midazolam arm (n=73)
was 32.9%. The success rate was a composite measure of
completion of the procedure; no need for rescue sedative;
and <5 doses of remimazolam or placebo in any 15-min
window or <3 doses of midazolam in any 12-min window.
Bronchoscopy started sooner with remimazolam than with
placebo (after a mean 6.4 vs 17.2 min; p<0.0001) or mida-
zolam (mean 16.3 min).Time to full alertness at the end of
bronchoscopy was shorter with remimazolam than placebo
(median 6 vs 13.6 min; p=0.0001) or midazolam (median
12 min); placebo recipients received midazolam rescue
treatment because of inadequate sedation, which accounts
for the time required to regain of full alertness [47]. A post-
hoc analysis found that success rates with remimazolam in
older (aged > 65 years) patients were consistent with those
in younger patients (84% vs 77%), as was the time to being
fully alert (7 vs 6 min) [48]. In this trial, patients received an
initial dose of IV fentanyl 25-75 pg, followed by a single IV
dose of remimazolam 5.0 mg or an equal volume of placebo
(double-blinded) or IV midazolam 1-1.75 mg. If sedation
(assessed using MOAA/S scores) was insufficient after the
first dose, patients could receive up to 5 doses of remima-
zolam 2.5 mg or placebo in any 15-min window or 3 doses
of midazolam 0.5-1.0 mg in any 12-min window at intervals
of >2 min; in all three treatment arms, top-up doses of fen-
tanyl 25 pg were permitted every 5-10 min until adequate
analgesia was achieved or 200 pg had been administered.
If sedation was then still inadequate, treatment failure was
declared and rescue midazolam (dose determined by exam-
ining physician) was permitted [47].

2.3.2.2 Gastrointestinal Endoscopy IV remimazolam pro-

vided effective procedural sedation for patients undergo-
ing colonoscopy in a randomized, double-blind, placebo-

A\ Adis



630

S.J. Keam

controlled phase 3 trial (n=461) that also included an
open-label IV midazolam arm (NCT02290873) [49]. The
success rate (primary endpoint), was significantly higher
in remimazolam (n=298) than placebo (n=60) recipients
(91.3% vs 1.7%; p<0.0001); the success rate was 25.2% in
the midazolam (n=103) arm. Success rate was a composite
measure of completion of the colonoscopy; no need for res-
cue medication; and <5 doses of remimazolam or placebo
in any 15-min window or<3 doses of midazolam in any
12-min window. The median time to the start of the pro-
cedure was significantly shorter in the remimazolam arm
than in the placebo group (4.0 vs 19.5 min; p<0.0001), and
was 19.0 min in midazolam recipients. The mean total dose
of fentanyl administered in the remimazolam, placebo and
midazolam groups was 88.6, 121.3 and 106.9 pg. The mean
time to full alertness from the end of the procedure was sig-
nificantly shorter with remimazolam than placebo (7.35 vs
21.95 min; p<0.0001; placebo recipients received mida-
zolam rescue treatment because of inadequate sedation,
which accounts for the time required to regain of full alert-
ness) and was 15.84 min with midazolam [49]. In this trial,
patients received an initial dose of IV fentanyl 50-75 pg,
followed by a single IV dose of remimazolam 5.0 mg or an
equal volume of placebo (double-blinded) or IV midazolam
1-1.75 mg. Sedation (assessed using MOAA/S scores) was
maintained by top-up doses of remimazolam 2.5 mg or an
equal volume of placebo not more than 2 min apart or mida-
zolam 0.5-1 mg. Patients could receive up to 5 doses of
remimazolam or placebo in any 15-min window or 3 doses
of midazolam in any 12-min window at intervals of > 2 min;
in all three treatment arms, top-up doses of fentanyl 25 pg
were permitted every 5—10 min until adequate analgesia was
achieved or 200 pg had been administered. If sedation was
then still inadequate, treatment failure was declared and res-
cue midazolam (dose determined by the endoscopist) was
permitted [49].

In patients with severe or life-threatening systemic dis-
ease (i.e. American Society of Anesthesiologists Grade III
or [V status) who required colonoscopy and were enrolled in
arandomized, double-blind, placebo-controlled phase 3 trial
(n=179) that also included an open-label IV midazolam arm
(NCT02532647), IV remimazolam provided effective pro-
cedural sedation [50]. The success rate (primary endpoint),
was achieved in 84.4% of remimazolam recipients (n=32),
no placebo recipients (n=16) and 12.9% of midazolam
recipients (n=31). Success rate was a composite measure
of completion of the colonoscopy; no need for rescue med-
ication; and <5 doses of remimazolam or placebo in any
15-min window or <3 doses of midazolam in any 12-min
window. The median time to full alertness from the end of
the procedure was 3.0 min with remimazolam, 5.3 min with
placebo and 7.0 min with midazolam. In this trial, patients
received an initial dose of IV fentanyl 25-50 pg, followed
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by a single IV dose of remimazolam 2.5-5.0 mg or an equal
volume of placebo (double-blinded) or IV midazolam 1 mg.
Sedation (assessed using MOAA/S scores) was maintained
by top-up doses of remimazolam 1.25-2.5 mg or an equal
volume of placebo or midazolam 0.5 mg. Patients could
receive up to 5 doses of remimazolam or placebo in any
15-min window or 3 doses of midazolam up to a maximum
dose of 200 pg in any 12-min window at intervals of >2 min;
in all three treatment arms, top-up doses of fentanyl 25 pg
(maximum dose not reported) were permitted [50].

IV remimazolam provided significantly better proce-
dural sedation than IV midazolam in a randomized, double-
blind, phase 2b trial in patients undergoing colonoscopy
(NCTO01145222) [51]. The success rate with remima-
zolam [loading//maintenance doses of 8.0/3.0 mg (n=40),
7.0/2.0 mg (n=40) or 5.0/3.0 mg (n=40)] was signifi-
cantly higher than with midazolam at a loading/mainte-
nance dose of 2.5/1.0 mg (n=40) [92.5-97.5% vs 75.0%;
p <0.025]. Success rate was a composite measure of: ade-
quate sedation (assessed using MOAA/S scores) on three
consecutive measurements taken every minute; comple-
tion of the procedure; no need for alternative and/or rescue
sedative; and no manual or mechanical ventilation [51]. An
exploratory, dose-finding, phase 2a comparison of IV remi-
mazolam with IV midazolam in patients (n=100) under-
going upper gastrointestinal endoscopy (NCT00869440)
found that a single dose of IV remimazolam (0.1, 0.15 or
0.2 mg/kg) or IV midazolam 0.075 mg/kg induced rapid
sedation (assessed using MOAA/S scores), with a quick
recovery profile. A successful procedure was achieved in
32%, 56% and 64% of remimazolam recipients and 44%
of midazolam recipients and the mean time to being fully
alert in each of the treatment arms was 6.8, 9.0, 9.9 and
11.5 min [52].

2.4 Adverse Events

In patients undergoing general anesthesia in the Japanese
phase 2/3 trial (JapicCTI121973), adverse reactions were
reported in 39.3% (59/150 patients) remimazolam 6 mg/
kg/h recipients, 42% (64 of 150) of remimazolam 12 mg/
kg/h recipients and 61.3% (46 of 75) of propofol recipients
[1, 43]. The most frequent adverse reaction (incidence > 5%
in any treatment group) in the remimazolam 6 or 12 mg/
kg/h and propofol groups were hypotension (20.0%, 24.0%
and 49.3%), injection-site pain (0%, 0% and 18.7%) vom-
iting (4.7%, 7.3% and 4.0%) and nausea (7.3%, 6.7% and
5.3%). Vasopressor treatment for hypotension was required
in 41.3% of remimazolam (n=300) and 64.0% of propo-
fol (n=75) recipients and treatment for bradycardia was
required in 6.3% and 9.3% of patients in either treatment
group [1, 39].
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Key clinical trials of remimazolam besylate

Drug(s) Indication Phase Status Sponsor Location(s) Identifier
Anesthesia
Remimazolam, propofol Intravenous anesthesia 11 Recruiting  PAION Europe NCT03661489;
EudraCT2018-000174-29
Remimazolam, propofol, General anesthesia 11 Completed R-Pharm Russia NCT03669484
fentanyl, rocuronium
Remimazolam, propofol, General anesthesia (cardiac 1I Completed PAION Germany NCT01937767;
sevoflurane, remifentanil, surgery + post-operative EudraCT2013-001113-32
fentanyl, rocuronium ICU sedation)
Remimazolam, propofol General anesthesia IIb/II  Completed  Ono Japan JapicCTI121973
Remimazolam, propofol General anesthesia 1 Completed Hana Pharm Korea REVOLUTION
Procedural sedation
Remimazolam, midazolam, Bronchoscopy 1 Completed PAION USA NCT02296892
placebo
Remimazolam, midazolam, Colonoscopy I Completed PAION USA NCT02290873
placebo
Remimazolam, midazolam, Colonoscopy I Completed PAION USA NCT02532647
placebo
Remimazolam, midazolam  Upper GI endoscopy I Completed PAION USA NCT00869440
Remimazolam, midazolam  Colonoscopy II Completed PAION USA NCTO01145222

The most common treatment-emergent adverse events
(>2% in any arm) reported in patients undergoing pro-
cedural sedation in the remimazolam 5 mg initial dose
(n=303), placebo (n=59) or midazolam 1-1.75 mg ini-
tial dose (n=69) arms in the phase 3 bronchoscopy trial
(NCT02296892) [47] were hypertension (61.4%, 52.5% and
59.4%), hypotension (41.9%, 62.7% and 49.3%), hypoxia
(21.8%, 20.3% and 18.8%), bradycardia (4.3%, 6.8% and
7.2%), decreased respiratory rate (2.3%, 3.4% and 4.3%),
nausea (4.0%, 3.4% and 2.9%) and vomiting (2.0%, 1.7% and
2.9%). 90.5% of placebo recipients received rescue mida-
zolam during the procedure; no patients in any treatment
arm required reversal agents.

The most common treatment-emergent adverse events
(>2% in any arm) reported in the remimazolam 5 mg initial
dose (n=296), placebo (n=60) or midazolam 1-1.75 mg
initial dose (n=102) arms in patients undergoing procedural
sedation in the phase 3 colonoscopy trial (NCT02290873)
[49] were hypotension (38.9%, 41.7% and 61.8%), hyperten-
sion (19.9%, 28.3% and 17.6%), bradycardia (11.1%, 11.7%
and 15.7%), tachycardia (7.8%, 11.7% and 12.7%), nausea
(1.7%, 6.7% and 2.0%), bradypnea (1.4%, 3.3% and 2.9%),
hypoxia (1.0%, 3.3% and 1.0%), vomiting (1.0%, 3.3% and
0.0%) and headache (1.7%, 0.0% and 2.9%).

2.5 Ongoing Clinical Trials

A phase 3 trial of IV remimazolam in general anesthesia
(NCT03661489; EudraCT2018-000174-29) being conducted
in Europe is ongoing.

3 Current Status

Remimazolam was approved on 23 January 2020 in Japan
for use in general anesthesia [4]; approval for use as proce-
dural sedation in the USA and the EU is pending.
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