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1 EXECUTIVE SUMMARY

In this review | examined the collective evidence on the efficacy and safety of remimazolam, a
novel benzodiazepine, for procedural sedation. The efficacy and safety of Remimazolam was
evaluated in three clinical studies. In the first two studies, the goal was to evaluate the efficacy of
remimazolam relative to placebo in patients undergoing colonoscopy (CNS7506-006, hereinafter
006) and bronchoscopy (CNS7056-008, hereinafter 008). The third study (CNS7056-015,
hereinafter 015) was primarily designed to evaluate safety in higher risk patients undergoing
colonoscopy. All three studies included an open-label midazolam treatment arm.

In all three studies the American Society of Anesthesiologists Physical Status (ASA-PS) score
was used to classify the patient’s risk level. Studies 006 and 008 enrolled patients ASA-PS
classification I-111 (Normal healthy patients to patients with severe systemic disease). Study 015
included only patients with ASA-PS classification 11l and IV (severe systemic disease that is a
constant threat to life).

In studies 006 and 008, efficacy was evaluated using a binary success criterion. Patients were
defined to be treatment successes if they met all three of the following criteria:

e No rescue sedative medication usage;

e Successful completion of the study procedure;

e No more than 5 top-up doses within any 15-minute window (remimazolam or placebo).

e No more than 3 top-up doses within any 12-minute window (midazolam).
In studies 006 and 008, patients receiving remimazolam responded at significantly higher rates
than the placebo patients (remimazolam: 91% & 81% vs placebo: 1.7% & 4.8%). The main
reason for failure for remimazolam was too many doses within the 15-minute window for study
006 and rescue sedative medication usage for study 008. In both studies the main reason for
failure for placebo patients was use of rescue sedative medication. | omitted the midazolam
treatment arm information from my efficacy analyses as it was not a primary study comparison
and does not provide useful information as the dosing was not designed to match standard
clinical practice and was administered in an open-label fashion.

There were three issues that the applicant failed to adequately evaluate and discuss. First,
fentanyl was used as an analgesic, but fentanyl also has a sedative effect and could potentially
serve as a rescue medication. Second, the applicant did not explore the relationship between
procedure duration and success rate. Third, the relationship between dose and safety was not
explored. I will now discuss and summarize my findings for these issues.

There was a clear correlation between fentanyl use and treatment success, with patients who used
more fentanyl being less likely to successfully respond. This was established using logistic
regression analyses in studies 006 and 008 which evaluated the probability of treatment success
vs the total fentanyl use. In both studies this analysis found a negative relationship between the
total fentanyl dose and the probability of success (Table 19 and Table 20 for studies 006 and 008
respectively).
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In addition, the placebo treatment arm provides valuable information on the efficacy of fentanyl
as a sedative. The majority of placebo patients who were able to initiate the procedure (Study
006: 56/60 [93%]; Study 008: 58/60 [97%]) required rescue doses of midazolam to reach a
sufficient level of sedation. These two analyses combined demonstrate that while fentanyl may
have some sedative effects, at the doses the sedative effects were minimal in the placebo
population which received higher doses on average than the remimazolam population.

In both studies, the procedure duration was relatively short (mean durations of 12.4 and 12.8
minutes for remimazolam patients for studies 006 and 008 respectively), with all but one
procedure lasting less than 30 minutes in Study 006 and 90% of procedures lasting less than 30
minutes for Study 008. In study 008, where there were more procedures with longer duration,
there was a clear decrease in the rate of treatment success and an increase in the rate of adverse
events as the procedure duration increased. Consequently, based on the available data, | would
not recommend the use of remimazolam in procedures of longer duration without further study.

Finally, remimazolam dose does not appear to be correlated with an increase in related treatment
emergent adverse events in either study. | explored this relationship using a logistic regression
model which also included fentanyl dose and procedure duration (see Table 33 and Table 34). In
both studies fentanyl dose was positively correlated with the adverse event rate (more adverse
events as fentanyl dose is increased). Longer procedure duration was correlated with an increase
in adverse events in one study (008) but not the other (006).

In conclusion, remimazolam has been proven to be efficacious compared to placebo for

procedural sedation for shorter procedures. The applicant will need to conduct additional studies
to support its use in longer procedures.
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INTRODUCTION

1.1 Overview

The applicant’s development program consisted of two adequate and well-controlled studies
(CNS7056-006 and CNS7056-008) which were designed to evaluate the efficacy and safety of
remimazolam for procedural sedation in two different procedures (colonoscopy and
bronchoscopy) and a third study in high risk patients undergoing colonoscopy for which the
primary objective was to assess the safety of remimazolam. Risk was determined using the
American Society of Anesthesiologists Classification (ASA Class) which classifies patients into
six categories?. Patients were considered high risk if they were classified as ASA 111 or ASA IV.
The other two studies allowed enroliment of patients in ASA categories I-111. Efficacy was also
assessed in the high-risk population. All three studies are summarized in Table 1 and will be
discussed in greater detail in Sections 2.2 and 2.3.

Table 1: List of all studies included in analysis

Phase and Treatment Follow-up # of Treated Study
Design Period Period Subjects per Population
Arm
CNS7056-006 MC,R,DB, Procedure  Day4 pemimazolam 296 Egggptzin
NCT02290873 PG,PC,AC duration (+31-1days)  \rqeo 102 colongscogy
CNS7056-008  MC, R, DB, Procedure Day 4 gﬁggﬁ?&am: 303 Eﬁggrnt(s)in
NCT02296892 PG, PC, AC duration (+3l-1days)  ypo oo o broncﬁoscgpy
. 31 ASA 1II/IV

CNS7056-015 MC,R,DB, Procedure Day 4 ﬁﬁmlglﬁzféam patients
NCT02532647 PG, PC, AC duration (+3/-1 days) Migzzgfam- 30 undergoing

colonoscopy

* MC: multi-center, R: randomized, DB: double-blind, PG: parallel group, PC: placebo controlled, AC: active controlled
Note: Hereinafter the studies will be referenced by the last three digits of the study id number.

The late phase development program was first discussed with the Agency in an end-of-phase 2
meeting held on October 17, 2013.

! The categories allowed in the study were:

ASA 1. A normal health patient

ASA 1I: A patient with mild systemic disease

ASA I1I: A patient with severe systemic disease

ASA 1V: A patient with severe systemic disease that is a constant threat to life

For more details see: https://www.asahg.org/standards-and-guidelines/asa-physical-status-
classification-system

8
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1.2 Data Sources

The data were provided electronically by the applicant as SAS transport files in the applicable
CDISC SDTM and ADaM data formats. The provided datasets can be found at the following
location in the CDER electronic document room (EDR):
\CDSESUB1\evsprod\NDA212295\0000\m5\datasets

2 STATISTICAL EVALUATION

2.1 Data and Analysis Quality

The quality of the submitted data was sufficient to allow for a thorough review. | was able to
derive the primary endpoints for each study and my results were consistent with those of the
applicant.

2.2 Evaluation of Efficacy

The applicant conducted two studies designed to evaluate the efficacy and safety of
remimazolam in two different procedural sedation indications (colonoscopy [006] and
bronchoscopy [008]) and a third study (015) designed to evaluate the safety of remimazolam in
high risk patients undergoing colonoscopy (ASA category Ill and 1V). The overall design and
analysis of these three studies is relatively similar and so I will discuss these studies together and
note any differences.

2.2.1 Study Design and Endpoints

All three conducted studies followed the same general design, with the most notable difference
being the procedure that the patients underwent (colonoscopy or bronchoscopy) and the
population being studied (lower risk [ASA categories I-111] or high risk [ASA categories Il1-1V]).
In all studies, patients who needed to undergo the related study procedure were screened for their
study eligibility. Eligible patients were then scheduled for treatment.

To be eligible for the study patients had to meet the following inclusion and exclusion criteria:
Inclusion:

e Male and female patients, aged >18, scheduled to undergo a diagnostic or therapeutic
colonoscopy (therapeutic procedures may include hemostasis, resection, ablation
decompression, foreign body extraction, for example). (Studies 006 and 015 only)

e Male and female patients, aged >18, scheduled to undergo a diagnostic or therapeutic
flexible fiberoptic bronchoscopy in the bronchoscopy suite (therapeutic bronchoscopies
may include lavage, biopsies, brushings, and foreign body extraction, for example).
(Study 008 only)

American Society of Anesthesiologists Score | through 111. (Studies 006 and 008 only)

ASA grade H1/1V. (Study 015 only)

Body mass index (BMI) < 40 kg/m?. (Studies 006 and 008 only)

For female patients with child-bearing potential, negative result of pregnancy test (serum

or urine) as well as use of birth control during the study period (from the time of consent

until all specified observations are completed).

e Patient voluntarily signs and dates an ICF that is approved by an IRB prior to the conduct
of any study procedure.
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e Patient is willing and able to comply with study requirements and return for a Follow-up
Visit on Day 4 (+3/-1) after the colonoscopy/bronchoscopy.

Exclusion:

e Patients with a known sensitivity to benzodiazepines, flumazenil, opioids, naloxone, or a

medical condition such that these agents are contraindicated.

e Chronic use of benzodiazepines for any indication (e.g., insomnia, anxiety, spasticity).
(not 015)
Female patients with a positive pregnancy test at screening or baseline.
Lactating female patients.
Patients with positive drugs of abuse screen or a positive serum ethanol at baseline.
Patient with a history of drug or ethanol abuse within the past 2 years.
Patients in receipt of any investigational drug within 30 days or less than seven half-lives
(whichever is longer) before the start of the study or scheduled to receive one during the
study period.
e Patients with an inability to communicate well in English with the investigator.

Patients will undergo standard preparation (fasting for all studies and local standard bowel
preparation for patients undergoing colonoscopy) on the day before the procedure. On the day of
the procedure patient’s inclusion/exclusion criteria were reviewed, medical and medication
histories were taken, and other screening assessments were performed (physical examination,
including weight, body temperature, clinical laboratory tests and 12-lead ECG). Following
successful completion of these procedures, patients were randomized to receive either
remimazolam, placebo, or the open-label active-comparator midazolam. The randomization ratio
varied by study and is summarized in Table 2.

Table 2: Randomization Ratio by Study
Randomization Ratio
Study | (remimazolam: placebo: midazolam)

006 30:6:10
008 30:6:10
015 2:1:2

Source: Reviewer

Patients would then undergo the procedural sedation and study procedure. First, patients would
be given an initial dose of sedative. For patients in the remimazolam or placebo groups this
consisted of a 5 mg dose of remimazolam or matched placebo manually by injection over one
minute with watch control. Following the initial dose, top-up doses (2.5 mg of double-blinded
study drug) could be administered anytime sedation was thought to be inadequate. If adequate
sedation could not be achieved, then rescue sedation (midazolam) could be administered.
Patients in the midazolam arm received an initial 1.75 mg injected over 2 minutes with 1.0 mg
supplemental doses or (1.0 mg initial dose/0.5 mg supplemental dose for patients 60 years of age
and older, debilitated, or chronically ill).

10
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To be able to proceed with the required procedure, patients had to achieve an adequate level of
sedation. Sedation was measured using the Modified Observer's Assessment of Alertness and
Sedation Scale (MOAA/S). The MOAA/S scoring categories are described in Table 3. Adequate
sedation for initiation was defined as a MOAAV/S score of 3 or less and adequate maintenance
sedation was defined as MOAA/S scores of 4 or less.

Table 3: Modified Observer's Assessment of Alertness and Sedation Scale

Response Score
Responds readily to name spoken in normal tone 5 (alert)
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly | 3
Responds only after mild prodding or shaking 2
Responds only after painful trapezius squeeze 1

Does not respond to painful trapezius squeeze 0

Source: Appendix, applicant’s study report.

Following completion of the procedure the sedation was discontinued and the time to alertness
and discharge were recorded. Finally, patients completed safety assessments several safety
assessments 3 days after the procedure (+3/-1 days).

The primary efficacy objective for all three studies was the comparison in the success rate of the
sedation for remimazolam in comparison to placebo. Success was defined as the following:
e Completion of the colonoscopy procedure, AND
e No requirement for a rescue sedative medication, AND
e For remimazolam & placebo: No requirement of more than 5 doses of study medication
within any 15-minute window.
e For midazolam: 3 doses within any 12-minute window).

The sponsor had the following secondary objectives for studies 006 and 008:
1. The time to start of procedure after administration of the first dose of study medication.
2. The time to peak sedation after administration of the first dose of study medication.
3. The time to ready for discharge (defined as ability to walk unassisted) after the last

injection of study drug and after the end of bronchoscopy procedure (bronchoscope out).

4. The time to fully alert (time to first of three Modified Observer's Assessment of

Alertness/Sedation (MOAA/S) scores of 5 after the last injection of study drug and after

the end of bronchoscopy procedure (bronchoscope out).

The MOAA/S scores by time point.

6. The recall of the procedure by the Brice questionnaire administered when full alertness is
regained and on Day 4.

7. The changes to the patient's cognitive function by the Hopkins Verbal Learning Test -
Revised (HVLT-R) administered before study medication administration and after the
fully alert criteria have been achieved.

o
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9.

10.
11.
12.
13.
14.

15.

The safety of multiple doses (initial dose and additional top-up doses) of remimazolam
(including oxygen saturation and no need for mechanical ventilation), following
administration of a standard dose of fentanyl.

The readiness to discharge score 30, 60- and 90-minutes post injection of the first dose.
The Drowsiness visual analogue scale to assess for signs of re-sedation.

The requirement for flumazenil during the procedure.

The patient’s self-evaluation of “back-to-normal” after the procedure.

The pain on injection at application of study medication.

The population PK in a subgroup of patients (a minimum of 50 patients below 65 years of
age, and 15 patients aged 65-74). (Study 006 only).

Population PK in elderly patients (> 75 years) at selected sites. (Study 008 only).

For Study 015 the primary objective was to assess the safety of multiple doses (initial dose and
additional top-up doses) of remimazolam compared to placebo and midazolam, following
administration of a standard dose of fentanyl. The secondary objectives for Study 015 were:

1.

2.
3.
4.

13.

2.2.2

To assess the success of the procedure, as measured by the success definition described
above.

The time to start of procedure after administration of the first dose of study medication.
The time to peak sedation after administration of the first dose of study medication.

The time to fully alert (time to first of three Modified Observer's Assessment of
Alertness/Sedation (MOAA/S) scores of 5 after the last injection of study drug and after
the end of bronchoscopy procedure (bronchoscope out).

The MOAA/S scores by time point.

The recall of the procedure by the Brice questionnaire administered when full alertness is
regained and on Day 4.

The Drowsiness visual analogue scale to assess for signs of re-sedation.

The requirement for flumazenil during the procedure.

The pain on injection at application of study medication.

. To assess the population pharmacokinetics (PK) in the remimazolam arm.
. To assess the Investigator’s satisfaction with the sedation agent.
. To assess the effect of study drug / midazolam in combination with fentanyl on the

ventilatory drive.
To assess the amount of study medication administered to the patient.

Statistical Methodologies

The primary efficacy endpoint for all three studies was the analysis of the difference in sedative
success rate between remimazolam and placebo, where success was defined as described in
Section 2.2.1. The primary hypothesis for this endpoint was:

Ho: TRemi < Ttpra VS. Hy: TlRemi > Tpra,

where Tremi and mpp 4 deonte the success rates for remimazolam and placebo, respectively. The
applicant estimated the difference using the simple difference between the observed treatment
success rate in the two groups, calculated confidence intervals using the Wald method and tested

12
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the primary hypothesis using the Cochran-Mantel-Haenszel (CMH) test to account for the
fentanyl use strata, which were defined in all three studies as:

1. <100 mcg,

2. 100 - 150 mcg,

3. >150 mcg.

The patient population for the primary analysis was the intent-to-treat (ITT) population which
was defined as who were randomized into the study. The modified ITT analysis set will also be
used for a number of analyses. This analysis set was defined as all patients who were
randomized and received at least one complete dose of study medication. In both cases, patients
were analyzed as randomized. The safety population was used for all safety analyses. This
population consisted of all randomized patients who received any amount of study drug and they
were analyzed as treated.

The applicant also analyzed the efficacy results separately by fentanyl strata using the same
Wald confidence limits approach with the CMH test. The sedative success rates group by the
demographic subgroups (age group [<65 years, >65 years], sex, race) and ASA status were again
analyzed using the CMH method, but risk ratios and corresponding confidence intervals were
presented instead of the success rates themselves.

I will not present the applicant’s results for the secondary endpoints, as the comparisons to the
control groups are not informative as the conduct in the placebo and midazolam arms does not
match standard clinical practice. Instead, | will present these results without reference to the
control arms:

e Time to start of procedure

e Time to peak sedation

e Time to ready for discharge

e Time to fully alert
Presented quantiles were obtained from non-parametric Kaplan-Meier survival analyses.
Confidence intervals were obtained using the Wald method on Cox proportional hazard analyses.

I conducted several additional analyses to examine the relationship between various continuous
variables and the success rate. For these analyses | used logistic regression models with success
as the dependent variable and the variables of interest as the independent variables.

2.2.3 Patient Disposition, Demographic and Baseline Characteristics

The patient disposition in the studies is shown in Table 4, Table 5, and Table 6 for studies 006,
008, and 015 respectively. Overall, the study completion rates were very high (at least 98%) in
all treatment arms.

Table 4: Patient Disposition (Safety Population) — Study 006

Remimazolam Placebo Midazolam
N=296 N=60 N=102
n (%) n (%) n (%)
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Informed Consent Given 296 (100.0) 60 (100.0) 102 (100.0)
Randomized 296 (100.0) 60 (100.0) 102 (100.0)
Treated (Fentanyl or IMP) 296 (100.0) 60 (100.0) 102 (100.0)
Competed Study Treatment 206 (100.0) | 59 (98.3) 101 (99.0)
Completed Follow-up Visit 296 (100.0) 59 (98.3) 101 (99.0)
Early Termination (Withdrawals) 0(0.0) 1(1.7) 1(1.0)
Reasons for Withdrawals:
Withdrawal by Patient 0 (0.0) 1(1.7) 1(1.0)
Source: Table 10, applicant’s study report.
Table 5: Patient Disposition (Safety Population) — Study 008
Remimazolam Placebo Midazolam
N=303 N=59 N=69
n (%) n (%) n (%)
Informed Consent Given 303 (100.0) 59 (100.0) 69 (100.0)
Randomized 303 (100.0) 59 (100.0) 69 (100.0)
Treated (Fentanyl or IMP) 303 (100.0) 59 (100.0) 69 (100.0)
ggrri':)%'emd Study Treatment 303(100.0) | 59 (100.0) 69 (100.0)
Completed Follow-up Visit 298 (98.3) 59 (100.0) 68 (98.6)
Early Termination (Withdrawals) 5(1.7) 0(0.0) 1(1.4)
Reasons for Withdrawals:
Lost to follow up 5(1.7) 0 (0.0) 1(1.4)
Source: Table 7, applicant’s study report.
Table 6: Patient Disposition (Safety Population) — Study 015
Remimazolam Placebo Midazolam
N=31 N=16 N=30
n (%) n (%) n (%)
Informed Consent Given 31 (100.0) 16 (100.0) 30 (100.0)
Randomized 31 (100.0) 16 (100.0) 30 (100.0)
Treated (Fentanyl or IMP) 31 (100.0) 16 (100.0) 30 (100.0)
ggrri':)%'eted Study Treatment 31 (100.0) 16 (100.0) 30 (100.0)
Completed Follow-up Visit 31 (100.0) 16 (100.0) 30 (100.0)
Early Termination (Withdrawals) 0 (0.0) 0 (0.0) 0 (0.0)

Source: Table 9, applicant’s study report.

The patient demographics are summarized in Table 7, Table 8, and Table 9 for studies 006, 008,
and 015 respectively. There do not appear to be any major imbalances between the populations
in any of the studies. Overall, patients in study 006 were younger that patients in the other two
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studies. There was also a greater proportion of Hispanic or Latino patients enrolled in this study.
Otherwise, the demographics were similar between the studies.

Table 7: Patient Demographics (Safety Population) — Study 006

Remimazolam Placebo Midazolam
N=296 N=60 N=102
n (%) n (%) n (%)
Age (years) Mean (SD) 54.4 (10.12) 56.0 (9.51) 55.6 (10.15)
(Min, Max) (19.0, 80.0) (24.0, 92.0) (20.0, 74.0)
Age < 65 254 (85.8) 53 (88.3) 88 (86.3)
Age Group Age > 65 42 (14.2) 7 (11.7) 14 (13.7)
Sex Female 149 (50.3) 35 (58.3) 56 (54.9)
Male 147 (49.7) 25 (41.7) 46 (45.1)
Hispanic or 46 (15.5) 10 (16.7) 17 (16.7)
Ethnicity Latino
Not Hispanic or 250 (84.5) 50 (83.3) 85 (83.3)
Latino ' ' '
White 220 (74.3) 43 (71.7) 76 (74.5)
Black or African
American 52 (17.6) 14 (23.3) 14 (13.7)
Race Asian 18 (6.1) 3(5.0) 10 (9.8)
American Indian 1(03) 0 (0.0) 0(0.0)
or Alaska Native ' ' '
Other 3(1.0) 0(0.0) 1(1.0)
Multiple 1(0.3) 0(0.0) 1(1.0)
Height (cm) Mean (SD) 170.1 (10.36) 167.8 (10.24) 169.5 (11.15)
(Min, Max) (144.0,193.0) | (147.0,193.0) | (143.0,200.0)
Weight (k) Mean (SD) 83.2 (17.39) 84.6 (19.90) 81.9 (16.24)
(Min, Max) (40.3, 128.0) (49.1, 143.7) (51.8, 126.0)
) Mean (SD) 28.9 (4.72) 30.0 (5.31) 28.8 (4.75)
BMI(KG/MT) i, Max) (16.9, 40.0) (19.0, 39.9) (17.4, 38.8)

Source: Table 13, applicant’s study report.
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Table 8: Patient Demographics (Safety Population) — Study 008

Remimazolam Placebo Midazolam
N=303 N=59 N=69
n (%) n (%) n (%)
Age (vears) Mean (SD) 62.7 (12.09) 61.0 (12.06) 61.4 (14.08)
(Min, Max) (22.0, 95.0) (30.0, 78.0) (26.0, 85.0)
Age < 65 154 (50.8) 32 (53.3) 36 (52.9)
Age Group Age > 65 149 (49.2) 28 (46.7) 32 (47.1)
Sex Female 164 (54.1) 35 (58.3) 34 (50.0)
Male 139 (45.9) 25 (41.7) 34 (50.0)
Hispanic or 8 (2.6) 0(0.0) 0(0.0)
Ethnicity Latlno_ -
Not Hispanic or 205 (97.4) 60 (100.0) 68 (100.0)
Latino ' ' '
White 263 (86.8) 47 (78.3) 48 (70.6)
Black or African
American 33 (10.9) 10 (16.7) 19 (27.9)
Race Asian 3(1.0) 1(1.7) 1(1.5)
American Indian
or Alaska Native 1(03) 0(0.0) 0(0.0)
Other 3 (1.0) 2 (3.3) 0 (0.0)
Height (cm) Mean (SD) 168.6 (9.50) 167.2 (9.97) 169.9 (9.93)
(Min, Max) (142.0,189.0) | (147.0,188.0) | (151.0,191.0)
Weight (kq) Mean (SD) 80.9 (20.21) 77.5 (21.05) 83.2 (22.17)
(Min, Max) (41.4, 155.0) (32.4, 127.0) (42.6, 182.9)
) Mean (SD) 28.4 (6.39) 27.8 (7.07) 28.1 (5.79)
BMI(KG/MT) i, Max) (16.1, 45.0) (13.8, 43.6) (16.1, 40.9)

Source: Table 10, applicant’s study report.
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Table 9: Patient Demographics (Safety Population) — Study 015

Remimazolam Placebo Midazolam
N=31 N=16 N=30
n (%) n (%) n (%)
Mean (SD) 63.1 (8.65) 63.0 (8.37) 615 (10.60)
Age (years) (Min, Max) (47.0, 84.0) (49.0, 79.0) (42.0, 81.0)
Ade < 65 18 (58.1) 9 (56.2) 19 (63.3)
Age Group Age > 65 13 (41.9) 7 (43.8) 11 (36.7)
Sex Female 14 (45.2) 4 (25.0) 16 (53.3)
Male 17 (54.8) 12 (75.0) 14 (46.7)
["f.pa”'c or 0 (0.0) 0 (0.0) 0 (0.0)
Ethnicity atino -
Not Hispanicor | 54 109 ) 16 (100.0) 30 (100.0)
Latino ' ' '
White 25 (80.6) 13 (81.2) 19 (63.3)
Black or African
Race Ao 6 (19.4) 3(18.8) 10 (33.3)
Asian 0(0.0) 0(0.0) 1(3.3)
Height (o) Mean (SD) 171.1 (10.07) 171.8(7.72) | 168.4(10.32)
9 (Min, Max) (147.0,185.0) | (158.0,183.0) | (152.0, 195.0)
Weight (ka) Mean (SD) 91.0 (28.14) 94.0 (26.11) 87.8 (23.91)
gnt (kg (Min, Max) (57.9, 170.2) (58.8, 166.8) (57.2, 154.5)
) Mean (SD) 30.9 (8.28) 30.8 (5.53) 30.8 (6.75)
BMIKG/MT) i, Max) (22.4, 55.4) (22.5, 40.1) (23.0, 53.1)

Source: Table 12, applicant’s study report.

Table 10 shows the distribution of ASA categories. As described in Section 2.2.1, studies 006
and 008 enrolled only low risk patients (ASA I-111) while study 015 enrolled only higher risk
patients (ASA I11-1V). The distributions are quite different for all three studies, with patients in
study 006 being generally at the lowest risk.
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Table 10: Summary of ASA Risk Category by Study and Treatment

ASA Category
Study Treatment ASA | ASA I ASA I ASA IV

006 Remimazolam | 95/296 (32.1) | 179/296 (60.5) 22/296 (7.4) 0
Colonoscopy Placebo 11/60 (18.3) 45/60 (75.0) 4/60 (6.7) 0
Midazolam 37/102 (36.3) | 61/102 (59.8) 4/102 (3.9) 0
008 Remimazolam | 10/303 (3.3) | 185/303 (61.1) | 108/303 (35.6) 0
Bronchoscopy Placebo 2/60 (3.3) 29/60 (48.3) 29/60 (48.3) 0
Midazolam 3/68 (4.4) 40/68 (58.8) 25/68 (36.8) 0

015 Remimazolam 0 0 16/31 (51.6) 15/31 (48.4)

Colonoscopy | Placebo 0 0 9/16 (56.2) 7/16 (43.8)

(High Risk) | Midazolam 0 0 15/30 (50.0) 15/30 (50.0)

Source: Reviewer

2.2.4 Results and Conclusions

The results of the applicant’s primary efficacy analyses are shown in Table 11, Table 12, and
Table 13 for studies 006, 008 and 015 respectively. In the first two studies (006 and 008) there is
a large, statistically significant difference in the treatment success rate between the remimazolam
and placebo arms. For study 015 the main objective was safety and so statistical tests were not
performed for the efficacy endpoints, though the success rates were similar to the other two

studies. | omitted the midazolam treatment arm information as it was not a primary study

comparison and does not provide useful information as the dosing was not designed to match
standard clinical practice and was administered in an open-label fashion.

The reasons for treatment failure are also noted in the same tables. For patients in the placebo
arm in all three studies the main reason for treatment failure was use of rescue. This varied

between 90-100% between the three studies. In studies 006 and 015 there was also high

percentage of placebo patients (study 006: 73% and study 015: 88%) who used more than the
allowed number of doses within a 15-minute time interval. The main reason for failure for the
patients in the remimazolam arm varied by study between too many doses within any 15-minute
interval for study 006 to too much rescue medication in study 008 or a similar rate for both in

study 015.
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Table 11: Primary Analysis Results — Study 006

Remimazolam Placebo Difference in
N =298 N =60 Rates
n (%) n (%) (95% CI) P-Value
89.6%
0 0,
Treatment Success 272 (91.3%) 1(1.7%) (85.1, 94.2) <0.0001
Failure 26 (8.7%) 59 (98.3%)
Reasons for failure
Rescue sedative 0 0
medication taken 10/(3.4%) 57 (95%)
Too many doses within 0 0
the predefined time window 18 (6.0%) 44 (73.3%)
Procedure not completed 7 (2.3%) 1(1.7%)
Source: Table 15, applicant’s study report.
Table 12: Primary Analysis Results — Study 008
Remimazolam Placebo Difference in
N =310 N =63 Rates
n (%) n (%) (95% CI) P-Value
75.9%
0 0,
Treatment Success 250 (80.6%) 3 (4.8%) (69.0, 82.7) <0.0001
Failure 60 (19.4%) 60 (95.2%)
Reasons for failure
Rescue sedative 0 0
medication taken 49 (15.8%) 57 (90.5%)
Too many doses within 0 0
the predefined time window 14 (4.5%) 10 (15.9%)
Procedure not completed 9 (2.9%) 3 (4.8%)
Source: Table 12 & 13, applicant’s study report.
Table 13: Efficacy Analysis Results — Study 015
Remimazolam Placebo Difference in
N =32 N=16 Rates
n (%) n (%) (95% CI)
Treatment Success 27 (84.4%) 0 (0.0%) 84.4%
' ' (71.8,97.0)
Failure 5 (15.6%) 16 (100.0%)
Reasons for failure
Rescue sedative medication taken 3 (9.4%) 16 (100.0%)
'I_'oo many doses within the predefined 3 (9.4%) 14 (87.5%)
time window
Procedure not completed 1 (3.1%) 0 (0.0%)

Source: Table 14, applicant’s study report.
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Total amounts of study and rescue medication use are summarized in Table 14, Table 15 and
Table 16 for Studies 006, 008, and 015 respectively. In all three studies, study drug and rescue
medication usage was higher in the placebo arm and remimazolam arm.

Table 14: Study Drug and Rescue Use for Procedure Completers — Study 006

Statistics Remimazolam Placebo
Study Drug (mL)*
Mean (SD) 4.21 (1.60) 7.07 (0.55)
Median 4 7
(Min, Max) (2,9) (6, 11)
Rescue (mg)
Mean (SD) 0.29 (2.08) 6.79 (4.26)
Median 0 6
(Min, Max) (0, 25) (0, 25)

Source: Reviewer

* For Remimazolam 1mL = 2.5 mg

Table 15: Study Drug and Rescue Use for Procedure Completers — Study 008

Statistics Remimazolam Placebo
Study Drug (mL)*
Mean (SD) 4.57 (2.02) 6.03 (0.97)
Median 4 6
(Min, Max) (2, 12) (0", 7)
Rescue (mg)
Mean (SD) 1.20 (3.38) 5.78 (3.75)
Median 0 5
(Min, Max) (0, 20) (0,17)

Source: Reviewer

* For Remimazolam 1mL = 2.5 mg

" One patient randomized to placebo received midazolam erroneously.

Table 16: Study Drug and Rescue Use — Study 015

Statistics Remimazolam Placebo
Study Drug (mL)*

Mean (SD) 3.61 (1.48) 6.47 (0.99)

Median 3 7

(Min, Max) (2,7) (3.5, 7)
Rescue (mg)

Mean (SD) 2.48 (10.2) 7.22 (2.50)

Median 0 7.5

(Min, Max) (0, 55) (2, 10)

Source: Reviewer

* For Remimazolam 1mL = 2.5 mg
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In all three studies patients were dosed with fentanyl immediately before administration of study
drug. Additional supplemental doses of fentanyl could also be given if the level of pain control
was inadequate. Fentanyl has a sedative effect and so it was important to evaluate whether there
were any differences in the overall Fentanyl use, also fentanyl could potentially serve as an
additional rescue medication. The overall summaries of fentanyl use for patients who were able
to complete the procedure are shown in Table 17. In all three studies, patients in the placebo
group received higher doses of fentanyl than patients in the remimazolam group.

Table 17: Fentanyl Use by Study (Treated Patients)

Statistics Remimazolam Placebo
Study 00671

N 296 60

Mean (SD) 88.9 (21.7) 121.2 (34.4)
Median 88 125

(Min, Max) (50, 200) (75, 200)
Study 008

N 303 60

Mean (SD) 81.8 (54.3) 119 (79.1)
Median 75 100

(Min, Max) (25, 450) (25, 400)
Study 015

N 31 16

Mean (SD) 59.7 (15.4) 67.2 (21.8)
Median 50 50

(Min, Max) (50, 100) (50, 100)

Source: Reviewer
T One patient was reported as using 76 pg, while the lowest dose increment used in the study was

25 pg.

Study drug usage at the time of procedure initiation, including rescue midazolam use, is
summarized in Table 18. In the placebo group the majority of patients who were able to initiate
the procedure (Study 006: 56/60 [93%]; Study 008: 58/60 [97%]) needed rescue midazolam
before reaching a sufficient level of sedation for the procedure to start. Placebo patients also
received more higher fentanyl doses on average at this time.
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Table 18: Study Drug and Rescue Medication Usage at the Time of Procedure Initiation

Number of
Treatment Arm Treatment Patients Exposed Mean Dose

Study 006

Fentanyl 60 96.7 ug
Placebo Midazolam 56 5.3 mg

Fentanyl 296 71.5 ug
Remimazolam Midazolam 7 7.9 mg

Remimazolam 295 6.6 mg
Study 008

Fentanyl 60t 89.2 ug
Placebo Midazolam 58 4.6 mg

Fentanyl 300 56.4 ug
Remimazolam Midazolam 32 8.2 mg

Remimazolam 300 7.6 mg

Source: Reviewer

T Three patients in the placebo population did not receive any fentanyl or any other study
medications. The study procedure was not initiated for these patients.

If fentanyl was used as rescue for sedation, then patients who used more fentanyl would be

expected to respond at higher rates. To examine this the sponsor analyzed the success rates by
fentanyl stratum (<100 pg, 100-150 pg, and >150 pg). The results of these analyses are shown in
the appendices in Table 41 and Table 42 for studies 006 and 008 respectively. The applicant
found that success rates were similar for the two main fentanyl strata (<100 ug and 100-150 pg)
in study 006 and lower for the patients in the higher fentanyl use strata (100-150 ug) than for the
lower fentanyl use strata. Figures showing fentanyl use by site relative to the first dose of study
medication and the start of the procedure are shown in the appendices in Figure 12-Figure 15.

In addition to the applicant’s analyses I also conducted an additional logistic regression analysis
for both studies to further evaluate the relationship between fentanyl dose and likelihood of
procedure success. The results of these analyses are presented in Figure 1 and Figure 2 for
studies 006 and 008 respectively, with the corresponding model parameter estimates shown in
Table 19 and Table 20 for studies 006 and 008, respectively.

In both studies there is a clear relationship between total fentanyl dose and study success, with
higher fentanyl doses being associated with higher rates of procedure failure.
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Figure 1: Treatment Success Rate vs Total Fentanyl Dose — Study 006 Remimazolam Only
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Table 19: Logistic Regression of Treatment Success vs Fentanyl Total Dose — Study 006

Remimazolam Only

Estimate Standard Error P value
Intercept 5.44 0.932
Fentanyl Total Dose (ug) -0.032 0.009 <0.001

Source: Reviewer
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Figure 2: Treatment Success Rate vs Total Fentanyl Dose — Study 008 Remimazolam Only
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Table 20: Logistic Regression of Treatment Success vs Fentanyl Total Dose — Study 008

Remimazolam Only

Estimate Standard Error | P value
Intercept 3.61 0.376
Fentanyl Total Dose (ug) -0.022 0.003 <0.001

Source: Reviewer

Next, I will discuss the procedure durations including in the study. Since this is a new molecular
entity, it is important to evaluate and determine the limitations of the available data on the
efficacy of the drug. One such aspect that needs to be explored is the duration of effect. First, |

will start with a presentation of the procedure durations that were included in the study.

Following this, I will explore the relationship between procedure duration and treatment success.

As shown in Table 21 and Table 22, the procedures in both studies were relatively short with
mean durations of 12.4 and 12.8 minutes for remimazolam patients in studies 006 and 008
respectively. Furthermore, there was only one procedure in Study 006 lasting longer than thirty

minutes and only 10% lasting longer than thirty minutes in Study 008. contain detailed

summaries of the procedure durations for all three studies. In all three studies the mean and
median durations were similar, varying from around 6.5 to 13 minutes. There was however
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greater variability in the procedure durations for the bronchoscopies in study 008 than for the
colonoscopies in the other two studies.

Table 21: Summary of Procedure Duration by Study and Treatment Arm

Treatment Arm Remimazolam Placebo
Study 006

N 296 60

Mean (SD) 12.4 (5.28) 14.2 (6.87)

Median 12 13

(Min, Max) (3, 33) (5, 38)
Study 008

N 300 60

Mean (SD) 12.8 (11.59) 11.1 (12.21)

Median 10 6.5

(Min, Max) (1, 68) (1, 48)
Study 015

N 31 16

Mean (SD) 10.3 (5.80) 11.6 (4.66)

Median 8 11.5

(Min, Max) (6, 31) (6, 22)

Source: Reviewer

Table 22: Number (Percentage) of Procedures Lasting Longer than 20 or 30 minutes by

Study and Treatment Arm

Number (%) of Patients Number (%) of Patients
with Procedures lasting at with Procedures lasting at
Treatment Arm least 20 minutes least 30 minutes
Study 006
Placebo 11/60 (18.3%) 2/60 (3.3%)
Remimazolam 28/296 (9.5%) 1/296 (0.3%)
Study 008
Placebo 12/60 (20.0%) 5/60 (8.3%)
Remimazolam 62/300 (20.7%) 30/300 (10.0%)
Study 015
Placebo 1/16 (6.2%) 0/16 (0.0%)
Remimazolam 3/31 (9.7%) 1/31 (3.2%)

Source: Reviewer

To analyze the relationship between procedure duration and success | again used a logistic
regression model, this time with success rate as the dependent variable and the procedure
duration as the only independent variable. The results for study 006 are shown in Figure 3 with
the corresponding model parameter estimates shown in Table 23. There is no apparent
relationship between procedure duration and probability of success in this study.
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The corresponding analyses for study 008 are shown in Figure 4 and Table 24. In contrast to
study 006, there is a clear decrease in the rate of procedure success as procedure length increases.
Study 015 was not analyzed using this method as there were too few patients.

Figure 3: Treatment Success vs Procedure Duration — Study 006 Remimazolam Only
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Note: The regression line shown in blue corresponds to the logistic regression analysis

summarized in Table 23.

Table 23: Logistic Regression Analysis of Treatment Success
Study 006 Remimazolam Only

vs Procedure Duration —

Estimate Standard Error P value
Intercept 2.42 0.55
Procedure Duration 0.00003 0.04 0.993

Source: Reviewer
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Figure 4: Success vs Procedure Duration — Study 008 Remimazolam Only
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Note: The regression line shown in blue corresponds to the logistic regression analysis
summarized in Table 24Table 23.

Table 24: Logistic Regression Analysis of Treatment Success vs Procedure Duration —
Study 008 Remimazolam Only

Estimate Standard Error P value
Intercept 2.17 0.250
Procedure Duration -0.04 0.012 <0.001

Source: Reviewer

Finally, I will evaluate the relationship between the fentanyl use and procedure duration to
characterize the magnitude of the relationship between these two variables. | will do this by
fitting a linear regression model with fentanyl total dose as the dependent variable and procedure
duration as the independent variable. These analyses are shown in Figure 5 and Table 25 for
study 006 and Figure 6 and Table 26 for study 008. In both studies, there is a statistically
significant relationship (p<0.05) between procedure duration and fentanyl dose.
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Figure 5: Fentanyl Total Dose vs Procedure Duration — Study 006 Remimazolam Only
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Note: The regression line shown in blue corresponds to the logistic regression analysis
summarized in Table 25.

Table 25: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration —
Study 006 Remimazolam Only

Estimate Standard Error | P value
Intercept 814 3.21
Procedure Duration (mins) | 0.596 0.237 0.0126

Source: Reviewer
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Figure 6: Fentanyl Total Dose vs Procedure Duration — Study 008 Remimazolam Only
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Source: Reviewer
Note: The regression line shown in blue corresponds to the logistic regression analysis

summarized in Table 26.

Table 26: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration —
Study 008 Remimazolam Only

Estimate Standard Error | P value
Intercept 47.0 3.81
Procedure Duration 2.69 0.221 <0.001

Source: Reviewer

Analyses of time to various events of interest for remimazolam alone are shown in Table 27,

Table 28 and Table 29 for studies 006, 008 and 015 respectively. The applicant presented these
analyses in comparison to the corresponding times for midazolam and placebo, however, | do not

agree either of these comparisons are informative and so | have not presented this information.
Midazolam was not dosed in a manner designed to match clinical practice which limits the
interpretability of these times. For placebo, the majority (90-100%) of patients received rescue
after waiting a sufficiently long time to determine treatment wasn’t working. As this period of
time is protocol dependent and does not provide any transferable information, | have not
included this information in my review.
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Table 27: Time to Event Analyses — Study 006

Estimate (95% CI) 25 Percentile Median 75 Percentile
Time to Start of Procedure from 1% dose

of study drug 3(3,3 4 (4,4) 6 (5, 6)
Time to Ready for Discharge after the 32 (29, 35) 44 (42, 46) 52.5 (51, 54)
end of colonoscopy

Time to Ready for Discharge after the

last dose of study or rescue sedative drug 39.5 (35, 42) 51 (49,54) 60 (58, 61)
Time to Fully Alert after the end of 3 (3, 4) 6 (5,7) 10 (9, 11)
colonoscopy

Time to Fully Alert after the last dose of

study or rescue sedative drug (mins) 11(10,11) 14 (13, 14) 17(16,18)

Source: Tables 14.2.2.1.1.1,14.2.2.3.1.1,14.2.2.41.1,142.25.1.1,142.26.1.1

Table 28: Time to Event Analyses — Study 008

Estimate (95% CI) [mins] 25" Percentile Median 75" Percentile

H st
Time to Start of Procedure from 1°* dose 3.0 (3.0,3.3) 41(4.0,48) 6.6 (6.0, 7.8)
of study drug

Time to Ready for Discharge after the

end of colonoscopy 45.0 (43.0, 47.0) | 60.0 (57.0, 63.0) | 78.0 (72.0, 83.0)

Time to Ready for Discharge after the

Jast dose of study or resoue sedative drug | 200 (480, 52.9) | 64.8(62.0,68.5) | 835 (79.0, 838)

Time to Fully Alert after the end of 38(30,40) | 60(5271) | 19.1(14.0,22.0)
colonoscopy

Time to Fully Alert after the last dose of | 7 g7 g5y | 116 (10.0,12.8) | 24.0 (193, 27.7)
study or rescue sedative drug (mins)

Source: Tables 14.2.2.1.1.1,14.2.2.3.1.1,14.2.2.4.1.1,142.25.1.1,142.26.1.1

Table 29: Time to Event Analyses — Study 015

Estimate (95% CI) [mins] 25 Percentile Median 75 Percentile

H st
Time to Start of Procedure from 1% dose 4.0 (4.0, 5.0) 5.0 (4.0, 5.0) 8.0 (5.0, 17.0)
of study drug

Time to Fully Alert after the end of

2.0(1.1,22) 3.0 (2.0, 4.0) 4.1 (3.0,5.0)
colonoscopy

Time to Fully Alert after the Iast_dose of 8.6 (6.8, 10.2) 11(8.8,120) | 14.0 (11.1, 16.0)
study or rescue sedative drug (mins)

Source: Tables 14.2.3.1.1.1, 14.2.3.3.1.1,14.2.3.4.1.1
2.3 Evaluation of Safety

2.3.1 Safety Analysis Population(s) and Endpoint(s)

In study 006, the applicant defined two different safety populations:
o Safety population: consists of all randomized patients who received any amount of study
drug and will be analyzed as treated. This population is the primary safety population.
30

Reference ID: 4561421



Safety population (Safety (Nellcor)) which consists of all patients in the safety population
who have usable Nellcor data and will be analyzed as treated. The Nellcor device was
used to perform continuous monitoring (taken every second) of heart rate, respiratory rate
and SpO..

For studies 008 and 015, the applicant revised and further subdivided the Nellcor safety
population as follows:

Secondary safety populations will consist of all patients in the Safety Population who
have usable Nellcor data (“usable” is defined as at least 90% of readable Nellcor data per
parameter available within the observation time i.e. the time from first dose of study
medication until fully alert):
0 The safety (Nellcor, respiratory rate [RR]) population will consist of all patients
in the Safety Population who have usable Nellcor data for RR
0 The safety (Nellcor, heart rate [HR]) population will consist of all patients in the
Safety Population who have usable Nellcor data for HR
0 The safety (Nellcor, O2) population will consist of all patients in the Safety
Population who have usable Nellcor data for O2 saturation
0 The safety (Nellcor, overall) population will consist of all patients in the Safety
Population who have usable Nellcor data for any of the above 3 outcome
variables

The applicant defined the following safety variables to be analyzed as safety endpoints:
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AEs, including adverse events with focus on respiratory and cardiovascular parameters
and prolonged sedation (see Appendix A) and AEs potentially related to abuse (see
Appendix D)

Concomitant medication

Clinical laboratory test results

Vital signs (supine heart rate, systolic, diastolic and mean BP, respiration rate,
temperature)

Pulse oximetry measurements

Transcutaneous pCO2 measurements (Study 015 only)

12-lead and 3-lead ECG findings

Physical examination finding

Pain on injection intensity rating on a verbal score

Airway interventions (chin lift, jaw thrust, requirement of repositioning and/or manual or
mechanical ventilation)

Administration of additional fluids or medication or any interventions necessary due to a
clinically relevant change in ECG

Withdrawals due to the need for endotracheal intubation or the use of catecholamines,
(Studies 006 and 015 only)
Administration of reversal agent (flumazenil, naloxone)



I will focus my analyses on the adverse event rates. Adverse events were further classified by
relationship to treatment. | will now provide more details on the applicant’s classification
process:

e Treatment emergent adverse events (TEAE): Any adverse event that occurred after the
first dose of study medication.

e Related adverse events: The causal relationship between treatment and the adverse event
was rated by the applicant’s safety assessors and classified using the following coding
list:

Certain
Related
Probable/likely
Possible
Unlikely
Unassessable/unclassifiable
o Conditional/unclassified.
Adverse events classified as possibly related or higher were classified as “related” in the
applicant’s analyses.

O O0O0O00O0

2.3.2 Data Quality
There were no data quality issues that impacted the assessment of the safety data.

2.3.3 Statistical Methods

Descriptive statistics will be presented for the overall adverse event rates. | will use a logistic
regression model with adverse event incidence as the dependent variable with remimazolam
dose, fentanyl dose and procedure duration as the dependent variables.

2.3.4 Results and Conclusions

The overall adverse event summaries are shown in Table 30, Table 31, Table 32 for studies 006,
008, and 015 respectively. Overall, the observed adverse events rates for remimazolam were
similar to placebo in all three studies are similar in all categories.
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Table 30: Summary of Treatment-Emergent Adverse Events - Incidence (Safety

Population) — Study 006

Number of Patients (%0) Remimazolam | Placebo Difference
N=296 N=60 (95% CI)

All Adverse Events 0 0 -3.0%

228 (77.0%) | 48 (80.0%) (-15.2%, 9.2%)
TEAEs 0 0 -4.7%

218 (73.6%) | 47 (78.3%) (-17.3%, 7.9%)
Serious TEAEs 0 (0.0%) 0 (0.0%) -
TEAEs Leading to Death 0 (0.0%) 0 (0.0%) -
TEAEs Leading to Discontinuation 0 (0.0%) 0 (0.0%) -

. . ETRT

Related TEAES (possibly or higher) 125 (42.2%) 35 (58.3%) 16.1%

(-319%, -1.4%)

Source: Table 38

Table 31: Summary of TEAESs — Incidence (Safety Population) — Study 008

Number of Patients (%0) Remimazolam | Placebo Difference
N=303 N=59 (95% CI)
0,
All Adverse Events 273 (90.1%) 52 (88.1%) s 002A).01/; %)
0,
TEAEs 268 (88.4%) | 52 (881%) | 4 0‘3/'0336% )
Serious TEAEs -1.2%
17 (5.6%) 4(68%) | (g1 6?8% )
TEAES Leading to withdrawal 0.3%
g 1 (0.3%) 0000%) | (6% L 30 )
. . 5
Related TEAES (possibly or higher) 103* (34.7%) | 15 (25.4%) 8.6%

(-4.8%, 21.9%)

Source: Table 22

*Two patients had adverse events that were recorded as starting prior to treatment that were
classified as at least possibly related to treatment. These patients were excluded from my
analyses since they started prior to treatment and were therefore not classified as treatment

emergent.
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Table 32: Incidence of Patients with Treatment-Emergent Adverse Events by Treatment
Group (Safety Population) — Study 015

Number of Patients (%0) Remimazolam | Placebo Difference
N=31 N=16 (95% CI)

All Adverse Events 0 0 9.1%

28 (90.3%) 13 (81.3%) (-17.4%, 35.6%)
TEAEs 0 0 9.1%

28 (90.3%) 13 (81.3%) (-17.4%, 35.6%)
Serious TEAEs 0 (0.0%) 0 (0.0%) -
TEAEs Leading to Death 0 (0.0%) 0 (0.0%) -
TEAEs Leading to Withdrawal 0 (0.0%) 0 (0.0%)

-2.8%
(-24.9%, 19.3%)

Related TEAES (possibly or higher) 3 (9.7%) 2 (12.5%)

Source: Table 28

A key question for this application was whether there is any relationship between dose and
adverse event rates for remimazolam. To answer this question, | performed additional logistic
regression analyses of the causally related (possibly or higher, as determined by the applicant)
treatment emergent adverse events vs three factors that could explain differences in adverse
events: remimazolam dose; fentanyl dose; and procedure duration. The results of these analyses
are shown in Table 33 and Table 34 for study 006 and study 008 respectively. There were too
few patients in study 015 to perform this analysis.

In both studies there was a statistically significant (p<0.05) relationship between fentanyl dose
and the probability of experiencing treatment emergent adverse event, with patients experiencing
increasing rates of adverse events with increasing fentanyl dose. In study 008 there is also a
statistically significant relationship (p<0.05) between procedure duration and probability of
treatment related adverse events.

Table 33: Logistic Regression of Related Treatment Emergent Adverse Event likelihood vs
Remimazolam and Fentanyl Doses and Procedure Duration - Study 006

Estimate Standard Error | P Value
Intercept -0.917 0.564 0.104
Remimazolam Dose (mg) -0.058 0.034 0.084
Fentanyl Dose (1Q) 0.014 0.006 0.019
Procedure Duration (mins) | -0.002 0.024 0.947

Source: Reviewer
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Table 34: Logistic Regression of Related Treatment Emergent Adverse Event likelihood vs
Remimazolam and Fentanyl Doses and Procedure Duration - Study 008

Estimate Standard Error | P Value
Intercept -1.864 0.347 <0.001
Remimazolam Dose (mg) -0.036 0.034 0.297
Fentanyl Dose (1g) 0.014 0.004 <0.001
Procedure Duration (mins) | 0.035 0.015 0.023

Source: Reviewer

3 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS
3.1 Gender, Race, Age, and Geographic Region

Summaries of the success rates by demographic subgroup are shown in Table 35, Table 36 and
Table 37 for study 006, study 008 and study 015 respectively. | reanalyzed these data using a
Bayesian logistic regression model with a random effect for the demographic subgroup. Details
of this model are provided in the APPENDICES. Posterior means and 95% credible intervals
obtained from these analyses are shown in Figure 7, Figure 8, and Figure 9 for studies 006, 008
and 015 respectively. More summary statistics are provided in Table 38, Table 39, Table 40.
Overall, there do not appear to be any meaningful differences in the success rate between any of
the demographic subgroups.

Table 35: Number (Percent) of Successful Procedures by Demographic Subgroup — Study

006
Remimazolam Placebo
(N=298) (N=60)
Sex
Male 140/148 (94.6%) 0/25 (0.0%)
Female 132/150 (88.0%) 1/35 (2.9%)
Age Group
Age < 65 years 230/256 (89.8%) 1/53 (1.9%)
Age > 65 years 42/42 (100.0%) 0/7 (0.0%)
Race
White 199/222 (89.6%) 1/43 (2.3%)
Black or African 50/52 (96.2%) 0/14 (0.0%)
American
Asian 17/18 (94.4%) 0/3 (0.0%)
Other 6/6 (0.0%) 0
Source: Applicant’s Study Report Table 14.2.1.4.1 and Integrated Summary of Efficacy Table
44.1
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Table 36: Number (Percent) of Successful Procedures by Demographic Subgroup — Study

008
Remimazolam Placebo
(N=310) (N=63)
n/N (%) n/N (%)
Sex
Male 115/143 (80.4%) 2127 (7.4%)
Female 135/167 (100.0%) 1/36 (2.8%)
Age Group
Age < 65 years 122/158 (77.2%) 0/33 (0.0%)
Age > 65 years 128/152 (84.2%) 3/30 (10.0%)
Race
White 215/270 (79.6%) 2/50 (4.0%)
Black or African 28/33 (84.8%) 1/10(10.0%)
American
Asian 3/3 (100.0%) 0/1 (0.0%)
Other 4/4 (100.0%) 0/2 (0.0%)
Source: Applicant’s Study Report Table 14.2.1.4.1 and Integrated Summary of Efficacy Table
44.1
Table 37: Number (Percent) of Successful Procedures by Demographic Subgroup — Study
015
Remimazolam Placebo
(N=31) (N=16)
n/N (%) n/N (%)
Sex
Male 16/17 (94.1%) 0/12 (0.0%)
Female 11/14 (78.6%) 0/4 (0.0%)
Age Group
Age < 65 years 15/18 (83.3%) 0/9 (0.0%)
Age > 65 years 12/13 (92.3%) 0/7 (0.0%)
Race
White 21/25 (84.0%) 0/13 (0.0%)
Black or African 6/6 (100.0%) 0/3 (0.0%)
American

Source: Reviewer
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Figure 7: Posterior Means and 95% Credible Intervals of the Success Rates by
Demographic Subgroup - Study 006
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Figure 8: Posterior Means and 95% Credible Intervals of the Success Rates by
Demographic Subgroup — Study 008
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Figure 9: Posterior Means and 95% Credible Intervals of the Success Rates by
Demographic Subgroup — Study 015
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Table 38: Bayesian Logistic Regression Analyses of the Success Rates by Demographic
Subgroup — Study 006

Posterior 2.5% Posterior 97.5%
Mean SD Percentile | Median | Percentile

Overall 0.898 0.028 0.831 0.902 0.940

Sex Female 0.874 0.038 0.785 0.879 0.933

Male 0.928 0.030 0.852 0.934 0.972

Age Age < 65 0.887 0.028 0.823 0.889 0.932

Age = 65 0.975 0.040 0.876 0.986 1.000

White 0.890 0.029 0.823 0.894 0.936

Race Black or African | g,g 0.039 0.836 0.935 0.985
American

Other 0.925 0.061 0.780 0.937 0.992

Source: Reviewer
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Table 39: Bayesian Logistic Regression Analyses of the Success Rates by Demographic
Subgroup — Study 008

Posterior 2.5% Posterior 97.5%
Mean SD Percentile | Median | Percentile

Overall 0.793 0.037 0.710 0.796 0.856

Sex Female 0.795 0.039 0.703 0.799 0.863

Male 0.804 0.054 0.680 0.816 0.878

Age Age < 65 0.791 0.043 0.707 0.797 0.866

Age > 65 0.782 0.053 0.672 0.787 0.868

White 0.787 0.037 0.707 0.792 0.848

Race Black or African | ) g3 0.083 0.601 0.817 0.928
American

Other 0.897 0.082 0.694 0.918 0.992

Source: Reviewer

Table 40: Bayesian Logistic Regression Analyses of the Success Rates by Demographic
Subgroup — Study 015

Posterior 2.5% Posterior 97.5%
Mean SD Percentile | Median | Percentile

Overall 0.880 0.059 0.746 0.889 0.968

Sex Female 0.816 0.103 0.572 0.835 0.964

Male 0.978 0.039 0.865 0.994 1.000

Age Age < 65 0.833 0.097 0.601 0.849 0.971

Age > 65 0.938 0.064 0.763 0.958 0.999

White 0.853 0.071 0.692 0.864 0.961

Race Black or African |, g9, 0.039 0.901 1.000 1,000
American

Source: Reviewer

3.2 Other Special/Subgroup Populations
Patients were analyzed by fentanyl use in Figure 5, Figure 7, Figure 6, Table 19 and Table 20.

4 SUMMARY AND CONCLUSIONS

4.1 Statistical Issues

As noted in Section 2.2.4 and detailed in Table 21 and Table 22, the studied procedures were
relatively short with mean durations of 12.4 minutes and 14.2 minutes for studies and with only
one procedure lasting longer than 30 minutes in Study 006 and only 30 procedures (10%) lasting
longer than 30 minutes in Study 008. Furthermore, as seen in Figure 4 and Table 23, there was
evidence of a decrease in the procedure success rate as the procedure duration increased in Study
008. To summarize, we currently have no direct data to support the use of remimazolam in
procedures of longer duration.

4.2 Collective Evidence
The applicant completed two adequate and well-controlled studies designed to evaluate the
efficacy and safety of remimazolam as a procedural sedative in two different indications,
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colonoscopy (Study 006) and bronchoscopy (Study 008). The applicant completed a third study
designed to evaluate the safety of remimazolam in higher risk (ASA I11-1V) patients undergoing
colonoscopy (Study 015). In all three studies, efficacy was assessed by comparing the
proportion of patients who met the following pre-defined treatment success criteria:

e Completion of the colonoscopy procedure, AND

e No requirement for a rescue sedative medication (midazolam), AND

e For remimazolam & placebo: No requirement of more than 5 doses of study medication

within any 15-minute window.

Studies 006 and 008 both found statistically significantly higher rates of treatment success for
remimazolam than placebo, with 91% (272/298) and 81% (250/310) of patients meeting the
treatment success definition for remimazolam in Studies 006 and 008, respectively compared to
2% (1/60) and 5% (3/63) meeting the treatment success criteria for placebo. In Study 015,
though not powered for efficacy, there were similar observed treatment success rates in both
arms (Remimazolam: 84.4% [27/32]; Placebo: 0% [0/16]).

Overall, remimazolam had a similar safety profile to placebo with midazolam as rescue. Rates of
adverse events, treatment emergent adverse events, related treatment emergent adverse events
and serious treatment emergent adverse events were similar in all three studies.

4.3 Conclusions and Recommendations

It is my conclusion that the applicant has provided sufficient evidence to demonstrate that
remimazolam is safe and efficacious for the induction and maintenance of procedural sedation
for procedures expected to be completed in 30 minutes or less in adults. As noted in Section 4.1,
there is insufficient evidence to demonstrate that remimazolam is effective in procedures
expected last longer than this duration.

4.4 Labeling Recommendations
| have the following recommendations following my review of the labeling:
1. Restricting the indication to procedures anticipated to have durations less than 30
minutes.
2. More detailed demographic information should be included, specifically race and sex
summaries for both studies and ASA physical status summaries.
3. @@ should be removed. ek
4. ®@should be
removed for the same reason.
5. References to
not typically included in labeling.
6. More information should be including discussing the correlation between fentanyl use,
procedure duration and success rate.

®@should be removed as this endpoint is
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5 APPENDICES
5.1 Subgroup Analysis Method

I reanalyzed the subgroup data using a random effects Bayesian logistic regression model. The
purpose of this model is to make use of the data from the other subgroups in the analysis for any
particular subgroup. I will now describe the details of the model.

For each demographic variable we create K distinct partitions. For example, for sex we have
K=2 partitions. Then each patient i falls into one of these partitions k. The patient’s treatment
success status (X; . is then modeled using a Bernoulli random variable where the probability of
success is given by m; .

X; x~Bernoulli(m; ;)
In logistic regression we then model the logit transform of the probability using a linear
regression model. The model used in this instance was:

Tk

logit(ni,k) = log <1 — k) = Pox + Bixtrt; + P FentDose;
i

Where, B, \ is the intercept parameter for group k, trt; is 1 for patients treated with
remimazolam and O for patients treated with placebo, f; . is the parameter associated with the
treatment group for demographic group k, FentDose; is the difference from the overall mean
fentanyl usage for patient i and £, ; is the parameter associated with fentanyl usage for
demographic group k.

The prior distributions for the B’s are as follows:

Bok~ N (1o, a5), B1~N(uq, a7), B2,i~N (Uz, a3)
The hyperpriors for each of the three variables are:

1;~N(0,100)
o,~Half-Normal(0, 1)
01, o,~Half-Normal (0, 10)

The priors for u; were selected as they are uninformative. For the intercept variance parameter,
0y, the prior was chosen to induce a higher level of borrowing than for the other variance
parameters, oy, 0,.
To obtain estimates of the difference in the treatment success rate we took the inverse logit
transforms to find the difference in the probability of treatment success for each treatment group:

Tri = Tp i = ilogit(Boy + Pik) — ilogit(Bos)
Posterior means and 95% credible intervals are presented in Section 3.1.

41

Reference ID: 4561421



5.2 Figures and Tables
Figure 10: Remimazolam and Rescue Medication Usage in the Remimazolam Treatment
Arm by Site — Study 006
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Figure 11: Remimazolam and Rescue Medication Usage in the Remimazolam Treatment
Arm by Site — Study 008
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Figure 12: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since
First Dose of Remimazolam — Study 006
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Figure 13: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since
First Dose of Remimazolam — Study 008
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Figure 14: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since

Start of Procedure — Study 006
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Figure 15: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since
Start of Procedure — Study 008
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Table 41: Analysis of Efficacy by Fentanyl Stratum — Study 006

Difference in

Remimazolam Placebo Rates
0) [0)
Fentanyl Stratum /N (%) /N (%) (95% CI) P-Value
<100 pg 139/148 0/9 93.9%
(93.9%) (0.0%) (90.1, 97.8) <0.0001
100-150 pg 133/146 1/43 88.8%
(91.1%) (2.3%) (82.3, 95.2) <0.0001
>150 pg 0/2 0/8
(0.0%) (0.0%) NA NA
Source: Table 16, applicant’s study report and Reviewer.
Table 42: Analysis of Efficacy by Fentanyl Stratum — Study 008
: Difference in
Remimazolam Placebo Rates
0) [0)
Fentanyl Stratum /N (%) /N (%) (95% CI) P-Value
<100 pg 195/215 1727 87.0%
(90.7%) (3.7%) (78.9, 95.1) <0.0001
100-150 ng 49/63 2/18 66.7%
(77.8%) (11.1%) (48.9, 84.4) <0.0001
>150 ug 6/25 0/15 24.0%
(24%) (0.0%) (7.3, 40.7) 0.0421

Source: Table 14.2.1.3.1, applicant’s study report and Reviewer.

Table 43: Analysis of Efficacy by Fentanyl Stratum — Study 015

Difference in

Remimazolam Placebo Rates
Fentanyl Stratum "N (%) /N (%) (95% CI)

<100 pg 25/29 0/12 86.2%
(86.2%) (0%) (73.7,98.8)

100-150 pg 212 0/4 100%
(100.0%) (0%) (100, 100)

Source: Table 14.2.1.2.1, applicant’s study report and Reviewer.
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Figure 16: Remimazolam Total Dose vs Procedure Duration — Study 006 Remimazolam
Only
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Table 44: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration —
Study 006 Remimazolam Only

Estimate Standard Error | P value
Intercept 7.23 0.556 <0.001
Procedure Duration (mins) | 0.265 0.041 <0.001

Source: Reviewer
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Figure 17: Remimazolam Total Dose vs Procedure Duration — Study 006 Remimazolam
Only
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Table 45: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration —
Study 006 Remimazolam Only

Estimate Standard Error | P value
Intercept 8.26 0.357 <0.001
Procedure Duration (mins) | 0.249 0.021 <0.001

Source: Reviewer
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1. Executive Summary

The applicant, Paion UK Ltd, submitted the results from the human abuse potential study
CNS7056-014 for the assessment of abuse potential of Remimazolam.

Study CNS7056-014 was a single-dose, randomized, double-blind, placebo- and active-controlled
crossover study with a single inpatient treatment visit. The primary objective was to evaluate the
subjective abuse potential of single intravenous (IV) doses of Remimazolam compared with IV
Midazolam and placebo in healthy recreational central nervous system (CNS) depressant users. The
treatments in the Treatment Phase were Remimazolam 5 mg, Remimazolam 10 mg, Midazolam 2.5
mg, Midazolam 5 mg, and placebo. 40 subjects were randomized to the Treatment Phase. Of these,
39 subjects completed the study.

The results from the reviewer’s primary analysis demonstrated the validity of the study by showing
that each dose of Midazolam had maximum drug liking statistically significantly greater than
Placebo by 15 points. Remimazolam 5 mg had statistically significantly smaller mean compared to
Midazolam 5 mg, but there was no statistically significant difference in means between
Remimazolam 5 mg and Midazolam 2.5 mg. There were no statistically significant differences in
medians between Remimazolam 10 mg and both doses of Midazolam.

Per the CSS Pharmacologist Dr. Katherine Bonson’s suggestion, the reviewer performed the
secondary analysis for the Completers Population (N = 39) on Overall Drug Liking E.x, Take Drug
Again E., Good Drug Effects En.x, Bad Drug Effects Enay, and Alertness/Drowsiness Epi,. Note
that Overall Drug Liking E.x and Alertness/Drowsiness E.,i, were on a bipolar visual analog scale,
while Take Drug Again En., Good Drug Effects En., and Bad Drug Effects E.., were on a
unipolar visual analog scale. Also note that pre-dose responses were collected for
Alertness/Drowsiness VAS, thus the reviewer used E.;, subtract from the pre-dose response
(change from pre-dose response) as the response in secondary analysis for Alertness/Drowsiness
VAS. The change was on a bipolar visual analog scale with O represented neither drowsy nor alert
compared to pre-dose response, larger value represented getting drowsier while smaller value
represented getting more alert. The reviewer also did the secondary analysis on
Alertness/Drowsiness E, (actual value) for investigation.

The secondary analysis results showed that the mean differences between Midazolam 2.5 mg and
Placebo, and between Midazolam 5 mg and Placebo were statistically significant for all the
endpoints. For Overall Drug Liking En., Good Drug Effects E.., Bad Drug Effects E.., and
Alertness/Drowsiness En,, subtract from the pre-dose response (change value), there were no
statistically significant differences in means/medians between both doses of Midazolam and each
dose of Remimazolam, except for the comparison between Midazolam 5 mg and Remimazolam 5
mg. For Take Drug Again E., the means of both doses of Remimazolam were statistically
significantly less than each dose of Midazolam, except for the comparison between Midazolam 2.5
mg and Remimazolam 10 mg at 0.05 significance level. However, the means/medians of both doses
of Remimazolam were still statistically significantly greater than Placebo. For
Alertness/Drowsiness E.i, (actual value), the mean of Remimazolam 5 mg was statistically

4
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significantly greater than each dose of Midazolam, but statistically significantly less than Placebo;
while there were no statistically significant differences in means between Remimazolam 10 mg and
each dose of Midazolam.

In conclusion, the effects including drug liking, overall drug liking, good drug effects, bad drug
effects, and alertness/drowsiness (change value) of Remimazolam 5 mg and 10 mg were
comparable with those of Midazolam 2.5 mg and 5 mg, respectively. The take drug again effect of
each dose of Remimazolam was statistically significantly less than corresponding dose of
Midazolam, but greater than Placebo. The alertness/drowsiness E., (actual value) performed
similar to alertness/drowsiness (change value), except that Remimazolam 5 mg was statistically
significantly greater than corresponding dose of Midazolam (2.5 mg), but statistically significantly
smaller than Placebo.
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2. Review report on Study CNS7056-014
2.1. Overview

Study CNS7056-014 was a single-dose, randomized, double-blind, placebo- and active-controlled
crossover study with a single inpatient treatment visit to evaluate the subjective abuse potential of
single intravenous (IV) doses of Remimazolam compared with 1V Midazolam and placebo in
healthy recreational central nervous system (CNS) depressant users.

2.1.1. Objectives of the Study
Primary Objective

e To evaluate the subjective abuse potential of single IV doses of Remimazolam compared
with IV Midazolam and placebo in healthy recreational CNS depressant users.

Secondary Objective
e To evaluate the safety and tolerability of IV Remimazolam in healthy recreational CNS
depressant users.
e To evaluate the pharmacokinetics (PK) of IV Remimazolam in healthy recreational CNS
depressant users.

2.1.2. Study Design

This was a single-dose, randomized, double-blind, placebo- and active-controlled crossover study to
determine the subjective abuse potential of single 1V doses of Remimazolam compared with 1V
Midazolam and placebo in healthy recreational CNS depressant users.

This study consisted of 4 phases: Screening, Qualification, Treatment, and Follow-up. Subjects
participated in an outpatient medical Screening visit (Visit 1); one 15-day inpatient visit that
consisted of an admission day, a 3-day Qualification (Drug Discrimination and Tolerability) Phase,
a rest day, and a 10-day 5-period Treatment Phase (Visit 2); and an outpatient safety Follow-up visit
(Visit 3). Each subject participated in the study for up to approximately 7 weeks, including
Screening through Follow-up.

Screening Period

Subjects reported to the clinical site for the eligibility screening (see Sponsor’s Section 9.3 for
inclusion and exclusion criteria) within 28 days prior to drug administration. Within 28 days of the
Screening visit, eligible subjects were admitted to the CRU (Day -1) for the Qualification Phase.

Eligibility screening consisted of the assessments as presented in Sponsor’s Table 2, Section 9.5.1.

Qualification Phase
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The Qualification Phase consisted of a Drug Discrimination Test and a Tolerability Assessment.
During the Drug Discrimination Test, subjects received the following treatments in a randomized,
double blind, crossover manner:

0 Treatment X: IV Midazolam 2.5 mg (administered over 1 minute)
0 Treatment Y: matching placebo (administered over 1 minute)

Each drug administration was separated by approximately 24 hours (Day 1 and Day 2), to ensure
that subjects could discriminate and show positive subjective effects of the active control. Subjects
who did not meet Drug Discrimination criteria were discharged from the CRU at approximately 24
hours after the second drug administration. On the third dosing day (Day 3), subjects who met Drug
Discrimination criteria participated in a 1-day Tolerability Assessment, the following treatment was
administered in an unblinded manner at approximately 24 hours after the second Drug
Discrimination dose:

0 Treatment Z: IV Midazolam 5 mg (administered over 1 minute)

Subjects who did not meet Tolerability Assessment criteria following IV Midazolam 5 mg were
discharged at approximately 24 hours post dose. Subjects who met Tolerability criteria remained in
the CRU for the Treatment Phase. A washout interval of approximately 48 hours was required
between the last drug administration in the Qualification Phase (Day 3) and the first drug
administration in the Treatment Phase (Day 5).

Treatment Phase

Following confirmation of eligibility in the Qualification Phase, eligible subjects were randomized
to 1 of 10 treatment sequences according to two 5 x 5 William squares. Subjects received each of
the following 5 treatments on Days 5, 7, 9, 11, and 13, administered IV over 1 minute, in a
randomized, double-blind, crossover manner following an overnight fast:

Treatment A: Remimazolam 5 mg
Treatment B: Remimazolam 10 mg
Treatment C: Midazolam 2.5 mg
Treatment D: Midazolam 5 mg
Treatment E: Placebo (saline injection)

O O O o0 o

Each drug administration was separated by approximately 48 hours. Serial pharmacodynamic (PD)
evaluations were conducted up to 8 hours post dose. Pharmacokinetic samples were obtained to
confirm exposure to Remimazolam over 8 hours post dose. Safety monitoring included recording of
AEs and regular assessments of vital signs, 12-lead electrocardiograms (ECGs), and continuous
pulse oximetry/telemetry for at least 4 hours after study drug administration. Supplemental oxygen
was provided to subjects for at least 2 hours post dose during the Tolerability Assessment (Day 3)
and Treatment Phase, and as needed during the Drug Discrimination Test (Day 1 and 2). Subjects
were discharged approximately 24 hours after the last drug administration (on Day 14).
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Assessments during the Treatment Phase were performed as presented in the schedule of
assessments in Sponsor’s Table 3, Section 9.5.1.

Follow-up Phase

Subjects returned for the safety Follow-Up visit approximately 2 to 4 days following the last drug
administration.

The chart below (Sponsor’s Figure 1) summarizes the design of the study.

=14
—_ L a
— E- R
i @ =2 Screening Visit
> | E&
7
F
E X: Midazolam IV 2.5 mg
= ] ) Bandomized,
= Washout 24 h double-blind crossover
g
L= Y: Placebo IV
Z E
-1 e
- £ : Discrimmates Midazolam and
= = Washout 24 h
= = ashon Placebo?
—— hﬂ
E s # No —# Discharge ~24h
= = Yes post 2°¢ dose
g L 4
o = . -
£ = Z: Midazolam IV 5 mg
£ E
5 = .
z Tolerates midazolam dose?
S 9| Washout minimum of 43k S G ) ,
= = between Qualification and _ » No —# Discharge~24h
: Treatment Phases Yes post-dose
= : r
A Remimazolam IV 5 mg
i B: Remimazolam IV 10 mg
é g t Washout
=2 C: Midazolam IV 2.5 mg Lol
- = between each
= 1 Treatment Period
Ez ¥
N D: Midazolam IV 5 mg
E: Placebo IV
v -
:: L} ¥
F == ] 2 to 4 days after last
- % = Follow-Up drug administration

Note: Order of treatment is for illustration only; actual randomization scheme is provided in Section 9.4 4.
h = hour; IV = intravenous
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2.1.3. Qualification Phase Eligibility Criteria

Subjects must have met each one of the following criteria in order to be eligible for participation in
the Tolerability Assessment and Treatment Phase:

o Maximum effect (Ea) in response to IV Midazolam 2.5 mg greater than that of placebo on
Drug Liking visual analogue scale (VAS) (difference of at least 15 points) and E, score of
at least 65 points for Midazolam in the first 60 minutes post dose, and acceptable overall
responses to Midazolam and placebo on the subjective measures, as judged by the
investigator or designee.

e Acceptable placebo response based on Drug Liking VAS (score between 40 and 60 points,
inclusive).

e Subject was able to tolerate IV Midazolam 2.5 mg, as judged by the investigator, including
ability to complete all PD assessments administered within 60 minutes post dose.

e General behavior suggested that the subject could successfully complete the study, as
judged by the research site staff.

Subjects must have met the following criterion in order to be eligible for participation in the
Treatment Phase:

e Subject was able to tolerate IV Midazolam 5 mg, defined as ability to complete the
subjective PD assessments administered within 60 minutes post dose (i.e., subject remained
conscious or could be roused), oxygen saturation that did not fall below 90% for any period
longer than 60 seconds in duration, and as otherwise judged by the investigator based on
other safety parameters (e.g., telemetry, AEs, vital signs).

2.1.4. Disposition of Subjects

A total of 175 subjects were screened, of whom 92 were screening failures. A total of 83 subjects
thus entered the Qualification Phase and received at a least one dose of study drug (qualification
population). Of these, 34 failed the Drug Discrimination Test, 2 failed the Tolerability Assessment,
5 decided to withdraw, and 2 subjects were withdrawn at the PI’s discretion. Consequently, 40
subjects entered the Treatment Phase and received at least 1 dose of study drug, comprising the
safety population. Of these, 39 subjects completed all treatment periods in the study: Completer
Population (N = 39) and without any major protocol deviations (per protocol population). Subject
042 completed Treatment A only during the Treatment Phase prior to being withdrawn by PI
decision due to confrontational behavior and failure to follow study restrictions.

All 40 randomized subjects received at least one dose of Remimazolam and had sufficient
concentration-time data to calculate a valid C,,, or AUCq.irr. However, the PK population included
only 36 subjects because PK samples for 4 subjects were inadvertently analyzed outside the stability
window for Remimazolam. PK data were summarized both for the 36 subjects included in the PK
population and for all 40 subjects.
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The following table (Sponsor’s Table 6) summarizes disposition of subjects.

Table 6 Summary of Subject Disposition: All Subjects (N =175)

Cwverall
n (%)
Qualification Population 83 (474)
Safety Population 40 (22.9)
PE Population 36 (20.6)
Completer Population 39 (22.3)
Per Protocol Population 39(22.3)
Completed 39 (22.3)
Withdrew 136 (77.7)
Reason for Withdrawal
Adverse Event 1 (0.6)
Protocol violation 0(0.0)
Lost to follow-up 0(0.0)
Withdrawal by subject 5(2.9)
Pregnancy 0(0.0)
Inclusion criteria not met 86 (49.1)
Exclusion criteria met 5(2.9)
Administrative reason 0(0.0)
Suicidal ideationfactively suicidal 0(0.0)
Positive UDSfalcohol breath test 0(0.0)
Use of unacceptable concomitant medication 0(0.0)
Other? 39(22.3)

"Cither: Drug discrimination Failure, n = 34; Tolerability Failure, n = 2; Physician decision, n =3
Source: Table 14.1.1; Listings 16.2.1.1, and 16.2.3

2.1.5. Pharmacodynamic Endpoints

Primary Endpoint

The primary PD endpoint is the maximum effect (Ena) On the bipolar Drug Liking visual analog
scale (VAS).

Secondary Endpoints

e Balance of effects:
- Drug Liking VAS (minimum effect [Enn] and time-averaged area under the effect
curve to 8 hours after study drug administration [TA_AUE])
- Overall Drug Liking VAS (Enax and Egin)
- Take Drug Again VAS (Enax)
e Positive effects:
- Good Effects VAS (Ex and TA_AUE)
o Negative effects:
- Bad Effects VAS (En.x and TA_AUE)
e Sedative effects:
- Alertness/Drowsiness VAS (Enin and TA_AUE)
- Agitation/Relaxation VAS (E, and TA_AUE)

10
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e  Other drug effects:
- Any Effects VAS (Ena.x and TA_AUE)
e  Memory/Amnestic effects:
- Paired Associates Learning (PAL) test — E.x and TA_AUE of total error score

Reviewer’s comments: The sponsor should pre-specify several key secondary endpoints. Note that
Take Drug Again VAS in this study was on a unipolar visual analog scale, instead of bipolar.

2.2. Sponsor’s Analyses of the Pharmacodynamic Parameters
2.2.1. Statistical Methodologies Used in the Sponsor’s Analyses
2.2.1.1. Analysis Population

The following analysis populations will be used in this study:
Qualification Population

The Qualification population consisted of all subjects who received any study drug in the
Qualification Phase.

Safety Population
The Safety Population consisted of all randomized subjects who received any study treatment in the
Treatment Phase.

Pharmacokinetic (PK) Population
The PK Population consisted of all randomized subjects who received at least one dose of
Remimazolam and had sufficient concentration-time data to calculate a valid C,.x or AUC.ips.

Completer Population
The Completer Population consisted of all randomized subjects who completed all treatment
periods in the Treatment Phase.

Reviewer’s comments: Based on 2017 FDA Guidance (Assessment of Abuse Potential of Drugs
Guidance for Industry — FDA), the definition of the completer population should include the
criterion that randomized subjects must have at least one response on the visual analog scale (VAS)
for Drug Liking within 2 hours of T, for each treatment in the study. It is OK to not having this
since the study was conducted before 2017.

Per Protocol Population

The Per Protocol population consisted of all randomized subjects who completed all treatment
periods in the Treatment Phase, had no major protocol deviations that would impact PD results or
the integrity of data, and had no greater than 12.5% missing data points for the primary endpoint
within 60 minutes post dose (i.e., no more than 1 of 8 missing assessments in the first hour).
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All PD analyses were performed using the Completer Population.

2.2.1.2. Hypothesis Testing

The treatment comparisons to assess the abuse potential of Remimazolam included the following:

e |V Remimazolam 5 mg vs. IV Midazolam 2.5 mg

e |V Remimazolam 10 mg vs. IV Midazolam 5 mg

e Each dose of IV Remimazolam vs. placebo

e Each dose of IV Midazolam vs. placebo (study validity)

Reviewer’s comments: Each dose of Remimazolam should be compared with every dose of
Midazolam when studying relative abuse potential.

The study was to be considered valid if either dose of Midazolam was statistically different from
placebo on the primary endpoint (Drug Liking VAS Eax)-

Reviewer’s comments: For the primary analysis, the reviewer suggests using one-sided test for all
comparisons: 15 as the margin for the studying validity, to be consistent with the value used in the
Qualification Phase; 11 should be used as the margin for comparing between Remimazolam and
Placebo, as recommended in Chen & Bonson, 2013. Since this study was conducted before 2017
FDA Guidance (Assessment of Abuse Potential of Drugs Guidance for Industry — FDA) was
published, it is OK to use 0 as the test value for the comparison between Midazolam and Placebo.

Reviewer’s comments: When considering the secondary analysis, for comparison between test drug
and placebo, the test value 11 was studied only for the bipolar Drug Liking VAS. Therefore, a two-
sided test with a test value 0 and type | error equal to 0.1 was performed to the comparison between
test drug and placebo for key secondary endpoints.

2.2.1.3. Statistical Methodologies

PD parameters were listed for each individual subject and summarized by treatment using
descriptive statistics (n, mean, median, SD, and first and third quartile limits) for each assessment
for the Completer population.

Reviewer’s comments: Descriptive statistics such as minimum and maximum should also be
calculated.

Linear plots of the mean and individual Drug Liking VAS results by scheduled sampling time were
provided by treatment for the Completer population. These plots show time in hours.

The SAS mixed effects linear model procedure (PROC MIXED) was used to construct analysis of
variance (ANOVA) models for the completer and per protocol populations. The models included
terms for treatment, period, sequence, and first-order carryover effect as fixed effects, and subject
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nested within sequence as a random effect. Baseline (predose) measurement was to be included as a
covariate, where available. The carryover effect was dropped from the model, as it was found to be
non-significant at the 25% level. Least squares (LS) means, the difference between the means, and
corresponding 95% confidence intervals (Cls) were provided for the treatment comparisons. No
adjustments were made for multiplicity.

Reviewer’s comments: Use subject as random effect, instead of subject nested within treatment
sequence. However, in this situation, one subject was only assigned one sequence, hence using
subject nested within treatment sequence as random effect is equivalent to using subject as random
effect.

The residuals of the primary endpoint, drug liking E..., from the mixed-effects model were
investigated for normality using the Shapiro-Wilk W test. The Shapiro-Wilk W test produced a p-
value > 0.05, so the data were considered normally distributed, and the results of the mixed effects
model were reported.

Reviewer’s comments: The assumption of homogeneity of variance should be examined as well.
Besides the analysis for primary endpoint, statistical methods for key secondary endpoints should
also be described in detail, especially when normality or homogeneity of variance assumption
doesn’t hold.

2.2.2. Sponsor’s Summary and Conclusions

e The study design was validated by the significantly higher drug liking of the positive
control (Midazolam) relative to placebo.

e Remimazolam demonstrated an absolute abuse potential based on a comparison of its
subjective effects on recreational drug abusers to those of placebo.

e The abuse potential of Remimazolam was comparable to that of Midazolam based on the
primary measure, drug liking Eqax.

e The Take Drug Again En, Was significantly lower for 5 mg Remimazolam compared to 2.5
mg Midazolam; the difference was no longer statistically different for the comparison of 10
mg Remimazolam vs 5 mg Midazolam, indicating that any difference flattens out when the
dose is increased.

e The duration of drug liking and of other drug effects were generally longer for Midazolam
compared to Remimazolam.

e The TA_AUE of good effects were statistically significantly higher for Midazolam than
Remimazolam.

e The TA_AUE of bad effects were statistically significantly higher for Remimazolam than
Midazolam.

In conclusion, assessments of relative and absolute abuse potential demonstrate that Remimazolam

presents a significant abuse potential relative to placebo, with an abuse potential that is comparable
to that of midazolam, based on results of the primary measure of abuse potential, drug liking E .
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Similarly, the Take Drug Again Ena, although significantly lower for 5 mg Remimazolam
compared to 2.5 mg Midazolam, was no longer statistically significantly different for the
comparison of 10 mg Remimazolam and 5 mg Midazolam. This is consistent with most other
secondary measures of abuse potential showing differences between Remimazolam and Midazolam
that were not statistically significant. These results indicate that a preference for Midazolam may
prevail at lower doses, which may decrease or disappear at higher doses. This may relate to the
duration of effect: a comparison of TA_AUEs indicates that Midazolam effects are longer-lasting
and greater overall than those of Remimazolam, consistent with the rapid decline in Remimazolam
plasma concentrations. This difference seems to decrease with use of a higher dose.

2.3. Data Location
The dataset used in the reviewer’s analysis is located at

\\cdsesubl\evsprod\iNDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpd.xpt
\\cdsesubl\evsprod\iNDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpdp.xpt

2.4. Reviewer’s Assessment
In this report, the reviewer used the following notations for treatments in Study CNS7056-014:
Re5 — Remimazolam 5 mg
Rel0 — Remimazolam 10 mg
Mi2.5 — Midazolam 2.5 mg
Mi5 — Midazolam 5 mg
P — Placebo
2.4.1. Primary Analysis
The reviewer’s primary analysis was performed using the Completer Population.
2.4.1.1. Descriptive Statistics
We first examined the maximum drug liking from each subject in the Qualification Phase, as shown
in Figure 1, which indicates a successful selection for qualified subjects based on the eligibility
criteria in the Qualification Phase.
The notations for treatments in Qualification Phase are as below:
Mi2.5_Q - Midazolam 2.5 mg

P_Q - Placebo
Mi5_Q — Midazolam 5 mg
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Figure 1: Heat Map by Treatment for Drug Liking En. in the Qualification Phase (N = 39)
Table 1 summarizes the mean, standard deviation (SD), minimum (Min), the first quartile (Q.),

median (Med), the third quartile (Qs), and maximum (Max) for the 5 treatments in the Treatment
Phase for the primary endpoint Drug Liking Eax.

Table 1: Summary Statistics for Drug Liking E.x (N = 39)

TRT | Mean | SD Min Q: Med Q3 Max
Re5 7.7 14.1 38 69 77 89 100
Rel0 79.8 15.1 51 70 79 91 100
Mi2.5 78.6 14.0 53 68 77 91 100
Mi5 81.5 11.7 53 74 81 90 100
P 53.1 8.1 50 50 50 51 85

As summarized in Table 1, the means of maximum drug liking for both doses of Remimazolam
were similar to those of Midazolam (within range of 77.7 to 81.5), but greater than Placebo. Higher
dose had slightly larger mean than lower dose. The means of two doses of Midazolam were 81.0
(SD = 11.4) and 87.6 (SD = 10.8) in the Qualification Phase, which were close to the results (78.6
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with SD = 14.0 and 81.5 with SD = 11.7) in the Treatment Phase. Detailed maximum drug liking
from each subject in the Treatment Phase is shown in Figure 2.

SubjiD

Mi2.5 Mi5 P Res Re10
Treatment

Figure 2: Heat Map by Treatment for Drug Liking En. in the Treatment Phase (N = 39)

In the Treatment Phase, subjects responded well to both Midazolam 2.5 mg and 5 mg. Only 2 out of
39 subjects did not respond (maximum liking < 55) to Midazolam 2.5 mg, 1 subject did not respond
to Midazolam 5 mg, and 4 subjects had maximum drug liking to Placebo greater than 60.

Figure 3 is the mean time course profiles by treatment for Drug Liking VAS. Data were collected at
2, 5, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins. By carefully examining the data,
missing responses exist for treatments Midazolam 2.5 mg and 5 mg. Subject-did not have
response at time point 2 mins post dose for Midazolam 5 mg, while Subject-iid not respond at 2
mins post dose for Midazolam 2.5 mg. Therefore, at the time points with missing responses, the
mean Drug Liking VAS was averaged by non-missing values.

The peak mean responses for Midazolam 2.5 mg and 5 mg were 69.9 and 72.8, reached at 2 mins
and 20 mins post dose, respectively. The peak mean responses for Remimazolam 5 mg and 10 mg
were 67.6 and 71.1, reached at 5 mins and 15 mins post dose, respectively. Thus, Remimazolam and
Midazolam reached the peak value around the same time. From Figure 3, one may notice that the
mean time course profiles of each dose of Remimazolam were lower and returned to neutral values
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sooner than both doses of Midazolam. However, both doses of Remimazolam still have obvious
separation from the mean time course profile of Placebo within first hour after dosing.
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Figure 3: The Mean Time Course Profiles on Drug Liking VAS by Treatment (N = 39)

2.4.1.2. Statistical Testing

To evaluate the abuse potential of Remimazolam, the reviewer performed statistical analysis for the

primary endpoint, Drug Liking En. for the following questions, with the tested hypotheses and
contrasts defined as follows:

1. Does the positive control (C-Midazolam) produce mean Drug Liking E... that shows
greater abuse potential compared to Placebo (P)?

Hoipe —pup <15vs. Hgiue —up>15

This hypothesis is for the study validation. Test value of 15 was chosen to be consistent

with the value used in the Qualification Phase. Hypothesis 1 was applied to the following
contrasts:

e Mi2.5 versus P
e Mi5 versus P

2. Does the test drug (T-Remimazolam) produce mean Drug Liking E.x that shows less abuse
potential compared to positive control (C-Midazolam)?
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Houe —pur <0vs. Hgpic = pr >0

This hypothesis is for investigation of the abuse potential of the test drug Remimazolam,
compared to the positive control Midazolam. Test value of 0 was chosen same as the
sponsor did. Hypothesis 2 was applied to the following contrasts:

e Mi2.5 versus Re5
e Mi2.5 versus Rel0
e  Mib5 versus Re5

e Mib5 versus Rel0

3. Does the test drug (T-Remimazolam) produce mean Drug Liking Enax that shows similar
abuse potential compared to placebo (P)?

Hopur —pup=11vs. Hppur —up <11

This hypothesis is to investigate whether the test drug Remimazolam had similar abuse
potential compared to Placebo. Test value of 11 was chosen based on Chen and Bonson
(2013). Hypothesis 3 was applied to the following contrasts:

e Re5versus P
e RelOversus P

If the comparison of a dose of Remimazolam did not have a statistically significantly lower mean
than any dose of Midazolam, the comparison between the dose of Remimazolam and Placebo
would not be performed.

The statistical model used in the reviewer’s primary analysis was a mixed-effects model which
included treatment, period, sequence, and first-order carryover effect as fixed effects, subject as a
random effect. With heteroscedasticity adjustment, the residuals from the mixed-effects model,
excluding the carryover effect, were investigated for normality using the Shapiro-Wilk W-test. The
results are presented in Table 2.

Table 2: Results from the W-test on Residuals for Drug Liking Eq.x (N = 39)

. W
Endpoints N Skewness Statistic p-value
Drug Liking Epnax 39 -0.15 0.9729 0.0008

The Shapiro-Wilk W-test on the residuals was statistically significant for Drug Liking E.x With a p-
value 0.0008. Therefore, the normality assumption of the mixed-effects model was not satisfied
(different from the sponsor’s analysis result), the distribution of the paired difference for each
contrast was further examined. Table 3 shows skewness, W statistic, and p-value of the Shapiro-
Wilk W-test for Drug Liking E., on each paired difference.
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As summarized in Table 3, the p-values of the W-test were greater or equal to 0.05 for the paired
differences between Midazolam 2.5 mg and Placebo, Midazolam 5 mg and Placebo, Midazolam 2.5
mg and Remimazolam 5 mg, and Remimazolam 5 mg and Placebo. The distribution was relatively
symmetric (skewness = -0.5 to 0.5) for the paired differences between Midazolam 2.5 mg and
Placebo, Midazolam 5 mg and Placebo, Midazolam 2.5 mg and Remimazolam 5 mg, Midazolam 5
mg and Remimazolam 5 mg, Remimazolam 5 mg and Placebo, and Remimazolam 10 mg and
Placebo. Thus, for comparisons with paired differences that were not significantly departure from
normal (W-test p-value > 0.05) or the distribution was relatively symmetric (skewness = -0.5 to
0.5), a paired t-test was used. Otherwise, for comparisons (see in red) with paired differences that
were significantly departure from normal (W-test p-value < 0.05) and skewed (skewness < -0.5 or >
0.5), the sign test was performed.

Table 3: Results from the W-test on Paired Difference for Drug Liking Enax (N = 39)

Comparison Skewness Sta\'g/stic p-value
Mi2.5-P -0.15 0.9505 0.0853
Mi5-P -0.39 0.9550 0.1211
Mi2.5 - Re5 0.17 0.9839 0.8400
Mi2.5 —Rel0 1.38 0.8991 0.0021
Mi5 — Re5 -0.20 0.9129 0.0053
Mi5 - Rel0 0.60 0.8895 0.0011
Re5-P -0.45 0.9613 0.1972
Rel0-P -0.14 0.9283 0.0158

Table 4 summarizes the results from the reviewer’s primary analysis.

Table 4: Primary Analysis Results on Drug Liking Eq.x (N = 39)

Pairwi_se Mean D_iff StdErr Test Value p-value 95% CI
Comparison /Med Diff /IQR LCL UCL
Mi2.5-P 25.6 2.7 15 0.0002 21.1 Infty
Mi5 -P 28.5 2.4 15 <0.0001 24.4 Infty
Mi2.5 - Re5 0.9 1.6 0 0.2801 -1.8 Infty
Mi2.5 - Re10' -1.0 7,2 0 0.9449 -4.0 Infty
Mi5 - Re5 3.8 1.9 0 0.0230 0.7 Infty
Mi5 — Re10' 0.0 -4,8 0 0.5000 -1.0 Infty

T The sign test was performed. The median difference and the interquartile range as well as the distribution free 95%
confidence interval of the median difference are listed.

Reference ID: 4500684
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The reviewer’s primary analysis showed that for Drug Liking Eax.

e the mean differences between both doses of Midazolam and Placebo were statistically
significantly greater than 15 points, confirming the study validity;

¢ Remimazolam 5 mg had statistically significantly smaller mean compared to Midazolam 5
mg, but there was no statistically significant difference in means between Remimazolam 5
mg and Midazolam 2.5 mg;

o there were no statistically significant differences in medians between Remimazolam 10 mg
and both doses of Midazolam;

From Figure 2, one may notice that there exist several subjects who responded similar maximum
drug liking across all 5 treatments. Sensitivity analysis excluding those subjects was performed as
well, but was omitted here since the results remained the same as using the Completer Population.

2.4.2. Secondary Analysis

The sponsor didn’t pre-specify any key secondary endpoints. Per the CSS Pharmacologist Dr.
Katherine Bonson’s suggestion, Overall Drug Liking E.., Take Drug Again En., Good Drug
Effects Eqax, Bad Drug Effects Es, and Alertness/Drowsiness E.i, were included in the reviewer’s
secondary analysis.

Note that Overall Drug Liking E.x and Alertness/Drowsiness E,;, were on a bipolar visual analog
scale, while Take Drug Again E,.x, Good Drug Effects E.x, and Bad Drug Effects E.x were on a
unipolar visual analog scale. Also note that pre-dose responses were collected for
Alertness/Drowsiness VAS, thus the reviewer used E.;, subtract from the pre-dose response
(change from pre-dose response) as the response in secondary analysis for Alertness/Drowsiness
VAS. The change was on a bipolar visual analog scale with O represented neither drowsy nor alert
compared to pre-dose response, larger value represented getting drowsier while smaller value
represented getting more alert. The reviewer also did the secondary analysis on
Alertness/Drowsiness E,, (actual value) for investigation.

2.4.2.1. Descriptive Statistics
Figures 4 — 9 are the heat maps by treatment for Overall Drug Liking E.x, Take Drug Again E.x,

Good Drug Effects Enax, Bad Drug Effects En., Alertness/Drowsiness E., subtract from the pre-
dose response (change value), and Alertness/Drowsiness E,, (actual value) in the Treatment Phase.
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Figure 4: Heat Map by Treatment for Overall Drug Liking E.x in the Treatment Phase (N =
39)
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Figure 5: Heat Map by Treatment for Take Drug Again E, 4 in the Treatment Phase (N = 39)
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Figure 6: Heat Map by Treatment for Good Drug Effects E. in the Treatment Phase (N =

39)
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Figure 7: Heat Map by Treatment for Bad Drug Effects E,.x in the Treatment Phase (N = 39)
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Figure 8: Heat Map by Treatment for Alertness/Drowsiness E.,, Subtract from the Pre-dose
Response (Change Value) in the Treatment Phase (N = 39)
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Figure 9: Heat Map by Treatment for Alertness/Drowsiness En,n (Actual Value) in the
Treatment Phase (N = 39)
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The reviewer did the secondary analysis for the Completer Population (N

39). Table 5

summarizes the mean, standard deviation (SD), minimum (Min), the first quartile (Q;), median
(Med), the third quartile (Qs), and maximum (Max) for the 5 treatments in the study for the
secondary endpoints Overall Drug Liking En., Take Drug Again E..., Good Drug Effects Ea,
Bad Drug Effects Enax, and Alertness/Drowsiness E;, subtract from the pre-dose response (change

value).

Table 5: Summary Statistics for Overall Drug Liking E,,, Take Drug Again E.x, Good Drug
Effects Enay, Bad Drug Effects E ., and Alertness/Drowsiness Ei, Subtract from the Pre-

dose Response (N = 39)

Reference ID: 4500684

Measure TRT Mean SD Min Q: Med Q3 Max

Re5 61.8 | 17.2 28 50 57 76 100

Rel0 67.3| 187 26 50 69 83 100

Overall Drug Liking Epax | Mi2.5 67.3| 17.1 41 50 64 81 100

Mi5 69.3 | 16.2 40 52 72 80 100

P 52.8 | 141 0 50 50 50 91

Re5 369 | 355 0 0 22 76 100

Rel0 492 | 34.0 0 17 52 80 100

Take Drug Again Emax Mi2.5 56.4 | 33.2 0 33 57 87 100

Mi5 585 | 32.4 0 29 64 86 100

P 17.1| 282 0 0 0 47 88

Re5 645 | 241 11 42 64 81 100

Rel0 709 | 228 2 51 72 91 100

Good Drug Effects Enax | Mi2.5 65.6 24.7 0 46 67 86 100

Mi5 729 | 206 24 62 72 92 100

P 69| 19.0 0 0 0 0 69

Re5 15.0 | 20.7 0 0 5 22 64

Rel0 30.7 | 344 0 1 16 55 100

Bad Drug Effects Epax Mi2.5 129 | 219 0 0 0 16 80

Mi5 279 | 334 0 0 9 54 100

P 0.2 0.8 0 0 0 0 5

Re5 280 | 211 -16 15 23 42 93

Alertness/Drowsiness Emin | paqg 36.7| 205 4l 20| 36| 47| 100
subtract from the pre- X

dose response Mi2.5 354 | 192 8 16 39 49 94

(change value) Mi5 388 | 183 13 22 40 50 89

P 38| 17.8 -50 0 0 0 70
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Table 6 provides the corresponding descriptive statistics for Alertness/Drowsiness pre-dose
response and E.;, (actual value) respectively. It can be noticed that all 5 treatments share very
similar pre-dose mean responses. The larger the Alertness/Drowsiness mean change value is, the
smaller the mean actual value of E,, is.

Table 6: Summary Statistics for Alertness/Drowsiness pre-dose response and E,,;, respectively

(N =39)
Measure TRT Mean SD Min Q: Med Q3 Max
Re5 52.3 12.1 18 50 50 50 100
) Rel0 53.1 12.4 42 50 50 50 100
Alertness/Drowsiness :
pre-dose response Mi2.5 53.5 14.2 23 50 50 50 100
Mi5 54.3 13.5 37 50 50 50 100
P 52.8 16.7 8 50 50 50 100
Re5 24.2 15.8 0 9 26 35 66
. Rel0 16.4 13.4 0 12 31 46
Alertness/Drowsiness Enmin ” 8 39 0 3 >
(actual value) Mi2.5 18.1 13. 15 4 4
Mi5 15.4 12.4 0 6 11 29 37
P 49.1 16.3 18 44 50 50 100

The bar charts for Overall Drug Liking VAS and Take Drug Again VAS as well as the mean time
course profiles by treatment for Good Drug Effects VAS, Bad Drug Effects VAS,
Alertness/Drowsiness VAS change from the pre-dose response (change value), and
Alertness/Drowsiness VAS (actual value) are presented in Figures 10 — 15, respectively.

By average, the mean Overall Drug Liking responses for both doses of Midazolam were similar to
each dose of Remimazolam at both 240- and 480-mins post dose. The responses for the higher dose
of Remimazolam were slightly greater than the lower dose, while Midazolam had similar responses
for different doses. The responses for Placebo were around 50 at both 240- and 480-mins post dose,
which were much lower than both doses of Midazolam and Remimazolam.

For Take Drug Again VAS, we can observe obvious differences between each dose of Midazolam
and every dose of Remimazolam at both 240- and 480-mins post dose. The responses for the higher
dose of Remimazolam were slightly greater than the lower dose, while Midazolam had similar
responses for different doses. The responses for Placebo were around 15 at both 240- and 480-mins
post dose, which were much lower than both doses of Midazolam and Remimazolam.
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Figure 10: Mean Responses at 240- and 480-mins post dose by Treatment for Overall Drug

Liking VAS (N = 39)
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Figure 11: Mean Responses at 240- and 480-mins post dose by Treatment for Take Drug

Again VAS (N = 39)
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Figure 12: The Mean Time Course Profiles on Good Drug Effects VAS by Treatment (N = 39)
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Figure 13: The Mean Time Course Profiles on Bad Drug Effects VAS by Treatment (N = 39)
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Figure 14: The Mean Time Course Profiles on Alertness/Drowsiness VAS Change from the
Pre-dose Response (Change Value) by Treatment (N = 39)
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Figure 15: The Mean Time Course Profiles on Alertness/Drowsiness VAS (Actual Value) by
Treatment (N = 39)
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For Good Drug Effects VAS, data were collected at 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360,
and 480 mins post dose. The peak mean responses for Midazolam 2.5 mg and 5 mg were 50.6
reached at 15 mins post dose, and 58.4 reached at 10 mins post dose, respectively; Remimazolam 5
mg and 10 mg reached the peak mean response of 52.1 and 57.4 at 2 mins post dose, respectively.
From Figure 12, we may notice that the mean responses for Good Drug Effects VAS of
Remimazolam dropped quickly right after dosing, while Midazolam sustained for approximately 45
mins post dose. Over the 480 mins post dose, both doses of Remimazolam had mean Good Drug
Effects scores generally lower than each dose of Midazolam. Higher dose of Midazolam and
Remimazolam resulted in higher mean time course profile than the lower dose. We can also observe
obvious separation from the mean time course profile between both doses of Remimazolam and
Placebo.

For Bad Drug Effects VAS, all treatments had relatively low mean responses. Data were collected
at 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins post dose. Midazolam reached the
peak around 15 mins post dose, while Remimazolam dropped from 2 mins post dose. Higher dose
of Midazolam and Remimazolam had slightly greater mean responses of Bad Drug Effects than the
lower dose at almost all collected time points.

For Alertness/Drowsiness VAS change from the pre-dose response (change value), data were
collected at 0, 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins post dose. Larger value
represented getting much drowsier from pre-dose, while smaller value represented getting less
drowsy or even more alert. The peak mean responses for Midazolam 2.5 mg and 5 mg were 25.2
reached at 30 mins post dose, and 27.5 reached at 45 mins post dose, respectively; Remimazolam 5
mg and 10 mg reached the peak mean responses of 17.4 and 25.4 at 10 mins post dose, respectively.
From Figure 14, we may notice that the mean responses for Alertness/Drowsiness VAS change of
Remimazolam dropped quickly after peak, while Midazolam sustained for approximately 2 hours
post dose, indicating that subjects would become alert faster when injecting Remimazolam than
Midazolam. Over the 480 mins post dose, both doses of Remimazolam had mean
Alertness/Drowsiness VAS change scores generally less than each dose of Midazolam. Higher dose
of Midazolam and Remimazolam resulted in slightly higher mean time course profile. The
separation of mean time course profiles between both doses of Remimazolam and Placebo are
evident.

The Alertness/Drowsiness VAS (actual value) showed inverted pattern of the Alertness/Drowsiness
VAS change from the pre-dose response (change value). Smaller value represented much drowsier,
while larger value represented less drowsy or more alert. The minimum mean responses for
Midazolam 2.5 mg and 5 mg were 28.3 reached at 30 mins post dose, and 26.8 reached at 45 mins
post dose, respectively; Remimazolam 5 mg and 10 mg reached the minimum mean responses of
34.9 and 27.6 at 10 mins post dose, respectively.

2.4.2.2. Statistical Testing

The statistical model used in the reviewer’s secondary analysis was a mixed-effects model which
included treatment, period, sequence, and first-order carryover effect as fixed effects, subject as a
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random effect. For the Alertness/Drowsiness VAS, pre-dose responses were collected, thus were
also included as a covariate in the model. E;, subtract from the pre-dose response (change from
pre-dose response) and E, (actual value) were used respectively as the response in the analysis for
Alertness/Drowsiness VAS.

With heteroscedasticity adjustment, the residuals from the mixed-effects model, excluding the
carryover effects, are investigated for normality using the Shapiro-Wilk W-test. The results are
presented in Table 7.

Table 7: Results from the W-test on Residuals for Overall Drug Liking E., Take Drug Again
Emax, Good Drug Effects E.x, Bad Drug Effects Eay, Alertness/Drowsiness E,» Subtract
from the Pre-dose Response (Change Value), and Alertness/Drowsiness Eq, (Actual Value)

(N =39)
Endpoints Skewness W . p-value
Statistic
Overall Drug Liking Epax -2.24 0.8548 | <0.0001
Take Drug Again Epax -0.34 | 0.9906 | 0.2317
Good Drug Effects Emax 0.45 | 0.9527 | <0.0001
Bad Drug Effects Emax 1.03 | 0.9050 | <0.0001
Alertness/Drowsiness E,i, subtract

from the pre-dose response -1.23 0.9265 | <0.0001

(change value)

Alertness/Drowsiness Enmin

(actual value) 1.23 0.9265 | <0.0001

The p-values of the W-test in Table 7 indicate that the residuals were approximately normally
distributed for Take Drug Again Eq.. When including first-order carryover effect in the model, the
p-value for the carryover effect was greater than 0.25. Hence, the first-order carryover effect was
non-significant at the 0.25 level, then the term was dropped from the analysis model. Table 8 shows
the least square mean and standard error of each treatment for Take Drug Again Epax.

Table 8: Least Square Mean Estimation for Take Drug Again Eq, (N = 39)

TRT LS Mean | StdErr
Re5 37.6 5.4
Rel0 49.9 4.6
Mi2.5 57.0 4.8
Mi5 58.9 5.3
P 17.8 6.0

The hypotheses of comparison between Midazolam and Remimazolam used in the secondary
analysis were the same as those in the primary analysis, except for Alertness/Drowsiness Epin
(actual value). For the comparison between Midazolam and Placebo, if we use 15 as test value same
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as in the primary analysis, the secondary analysis is often under powered. Thus, the reviewer used 0
as the test value for this comparison. The lower 95% confidence interval limit for upper-tail test,
and the upper 95% confidence interval limit for lower-tail test, may provide some information about
the margin. The hypotheses used for Alertness/Drowsiness E., (actual value) would be inferiority
instead of superiority.

For the comparison between Remimazolam and Placebo, note that the test value 11 was studied
only for the bipolar Drug Liking VAS. Also note that for a fixed sample size, increasing the type |
error will decrease the type Il error. Therefore, a two-sided test with a test value 0 and type | error
0.1 was performed, and the 90% confidence interval was also calculated for this comparison.

Table 9 summarizes the results from the reviewer’s secondary analysis for Take Drug Again E.x.

Table 9: Secondary Analysis Results on Take Drug Again Enax (N = 39)

Pairwi_se LS Mean StdErr Test Value p-value 95% CI1/90% CI
Comparison Diff LCL UCL
Mi2.5-P 39.2 5.9 0 <0.0001 29.3 Infty
Mi5 - P 41.1 6.3 0 <0.0001 30.6 Infty
Mi2.5 - Re5 19.3 5.2 0 0.0003 10.6 Infty
Mi2.5 - Rel0 7.0 4.4 0 0.0581 0.3 Infty
Mi5 — Re5 21.3 5.7 0 0.0002 11.8 Infty
Mi5 - Re10 9.0 4.9 0 0.0369 0.7 Infty
Re5-P* 19.8 6.4 0 0.0031 9.2 30.5

* Two-sided test was performed.

Table 7 also shows that the W-test was statistically significant (p-value < 0.05) for Overall Drug
Liking Enax, Good Drug Effects E.x, Bad Drug Effects E..x, Alertness/Drowsiness E, subtract
from the pre-dose response (change value), and Alertness/Drowsiness Eg, (actual value).
Therefore, the normality assumption of the mixed-effects model was not satisfied, the distributions
of the paired differences for these four endpoints were further examined. Table 10 shows skewness,
W statistic, and p-value of the Shapiro-Wilk W-test for Overall Drug Liking Eq., Good Drug
Effects Enax, Bad Drug Effects E.x, Alertness/Drowsiness E, subtract from the pre-dose response
(change value), and Alertness/Drowsiness E.i, (actual value) on each paired difference.

Table 10: Results from the W-test on Paired Difference for Overall Drug Liking E.x, Good
Drug Effects E.x, Bad Drug Effects Ea,, Alertness/Drowsiness E.,;, Subtract from the Pre-
dose Response (Change Value), and Alertness/Drowsiness Eni, (Actual Value) (N = 39)

. W
Measure Comparison Skewness Statistic p-value
Overall Drug Liking Epax | Mi2.5-P 159 | 0.8722| 0.0004

31

Reference ID: 4500684



Mi5 - P 1.53 0.8842 0.0008

Mi2.5 - Re5 0.86 0.9095 0.0042

Mi2.5 -Rel0 -0.19 0.9706 0.3905

Mi5 — Re5 0.84 0.9268 0.0142

Mi5 - Rel0 0.96 0.9367 0.0295

Re5-P 0.74 0.9104 0.0045

Rel0-P 1.55 0.8855 0.0009

Mi2.5-P -0.54 | 0.9401 0.0383

Mi5-P -0.86 0.8925 0.0014

Mi2.5 - Re5 0.36 0.9608 0.1894

Good Drug Effects Epax Mf2.5 —Rel0 034 0.8788 0.00%
Mi5 - Re5 0.44 0.9575 0.1468

Mi5 - Rel0 0.46 0.8948 0.0016

Re5-P -0.72 0.9471 0.0658

Rel0-P -0.76 0.8957 0.0017

Mi2.5-P 1.99 | 0.6531 | <0.0001

Mi5 - P 0.91 0.7981 | <0.0001

Mi2.5 - Re5 -0.14 0.8712 0.0004

Bad Drug Effects Epqx Mf2'5 —Reld 087 0.8964 00017
Mi5 - Re5 1.33 0.8022 | <0.0001

Mi5 - Rel0 0.17 0.9059 0.0033

Re5-P 1.39 0.7283 | <0.0001

Rel0-P 0.81 0.8196 | <0.0001

Mi2.5-P 141 0.8991 0.0021

Mi5 - P 1.68 0.8723 0.0004

Alertness/Drowsiness Enin Mi2.5—Re5 1.65 0.8738 0.0004
subtract from the pre- | Mi2.5-Rel0 -0.05 | 09874 | 0.9346
dose response Mi5 — Re5 2.22 0.8170 | <0.0001
(change value) Mi5 - Re10 032 | 09775| 06143
Re5-P 1.85 | 0.8452 | <0.0001

Rel0-P 1.71 0.8683 0.0003

Mi2.5-P -0.76 0.9435 0.0496

Mi5-P -0.92 0.9315 0.0201

Mi2.5 - Re5 -0.22 0.9651 0.2620

Alertness/Drowsiness Ep, | Mi2.5-Rel0 005| 09794 | 0.6807
(actual value) Mi5 — Re5 -0.78 0.9632 0.2277
Mi5 - Rel0 0.10 0.9750 0.5257

Re5-P -0.80 0.9441 0.0521

Rel0-P -1.53 0.8653 0.0003

As summarized in Table 10, for comparisons with paired differences that were not significantly
departure from normal (W-test p-value > 0.05) or the distribution was relatively symmetric
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(skewness = -0.5 to 0.5), a paired t-test was used. Otherwise, for comparisons (see in red) with
paired differences that were significantly departure from normal (W-test p-value < 0.05) and
skewed (skewness < -0.5 or > 0.5), the sign test was performed. Table 11 summarizes the results
from the reviewer’s secondary analysis for Overall Drug Liking E., Good Drug Effects E,., Bad
Drug Effects En.y, Alertness/Drowsiness E, subtract from the pre-dose response (change value),
and Alertness/Drowsiness En, (actual value).

The results from the reviewer’s secondary analysis showed that for Overall Drug Liking E.., Take
Drug Again En., Good Drug Effects En., Bad Drug Effects E..., Alertness/Drowsiness Epi,
subtract from the pre-dose response (change value), and Alertness/Drowsiness E,, (actual value),
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the mean/median of each dose of Midazolam was statistically significantly greater (or
smaller for Alertness/Drowsiness E, actual value) than that of Placebo;

Remimazolam 5 mg had statistically significantly smaller (or greater for
Alertness/Drowsiness E., actual value) mean/median compared to Midazolam 5 mg; there
was no statistically significant difference in means/medians between Remimazolam 5 mg
and Midazolam 2.5 mg except Take Drug Again En,x and Alertness/Drowsiness E., (actual
value);

there were no statistically significant differences in means/medians between Remimazolam
10 mg and both doses of Midazolam, except the comparison between Remimazolam 10 mg
and Midazolam 5 mg for Take Drug Again E. (p-value = 0.0369);

the mean of Take Drug Again E.., for Remimazolam 5 mg was statistically significantly
greater than that of Placebo; the mean of Alertness/Drowsiness En, (actual value) for
Remimazolam 5 mg was statistically significantly smaller than that of Placebo.
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Table 11: Secondary Analysis Results on Overall Drug Liking En.x, Good Drug Effects Enax,
Bad Drug Effects Ena, Alertness/Drowsiness Eqi, Subtract from the Pre-dose Response
(Change Value), and Alertness/Drowsiness Eni, (Actual Value) (N = 39)

A Pairwise Mean Diff | StdErr Test e LR
Comparison /Med Diff /IQR Value P LCL UCL
Mi2.5 - P 10.0 0,31 0 <0.0001 1.0 Infty
Mi5 - P* 16.0 1,28 0 <0.0001 5.0 Infty
Mi2.5 — Re5' -

Overall Drug Liking Eo ! 1.0 1,11 0 0.1077 0.0 Infty
Mi2.5-Rel0 0.0 1.7 0 0.4940 -2.8 Infty
Mi5 — Re5' 1.0 5,21 0 0.0448 0.0 Infty
Mi5 — Re10' 1.0 6,7 0 0.2498 -2.0 Infty
Mi2.5 - Pt 64.0 37, 86 0 <0.0001 52.0 Infty
Mi5 - P 69.0 49, 92 0 <0.0001 62.0 Infty

Mi2.5 — Re5 .
Good Drug Effects Eyay ! 1.2 2.5 0 0.3229 3.1 Infty
Mi2.5 - Rel0 -5.3 3.6 0 0.9247 -11.4 Infty
Mi5 — Re5 8.5 3.2 0 0.0060 3.1 Infty
Mi5 - Re10 2.0 3.8 0 0.3020 -4.4 Infty
Mi2.5 - P! 0.0 0, 14 0 <0.0001 0.0 Infty
Mi5 - P* 9.0 0,54 0 <0.0001 3.0 Infty

Mi2.5 — Re5 - -
Bad Drug Effects Ey, ! : 2.1 4.0 0 0.6973 8.8 Infty
Mi2.5-Rel0 -8.0 -43,0 0 0.9998 -13.0 Infty
Mi5 — Re5' 1.0 0,21 0 0.0008 0.0 Infty
Mi5 - Re10 2.9 7.3 0 0.6509 -15.3 Infty
Mi2.5 - PT 31.0 13, 45 0 <0.0001 21.0 Infty

i5 — pt
Alertness/Drowsiness Emin Mf5 P 30.0 19,49 0 <0.0001 22.0 Infty
subtract from the pre- | Mi2.5—Re5' 5.0 -5,17 0 0.0939 0.0 Infty
dose response Mi2.5 - Rel0 1.3 2.3 0 0.7091 -5.2 Infty
(change value) Mi5 — Re5' 7.0 2,18 0 0.0144 2.0 Infty
Mi5 - Rel0 2.2 2.4 0 0.1879 -1.9 Infty
Mi2.5 - P! -30.0 -43, -16 0 <0.0001 -Infty -24.0
Mi5 — P* -32.0 -45,-20 0 <0.0001 -Infty -26.0
_ Mi2.5 - Reb -6.1 2.4 0 0.0067 -Infty 2.1
Alertness/Drowsiness Emin Mi2 5 —Rel0 ft

(actual value) 2, 1.8 2.1 0 0.7969 -Infty 5.3
Mi5 — Re5 -8.8 2.3 0 0.0002 -Infty -5.0
Mi5 —Rel0 -0.9 1.9 0 0.3155 -Infty 2.3
Re5 - P* -24.8 3.3 0 <0.0001 -30.4 -19.3

* Two-sided test was performed.
T The sign test was performed. The median difference and the interquartile range as well as the distribution free 95% /
90% confidence interval of the median difference are listed.
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3. Conclusion

The reviewer’s primary analysis was conducted on Drug Liking E..x. The means of maximum drug
liking of both Midazolam 2.5 mg and 5 mg (78.6 and 81.5) were statistically significantly greater
than Placebo (53.1) by margin of 15, thus demonstrated the validity of the study. The differences of
maximum drug liking between both doses of Midazolam and each dose of Remimazolam were not
statistically significant, except the comparison between Midazolam 5 mg and Remimazolam 5 mg.
Therefore, the drug liking effect of Remimazolam 5 mg and 10 mg were comparable to those of
Midazolam 2.5 mg and 5 mg, respectively.

The reviewer’s secondary analysis was on Overall Drug Liking E.x, Take Drug Again Ey, Good
Drug Effects E..x, Bad Drug Effects E., Alertness/Drowsiness E;, subtract from the pre-dose
response (change value), and Alertness/Drowsiness Eq, (actual value). The secondary analysis for
the Completer Population (N = 39) showed that the means/medians of those endpoints for
Midazolam 2.5 mg and 5 mg were statistically significantly different from that of Placebo. There
were no statistically significant differences in means/medians between both doses of Midazolam
and each dose of Remimazolam, except for the comparison between Midazolam 5 mg and
Remimazolam 5 mg for all key secondary endpoints, comparison between Midazolam 2.5 mg and
Remimazolam 5 mg for Take Drug Again E.., and Alertness/Drowsiness E;, (actual value), and
comparison between Midazolam 5 mg and Remimazolam 10 mg for Take Drug Again E .

In conclusion, the abuse potential effects including drug liking, overall drug liking, good drug
effects, bad drug effects, and alertness/drowsiness (change value) of Remimazolam 5 mg and 10 mg
were comparable with those of Midazolam 2.5 mg and 5 mg, respectively. The take drug again
effect of each dose of Remimazolam was statistically significantly less than corresponding dose of
Midazolam, but greater than Placebo. The alertness/drowsiness E.., (actual value) performed
similar to alertness/drowsiness (change value), except that Remimazolam 5 mg was statistically
significantly greater than corresponding dose of Midazolam (2.5 mg), but statistically significantly
smaller than Placebo.
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	EXECUTIVE SUMMARY 
	EXECUTIVE SUMMARY 
	In this review I examined the collective evidence on the efficacy and safety of remimazolam, a novel benzodiazepine, for procedural sedation.  The efficacy and safety of Remimazolam was evaluated in three clinical studies. In the first two studies, the goal was to evaluate the efficacy of remimazolam relative to placebo in patients undergoing colonoscopy (CNS7506-006, hereinafter 006) and bronchoscopy (CNS7056-008, hereinafter 008).  The third study (CNS7056-015, hereinafter 015) was primarily designed to e
	In all three studies the American Society of Anesthesiologists Physical Status (ASA-PS) score was used to classify the patient’s risk level.  Studies 006 and 008 enrolled patients ASA-PS classification I-III (Normal healthy patients to patients with severe systemic disease).  Study 015 included only patients with ASA-PS classification III and IV (severe systemic disease that is a constant threat to life). 
	In studies 006 and 008, efficacy was evaluated using a binary success criterion.  Patients were defined to be treatment successes if they met all three of the following criteria: 
	• 
	• 
	• 
	No rescue sedative medication usage; 

	• 
	• 
	Successful completion of the study procedure; 

	• 
	• 
	No more than 5 top-up doses within any 15-minute window (remimazolam or placebo). 


	• No more than 3 top-up doses within any 12-minute window (midazolam). In studies 006 and 008, patients receiving remimazolam responded at significantly higher rates than the placebo patients (remimazolam: 91% & 81% vs placebo: 1.7% & 4.8%).  The main reason for failure for remimazolam was too many doses within the 15-minute window for study 006 and rescue sedative medication usage for study 008.  In both studies the main reason for failure for placebo patients was use of rescue sedative medication. I omitt
	There were three issues that the applicant failed to adequately evaluate and discuss. First, fentanyl was used as an analgesic, but fentanyl also has a sedative effect and could potentially serve as a rescue medication.  Second, the applicant did not explore the relationship between procedure duration and success rate.  Third, the relationship between dose and safety was not explored. I will now discuss and summarize my findings for these issues. 
	There was a clear correlation between fentanyl use and treatment success, with patients who used more fentanyl being less likely to successfully respond.  This was established using logistic regression analyses in studies 006 and 008 which evaluated the probability of treatment success vs the total fentanyl use. In both studies this analysis found a negative relationship between the respectively).  
	total fentanyl dose and the probability of success (Table 19 and Table 20 for studies 006 and 008 

	6 
	6 
	In addition, the placebo treatment arm provides valuable information on the efficacy of fentanyl as a sedative.  The majority of placebo patients who were able to initiate the procedure (Study 

	006: 56/60 [93%]; Study 008: 58/60 [97%]) required rescue doses of midazolam to reach a sufficient level of sedation.  These two analyses combined demonstrate that while fentanyl may have some sedative effects, at the doses the sedative effects were minimal in the placebo population which received higher doses on average than the remimazolam population.  In both studies, the procedure duration was relatively short (mean durations of 12.4 and 12.8 minutes for remimazolam patients for studies 006 and 008 resp
	Finally, remimazolam dose does not appear to be correlated with an increase in related treatment emergent adverse events in either study.  I explored this relationship using a logistic regression In both studies fentanyl dose was positively correlated with the adverse event rate (more adverse events as fentanyl dose is increased).  Longer procedure duration was correlated with an increase in adverse events in one study (008) but not the other (006). 
	model which also included fentanyl dose and procedure duration (see Table 33 and Table 34).  

	In conclusion, remimazolam has been proven to be efficacious compared to placebo for procedural sedation for shorter procedures.  The applicant will need to conduct additional studies to support its use in longer procedures.   
	INTRODUCTION 
	1.1 Overview 
	1.1 Overview 
	The applicant’s development program consisted of two adequate and well-controlled studies (CNS7056-006 and CNS7056-008) which were designed to evaluate the efficacy and safety of remimazolam for procedural sedation in two different procedures (colonoscopy and bronchoscopy) and a third study in high risk patients undergoing colonoscopy for which the primary objective was to assess the safety of remimazolam. Risk was determined using the American Society of Anesthesiologists Classification (ASA Class) which c
	1
	1

	All three studies are summarized in Table 1 and will be 
	discussed in greater detail in Sections 2.2 and 2.3. 

	Table 1: List of all studies included in analysis 
	Table
	TR
	Phase and Design 
	Treatment Period 
	Follow-up Period 
	# of Treated Subjects per Arm 
	Study Population 

	CNS7056-006 NCT02290873 
	CNS7056-006 NCT02290873 
	MC, R, DB, PG, PC, AC 
	Procedure duration 
	Day 4 (+3/-1 days) 
	Remimazolam: 296 Placebo: 60 Midazolam: 102 
	Patients undergoing colonoscopy 

	CNS7056-008 NCT02296892 
	CNS7056-008 NCT02296892 
	MC, R, DB, PG, PC, AC 
	Procedure duration 
	Day 4 (+3/-1 days) 
	Remimazolam: 303 Placebo: 59 Midazolam: 69 
	Patients undergoing bronchoscopy 

	CNS7056-015 NCT02532647 
	CNS7056-015 NCT02532647 
	MC, R, DB, PG, PC, AC 
	Procedure duration 
	Day 4 (+3/-1 days) 
	Remimazolam: 31 Placebo: 16 Midazolam: 30 
	ASA III/IV patients undergoing colonoscopy 


	* MC: multi-center, R: randomized, DB: double-blind, PG: parallel group, PC: placebo controlled, AC: active controlled Note: Hereinafter the studies will be referenced by the last three digits of the study id number. 
	The late phase development program was first discussed with the Agency in an end-of-phase 2 meeting held on October 17, 2013.   
	The categories allowed in the study were: ASA I: A normal health patient ASA II: A patient with mild systemic disease ASA III: A patient with severe systemic disease ASA IV: A patient with severe systemic disease that is a constant threat to life For more details see: 
	1 
	­classification-system 
	https://www.asahq.org/standards-and-guidelines/asa-physical-status
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	1.2 Data Sources 
	1.2 Data Sources 
	The data were provided electronically by the applicant as SAS transport files in the applicable CDISC SDTM and ADaM data formats. The provided datasets can be found at the following location in the CDER electronic document room (EDR): 
	\\CDSESUB1\evsprod\NDA212295\0000\m5\datasets 
	\\CDSESUB1\evsprod\NDA212295\0000\m5\datasets 



	2 STATISTICAL EVALUATION 
	2 STATISTICAL EVALUATION 
	2.1 Data and Analysis Quality 
	2.1 Data and Analysis Quality 
	The quality of the submitted data was sufficient to allow for a thorough review. I was able to derive the primary endpoints for each study and my results were consistent with those of the applicant. 

	2.2 Evaluation of Efficacy 
	2.2 Evaluation of Efficacy 
	The applicant conducted two studies designed to evaluate the efficacy and safety of remimazolam in two different procedural sedation indications (colonoscopy [006] and bronchoscopy [008]) and a third study (015) designed to evaluate the safety of remimazolam in high risk patients undergoing colonoscopy (ASA category III and IV).  The overall design and analysis of these three studies is relatively similar and so I will discuss these studies together and note any differences. 

	2.2.1 Study Design and Endpoints 
	2.2.1 Study Design and Endpoints 
	All three conducted studies followed the same general design, with the most notable difference being the procedure that the patients underwent (colonoscopy or bronchoscopy) and the population being studied (lower risk [ASA categories I-III] or high risk [ASA categories III-IV]).  In all studies, patients who needed to undergo the related study procedure were screened for their study eligibility.  Eligible patients were then scheduled for treatment. 
	To be eligible for the study patients had to meet the following inclusion and exclusion criteria: : 
	Inclusion

	• Male and female patients, aged ≥18, scheduled to undergo a diagnostic or therapeutic 
	colonoscopy (therapeutic procedures may include hemostasis, resection, ablation 
	decompression, foreign body extraction, for example). (Studies 006 and 015 only) 
	• Male and female patients, aged ≥18, scheduled to undergo a diagnostic or therapeutic 
	flexible fiberoptic bronchoscopy in the bronchoscopy suite (therapeutic bronchoscopies 
	may include lavage, biopsies, brushings, and foreign body extraction, for example). 
	(Study 008 only) 
	•. 
	•. 
	•. 
	American Society of Anesthesiologists Score I through III. (Studies 006 and 008 only) 

	•. 
	•. 
	ASA grade III/IV. (Study 015 only) 

	•. 
	•. 
	Body mass index (BMI) ≤ 40 kg/m. (Studies 006 and 008 only) 
	2


	•. 
	•. 
	For female patients with child-bearing potential, negative result of pregnancy test (serum or urine) as well as use of birth control during the study period (from the time of consent until all specified observations are completed). 

	•. 
	•. 
	Patient voluntarily signs and dates an ICF that is approved by an IRB prior to the conduct 


	of any study procedure. 9 
	•. Patient is willing and able to comply with study requirements and return for a Follow-up Visit on Day 4 (+3/-1) after the colonoscopy/bronchoscopy. 
	: 
	Exclusion

	•. 
	•. 
	•. 
	Patients with a known sensitivity to benzodiazepines, flumazenil, opioids, naloxone, or a medical condition such that these agents are contraindicated. 

	•. 
	•. 
	Chronic use of benzodiazepines for any indication (e.g., insomnia, anxiety, spasticity). (not 015) 

	•. 
	•. 
	Female patients with a positive pregnancy test at screening or baseline. 

	•. 
	•. 
	Lactating female patients. 

	•. 
	•. 
	Patients with positive drugs of abuse screen or a positive serum ethanol at baseline. 

	•. 
	•. 
	Patient with a history of drug or ethanol abuse within the past 2 years. 

	•. 
	•. 
	Patients in receipt of any investigational drug within 30 days or less than seven half-lives (whichever is longer) before the start of the study or scheduled to receive one during the study period. 

	•. 
	•. 
	Patients with an inability to communicate well in English with the investigator. 


	Patients will undergo standard preparation (fasting for all studies and local standard bowel preparation for patients undergoing colonoscopy) on the day before the procedure.  On the day of the procedure patient’s inclusion/exclusion criteria were reviewed, medical and medication histories were taken, and other screening assessments were performed (physical examination, including weight, body temperature, clinical laboratory tests and 12-lead ECG).  Following successful completion of these procedures, patie
	varied by study and is summarized in Table 2.   

	Table 2: Randomization Ratio by Study 
	Study 
	Study 
	Study 
	Randomization Ratio (remimazolam: placebo: midazolam) 

	006 
	006 
	30:6:10 

	008 
	008 
	30:6:10 

	015 
	015 
	2:1:2 


	Source: Reviewer 
	Patients would then undergo the procedural sedation and study procedure.  First, patients would be given an initial dose of sedative. For patients in the remimazolam or placebo groups this consisted of a 5 mg dose of remimazolam or matched placebo manually by injection over one minute with watch control. Following the initial dose, top-up doses (2.5 mg of double-blinded study drug) could be administered anytime sedation was thought to be inadequate. If adequate sedation could not be achieved, then rescue se
	10 
	10 
	To be able to proceed with the required procedure, patients had to achieve an adequate level of sedation. Sedation was measured using the Modified Observer's Assessment of Alertness and sedation for initiation was defined as a MOAA/S score of 3 or less and adequate maintenance sedation was defined as MOAA/S scores of 4 or less.  
	Sedation Scale (MOAA/S). The MOAA/S scoring categories are described in Table 3. Adequate 


	Table 3: Modified Observer's Assessment of Alertness and Sedation Scale 
	Response 
	Response 
	Response 
	Score 

	Responds readily to name spoken in normal tone 
	Responds readily to name spoken in normal tone 
	5 (alert) 

	Lethargic response to name spoken in normal tone 
	Lethargic response to name spoken in normal tone 
	4 

	Responds only after name is called loudly and/or repeatedly 
	Responds only after name is called loudly and/or repeatedly 
	3 

	Responds only after mild prodding or shaking 
	Responds only after mild prodding or shaking 
	2 

	Responds only after painful trapezius squeeze 
	Responds only after painful trapezius squeeze 
	1 

	Does not respond to painful trapezius squeeze 
	Does not respond to painful trapezius squeeze 
	0 


	Source: Appendix, applicant’s study report. 
	Following completion of the procedure the sedation was discontinued and the time to alertness and discharge were recorded. Finally, patients completed safety assessments several safety assessments 3 days after the procedure (+3/-1 days). 
	The primary efficacy objective for all three studies was the comparison in the success rate of the sedation for remimazolam in comparison to placebo.  Success was defined as the following: 
	•. 
	•. 
	•. 
	Completion of the colonoscopy procedure, AND 

	•. 
	•. 
	No requirement for a rescue sedative medication, AND 

	•. 
	•. 
	For remimazolam & placebo: No requirement of more than 5 doses of study medication within any 15-minute window.  

	•. 
	•. 
	For midazolam: 3 doses within any 12-minute window). 


	The sponsor had the following secondary objectives for studies 006 and 008: 
	1.. 
	1.. 
	1.. 
	The time to start of procedure after administration of the first dose of study medication. 

	2.. 
	2.. 
	The time to peak sedation after administration of the first dose of study medication. 

	3.. 
	3.. 
	The time to ready for discharge (defined as ability to walk unassisted) after the last injection of study drug and after the end of bronchoscopy procedure (bronchoscope out). 

	4.. 
	4.. 
	The time to fully alert (time to first of three Modified Observer's Assessment of Alertness/Sedation (MOAA/S) scores of 5 after the last injection of study drug and after the end of bronchoscopy procedure (bronchoscope out). 

	5.. 
	5.. 
	The MOAA/S scores by time point. 

	6.. 
	6.. 
	The recall of the procedure by the Brice questionnaire administered when full alertness is regained and on Day 4. 

	7.. 
	7.. 
	The changes to the patient's cognitive function by the Hopkins Verbal Learning Test ­Revised (HVLT-R) administered before study medication administration and after the fully alert criteria have been achieved. 

	8.. 
	8.. 
	The safety of multiple doses (initial dose and additional top-up doses) of remimazolam (including oxygen saturation and no need for mechanical ventilation), following administration of a standard dose of fentanyl. 

	9.. 
	9.. 
	The readiness to discharge score 30, 60- and 90-minutes post injection of the first dose. 

	10. 
	10. 
	The Drowsiness visual analogue scale to assess for signs of re-sedation. 

	11. 
	11. 
	The requirement for flumazenil during the procedure. 

	12. 
	12. 
	The patient’s self-evaluation of “back-to-normal” after the procedure. 

	13. 
	13. 
	The pain on injection at application of study medication. 

	14. 
	14. 
	The population PK in a subgroup of patients (a minimum of 50 patients below 65 years of age, and 15 patients aged 65-74). (Study 006 only). 

	15. 
	15. 
	Population PK in elderly patients (≥ 75 years) at selected sites. (Study 008 only). 


	For Study 015 the primary objective was to assess the safety of multiple doses (initial dose and additional top-up doses) of remimazolam compared to placebo and midazolam, following administration of a standard dose of fentanyl.  The secondary objectives for Study 015 were: 
	1.. 
	1.. 
	1.. 
	To assess the success of the procedure, as measured by the success definition described above. 

	2.. 
	2.. 
	The time to start of procedure after administration of the first dose of study medication. 

	3.. 
	3.. 
	The time to peak sedation after administration of the first dose of study medication. 

	4.. 
	4.. 
	The time to fully alert (time to first of three Modified Observer's Assessment of Alertness/Sedation (MOAA/S) scores of 5 after the last injection of study drug and after the end of bronchoscopy procedure (bronchoscope out). 

	5.. 
	5.. 
	The MOAA/S scores by time point. 

	6.. 
	6.. 
	The recall of the procedure by the Brice questionnaire administered when full alertness is regained and on Day 4. 

	7.. 
	7.. 
	The Drowsiness visual analogue scale to assess for signs of re-sedation. 

	8.. 
	8.. 
	The requirement for flumazenil during the procedure. 

	9.. 
	9.. 
	The pain on injection at application of study medication. 

	10. 
	10. 
	To assess the population pharmacokinetics (PK) in the remimazolam arm. 

	11. 
	11. 
	To assess the Investigator’s satisfaction with the sedation agent. 

	12. 
	12. 
	To assess the effect of study drug / midazolam in combination with fentanyl on the ventilatory drive. 

	13. 
	13. 
	To assess the amount of study medication administered to the patient. 



	2.2.2 Statistical Methodologies 
	2.2.2 Statistical Methodologies 
	The primary efficacy endpoint for all three studies was the analysis of the difference in sedative success rate between remimazolam and placebo, where success was defined as described in The primary hypothesis for this endpoint was:
	Section 2.2.1.  

	H: π≤ πvs. H: π> π, where π and πdeonte the success rates for remimazolam and placebo, respectively.  The applicant estimated the difference using the simple difference between the observed treatment success rate in the two groups, calculated confidence intervals using the Wald method and tested 
	0
	Remi 
	PLA 
	1
	Remi 
	PLA
	Remi
	PLA 

	12 
	12 
	the primary hypothesis using the Cochran-Mantel-Haenszel (CMH) test to account for the fentanyl use strata, which were defined in all three studies as: 

	1. 
	1. 
	1. 
	<100 mcg, 

	2. 
	2. 
	100 – 150 mcg, 

	3. 
	3. 
	>150 mcg. 


	The patient population for the primary analysis was the intent-to-treat (ITT) population which was defined as who were randomized into the study.  The modified ITT analysis set will also be used for a number of analyses.  This analysis set was defined as all patients who were randomized and received at least one complete dose of study medication.  In both cases, patients were analyzed as randomized.  The safety population was used for all safety analyses.  This population consisted of all randomized patient
	The applicant also analyzed the efficacy results separately by fentanyl strata using the same Wald confidence limits approach with the CMH test.  The sedative success rates group by the demographic subgroups (age group [<65 years, ≥65 years], sex, race) and ASA status were again analyzed using the CMH method, but risk ratios and corresponding confidence intervals were presented instead of the success rates themselves. 
	I will not present the applicant’s results for the secondary endpoints, as the comparisons to the control groups are not informative as the conduct in the placebo and midazolam arms does not match standard clinical practice. Instead, I will present these results without reference to the control arms: 
	• 
	• 
	• 
	Time to start of procedure 

	• 
	• 
	Time to peak sedation 

	• 
	• 
	Time to ready for discharge 


	• Time to fully alert Presented quantiles were obtained from non-parametric Kaplan-Meier survival analyses.  Confidence intervals were obtained using the Wald method on Cox proportional hazard analyses. 
	I conducted several additional analyses to examine the relationship between various continuous variables and the success rate.  For these analyses I used logistic regression models with success as the dependent variable and the variables of interest as the independent variables. 

	2.2.3 Patient Disposition, Demographic and Baseline Characteristics 
	2.2.3 Patient Disposition, Demographic and Baseline Characteristics 
	008, and 015 respectively. Overall, the study completion rates were very high (at least 98%) in all treatment arms. 
	The patient disposition in the studies is shown in Table 4, Table 5, and Table 6 for studies 006, 

	Table 4: Patient Disposition (Safety Population) – Study 006 
	Table
	TR
	Remimazolam N=296 n (%) 
	Placebo N=60 n (%) 
	Midazolam N=102 n (%) 


	Informed Consent Given 
	Informed Consent Given 
	Informed Consent Given 
	296 (100.0) 
	60 (100.0) 
	102 (100.0) 

	Randomized 
	Randomized 
	296 (100.0) 
	60 (100.0) 
	102 (100.0) 

	Treated (Fentanyl or IMP) 
	Treated (Fentanyl or IMP) 
	296 (100.0) 
	60 (100.0) 
	102 (100.0) 

	Completed Study Treatment Period 
	Completed Study Treatment Period 
	296 (100.0) 
	59 (98.3) 
	101 (99.0) 

	Completed Follow-up Visit 
	Completed Follow-up Visit 
	296 (100.0) 
	59 (98.3) 
	101 (99.0) 

	Early Termination (Withdrawals) 
	Early Termination (Withdrawals) 
	0 (0.0) 
	1 (1.7) 
	1 (1.0) 

	Reasons for Withdrawals: 
	Reasons for Withdrawals: 

	Withdrawal by Patient 
	Withdrawal by Patient 
	0 (0.0) 
	1 (1.7) 
	1 (1.0) 


	Source: Table 10, applicant’s study report. 
	Table 5: Patient Disposition (Safety Population) – Study 008 
	Table
	TR
	Remimazolam N=303 n (%) 
	Placebo N=59 n (%) 
	Midazolam N=69 n (%) 

	Informed Consent Given 
	Informed Consent Given 
	303 (100.0) 
	59 (100.0) 
	69 (100.0) 

	Randomized 
	Randomized 
	303 (100.0) 
	59 (100.0) 
	69 (100.0) 

	Treated (Fentanyl or IMP) 
	Treated (Fentanyl or IMP) 
	303 (100.0) 
	59 (100.0) 
	69 (100.0) 

	Completed Study Treatment Period 
	Completed Study Treatment Period 
	303 (100.0) 
	59 (100.0) 
	69 (100.0) 

	Completed Follow-up Visit 
	Completed Follow-up Visit 
	298 (98.3) 
	59 (100.0) 
	68 (98.6) 

	Early Termination (Withdrawals) 
	Early Termination (Withdrawals) 
	5 (1.7) 
	0 (0.0) 
	1 (1.4) 

	Reasons for Withdrawals: 
	Reasons for Withdrawals: 

	Lost to follow up 
	Lost to follow up 
	5 (1.7) 
	0 (0.0) 
	1 (1.4) 


	Source: Table 7, applicant’s study report. 
	Table 6: Patient Disposition (Safety Population) – Study 015 
	Table
	TR
	Remimazolam N=31 n (%) 
	Placebo N=16 n (%) 
	Midazolam N=30 n (%) 

	Informed Consent Given 
	Informed Consent Given 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Randomized 
	Randomized 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Treated (Fentanyl or IMP) 
	Treated (Fentanyl or IMP) 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Completed Study Treatment Period 
	Completed Study Treatment Period 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Completed Follow-up Visit 
	Completed Follow-up Visit 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Early Termination (Withdrawals) 
	Early Termination (Withdrawals) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 


	Source: Table 9, applicant’s study report. 
	and 015 respectively. There do not appear to be any major imbalances between the populations in any of the studies.  Overall, patients in study 006 were younger that patients in the other two 
	The patient demographics are summarized in Table 7, Table 8, and Table 9 for studies 006, 008, 

	14 
	14 
	studies. There was also a greater proportion of Hispanic or Latino patients enrolled in this study. Otherwise, the demographics were similar between the studies. 

	Table 7: Patient Demographics (Safety Population) – Study 006 
	Table
	TR
	Remimazolam N=296 n (%) 
	Placebo N=60 n (%) 
	Midazolam N=102 n (%) 

	Age (years) 
	Age (years) 
	Mean (SD) 
	54.4 (10.12) 
	56.0 (9.51) 
	55.6 (10.15) 

	(Min, Max) 
	(Min, Max) 
	(19.0, 80.0) 
	(24.0, 92.0) 
	(20.0, 74.0) 

	Age Group 
	Age Group 
	Age < 65 
	254 (85.8) 
	53 (88.3) 
	88 (86.3) 

	Age ≥ 65 
	Age ≥ 65 
	42 (14.2) 
	7 (11.7) 
	14 (13.7) 

	Sex 
	Sex 
	Female 
	149 (50.3) 
	35 (58.3) 
	56 (54.9) 

	Male 
	Male 
	147 (49.7) 
	25 (41.7) 
	46 (45.1) 

	Ethnicity 
	Ethnicity 
	Hispanic or Latino 
	46 (15.5) 
	10 (16.7) 
	17 (16.7) 

	Not Hispanic or Latino 
	Not Hispanic or Latino 
	250 (84.5) 
	50 (83.3) 
	85 (83.3) 

	Race 
	Race 
	White 
	220 (74.3) 
	43 (71.7) 
	76 (74.5) 

	Black or African American 
	Black or African American 
	52 (17.6) 
	14 (23.3) 
	14 (13.7) 

	Asian 
	Asian 
	18 (6.1) 
	3 (5.0) 
	10 (9.8) 

	American Indian or Alaska Native 
	American Indian or Alaska Native 
	1 (0.3) 
	0 (0.0) 
	0 (0.0) 

	Other 
	Other 
	3 (1.0) 
	0 (0.0) 
	1 (1.0) 

	Multiple 
	Multiple 
	1 (0.3) 
	0 (0.0) 
	1 (1.0) 

	Height (cm) 
	Height (cm) 
	Mean (SD) 
	170.1 (10.36) 
	167.8 (10.24) 
	169.5 (11.15) 

	(Min, Max) 
	(Min, Max) 
	(144.0, 193.0) 
	(147.0, 193.0) 
	(143.0, 200.0) 

	Weight (kg) 
	Weight (kg) 
	Mean (SD) 
	83.2 (17.39) 
	84.6 (19.90) 
	81.9 (16.24) 

	(Min, Max) 
	(Min, Max) 
	(40.3, 128.0) 
	(49.1, 143.7) 
	(51.8, 126.0) 

	BMI (kg/m2) 
	BMI (kg/m2) 
	Mean (SD) 
	28.9 (4.72) 
	30.0 (5.31) 
	28.8 (4.75) 

	(Min, Max) 
	(Min, Max) 
	(16.9, 40.0) 
	(19.0, 39.9) 
	(17.4, 38.8) 


	Source: Table 13, applicant’s study report. 
	Table 8: Patient Demographics (Safety Population) – Study 008 
	Table
	TR
	Remimazolam N=303 n (%) 
	Placebo N=59 n (%) 
	Midazolam N=69 n (%) 

	Age (years) 
	Age (years) 
	Mean (SD) 
	62.7 (12.09) 
	61.0 (12.06) 
	61.4 (14.08) 

	(Min, Max) 
	(Min, Max) 
	(22.0, 95.0) 
	(30.0, 78.0) 
	(26.0, 85.0) 

	Age Group 
	Age Group 
	Age < 65 
	154 (50.8) 
	32 (53.3) 
	36 (52.9) 

	Age ≥ 65 
	Age ≥ 65 
	149 (49.2) 
	28 (46.7) 
	32 (47.1) 

	Sex 
	Sex 
	Female 
	164 (54.1) 
	35 (58.3) 
	34 (50.0) 

	Male 
	Male 
	139 (45.9) 
	25 (41.7) 
	34 (50.0) 

	Ethnicity 
	Ethnicity 
	Hispanic or Latino 
	8 (2.6) 
	0 (0.0) 
	0 (0.0) 

	Not Hispanic or Latino 
	Not Hispanic or Latino 
	295 (97.4) 
	60 (100.0) 
	68 (100.0) 

	Race 
	Race 
	White 
	263 (86.8) 
	47 (78.3) 
	48 (70.6) 

	Black or African American 
	Black or African American 
	33 (10.9) 
	10 (16.7) 
	19 (27.9) 

	Asian 
	Asian 
	3 (1.0) 
	1 (1.7) 
	1 (1.5) 

	American Indian or Alaska Native 
	American Indian or Alaska Native 
	1 (0.3) 
	0 (0.0) 
	0 (0.0) 

	Other 
	Other 
	3 (1.0) 
	2 (3.3) 
	0 (0.0) 

	Height (cm) 
	Height (cm) 
	Mean (SD) 
	168.6 (9.50) 
	167.2 (9.97) 
	169.9 (9.93) 

	(Min, Max) 
	(Min, Max) 
	(142.0, 189.0) 
	(147.0, 188.0) 
	(151.0, 191.0) 

	Weight (kg) 
	Weight (kg) 
	Mean (SD) 
	80.9 (20.21) 
	77.5 (21.05) 
	83.2 (22.17) 

	(Min, Max) 
	(Min, Max) 
	(41.4, 155.0) 
	(32.4, 127.0) 
	(42.6, 182.9) 

	BMI (kg/m2) 
	BMI (kg/m2) 
	Mean (SD) 
	28.4 (6.39) 
	27.8 (7.07) 
	28.1 (5.79) 

	(Min, Max) 
	(Min, Max) 
	(16.1, 45.0) 
	(13.8, 43.6) 
	(16.1, 40.9) 


	Source: Table 10, applicant’s study report. 
	Table 9: Patient Demographics (Safety Population) – Study 015 
	Table
	TR
	Remimazolam N=31 n (%) 
	Placebo N=16 n (%) 
	Midazolam N=30 n (%) 

	Age (years) 
	Age (years) 
	Mean (SD) 
	63.1 (8.65) 
	63.0 (8.37) 
	61.5 (10.60) 

	(Min, Max) 
	(Min, Max) 
	(47.0, 84.0) 
	(49.0, 79.0) 
	(42.0, 81.0) 

	Age Group 
	Age Group 
	Age < 65 
	18 (58.1) 
	9 (56.2) 
	19 (63.3) 

	Age ≥ 65 
	Age ≥ 65 
	13 (41.9) 
	7 (43.8) 
	11 (36.7) 

	Sex 
	Sex 
	Female 
	14 (45.2) 
	4 (25.0) 
	16 (53.3) 

	Male 
	Male 
	17 (54.8) 
	12 (75.0) 
	14 (46.7) 

	Ethnicity 
	Ethnicity 
	Hispanic or Latino 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 

	Not Hispanic or Latino 
	Not Hispanic or Latino 
	31 (100.0) 
	16 (100.0) 
	30 (100.0) 

	Race 
	Race 
	White 
	25 (80.6) 
	13 (81.2) 
	19 (63.3) 

	Black or African American 
	Black or African American 
	6 (19.4) 
	3 (18.8) 
	10 (33.3) 

	Asian 
	Asian 
	0 (0.0) 
	0 (0.0) 
	1 (3.3) 

	Height (cm) 
	Height (cm) 
	Mean (SD) 
	171.1 (10.07) 
	171.8 (7.72) 
	168.4 (10.32) 

	(Min, Max) 
	(Min, Max) 
	(147.0, 185.0) 
	(158.0, 183.0) 
	(152.0, 195.0) 

	Weight (kg) 
	Weight (kg) 
	Mean (SD) 
	91.0 (28.14) 
	94.0 (26.11) 
	87.8 (23.91) 

	(Min, Max) 
	(Min, Max) 
	(57.9, 170.2) 
	(58.8, 166.8) 
	(57.2, 154.5) 

	BMI (kg/m2) 
	BMI (kg/m2) 
	Mean (SD) 
	30.9 (8.28) 
	30.8 (5.53) 
	30.8 (6.75) 

	(Min, Max) 
	(Min, Max) 
	(22.4, 55.4) 
	(22.5, 40.1) 
	(23.0, 53.1) 

	and 008 enrolled only low risk patients (ASA I-III) while study 015 enrolled only higher risk patients (ASA III-IV).  The distributions are quite different for all three studies, with patients in study 006 being generally at the lowest risk.  
	and 008 enrolled only low risk patients (ASA I-III) while study 015 enrolled only higher risk patients (ASA III-IV).  The distributions are quite different for all three studies, with patients in study 006 being generally at the lowest risk.  
	Table 10 shows the distribution of ASA categories. As described in Section 2.2.1, studies 006 



	Source: Table 12, applicant’s study report. 
	Table 10: Summary of ASA Risk Category by Study and Treatment 
	Table 10: Summary of ASA Risk Category by Study and Treatment 
	Table 10: Summary of ASA Risk Category by Study and Treatment 

	Study 
	Study 
	Treatment 
	ASA Category 

	ASA I 
	ASA I 
	ASA II 
	ASA III 
	ASA IV 

	006 Colonoscopy 
	006 Colonoscopy 
	Remimazolam 
	95/296 (32.1) 
	179/296 (60.5) 
	22/296 (7.4) 
	0 

	Placebo 
	Placebo 
	11/60 (18.3) 
	45/60 (75.0) 
	4/60 (6.7) 
	0 

	Midazolam 
	Midazolam 
	37/102 (36.3) 
	61/102 (59.8) 
	4/102 (3.9) 
	0 

	008 Bronchoscopy 
	008 Bronchoscopy 
	Remimazolam 
	10/303 (3.3) 
	185/303 (61.1) 
	108/303 (35.6) 
	0 

	Placebo 
	Placebo 
	2/60 (3.3) 
	29/60 (48.3) 
	29/60 (48.3) 
	0 

	Midazolam 
	Midazolam 
	3/68 (4.4) 
	40/68 (58.8) 
	25/68 (36.8) 
	0 

	015 Colonoscopy (High Risk) 
	015 Colonoscopy (High Risk) 
	Remimazolam 
	0 
	0 
	16/31 (51.6) 
	15/31 (48.4) 

	Placebo 
	Placebo 
	0 
	0 
	9/16 (56.2) 
	7/16 (43.8) 

	Midazolam 
	Midazolam 
	0 
	0 
	15/30 (50.0) 
	15/30 (50.0) 


	Source: Reviewer 

	2.2.4 Results and Conclusions 
	2.2.4 Results and Conclusions 
	In the first two studies (006 and 008) there is a large, statistically significant difference in the treatment success rate between the remimazolam and placebo arms. For study 015 the main objective was safety and so statistical tests were not performed for the efficacy endpoints, though the success rates were similar to the other two studies.  I omitted the midazolam treatment arm information as it was not a primary study comparison and does not provide useful information as the dosing was not designed to 
	The results of the applicant’s primary efficacy analyses are shown in Table 11, Table 12, and 
	Table 13 for studies 006, 008 and 015 respectively.  

	The reasons for treatment failure are also noted in the same tables. For patients in the placebo arm in all three studies the main reason for treatment failure was use of rescue. This varied between 90-100% between the three studies. In studies 006 and 015 there was also high percentage of placebo patients (study 006: 73% and study 015: 88%) who used more than the allowed number of doses within a 15-minute time interval. The main reason for failure for the patients in the remimazolam arm varied by study bet
	Table 11: Primary Analysis Results – Study 006 
	Table
	TR
	Remimazolam N = 298 n (%) 
	Placebo N = 60 n (%) 
	Difference in Rates (95% CI) 
	P-Value 

	Treatment Success 
	Treatment Success 
	272 (91.3%) 
	1 (1.7%) 
	89.6% (85.1, 94.2) 
	<0.0001 

	Failure 
	Failure 
	26 (8.7%) 
	59 (98.3%) 

	Reasons for failure 
	Reasons for failure 

	Rescue sedative medication taken 
	Rescue sedative medication taken 
	10 (3.4%) 
	57 (95%) 

	Too many doses within the predefined time window 
	Too many doses within the predefined time window 
	18 (6.0%) 
	44 (73.3%) 

	Procedure not completed 
	Procedure not completed 
	7 (2.3%) 
	1 (1.7%) 

	Table 12: Primary Analysis Results – Study 008 
	Table 12: Primary Analysis Results – Study 008 


	Source: Table 15, applicant’s study report. 
	Table
	TR
	Remimazolam N = 310 n (%) 
	Placebo N = 63 n (%) 
	Difference in Rates (95% CI) 
	P-Value 

	Treatment Success 
	Treatment Success 
	250 (80.6%) 
	3 (4.8%) 
	75.9% (69.0, 82.7) 
	<0.0001 

	Failure 
	Failure 
	60 (19.4%) 
	60 (95.2%) 

	Reasons for failure 
	Reasons for failure 

	Rescue sedative medication taken 
	Rescue sedative medication taken 
	49 (15.8%) 
	57 (90.5%) 

	Too many doses within the predefined time window 
	Too many doses within the predefined time window 
	14 (4.5%) 
	10 (15.9%) 

	Procedure not completed 
	Procedure not completed 
	9 (2.9%) 
	3 (4.8%) 

	Table 13: Efficacy Analysis Results – Study 015 
	Table 13: Efficacy Analysis Results – Study 015 


	Source: Table 12 & 13, applicant’s study report. 
	Table
	TR
	Remimazolam N = 32 n (%) 
	Placebo N = 16 n (%) 
	Difference in Rates (95% CI) 

	Treatment Success 
	Treatment Success 
	27 (84.4%) 
	0 (0.0%) 
	84.4% (71.8, 97.0) 

	Failure 
	Failure 
	5 (15.6%) 
	16 (100.0%) 

	Reasons for failure 
	Reasons for failure 

	Rescue sedative medication taken 
	Rescue sedative medication taken 
	3 (9.4%) 
	16 (100.0%) 

	Too many doses within the predefined time window 
	Too many doses within the predefined time window 
	3 (9.4%) 
	14 (87.5%) 

	Procedure not completed 
	Procedure not completed 
	1 (3.1%) 
	0 (0.0%) 


	Source: Table 14, applicant’s study report. 19 
	Reference ID: 4561421 
	In all three studies, study drug and rescue medication usage was higher in the placebo arm and remimazolam arm. 
	Total amounts of study and rescue medication use are summarized in Table 14, Table 15 and 
	Table 16 for Studies 006, 008, and 015 respectively. 

	Table 14: Study Drug and Rescue Use for Procedure Completers – Study 006 
	Statistics 
	Statistics 
	Statistics 
	Remimazolam 
	Placebo 

	Study Drug (mL)* 
	Study Drug (mL)* 

	Mean (SD) 
	Mean (SD) 
	4.21 (1.60) 
	7.07 (0.55) 

	Median 
	Median 
	4 
	7 

	(Min, Max) 
	(Min, Max) 
	(2, 9) 
	(6, 11) 

	Rescue (mg) 
	Rescue (mg) 

	Mean (SD) 
	Mean (SD) 
	0.29 (2.08) 
	6.79 (4.26) 

	Median 
	Median 
	0 
	6 

	(Min, Max) 
	(Min, Max) 
	(0, 25) 
	(0, 25) 


	Source: Reviewer 
	* For Remimazolam 1mL = 2.5 mg 
	Table 15: Study Drug and Rescue Use for Procedure Completers – Study 008 
	Statistics 
	Statistics 
	Statistics 
	Remimazolam 
	Placebo 

	Study Drug (mL)* 
	Study Drug (mL)* 

	Mean (SD) 
	Mean (SD) 
	4.57 (2.02) 
	6.03 (0.97) 

	Median 
	Median 
	4 
	6 

	(Min, Max) 
	(Min, Max) 
	(2, 12) 
	(0†, 7) 

	Rescue (mg) 
	Rescue (mg) 

	Mean (SD) 
	Mean (SD) 
	1.20 (3.38) 
	5.78 (3.75) 

	Median 
	Median 
	0 
	5 

	(Min, Max) 
	(Min, Max) 
	(0, 20) 
	(0,17) 


	Source: Reviewer 
	* For Remimazolam 1mL = 2.5 mg
	† One patient randomized to placebo received midazolam erroneously. 
	Table 16: Study Drug and Rescue Use – Study 015 
	Statistics 
	Statistics 
	Statistics 
	Remimazolam 
	Placebo 

	Study Drug (mL)* 
	Study Drug (mL)* 

	Mean (SD) 
	Mean (SD) 
	3.61 (1.48) 
	6.47 (0.99) 

	Median 
	Median 
	3 
	7 

	(Min, Max) 
	(Min, Max) 
	(2, 7) 
	(3.5, 7) 

	Rescue (mg) 
	Rescue (mg) 

	Mean (SD) 
	Mean (SD) 
	2.48 (10.2) 
	7.22 (2.50) 

	Median 
	Median 
	0 
	7.5 

	(Min, Max) 
	(Min, Max) 
	(0, 55) 
	(2, 10) 


	Source: Reviewer 
	* For Remimazolam 1mL = 2.5 mg 20 
	In all three studies patients were dosed with fentanyl immediately before administration of study drug.  Additional supplemental doses of fentanyl could also be given if the level of pain control was inadequate.  Fentanyl has a sedative effect and so it was important to evaluate whether there were any differences in the overall Fentanyl use, also fentanyl could potentially serve as an additional rescue medication. The overall summaries of fentanyl use for patients who were able In all three studies, patient
	to complete the procedure are shown in Table 17. 

	Table 17: Fentanyl Use by Study (Treated Patients) 
	Statistics 
	Statistics 
	Statistics 
	Remimazolam 
	Placebo 

	Study 006† 
	Study 006† 

	N 
	N 
	296 
	60 

	Mean (SD) 
	Mean (SD) 
	88.9 (21.7) 
	121.2 (34.4) 

	Median 
	Median 
	88 
	125 

	(Min, Max) 
	(Min, Max) 
	(50, 200) 
	(75, 200) 

	Study 008 
	Study 008 

	N 
	N 
	303 
	60 

	Mean (SD) 
	Mean (SD) 
	81.8 (54.3) 
	119 (79.1) 

	Median 
	Median 
	75 
	100 

	(Min, Max) 
	(Min, Max) 
	(25, 450) 
	(25, 400) 

	Study 015 
	Study 015 

	N 
	N 
	31 
	16 

	Mean (SD) 
	Mean (SD) 
	59.7 (15.4) 
	67.2 (21.8) 

	Median 
	Median 
	50 
	50 

	(Min, Max) 
	(Min, Max) 
	(50, 100) 
	(50, 100) 


	Source: Reviewer 
	† One patient was reported as using 76 μg, while the lowest dose increment used in the study was 25 μg. 
	Study drug usage at the time of procedure initiation, including rescue midazolam use, is In the placebo group the majority of patients who were able to initiate the procedure (Study 006: 56/60 [93%]; Study 008: 58/60 [97%]) needed rescue midazolam before reaching a sufficient level of sedation for the procedure to start.  Placebo patients also received more higher fentanyl doses on average at this time. 
	summarized in Table 18.  

	Table 18: Study Drug and Rescue Medication Usage at the Time of Procedure Initiation 
	Treatment Arm 
	Treatment Arm 
	Treatment Arm 
	Treatment 
	Number of Patients Exposed 
	Mean Dose 

	Study 006 
	Study 006 

	Placebo 
	Placebo 
	Fentanyl 
	60 
	96.7 µg 

	Midazolam 
	Midazolam 
	56 
	5.3 mg 

	Remimazolam 
	Remimazolam 
	Fentanyl 
	296 
	71.5 µg 

	Midazolam 
	Midazolam 
	7 
	7.9 mg 

	Remimazolam 
	Remimazolam 
	295 
	6.6 mg 

	Study 008 
	Study 008 

	Placebo 
	Placebo 
	Fentanyl 
	60† 
	89.2 µg 

	Midazolam 
	Midazolam 
	58 
	4.6 mg 

	Remimazolam 
	Remimazolam 
	Fentanyl 
	300 
	56.4 µg 

	Midazolam 
	Midazolam 
	32 
	8.2 mg 

	Remimazolam 
	Remimazolam 
	300 
	7.6 mg 


	Source: Reviewer 
	† Three patients in the placebo population did not receive any fentanyl or any other study medications.  The study procedure was not initiated for these patients. 
	If fentanyl was used as rescue for sedation, then patients who used more fentanyl would be expected to respond at higher rates. To examine this the sponsor analyzed the success rates by fentanyl stratum (<100 μg, 100-150 μg, and >150 μg). The results of these analyses are shown in found that success rates were similar for the two main fentanyl strata (<100 μg and 100-150 μg) in study 006 and lower for the patients in the higher fentanyl use strata (100-150 μg) than for the lower fentanyl use strata. Figures
	the appendices in Table 41 and Table 42 for studies 006 and 008 respectively. The applicant 
	medication and the start of the procedure are shown in the appendices in Figure 12-Figure 15. 

	In addition to the applicant’s analyses I also conducted an additional logistic regression analysis for both studies to further evaluate the relationship between fentanyl dose and likelihood of studies 006 and 008 respectively, with the corresponding model parameter estimates shown in 
	procedure success. The results of these analyses are presented in Figure 1 and Figure 2 for 
	Table 19 and Table 20 for studies 006 and 008, respectively. 

	In both studies there is a clear relationship between total fentanyl dose and study success, with higher fentanyl doses being associated with higher rates of procedure failure. 
	Figure 1: Treatment Success Rate vs Total Fentanyl Dose – Study 006 Remimazolam Only 
	Figure
	Table 19: Logistic Regression of Treatment Success vs Fentanyl Total Dose – Study 006 Remimazolam Only 
	Table 19: Logistic Regression of Treatment Success vs Fentanyl Total Dose – Study 006 Remimazolam Only 


	Source: Reviewer 
	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	5.44 
	0.932 

	Fentanyl Total Dose (μg) 
	Fentanyl Total Dose (μg) 
	-0.032 
	0.009 
	<0.001 


	Source: Reviewer 
	Figure 2: Treatment Success Rate vs Total Fentanyl Dose – Study 008 Remimazolam Only 
	Figure
	Table 20: Logistic Regression of Treatment Success vs Fentanyl Total Dose – Study 008 Remimazolam Only 
	Table 20: Logistic Regression of Treatment Success vs Fentanyl Total Dose – Study 008 Remimazolam Only 


	Source: Reviewer 
	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	3.61 
	0.376 

	Fentanyl Total Dose (μg) 
	Fentanyl Total Dose (μg) 
	-0.022 
	0.003 
	<0.001 


	Source: Reviewer 
	Next, I will discuss the procedure durations including in the study.  Since this is a new molecular entity, it is important to evaluate and determine the limitations of the available data on the efficacy of the drug.  One such aspect that needs to be explored is the duration of effect.  First, I will start with a presentation of the procedure durations that were included in the study. Following this, I will explore the relationship between procedure duration and treatment success. 
	mean durations of 12.4 and 12.8 minutes for remimazolam patients in studies 006 and 008 respectively. Furthermore, there was only one procedure in Study 006 lasting longer than thirty minutes and only 10% lasting longer than thirty minutes in Study 008. contain detailed summaries of the procedure durations for all three studies. In all three studies the mean and median durations were similar, varying from around 6.5 to 13 minutes.  There was however 
	As shown in Table 21 and Table 22, the procedures in both studies were relatively short with 

	24 
	24 
	greater variability in the procedure durations for the bronchoscopies in study 008 than for the colonoscopies in the other two studies.    

	Table 21: Summary of Procedure Duration by Study and Treatment Arm 
	Treatment Arm 
	Treatment Arm 
	Treatment Arm 
	Remimazolam 
	Placebo 

	Study 006 
	Study 006 

	N 
	N 
	296 
	60 

	Mean (SD) 
	Mean (SD) 
	12.4 (5.28) 
	14.2 (6.87) 

	Median 
	Median 
	12 
	13 

	(Min, Max) 
	(Min, Max) 
	(3, 33) 
	(5, 38) 

	Study 008 
	Study 008 

	N 
	N 
	300 
	60 

	Mean (SD) 
	Mean (SD) 
	12.8 (11.59) 
	11.1 (12.21) 

	Median 
	Median 
	10 
	6.5 

	(Min, Max) 
	(Min, Max) 
	(1, 68) 
	(1, 48) 

	Study 015 
	Study 015 

	N 
	N 
	31 
	16 

	Mean (SD) 
	Mean (SD) 
	10.3 (5.80) 
	11.6 (4.66) 

	Median 
	Median 
	8 
	11.5 

	(Min, Max) 
	(Min, Max) 
	(6, 31) 
	(6, 22) 

	Table 22: Number (Percentage) of Procedures Lasting Longer than 20 or 30 minutes by Study and Treatment Arm 
	Table 22: Number (Percentage) of Procedures Lasting Longer than 20 or 30 minutes by Study and Treatment Arm 


	Source: Reviewer 
	Treatment Arm 
	Treatment Arm 
	Treatment Arm 
	Number (%) of Patients with Procedures lasting at least 20 minutes 
	Number (%) of Patients with Procedures lasting at least 30 minutes 

	Study 006 
	Study 006 

	Placebo 
	Placebo 
	11/60 (18.3%) 
	2/60 (3.3%) 

	Remimazolam 
	Remimazolam 
	28/296 (9.5%) 
	1/296 (0.3%) 

	Study 008 
	Study 008 

	Placebo 
	Placebo 
	12/60 (20.0%) 
	5/60 (8.3%) 

	Remimazolam 
	Remimazolam 
	62/300 (20.7%) 
	30/300 (10.0%) 

	Study 015 
	Study 015 

	Placebo 
	Placebo 
	1/16 (6.2%) 
	0/16 (0.0%) 

	Remimazolam 
	Remimazolam 
	3/31 (9.7%) 
	1/31 (3.2%) 


	Source: Reviewer 
	To analyze the relationship between procedure duration and success I again used a logistic regression model, this time with success rate as the dependent variable and the procedure duration as the only independent variable.  There is no apparent relationship between procedure duration and probability of success in this study. 
	The results for study 006 are shown in Figure 3 with 
	the corresponding model parameter estimates shown in Table 23.  

	25 
	25 
	In contrast to study 006, there is a clear decrease in the rate of procedure success as procedure length increases. Study 015 was not analyzed using this method as there were too few patients.  
	The corresponding analyses for study 008 are shown in Figure 4 and Table 24.  


	Figure 3: Treatment Success vs Procedure Duration – Study 006 Remimazolam Only 
	Table 23: Logistic Regression Analysis of Treatment Success vs Procedure Duration – Study 006 Remimazolam Only 
	Table 23: Logistic Regression Analysis of Treatment Success vs Procedure Duration – Study 006 Remimazolam Only 


	Source: Reviewer Note: The regression line shown in blue corresponds to the logistic regression analysis 
	summarized in Table 23. 

	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	2.42 
	0.55 

	Procedure Duration 
	Procedure Duration 
	0.00003 
	0.04 
	0.993 


	Source: Reviewer 
	Figure 4: Success vs Procedure Duration – Study 008 Remimazolam Only 
	Figure
	Table 24: Logistic Regression Analysis of Treatment Success vs Procedure Duration – Study 008 Remimazolam Only 
	Table 24: Logistic Regression Analysis of Treatment Success vs Procedure Duration – Study 008 Remimazolam Only 


	Source: Reviewer Note: The regression line shown in blue corresponds to the logistic regression analysis 
	summarized in Table 24Table 23. 

	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	2.17 
	0.250 

	Procedure Duration 
	Procedure Duration 
	-0.04 
	0.012 
	<0.001 


	Source: Reviewer 
	Finally, I will evaluate the relationship between the fentanyl use and procedure duration to characterize the magnitude of the relationship between these two variables.  I will do this by fitting a linear regression model with fentanyl total dose as the dependent variable and procedure In both studies, there is a statistically significant relationship (p<0.05) between procedure duration and fentanyl dose.   
	duration as the independent variable. These analyses are shown in Figure 5 and Table 25 for 
	study 006 and Figure 6 and Table 26 for study 008.  

	Figure 5: Fentanyl Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Figure
	Table 25: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Table 25: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration – Study 006 Remimazolam Only 


	Source: Reviewer Note: The regression line shown in blue corresponds to the logistic regression analysis 
	summarized in Table 25. 

	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	81.4 
	3.21 

	Procedure Duration (mins) 
	Procedure Duration (mins) 
	0.596 
	0.237 
	0.0126 


	Source: Reviewer 
	Figure 6: Fentanyl Total Dose vs Procedure Duration – Study 008 Remimazolam Only 
	Figure
	Table 26: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration – Study 008 Remimazolam Only 
	Table 26: Linear Regression Analysis of Fentanyl Total Dose vs Procedure Duration – Study 008 Remimazolam Only 


	Source: Reviewer Note: The regression line shown in blue corresponds to the logistic regression analysis 
	summarized in Table 26. 

	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	47.0 
	3.81 

	Procedure Duration 
	Procedure Duration 
	2.69 
	0.221 
	<0.001 


	Source: Reviewer 
	The applicant presented these analyses in comparison to the corresponding times for midazolam and placebo, however, I do not agree either of these comparisons are informative and so I have not presented this information. Midazolam was not dosed in a manner designed to match clinical practice which limits the interpretability of these times.  For placebo, the majority (90-100%) of patients received rescue after waiting a sufficiently long time to determine treatment wasn’t working.  As this period of time is
	Analyses of time to various events of interest for remimazolam alone are shown in Table 27, 
	Table 28 and Table 29 for studies 006, 008 and 015 respectively.  

	29 
	Table 27: Time to Event Analyses – Study 006 
	Estimate (95% CI) 
	Estimate (95% CI) 
	Estimate (95% CI) 
	25th Percentile 
	Median 
	75th Percentile 

	Time to Start of Procedure from 1st dose of study drug 
	Time to Start of Procedure from 1st dose of study drug 
	3 (3, 3) 
	4 (4, 4) 
	6 (5, 6) 

	Time to Ready for Discharge after the end of colonoscopy 
	Time to Ready for Discharge after the end of colonoscopy 
	32 (29, 35) 
	44 (42, 46) 
	52.5 (51, 54) 

	Time to Ready for Discharge after the last dose of study or rescue sedative drug 
	Time to Ready for Discharge after the last dose of study or rescue sedative drug 
	39.5 (35, 42) 
	51 (49, 54) 
	60 (58, 61) 

	Time to Fully Alert after the end of colonoscopy 
	Time to Fully Alert after the end of colonoscopy 
	3 (3, 4) 
	6 (5, 7) 
	10 (9, 11) 

	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	11 (10, 11) 
	14 (13, 14) 
	17 (16, 18) 

	Table 28: Time to Event Analyses – Study 008 
	Table 28: Time to Event Analyses – Study 008 


	Source: Tables 14.2.2.1.1.1, 14.2.2.3.1.1, 14.2.2.4.1.1, 14.2.2.5.1.1, 14.2.2.6.1.1 
	Estimate (95% CI) [mins] 
	Estimate (95% CI) [mins] 
	Estimate (95% CI) [mins] 
	25th Percentile 
	Median 
	75th Percentile 

	Time to Start of Procedure from 1st dose of study drug 
	Time to Start of Procedure from 1st dose of study drug 
	3.0 (3.0, 3.3) 
	4.1 (4.0, 4.8) 
	6.6 (6.0, 7.8) 

	Time to Ready for Discharge after the end of colonoscopy 
	Time to Ready for Discharge after the end of colonoscopy 
	45.0 (43.0, 47.0) 
	60.0 (57.0, 63.0) 
	78.0 (72.0, 83.0) 

	Time to Ready for Discharge after the last dose of study or rescue sedative drug 
	Time to Ready for Discharge after the last dose of study or rescue sedative drug 
	50.0 (48.0, 52.9) 
	64.8 (62.0, 68.5) 
	83.5 (79.0, 88.8) 

	Time to Fully Alert after the end of colonoscopy 
	Time to Fully Alert after the end of colonoscopy 
	3.8 (3.0, 4.0) 
	6.0 (5.2, 7.1) 
	19.1 (14.0, 22.0) 

	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	7.8 (7.0, 8.5) 
	11.6 (10.0, 12.8) 
	24.0 (19.3, 27.7) 

	Table 29: Time to Event Analyses – Study 015 
	Table 29: Time to Event Analyses – Study 015 


	Source: Tables 14.2.2.1.1.1, 14.2.2.3.1.1, 14.2.2.4.1.1, 14.2.2.5.1.1, 14.2.2.6.1.1 
	Estimate (95% CI) [mins] 
	Estimate (95% CI) [mins] 
	Estimate (95% CI) [mins] 
	25th Percentile 
	Median 
	75th Percentile 

	Time to Start of Procedure from 1st dose of study drug 
	Time to Start of Procedure from 1st dose of study drug 
	4.0 (4.0, 5.0) 
	5.0 (4.0, 5.0) 
	8.0 (5.0, 17.0) 

	Time to Fully Alert after the end of colonoscopy 
	Time to Fully Alert after the end of colonoscopy 
	2.0 (1.1, 2.2) 
	3.0 (2.0, 4.0) 
	4.1 (3.0, 5.0) 

	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	Time to Fully Alert after the last dose of study or rescue sedative drug (mins) 
	8.6 (6.8, 10.2) 
	11 (8.8, 12.0) 
	14.0 (11.1, 16.0) 


	Source: Tables 14.2.3.1.1.1, 14.2.3.3.1.1, 14.2.3.4.1.1 

	2.3 Evaluation of Safety  
	2.3 Evaluation of Safety  
	2.3.1 Safety Analysis Population(s) and Endpoint(s) 
	In study 006, the applicant defined two different safety populations: 
	• Safety population: consists of all randomized patients who received any amount of study 
	drug and will be analyzed as treated. This population is the primary safety population. 30 
	•. Safety population (Safety (Nellcor)) which consists of all patients in the safety population who have usable Nellcor data and will be analyzed as treated.  The Nellcor device was used to perform continuous monitoring (taken every second) of heart rate, respiratory rate and SpO2. 
	For studies 008 and 015, the applicant revised and further subdivided the Nellcor safety population as follows: 
	•. Secondary safety populations will consist of all patients in the Safety Population who have usable Nellcor data (“usable” is defined as at least 90% of readable Nellcor data per parameter available within the observation time i.e. the time from first dose of study medication until fully alert): 
	o. The safety (Nellcor, respiratory rate [RR]) population will consist of all patients in the Safety Population who have usable Nellcor data for RR 
	o. The safety (Nellcor, respiratory rate [RR]) population will consist of all patients in the Safety Population who have usable Nellcor data for RR 
	o. The safety (Nellcor, respiratory rate [RR]) population will consist of all patients in the Safety Population who have usable Nellcor data for RR 

	o. The safety (Nellcor, heart rate [HR]) population will consist of all patients in the Safety Population who have usable Nellcor data for HR 
	o. The safety (Nellcor, heart rate [HR]) population will consist of all patients in the Safety Population who have usable Nellcor data for HR 

	o. The safety (Nellcor, O2) population will consist of all patients in the Safety Population who have usable Nellcor data for O2 saturation 
	o. The safety (Nellcor, O2) population will consist of all patients in the Safety Population who have usable Nellcor data for O2 saturation 

	o. The safety (Nellcor, overall) population will consist of all patients in the Safety Population who have usable Nellcor data for any of the above 3 outcome variables 
	o. The safety (Nellcor, overall) population will consist of all patients in the Safety Population who have usable Nellcor data for any of the above 3 outcome variables 


	The applicant defined the following safety variables to be analyzed as safety endpoints: 
	•. 
	•. 
	•. 
	AEs, including adverse events with focus on respiratory and cardiovascular parameters and prolonged sedation (see Appendix A) and AEs potentially related to abuse (see Appendix D) 

	•. 
	•. 
	Concomitant medication 

	•. 
	•. 
	Clinical laboratory test results 

	•. 
	•. 
	Vital signs (supine heart rate, systolic, diastolic and mean BP, respiration rate,. temperature). 

	•. 
	•. 
	Pulse oximetry measurements 

	•. 
	•. 
	Transcutaneous pCO2 measurements (Study 015 only) 

	•. 
	•. 
	12-lead and 3-lead ECG findings 

	•. 
	•. 
	Physical examination finding 

	•. 
	•. 
	Pain on injection intensity rating on a verbal score 

	•. 
	•. 
	Airway interventions (chin lift, jaw thrust, requirement of repositioning and/or manual or mechanical ventilation) 

	•. 
	•. 
	Administration of additional fluids or medication or any interventions necessary due to a clinically relevant change in ECG 

	•. 
	•. 
	Withdrawals due to the need for endotracheal intubation or the use of catecholamines, (Studies 006 and 015 only) 

	•. 
	•. 
	Administration of reversal agent (flumazenil, naloxone) 


	I will focus my analyses on the adverse event rates.  Adverse events were further classified by relationship to treatment. I will now provide more details on the applicant’s classification process: 
	•. 
	•. 
	•. 
	Treatment emergent adverse events (TEAE): Any adverse event that occurred after the first dose of study medication.  

	•. 
	•. 
	•. 
	Related adverse events: The causal relationship between treatment and the adverse event was rated by the applicant’s safety assessors and classified using the following coding list: 

	o. Certain 
	o. Certain 
	o. Certain 

	o. Related 
	o. Related 

	o. Probable/likely 
	o. Probable/likely 

	o. Possible 
	o. Possible 

	o. Unlikely 
	o. Unlikely 

	o. Unassessable/unclassifiable 
	o. Unassessable/unclassifiable 




	o Conditional/unclassified. Adverse events classified as possibly related or higher were classified as “related” in the applicant’s analyses. 

	2.3.2 Data Quality 
	2.3.2 Data Quality 
	There were no data quality issues that impacted the assessment of the safety data. 

	2.3.3 Statistical Methods 
	2.3.3 Statistical Methods 
	Descriptive statistics will be presented for the overall adverse event rates. I will use a logistic regression model with adverse event incidence as the dependent variable with remimazolam dose, fentanyl dose and procedure duration as the dependent variables.   

	2.3.4 Results and Conclusions 
	2.3.4 Results and Conclusions 
	008, and 015 respectively. Overall, the observed adverse events rates for remimazolam were similar to placebo in all three studies are similar in all categories. 
	The overall adverse event summaries are shown in Table 30, Table 31, Table 32 for studies 006, 

	Table 30: Summary of Treatment-Emergent Adverse Events -Incidence (Safety Population) – Study 006 
	Number of Patients (%) 
	Number of Patients (%) 
	Number of Patients (%) 
	Remimazolam N=296 
	Placebo N=60 
	Difference (95% CI) 

	All Adverse Events 
	All Adverse Events 
	228 (77.0%) 
	48 (80.0%) 
	-3.0% (-15.2%, 9.2%) 

	TEAEs 
	TEAEs 
	218 (73.6%) 
	47 (78.3%) 
	-4.7% (-17.3%, 7.9%) 

	Serious TEAEs 
	Serious TEAEs 
	0 (0.0%) 
	0 (0.0%) 
	-

	TEAEs Leading to Death 
	TEAEs Leading to Death 
	0 (0.0%) 
	0 (0.0%) 
	-

	TEAEs Leading to Discontinuation 
	TEAEs Leading to Discontinuation 
	0 (0.0%) 
	0 (0.0%) 
	-

	Related TEAEs (possibly or higher) 
	Related TEAEs (possibly or higher) 
	125 (42.2%) 
	35 (58.3%) 
	-16.1% (-31%, -1.4%) 

	Table 31: Summary of TEAEs – Incidence (Safety Population) – Study 008 
	Table 31: Summary of TEAEs – Incidence (Safety Population) – Study 008 


	Source: Table 38 
	Number of Patients (%) 
	Number of Patients (%) 
	Number of Patients (%) 
	Remimazolam N=303 
	Placebo N=59 
	Difference (95% CI) 

	All Adverse Events 
	All Adverse Events 
	273 (90.1%) 
	52 (88.1%) 
	2.0% (-8.0%, 11.9%) 

	TEAEs 
	TEAEs 
	268 (88.4%) 
	52 (88.1%) 
	0.3% (-9.0%, 9.6%) 

	Serious TEAEs 
	Serious TEAEs 
	17 (5.6%) 
	4 (6.8%) 
	-1.2% (-9.1%, 6.8%) 

	TEAEs Leading to withdrawal 
	TEAEs Leading to withdrawal 
	1 (0.3%) 
	0 (0.0%) 
	0.3% (-0.6%, 1.3%) 

	Related TEAEs (possibly or higher) 
	Related TEAEs (possibly or higher) 
	103* (34.7%) 
	15 (25.4%) 
	8.6% (-4.8%, 21.9%) 


	Source: Table 22 *Two patients had adverse events that were recorded as starting prior to treatment that were classified as at least possibly related to treatment. These patients were excluded from my analyses since they started prior to treatment and were therefore not classified as treatment emergent. 
	Table 32: Incidence of Patients with Treatment-Emergent Adverse Events by Treatment Group (Safety Population) – Study 015 
	Number of Patients (%) 
	Number of Patients (%) 
	Number of Patients (%) 
	Remimazolam N=31 
	Placebo N=16 
	Difference (95% CI) 

	All Adverse Events 
	All Adverse Events 
	28 (90.3%) 
	13 (81.3%) 
	9.1% (-17.4%, 35.6%) 

	TEAEs 
	TEAEs 
	28 (90.3%) 
	13 (81.3%) 
	9.1% (-17.4%, 35.6%) 

	Serious TEAEs 
	Serious TEAEs 
	0 (0.0%) 
	0 (0.0%) 
	-

	TEAEs Leading to Death 
	TEAEs Leading to Death 
	0 (0.0%) 
	0 (0.0%) 
	-

	TEAEs Leading to Withdrawal 
	TEAEs Leading to Withdrawal 
	0 (0.0%) 
	0 (0.0%) 
	-

	Related TEAEs (possibly or higher) 
	Related TEAEs (possibly or higher) 
	3 (9.7%) 
	2 (12.5%) 
	-2.8% (-24.9%, 19.3%) 


	Source: Table 28 
	A key question for this application was whether there is any relationship between dose and adverse event rates for remimazolam. To answer this question, I performed additional logistic regression analyses of the causally related (possibly or higher, as determined by the applicant) treatment emergent adverse events vs three factors that could explain differences in adverse events: remimazolam dose; fentanyl dose; and procedure duration. The results of these analyses few patients in study 015 to perform this 
	are shown in Table 33 and Table 34 for study 006 and study 008 respectively. There were too 

	In both studies there was a statistically significant (p<0.05) relationship between fentanyl dose and the probability of experiencing treatment emergent adverse event, with patients experiencing increasing rates of adverse events with increasing fentanyl dose. In study 008 there is also a statistically significant relationship (p<0.05) between procedure duration and probability of treatment related adverse events.   
	Table 33: Logistic Regression of Related Treatment Emergent Adverse Event likelihood vs Remimazolam and Fentanyl Doses and Procedure Duration - Study 006 
	Table
	TR
	Estimate 
	Standard Error 
	P Value 

	Intercept 
	Intercept 
	-0.917 
	0.564 
	0.104 

	Remimazolam Dose (mg) 
	Remimazolam Dose (mg) 
	-0.058 
	0.034 
	0.084 

	Fentanyl Dose (µg) 
	Fentanyl Dose (µg) 
	0.014 
	0.006 
	0.019 

	Procedure Duration (mins) 
	Procedure Duration (mins) 
	-0.002 
	0.024 
	0.947 


	Source: Reviewer 
	Table 34: Logistic Regression of Related Treatment Emergent Adverse Event likelihood vs Remimazolam and Fentanyl Doses and Procedure Duration - Study 008 
	Table
	TR
	Estimate 
	Standard Error 
	P Value 

	Intercept 
	Intercept 
	-1.864 
	0.347 
	<0.001 

	Remimazolam Dose (mg) 
	Remimazolam Dose (mg) 
	-0.036 
	0.034 
	0.297 

	Fentanyl Dose (µg) 
	Fentanyl Dose (µg) 
	0.014 
	0.004 
	<0.001 

	Procedure Duration (mins) 
	Procedure Duration (mins) 
	0.035 
	0.015 
	0.023 


	Source: Reviewer 


	3 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
	3 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
	3.1 Gender, Race, Age, and Geographic Region 
	3.1 Gender, Race, Age, and Geographic Region 
	I reanalyzed these data using a Bayesian logistic regression model with a random effect for the demographic subgroup. Details Posterior means and 95% credible intervals and 015 respectively.  Overall, there do not appear to be any meaningful differences in the success rate between any of the demographic subgroups.  
	Summaries of the success rates by demographic subgroup are shown in Table 35, Table 36 and 
	Table 37 for study 006, study 008 and study 015 respectively. 
	of this model are provided in the APPENDICES.  
	obtained from these analyses are shown in Figure 7, Figure 8, and Figure 9 for studies 006, 008 
	More summary statistics are provided in Table 38, Table 39, Table 40.  

	Table 35: Number (Percent) of Successful Procedures by Demographic Subgroup – Study 006 
	Table
	TR
	Remimazolam (N=298) 
	Placebo (N=60) 

	Sex 
	Sex 

	Male 
	Male 
	140/148 (94.6%) 
	0/25 (0.0%) 

	Female 
	Female 
	132/150 (88.0%) 
	1/35 (2.9%) 

	Age Group 
	Age Group 

	Age < 65 years 
	Age < 65 years 
	230/256 (89.8%) 
	1/53 (1.9%) 

	Age ≥ 65 years 
	Age ≥ 65 years 
	42/42 (100.0%) 
	0/7 (0.0%) 

	Race 
	Race 

	White 
	White 
	199/222 (89.6%) 
	1/43 (2.3%) 

	Black or African American 
	Black or African American 
	50/52 (96.2%) 
	0/14 (0.0%) 

	Asian 
	Asian 
	17/18 (94.4%) 
	0/3 (0.0%) 

	Other 
	Other 
	6/6 (0.0%) 
	0 


	Source: Applicant’s Study Report Table 14.2.1.4.1 and Integrated Summary of Efficacy Table 
	4.4.1 
	Table 36: Number (Percent) of Successful Procedures by Demographic Subgroup – Study 008 
	Table
	TR
	Remimazolam (N=310) n/N (%) 
	Placebo (N=63) n/N (%) 

	Sex 
	Sex 

	Male 
	Male 
	115/143 (80.4%) 
	2/27 (7.4%) 

	Female 
	Female 
	135/167 (100.0%) 
	1/36 (2.8%) 

	Age Group 
	Age Group 

	Age < 65 years 
	Age < 65 years 
	122/158 (77.2%) 
	0/33 (0.0%) 

	Age ≥ 65 years 
	Age ≥ 65 years 
	128/152 (84.2%) 
	3/30 (10.0%) 

	Race 
	Race 

	White 
	White 
	215/270 (79.6%) 
	2/50 (4.0%) 

	Black or African American 
	Black or African American 
	28/33 (84.8%) 
	1/10(10.0%) 

	Asian 
	Asian 
	3/3 (100.0%) 
	0/1 (0.0%) 

	Other 
	Other 
	4/4 (100.0%) 
	0/2 (0.0%) 

	Table 37: Number (Percent) of Successful Procedures by Demographic Subgroup – Study 015 
	Table 37: Number (Percent) of Successful Procedures by Demographic Subgroup – Study 015 


	Source: Applicant’s Study Report Table 14.2.1.4.1 and Integrated Summary of Efficacy Table 
	4.4.1 
	Table
	TR
	Remimazolam (N=31) n/N (%) 
	Placebo (N=16) n/N (%) 

	Sex 
	Sex 

	Male 
	Male 
	16/17 (94.1%) 
	0/12 (0.0%) 

	Female 
	Female 
	11/14 (78.6%) 
	0/4 (0.0%) 

	Age Group 
	Age Group 

	Age < 65 years 
	Age < 65 years 
	15/18 (83.3%) 
	0/9 (0.0%) 

	Age ≥ 65 years 
	Age ≥ 65 years 
	12/13 (92.3%) 
	0/7 (0.0%) 

	Race 
	Race 

	White 
	White 
	21/25 (84.0%) 
	0/13 (0.0%) 

	Black or African American 
	Black or African American 
	6/6 (100.0%) 
	0/3 (0.0%) 


	Source: Reviewer 
	Figure 7: Posterior Means and 95% Credible Intervals of the Success Rates by Demographic Subgroup – Study 006 
	Figure
	Source: Reviewer 
	Figure 8: Posterior Means and 95% Credible Intervals of the Success Rates by Demographic Subgroup – Study 008 
	Source: Reviewer 
	Figure 9: Posterior Means and 95% Credible Intervals of the Success Rates by Demographic Subgroup – Study 015 
	Figure
	Table 38: Bayesian Logistic Regression Analyses of the Success Rates by Demographic Subgroup – Study 006 
	Table 38: Bayesian Logistic Regression Analyses of the Success Rates by Demographic Subgroup – Study 006 


	Source: Reviewer 
	Table
	TR
	Posterior Mean 
	SD 
	2.5% Percentile 
	Posterior Median 
	97.5% Percentile 

	Overall 
	Overall 
	0.898 
	0.028 
	0.831 
	0.902 
	0.940 

	Sex 
	Sex 
	Female 
	0.874 
	0.038 
	0.785 
	0.879 
	0.933 

	Male 
	Male 
	0.928 
	0.030 
	0.852 
	0.934 
	0.972 

	Age 
	Age 
	Age < 65 
	0.887 
	0.028 
	0.823 
	0.889 
	0.932 

	Age = 65 
	Age = 65 
	0.975 
	0.040 
	0.876 
	0.986 
	1.000 

	Race 
	Race 
	White 
	0.890 
	0.029 
	0.823 
	0.894 
	0.936 

	Black or African American 
	Black or African American 
	0.928 
	0.039 
	0.836 
	0.935 
	0.985 

	Other 
	Other 
	0.925 
	0.061 
	0.780 
	0.937 
	0.992 


	Source: Reviewer 
	Table 39: Bayesian Logistic Regression Analyses of the Success Rates by Demographic Subgroup – Study 008 
	Table
	TR
	Posterior Mean 
	SD 
	2.5% Percentile 
	Posterior Median 
	97.5% Percentile 

	Overall 
	Overall 
	0.793 
	0.037 
	0.710 
	0.796 
	0.856 

	Sex 
	Sex 
	Female 
	0.795 
	0.039 
	0.703 
	0.799 
	0.863 

	Male 
	Male 
	0.804 
	0.054 
	0.680 
	0.816 
	0.878 

	Age 
	Age 
	Age < 65 
	0.791 
	0.043 
	0.707 
	0.797 
	0.866 

	Age ≥ 65 
	Age ≥ 65 
	0.782 
	0.053 
	0.672 
	0.787 
	0.868 

	Race 
	Race 
	White 
	0.787 
	0.037 
	0.707 
	0.792 
	0.848 

	Black or African American 
	Black or African American 
	0.803 
	0.083 
	0.601 
	0.817 
	0.928 

	Other 
	Other 
	0.897 
	0.082 
	0.694 
	0.918 
	0.992 

	Table 40: Bayesian Logistic Regression Analyses of the Success Rates by Demographic Subgroup – Study 015 
	Table 40: Bayesian Logistic Regression Analyses of the Success Rates by Demographic Subgroup – Study 015 


	Source: Reviewer 
	Table
	TR
	Posterior Mean 
	SD 
	2.5% Percentile 
	Posterior Median 
	97.5% Percentile 

	Overall 
	Overall 
	0.880 
	0.059 
	0.746 
	0.889 
	0.968 

	Sex 
	Sex 
	Female 
	0.816 
	0.103 
	0.572 
	0.835 
	0.964 

	Male 
	Male 
	0.978 
	0.039 
	0.865 
	0.994 
	1.000 

	Age 
	Age 
	Age < 65 
	0.833 
	0.097 
	0.601 
	0.849 
	0.971 

	Age ≥ 65 
	Age ≥ 65 
	0.938 
	0.064 
	0.763 
	0.958 
	0.999 

	Race 
	Race 
	White 
	0.853 
	0.071 
	0.692 
	0.864 
	0.961 

	Black or African American 
	Black or African American 
	0.991 
	0.039 
	0.901 
	1.000 
	1.000 


	Source: Reviewer 

	3.2 Other Special/Subgroup Populations 
	3.2 Other Special/Subgroup Populations 
	Patients were analyzed by fentanyl use in Figure 5, Figure 7, Figure 6, Table 19 and Table 20. 
	Patients were analyzed by fentanyl use in Figure 5, Figure 7, Figure 6, Table 19 and Table 20. 



	4 SUMMARY AND CONCLUSIONS 
	4 SUMMARY AND CONCLUSIONS 
	4.1 Statistical Issues 
	4.1 Statistical Issues 
	relatively short with mean durations of 12.4 minutes and 14.2 minutes for studies and with only one procedure lasting longer than 30 minutes in Study 006 and only 30 procedures (10%) lasting longer than 30 minutes in Study 008.  evidence of a decrease in the procedure success rate as the procedure duration increased in Study 
	As noted in Section 2.2.4 and detailed in Table 21 and Table 22, the studied procedures were 
	Furthermore, as seen in Figure 4 and Table 23 , there was 

	008. To summarize, we currently have no direct data to support the use of remimazolam in procedures of longer duration.  

	4.2 Collective Evidence 
	4.2 Collective Evidence 
	The applicant completed two adequate and well-controlled studies designed to evaluate the efficacy and safety of remimazolam as a procedural sedative in two different indications, 
	39 
	39 
	colonoscopy (Study 006) and bronchoscopy (Study 008).  The applicant completed a third study designed to evaluate the safety of remimazolam in higher risk (ASA III-IV) patients undergoing colonoscopy (Study 015).  In all three studies, efficacy was assessed by comparing the proportion of patients who met the following pre-defined treatment success criteria: 

	•. 
	•. 
	•. 
	Completion of the colonoscopy procedure, AND 

	•. 
	•. 
	No requirement for a rescue sedative medication (midazolam), AND 

	•. 
	•. 
	For remimazolam & placebo: No requirement of more than 5 doses of study medication within any 15-minute window.  


	Studies 006 and 008 both found statistically significantly higher rates of treatment success for remimazolam than placebo, with 91% (272/298) and 81% (250/310) of patients meeting the treatment success definition for remimazolam in Studies 006 and 008, respectively compared to 2% (1/60) and 5% (3/63) meeting the treatment success criteria for placebo. In Study 015, though not powered for efficacy, there were similar observed treatment success rates in both arms (Remimazolam: 84.4% [27/32]; Placebo: 0% [0/16
	Overall, remimazolam had a similar safety profile to placebo with midazolam as rescue. Rates of adverse events, treatment emergent adverse events, related treatment emergent adverse events and serious treatment emergent adverse events were similar in all three studies. 

	4.3 Conclusions and Recommendations 
	4.3 Conclusions and Recommendations 
	It is my conclusion that the applicant has provided sufficient evidence to demonstrate that remimazolam is safe and efficacious for the induction and maintenance of procedural sedation for procedures expected to be completed in 30 minutes or less in adults.  there is insufficient evidence to demonstrate that remimazolam is effective in procedures expected last longer than this duration.  
	As noted in Section 4.1, 


	4.4 Labeling Recommendations 
	4.4 Labeling Recommendations 
	I have the following recommendations following my review of the labeling: 
	1.. 
	1.. 
	1.. 
	Restricting the indication to procedures anticipated to have durations less than 30 .minutes. .

	2.. 
	2.. 
	More detailed demographic information should be included, specifically race and sex 


	summaries for both studies and ASA physical status summaries. 3. should be removed. 4. should be removed for the same reason.  5. References to should be removed as this endpoint is not typically included in labeling. 
	6. More information should be including discussing the correlation between fentanyl use, procedure duration and success rate. 
	5 
	5 
	APPENDICES 



	5.1 Subgroup Analysis Method 
	5.1 Subgroup Analysis Method 
	5.1 Subgroup Analysis Method 
	I reanalyzed the subgroup data using a random effects Bayesian logistic regression model. The purpose of this model is to make use of the data from the other subgroups in the analysis for any particular subgroup.  I will now describe the details of the model. 
	For each demographic variable we create K distinct partitions.  For example, for sex we have K=2 partitions. Then each patient i falls into one of these partitions k.  The patient’s treatment success status (𝑋𝑋 is then modeled using a Bernoulli random variable where the probability of success is given by 𝜋𝜋. 
	𝑖𝑖,𝑘𝑘
	𝑖𝑖,𝑘𝑘 

	𝑋𝑋~𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(π) 
	𝑖𝑖,𝑘𝑘 
	𝑖𝑖,𝑘𝑘 

	In logistic regression we then model the logit transform of the probability using a linear regression model.  The model used in this instance was: 
	𝜋𝜋𝑖𝑖,𝑘𝑘
	𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵𝑙𝑙𝜋𝜋 = log  = 𝛽𝛽+ 𝛽𝛽𝑙𝑙𝐵𝐵𝑙𝑙+ 𝛽𝛽𝐹𝐹𝐵𝐵𝐵𝐵𝑙𝑙𝐹𝐹𝐵𝐵𝐹𝐹𝐵𝐵
	𝑖𝑖,𝑘𝑘
	0,𝑘𝑘 
	1,𝑘𝑘
	𝑖𝑖 
	2,𝑘𝑘
	𝑖𝑖

	1 − 𝜋𝜋Where, 𝛽𝛽 is the intercept parameter for group 𝑘𝑘, 𝑙𝑙𝐵𝐵𝑙𝑙is 1 for patients treated with remimazolam and 0 for patients treated with placebo, 𝛽𝛽is the parameter associated with the treatment group for demographic group 𝑘𝑘, 𝐹𝐹𝐵𝐵𝐵𝐵𝑙𝑙𝐹𝐹𝐵𝐵𝐹𝐹𝐵𝐵is the difference from the overall mean fentanyl usage for patient 𝐵𝐵 and 𝛽𝛽is the parameter associated with fentanyl usage for demographic group 𝑘𝑘. 
	𝑖𝑖,𝑘𝑘 
	0,𝑘𝑘
	𝑖𝑖 
	1,𝑘𝑘 
	𝑖𝑖 
	2,𝑘𝑘 

	The prior distributions for the 𝛽𝛽’s are as follows: 𝛽𝛽0,𝑘𝑘 ~ 𝑁𝑁(𝜇𝜇0, 𝜎𝜎), 𝛽𝛽1,𝑘𝑘 ~𝑁𝑁(𝜇𝜇1, 𝜎𝜎), 𝛽𝛽2,𝑘𝑘 ~𝑁𝑁(𝜇𝜇2, 𝜎𝜎) 
	0
	2
	1
	2
	2
	2

	The hyperpriors for each of the three variables are:
	𝜇𝜇~𝑁𝑁(0,100) 𝜎𝜎~Half-Normal(0, 1) 
	𝑖𝑖
	0

	𝜎𝜎, 𝜎𝜎~Half-Normal(0, 10) The priors for 𝜇𝜇were selected as they are uninformative.  For the intercept variance parameter, 𝜎𝜎, the prior was chosen to induce a higher level of borrowing than for the other variance parameters, 𝜎𝜎, 𝜎𝜎. To obtain estimates of the difference in the treatment success rate we took the inverse 𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵𝑙𝑙 transforms to find the difference in the probability of treatment success for each treatment group:
	1
	2
	𝑖𝑖 
	0
	1
	2

	𝜋𝜋− 𝜋𝜋= 𝐵𝐵𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵𝑙𝑙𝛽𝛽+ 𝛽𝛽 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵𝑙𝑙(𝛽𝛽) 
	𝑅𝑅,𝑘𝑘 
	𝑝𝑝,𝑘𝑘 
	0,𝑘𝑘 
	1,𝑘𝑘
	0,𝑘𝑘 

	Posterior means and 95% credible intervals are presented in Section 3.1. 
	Posterior means and 95% credible intervals are presented in Section 3.1. 

	5.2 Figures and Tables Figure 10: Remimazolam and Rescue Medication Usage in the Remimazolam Treatment Arm by Site – Study 006 
	5.2 Figures and Tables Figure 10: Remimazolam and Rescue Medication Usage in the Remimazolam Treatment Arm by Site – Study 006 
	Figure 11: Remimazolam and Rescue Medication Usage in the Remimazolam Treatment Arm by Site – Study 008 

	Figure
	Figure
	Figure 12: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since First Dose of Remimazolam – Study 006 
	Figure
	Figure 13: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since First Dose of Remimazolam – Study 008 
	Figure
	Figure 14: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since Start of Procedure – Study 006 
	Figure
	Figure 15: Fentanyl Usage in the Remimazolam Treatment Arm by Patient vs Time Since Start of Procedure – Study 008 
	Figure
	Table 41: Analysis of Efficacy by Fentanyl Stratum – Study 006 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Remimazolam n/N (%) 
	Placebo n/N (%) 
	Difference in Rates (95% CI) 
	P-Value 

	<100 μg 
	<100 μg 
	139/148 (93.9%) 
	0/9 (0.0%) 
	93.9% (90.1, 97.8) 
	<0.0001 

	100-150 μg 
	100-150 μg 
	133/146 (91.1%) 
	1/43 (2.3%) 
	88.8% (82.3, 95.2) 
	<0.0001 

	>150 μg 
	>150 μg 
	0/2 (0.0%) 
	0/8 (0.0%) 
	NA 
	NA 

	Table 42: Analysis of Efficacy by Fentanyl Stratum – Study 008 
	Table 42: Analysis of Efficacy by Fentanyl Stratum – Study 008 


	Source: Table 16, applicant’s study report and Reviewer. 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Remimazolam n/N (%) 
	Placebo n/N (%) 
	Difference in Rates (95% CI) 
	P-Value 

	<100 μg 
	<100 μg 
	195/215 (90.7%) 
	1/27 (3.7%) 
	87.0% (78.9, 95.1) 
	<0.0001 

	100-150 μg 
	100-150 μg 
	49/63 (77.8%) 
	2/18 (11.1%) 
	66.7% (48.9, 84.4) 
	<0.0001 

	>150 μg 
	>150 μg 
	6/25 (24%) 
	0/15 (0.0%) 
	24.0% (7.3, 40.7) 
	0.0421 

	Table 43: Analysis of Efficacy by Fentanyl Stratum – Study 015 
	Table 43: Analysis of Efficacy by Fentanyl Stratum – Study 015 


	Source: Table 14.2.1.3.1, applicant’s study report and Reviewer. 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Fentanyl Stratum 
	Remimazolam n/N (%) 
	Placebo n/N (%) 
	Difference in Rates (95% CI) 

	<100 μg 
	<100 μg 
	25/29 (86.2%) 
	0/12 (0%) 
	86.2% (73.7, 98.8) 

	100-150 μg 
	100-150 μg 
	2/2 (100.0%) 
	0/4 (0%) 
	100% (100, 100) 


	Source: Table 14.2.1.2.1, applicant’s study report and Reviewer. 
	Figure 16: Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Figure
	Table 44: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Table 44: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 


	Source: Reviewer 
	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	7.23 
	0.556 
	<0.001 

	Procedure Duration (mins) 
	Procedure Duration (mins) 
	0.265 
	0.041 
	<0.001 


	Source: Reviewer 
	Figure 17: Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Figure
	Table 45: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 
	Table 45: Linear Regression Analysis of Remimazolam Total Dose vs Procedure Duration – Study 006 Remimazolam Only 


	Table
	TR
	Estimate 
	Standard Error 
	P value 

	Intercept 
	Intercept 
	8.26 
	0.357 
	<0.001 

	Procedure Duration (mins) 
	Procedure Duration (mins) 
	0.249 
	0.021 
	<0.001 


	Source: Reviewer 
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	1. Executive Summary 
	The applicant, Paion UK Ltd, submitted the results from the human abuse potential study CNS7056-014 for the assessment of abuse potential of Remimazolam. 
	Study CNS7056-014 was a single-dose, randomized, double-blind, placebo- and active-controlled crossover study with a single inpatient treatment visit. The primary objective was to evaluate the subjective abuse potential of single intravenous (IV) doses of Remimazolam compared with IV Midazolam and placebo in healthy recreational central nervous system (CNS) depressant users. The treatments in the Treatment Phase were Remimazolam 5 mg, Remimazolam 10 mg, Midazolam 2.5 mg, Midazolam 5 mg, and placebo. 40 subj
	The results from the reviewer’s primary analysis demonstrated the validity of the study by showing that each dose of Midazolam had maximum drug liking statistically significantly greater than Placebo by 15 points. Remimazolam 5 mg had statistically significantly smaller mean compared to Midazolam 5 mg, but there was no statistically significant difference in means between Remimazolam 5 mg and Midazolam 2.5 mg. There were no statistically significant differences in medians between Remimazolam 10 mg  and both
	Per the CSS Pharmacologist Dr. Katherine Bonson’s suggestion, the reviewer performed the max, Take Drug max, Good Drug Effects Emax, Bad Drug Effects Emax, and Alertness/Drowsiness Emin. Note max and Alertness/Drowsiness Emin were on a bipolar visual analog scale, max, Good Drug Effects Emax, and Bad Drug Effects Emax were on a unipolar visual analog scale. Also note that pre-dose responses were collected for min subtract from the pre-dose response (change from pre-dose response) as the response in secondar
	secondary analysis for the Completers Population (N = 39) on Overall Drug Liking E
	Again E
	that Overall Drug Liking E
	while Take Drug Again E
	Alertness/Drowsiness VAS, thus the reviewer used E
	Alertness/Drowsiness E

	The secondary analysis results showed that the mean differences between Midazolam 2.5 mg and Placebo, and between Midazolam 5 mg and Placebo were statistically significant for all the max, Good Drug Effects Emax, Bad Drug Effects Emax, and min subtract from the pre-dose response (change value), there were no statistically significant differences in means/medians between both doses of Midazolam and each dose of Remimazolam, except for the comparison between Midazolam 5 mg and Remimazolam 5 max, the means of 
	The secondary analysis results showed that the mean differences between Midazolam 2.5 mg and Placebo, and between Midazolam 5 mg and Placebo were statistically significant for all the max, Good Drug Effects Emax, Bad Drug Effects Emax, and min subtract from the pre-dose response (change value), there were no statistically significant differences in means/medians between both doses of Midazolam and each dose of Remimazolam, except for the comparison between Midazolam 5 mg and Remimazolam 5 max, the means of 
	endpoints. For Overall Drug Liking E
	Alertness/Drowsiness E
	mg. For Take Drug Again E
	Alertness/Drowsiness E

	significantly greater than each dose of Midazolam, but statistically significantly less than Placebo; while there were no statistically significant differences in means between Remimazolam 10 mg and each dose of Midazolam. 

	In conclusion, the effects including drug liking, overall drug liking, good drug effects, bad drug effects, and alertness/drowsiness (change value) of Remimazolam 5 mg and 10 mg were comparable with those of Midazolam 2.5 mg and 5 mg, respectively. The take drug again effect of each dose of Remimazolam was statistically significantly less than corresponding dose of min (actual value) performed similar to alertness/drowsiness (change value), except that Remimazolam 5 mg was statistically significantly greate
	Midazolam, but greater than Placebo. The alertness/drowsiness E

	2. Review report on Study CNS7056-014 
	2.1. Overview 
	Study CNS7056-014 was a single-dose, randomized, double-blind, placebo- and active-controlled crossover study with a single inpatient treatment visit to evaluate the subjective abuse potential of single intravenous (IV) doses of Remimazolam compared with IV Midazolam and placebo in healthy recreational central nervous system (CNS) depressant users. 
	2.1.1. Objectives of the Study 
	 To evaluate the subjective abuse potential of single IV doses of Remimazolam compared with IV Midazolam and placebo in healthy recreational CNS depressant users. 
	Primary Objective 

	 To evaluate the safety and tolerability of IV Remimazolam in healthy recreational CNS depressant users.  To evaluate the pharmacokinetics (PK) of IV Remimazolam in healthy recreational CNS depressant users. 
	Secondary Objective 

	2.1.2. Study Design 
	This was a single-dose, randomized, double-blind, placebo- and active-controlled crossover study to determine the subjective abuse potential of single IV doses of Remimazolam compared with IV Midazolam and placebo in healthy recreational CNS depressant users. 
	This study consisted of 4 phases: Screening, Qualification, Treatment, and Follow-up. Subjects participated in an outpatient medical Screening visit (Visit 1); one 15-day inpatient visit that consisted of an admission day, a 3-day Qualification (Drug Discrimination and Tolerability) Phase, a rest day, and a 10-day 5-period Treatment Phase (Visit 2); and an outpatient safety Follow-up visit (Visit 3). Each subject participated in the study for up to approximately 7 weeks, including Screening through Follow-u
	Screening Period 
	Screening Period 

	Subjects reported to the clinical site for the eligibility screening (see Sponsor’s Section 9.3 for inclusion and exclusion criteria) within 28 days prior to drug administration. Within 28 days of the Screening visit, eligible subjects were admitted to the CRU (Day -1) for the Qualification Phase. 
	Eligibility screening consisted of the assessments as presented in Sponsor’s Table 2, Section 9.5.1. 
	Qualification Phase 
	Qualification Phase 
	Qualification Phase 

	The Qualification Phase consisted of a Drug Discrimination Test and a Tolerability Assessment. During the Drug Discrimination Test, subjects received the following treatments in a randomized, double blind, crossover manner: 

	o Treatment X: IV Midazolam 2.5 mg (administered over 1 minute) 
	o Treatment X: IV Midazolam 2.5 mg (administered over 1 minute) 
	o Treatment X: IV Midazolam 2.5 mg (administered over 1 minute) 

	o Treatment Y: matching placebo (administered over 1 minute) 
	o Treatment Y: matching placebo (administered over 1 minute) 


	Each drug administration was separated by approximately 24 hours (Day 1 and Day 2), to ensure that subjects could discriminate and show positive subjective effects of the active control. Subjects who did not meet Drug Discrimination criteria were discharged from the CRU at approximately 24 hours after the second drug administration. On the third dosing day (Day 3), subjects who met Drug Discrimination criteria participated in a 1-day Tolerability Assessment, the following treatment was administered in an un
	o Treatment Z: IV Midazolam 5 mg (administered over 1 minute) 
	Subjects who did not meet Tolerability Assessment criteria following IV Midazolam 5 mg were discharged at approximately 24 hours post dose. Subjects who met Tolerability criteria remained in the CRU for the Treatment Phase. A washout interval of approximately 48 hours was required between the last drug administration in the Qualification Phase (Day 3) and the first drug administration in the Treatment Phase (Day 5). 
	Treatment Phase 
	Treatment Phase 

	Following confirmation of eligibility in the Qualification Phase, eligible subjects were randomized to 1 of 10 treatment sequences according to two 5 × 5 William squares. Subjects received each of the following 5 treatments on Days 5, 7, 9, 11, and 13, administered IV over 1 minute, in a randomized, double-blind, crossover manner following an overnight fast: 
	o Treatment A: Remimazolam 5 mg 
	o Treatment A: Remimazolam 5 mg 
	o Treatment A: Remimazolam 5 mg 

	o Treatment B: Remimazolam 10 mg 
	o Treatment B: Remimazolam 10 mg 

	o Treatment C: Midazolam 2.5 mg 
	o Treatment C: Midazolam 2.5 mg 

	o Treatment D: Midazolam 5 mg 
	o Treatment D: Midazolam 5 mg 

	o Treatment E: Placebo (saline injection) 
	o Treatment E: Placebo (saline injection) 


	Each drug administration was separated by approximately 48 hours. Serial pharmacodynamic (PD) evaluations were conducted up to 8 hours post dose. Pharmacokinetic samples were obtained to confirm exposure to Remimazolam over 8 hours post dose. Safety monitoring included recording of AEs and regular assessments of vital signs, 12-lead electrocardiograms (ECGs), and continuous pulse oximetry/telemetry for at least 4 hours after study drug administration. Supplemental oxygen was provided to subjects for at leas
	Assessments during the Treatment Phase were performed as presented in the schedule of assessments in Sponsor’s Table 3, Section 9.5.1. 
	Subjects returned for the safety Follow-Up visit approximately 2 to 4 days following the last drug administration. 
	Follow-up Phase 

	The chart below (Sponsor’s Figure 1) summarizes the design of the study. 
	Figure
	2.1.3. Qualification Phase Eligibility Criteria 
	Subjects must have met each one of the following criteria in order to be eligible for participation in the Tolerability Assessment and Treatment Phase: 
	. Maximum effect (Emax) in response to IV Midazolam 2.5 mg greater than that of placebo on max score of at least 65 points for Midazolam in the first 60 minutes post dose, and acceptable overall responses to Midazolam and placebo on the subjective measures, as judged by the investigator or designee. 
	Drug Liking visual analogue scale (VAS) (difference of at least 15 points) and E

	 Acceptable placebo response based on Drug Liking VAS (score between 40 and 60 points, inclusive).  Subject was able to tolerate IV Midazolam 2.5 mg, as judged by the investigator, including ability to complete all PD assessments administered within 60 minutes post dose.  General behavior suggested that the subject could successfully complete the study, as judged by the research site staff. 
	Subjects must have met the following criterion in order to be eligible for participation in the Treatment Phase: 
	. Subject was able to tolerate IV Midazolam 5 mg, defined as ability to complete the subjective PD assessments administered within 60 minutes post dose (i.e., subject remained conscious or could be roused), oxygen saturation that did not fall below 90% for any period longer than 60 seconds in duration, and as otherwise judged by the investigator based on other safety parameters (e.g., telemetry, AEs, vital signs). 
	2.1.4. Disposition of Subjects 
	A total of 175 subjects were screened, of whom 92 were screening failures. A total of 83 subjects thus entered the Qualification Phase and received at a least one dose of study drug (qualification population). Of these, 34 failed the Drug Discrimination Test, 2 failed the Tolerability Assessment, 5 decided to withdraw, and 2 subjects were withdrawn at the PI’s discretion. Consequently, 40 subjects entered the Treatment Phase and received at least 1 dose of study drug, comprising the safety population. Of th
	All 40 randomized subjects received at least one dose of Remimazolam and had sufficient max or AUC0-inf. However, the PK population included only 36 subjects because PK samples for 4 subjects were inadvertently analyzed outside the stability window for Remimazolam. PK data were summarized both for the 36 subjects included in the PK population and for all 40 subjects. 
	concentration-time data to calculate a valid C

	The following table (Sponsor’s Table 6) summarizes disposition of subjects. 
	Figure
	2.1.5. Pharmacodynamic Endpoints 
	Primary Endpoint 
	Primary Endpoint 

	max) on the bipolar Drug Liking visual analog scale (VAS). 
	The primary PD endpoint is the maximum effect (E

	Secondary Endpoints 
	Secondary Endpoints 

	 Balance of effects: 
	-Drug Liking VAS (minimum effect [Emin] and time-averaged area under the effect 
	curve to 8 hours after study drug administration [TA_AUE]) 
	-Overall Drug Liking VAS (Emax and Emin) 
	-Take Drug Again VAS (Emax) 
	 Positive effects: 
	-Good Effects VAS (Emax and TA_AUE) 
	 Negative effects: 
	-Bad Effects VAS (Emax and TA_AUE) 
	 Sedative effects: 
	-Alertness/Drowsiness VAS (Emin and TA_AUE) 
	-Agitation/Relaxation VAS (Emin and TA_AUE) 
	 Other drug effects:. -Any Effects VAS (Emax and TA_AUE).  Memory/Amnestic effects: .-Paired Associates Learning (PAL) test – Emax and TA_AUE of total error score. 
	Reviewer’s comments: The sponsor should pre-specify several key secondary endpoints. Note that Take Drug Again VAS in this study was on a unipolar visual analog scale, instead of bipolar. 
	2.2. Sponsor’s Analyses of the Pharmacodynamic Parameters 
	2.2. Sponsor’s Analyses of the Pharmacodynamic Parameters 
	2.2.1. Statistical Methodologies Used in the Sponsor’s Analyses 
	2.2.1. Statistical Methodologies Used in the Sponsor’s Analyses 
	2.2.1.1. Analysis Population 
	2.2.1.1. Analysis Population 
	The following analysis populations will be used in this study: 
	The Qualification population consisted of all subjects who received any study drug in the Qualification Phase. 
	Qualification Population 

	The Safety Population consisted of all randomized subjects who received any study treatment in the Treatment Phase. 
	Safety Population 

	The PK Population consisted of all randomized subjects who received at least one dose of Remimazolam and had sufficient concentration-time data to calculate a valid Cmax or AUC0-inf. 
	Pharmacokinetic (PK) Population 

	The Completer Population consisted of all randomized subjects who completed all treatment periods in the Treatment Phase. 
	Completer Population 

	Reviewer’s comments: Based on 2017 FDA Guidance (Assessment of Abuse Potential of Drugs Guidance for Industry – FDA), the definition of the completer population should include the criterion that randomized subjects must have at least one response on the visual analog scale (VAS) max for each treatment in the study. It is OK to not having this since the study was conducted before 2017. 
	for Drug Liking within 2 hours of T

	The Per Protocol population consisted of all randomized subjects who completed all treatment periods in the Treatment Phase, had no major protocol deviations that would impact PD results or the integrity of data, and had no greater than 12.5% missing data points for the primary endpoint within 60 minutes post dose (i.e., no more than 1 of 8 missing assessments in the first hour). 
	Per Protocol Population 

	All PD analyses were performed using the Completer Population. 
	2.2.1.2. Hypothesis Testing 
	The treatment comparisons to assess the abuse potential of Remimazolam included the following: 
	 IV Remimazolam 5 mg vs. IV Midazolam 2.5 mg 
	 IV Remimazolam 10 mg vs. IV Midazolam 5 mg 
	 Each dose of IV Remimazolam vs. placebo 
	 Each dose of IV Midazolam vs. placebo (study validity) 
	Reviewer’s comments: Each dose of Remimazolam should be compared with every dose of Midazolam when studying relative abuse potential. 
	The study was to be considered valid if either dose of Midazolam was statistically different from max). 
	placebo on the primary endpoint (Drug Liking VAS E

	Reviewer’s comments: For the primary analysis, the reviewer suggests using one-sided test for all comparisons: 15 as the margin for the studying validity, to be consistent with the value used in the Qualification Phase; 11 should be used as the margin for comparing between Remimazolam and Placebo, as recommended in Chen & Bonson, 2013. Since this study was conducted before 2017 FDA Guidance (Assessment of Abuse Potential of Drugs Guidance for Industry – FDA) was published, it is OK to use 0 as the test valu
	Reviewer’s comments: When considering the secondary analysis, for comparison between test drug and placebo, the test value 11 was studied only for the bipolar Drug Liking VAS. Therefore, a two-sided test with a test value 0 and type I error equal to 0.1 was performed to the comparison between test drug and placebo for key secondary endpoints. 
	2.2.1.3. Statistical Methodologies 
	PD parameters were listed for each individual subject and summarized by treatment using descriptive statistics (n, mean, median, SD, and first and third quartile limits) for each assessment for the Completer population. 
	Reviewer’s comments: Descriptive statistics such as minimum and maximum should also be calculated. 
	Linear plots of the mean and individual Drug Liking VAS results by scheduled sampling time were provided by treatment for the Completer population. These plots show time in hours. 
	The SAS mixed effects linear model procedure (PROC MIXED) was used to construct analysis of variance (ANOVA) models for the completer and per protocol populations. The models included terms for treatment, period, sequence, and first-order carryover effect as fixed effects, and subject 
	The SAS mixed effects linear model procedure (PROC MIXED) was used to construct analysis of variance (ANOVA) models for the completer and per protocol populations. The models included terms for treatment, period, sequence, and first-order carryover effect as fixed effects, and subject 
	nested within sequence as a random effect. Baseline (predose) measurement was to be included as a covariate, where available. The carryover effect was dropped from the model, as it was found to be non-significant at the 25% level. Least squares (LS) means, the difference between the means, and corresponding 95% confidence intervals (CIs) were provided for the treatment comparisons. No adjustments were made for multiplicity. 

	Reviewer’s comments: Use subject as random effect, instead of subject nested within treatment sequence. However, in this situation, one subject was only assigned one sequence, hence using subject nested within treatment sequence as random effect is equivalent to using subject as random effect. 
	max, from the mixed-effects model were investigated for normality using the Shapiro-Wilk W test. The Shapiro-Wilk W test produced a p-value ≥ 0.05, so the data were considered normally distributed, and the results of the mixed effects model were reported. 
	The residuals of the primary endpoint, drug liking E

	Reviewer’s comments: The assumption of homogeneity of variance should be examined as well. Besides the analysis for primary endpoint, statistical methods for key secondary endpoints should also be described in detail, especially when normality or homogeneity of variance assumption doesn’t hold. 
	2.2.2. Sponsor’s Summary and Conclusions 
	 The study design was validated by the significantly higher drug liking of the positive control (Midazolam) relative to placebo.  Remimazolam demonstrated an absolute abuse potential based on a comparison of its subjective effects on recreational drug abusers to those of placebo.  The abuse potential of Remimazolam was comparable to that of Midazolam based on the max. 
	primary measure, drug liking E

	. The Take Drug Again Emax was significantly lower for 5 mg Remimazolam compared to 2.5 mg Midazolam; the difference was no longer statistically different for the comparison of 10 mg Remimazolam vs 5 mg Midazolam, indicating that any difference flattens out when the dose is increased. 
	 The duration of drug liking and of other drug effects were generally longer for Midazolam compared to Remimazolam.  The TA_AUE of good effects were statistically significantly higher for Midazolam than Remimazolam.  The TA_AUE of bad effects were statistically significantly higher for Remimazolam than Midazolam. 
	max, although significantly lower for 5 mg Remimazolam compared to 2.5 mg Midazolam, was no longer statistically significantly different for the comparison of 10 mg Remimazolam and 5 mg Midazolam. This is consistent with most other secondary measures of abuse potential showing differences between Remimazolam and Midazolam that were not statistically significant. These results indicate that a preference for Midazolam may prevail at lower doses, which may decrease or disappear at higher doses. This may relate
	Similarly, the Take Drug Again E




	2.3. Data Location 
	2.3. Data Location 
	The dataset used in the reviewer’s analysis is located at 
	\\cdsesub1\evsprod\NDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpd.xpt \\cdsesub1\evsprod\NDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpdp.xpt 
	\\cdsesub1\evsprod\NDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpd.xpt \\cdsesub1\evsprod\NDA212295\0000\m5\datasets\cns7056-014\analysis\adam\datasets\adpdp.xpt 


	2.4. Reviewer’s Assessment 
	2.4. Reviewer’s Assessment 
	In this report, the reviewer used the following notations for treatments in Study CNS7056-014:
	    Re5 – Remimazolam 5 mg
	    Re10 – Remimazolam 10 mg
	    Mi2.5 – Midazolam 2.5 mg
	    Mi5 – Midazolam 5 mg
	 P – Placebo 
	2.4.1. Primary Analysis 
	2.4.1. Primary Analysis 
	The reviewer’s primary analysis was performed using the Completer Population. 
	2.4.1.1. Descriptive Statistics 
	2.4.1.1. Descriptive Statistics 
	We first examined the maximum drug liking from each subject in the Qualification Phase, as shown in Figure 1, which indicates a successful selection for qualified subjects based on the eligibility criteria in the Qualification Phase. 
	The notations for treatments in Qualification Phase are as below:
	    Mi2.5_Q – Midazolam 2.5 mg
	    P_Q – Placebo
	    Mi5_Q – Midazolam 5 mg 
	Figure
	max in the Qualification Phase (N = 39) 
	Figure 1: Heat Map by Treatment for Drug Liking E

	1), 3), and maximum (Max) for the 5 treatments in the Treatment max. 
	Table 1 summarizes the mean, standard deviation (SD), minimum (Min), the first quartile (Q
	median (Med), the third quartile (Q
	Phase for the primary endpoint Drug Liking E

	max (N = 39) 
	Table 1: Summary Statistics for Drug Liking E

	TRT 
	TRT 
	TRT 
	Mean 
	SD 
	Min 
	Q1 
	Med 
	Q3 
	Max 

	Re5 
	Re5 
	77.7 
	14.1 
	38 
	69 
	77 
	89 
	100 

	Re10 
	Re10 
	79.8 
	15.1 
	51 
	70 
	79 
	91 
	100 

	Mi2.5 
	Mi2.5 
	78.6 
	14.0 
	53 
	68 
	77 
	91 
	100 

	Mi5 
	Mi5 
	81.5 
	11.7 
	53 
	74 
	81 
	90 
	100 

	P 
	P 
	53.1 
	8.1 
	50 
	50 
	50 
	51 
	85 


	As summarized in Table 1, the means of maximum drug liking for both doses of Remimazolam were similar to those of Midazolam (within range of 77.7 to 81.5), but greater than Placebo. Higher dose had slightly larger mean than lower dose. The means of two doses of Midazolam were 81.0 (SD = 11.4) and 87.6 (SD = 10.8) in the Qualification Phase, which were close to the results (78.6 
	with SD = 14.0 and 81.5 with SD = 11.7) in the Treatment Phase. Detailed maximum drug liking from each subject in the Treatment Phase is shown in Figure 2. 
	Figure
	max in the Treatment Phase (N = 39) 
	Figure 2: Heat Map by Treatment for Drug Liking E

	In the Treatment Phase, subjects responded well to both Midazolam 2.5 mg and 5 mg. Only 2 out of 39 subjects did not respond (maximum liking < 55) to Midazolam 2.5 mg, 1 subject did not respond to Midazolam 5 mg, and 4 subjects had maximum drug liking to Placebo greater than 60. 
	Figure 3 is the mean time course profiles by treatment for Drug Liking VAS. Data were collected at 2, 5, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins. By carefully examining the data, missing responses exist for treatments Midazolam 2.5 mg and 5 mg. Subject did not have response at time point 2 mins post dose for Midazolam 5 mg, while Subject 
	did not respond at 2 
	mins post dose for Midazolam 2.5 mg. Therefore, at the time points with missing responses, the mean Drug Liking VAS was averaged by non-missing values. 
	The peak mean responses for Midazolam 2.5 mg and 5 mg were 69.9 and 72.8, reached at 2 mins and 20 mins post dose, respectively. The peak mean responses for Remimazolam 5 mg and 10 mg were 67.6 and 71.1, reached at 5 mins and 15 mins post dose, respectively. Thus, Remimazolam and Midazolam reached the peak value around the same time. From Figure 3, one may notice that the mean time course profiles of each dose of Remimazolam were lower and returned to neutral values 
	The peak mean responses for Midazolam 2.5 mg and 5 mg were 69.9 and 72.8, reached at 2 mins and 20 mins post dose, respectively. The peak mean responses for Remimazolam 5 mg and 10 mg were 67.6 and 71.1, reached at 5 mins and 15 mins post dose, respectively. Thus, Remimazolam and Midazolam reached the peak value around the same time. From Figure 3, one may notice that the mean time course profiles of each dose of Remimazolam were lower and returned to neutral values 
	sooner than both doses of Midazolam. However, both doses of Remimazolam still have obvious separation from the mean time course profile of Placebo within first hour after dosing. 

	Figure
	Figure 3: The Mean Time Course Profiles on Drug Liking VAS by Treatment (N = 39) 
	2.4.1.2. Statistical Testing 
	To evaluate the abuse potential of Remimazolam, the reviewer performed statistical analysis for the max, for the following questions, with the tested hypotheses and contrasts defined as follows: 
	primary endpoint, Drug Liking E

	1.. Does the positive control (C-Midazolam) produce mean Drug Liking Emax that shows greater abuse potential compared to Placebo (P)?
	𝐻0:𝜇𝐶 ‒𝜇𝑃 ≤ 15 vs. 𝐻𝑎:𝜇𝐶 ‒𝜇𝑃 > 15 
	This hypothesis is for the study validation. Test value of 15 was chosen to be consistent with the value used in the Qualification Phase. Hypothesis 1 was applied to the following contrasts: 
	 Mi2.5 versus P.  Mi5 versus P. 
	2.. Does the test drug (T-Remimazolam) produce mean Drug Liking Emax that shows less abuse potential compared to positive control (C-Midazolam)? 
	𝐻0:𝜇𝐶 ‒𝜇𝑇 ≤ 0 vs. 𝐻𝑎:𝜇𝐶 ‒𝜇𝑇 >0 
	This hypothesis is for investigation of the abuse potential of the test drug Remimazolam, compared to the positive control Midazolam. Test value of 0 was chosen same as the sponsor did. Hypothesis 2 was applied to the following contrasts: 
	 Mi2.5 versus Re5.  Mi2.5 versus Re10.  Mi5 versus Re5.  Mi5 versus Re10. 
	3.. Does the test drug (T-Remimazolam) produce mean Drug Liking Emax that shows similar abuse potential compared to placebo (P)?
	𝐻0:𝜇𝑇 ‒𝜇𝑃 ≥ 11 vs. 𝐻𝑎:𝜇𝑇 ‒𝜇𝑃 < 11 
	This hypothesis is to investigate whether the test drug Remimazolam had similar abuse potential compared to Placebo. Test value of 11 was chosen based on Chen and Bonson (2013). Hypothesis 3 was applied to the following contrasts: 
	 Re5 versus P.  Re10 versus P. 
	If the comparison of a dose of Remimazolam did not have a statistically significantly lower mean than any dose of Midazolam, the comparison between the dose of Remimazolam and Placebo would not be performed. 
	The statistical model used in the reviewer’s primary analysis was a mixed-effects model which included treatment, period, sequence, and first-order carryover effect as fixed effects, subject as a random effect. With heteroscedasticity adjustment, the residuals from the mixed-effects model, excluding the carryover effect, were investigated for normality using the Shapiro-Wilk W-test. The results are presented in Table 2. 
	max (N = 39) 
	Table 2: Results from the W-test on Residuals for Drug Liking E

	Endpoints 
	Endpoints 
	Endpoints 
	N 
	Skewness 
	W Statistic 
	p-value 

	Drug Liking Emax 
	Drug Liking Emax 
	39 
	-0.15 
	0.9729 
	0.0008 


	max with a p-value 0.0008. Therefore, the normality assumption of the mixed-effects model was not satisfied (different from the sponsor’s analysis result), the distribution of the paired difference for each contrast was further examined. Table 3 shows skewness, W statistic, and p-value of the Shapiro-max on each paired difference. 
	The Shapiro-Wilk W-test on the residuals was statistically significant for Drug Liking E
	Wilk W-test for Drug Liking E

	As summarized in Table 3, the p-values of the W-test were greater or equal to 0.05 for the paired differences between Midazolam 2.5 mg and Placebo, Midazolam 5 mg and Placebo, Midazolam 2.5 mg and Remimazolam 5 mg, and Remimazolam 5 mg and Placebo. The distribution was relatively symmetric (skewness = -0.5 to 0.5) for the paired differences between Midazolam 2.5 mg and Placebo, Midazolam 5 mg and Placebo, Midazolam 2.5 mg and Remimazolam 5 mg, Midazolam 5 mg and Remimazolam 5 mg, Remimazolam 5 mg and Placeb
	max (N = 39) 
	Table 3: Results from the W-test on Paired Difference for Drug Liking E

	Comparison 
	Comparison 
	Comparison 
	Skewness 
	W Statistic 
	p-value 

	Mi2.5 – P 
	Mi2.5 – P 
	-0.15 
	0.9505 
	0.0853 

	Mi5 – P 
	Mi5 – P 
	-0.39 
	0.9550 
	0.1211 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	0.17 
	0.9839 
	0.8400 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	1.38 
	0.8991 
	0.0021 

	Mi5 – Re5 
	Mi5 – Re5 
	-0.20 
	0.9129 
	0.0053 

	Mi5 – Re10 
	Mi5 – Re10 
	0.60 
	0.8895 
	0.0011 

	Re5 – P 
	Re5 – P 
	-0.45 
	0.9613 
	0.1972 

	Re10 – P 
	Re10 – P 
	-0.14 
	0.9283 
	0.0158 


	Table 4 summarizes the results from the reviewer’s primary analysis. 
	max (N = 39) 
	Table 4: Primary Analysis Results on Drug Liking E

	Pairwise Comparison 
	Pairwise Comparison 
	Pairwise Comparison 
	Mean Diff /Med Diff 
	StdErr /IQR 
	Test Value 
	p-value 
	95% CI 

	LCL 
	LCL 
	UCL 

	Mi2.5 – P 
	Mi2.5 – P 
	25.6 
	2.7 
	15 
	0.0002 
	21.1 
	Infty 

	Mi5 – P 
	Mi5 – P 
	28.5 
	2.4 
	15 
	< 0.0001 
	24.4 
	Infty 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	0.9 
	1.6 
	0 
	0.2801 
	-1.8 
	Infty 

	Mi2.5 – Re10† 
	Mi2.5 – Re10† 
	-1.0 
	-7, 2 
	0 
	0.9449 
	-4.0 
	Infty 

	Mi5 – Re5 
	Mi5 – Re5 
	3.8 
	1.9 
	0 
	0.0230 
	0.7 
	Infty 

	Mi5 – Re10† 
	Mi5 – Re10† 
	0.0 
	-4, 8 
	0 
	0.5000 
	-1.0 
	Infty 


	† The sign test was performed. The median difference and the interquartile range as well as the distribution free 95% confidence interval of the median difference are listed. 
	max, 
	The reviewer’s primary analysis showed that for Drug Liking E

	 the mean differences between both doses of Midazolam and Placebo were statistically 
	significantly greater than 15 points, confirming the study validity; 
	 Remimazolam 5 mg had statistically significantly smaller mean compared to Midazolam 5 
	mg, but there was no statistically significant difference in means between Remimazolam 5 
	mg and Midazolam 2.5 mg; 
	 there were no statistically significant differences in medians between Remimazolam 10 mg  
	and both doses of Midazolam; 
	From Figure 2, one may notice that there exist several subjects who responded similar maximum drug liking across all 5 treatments. Sensitivity analysis excluding those subjects was performed as well, but was omitted here since the results remained the same as using the Completer Population. 
	2.4.2. Secondary Analysis 
	The sponsor didn’t pre-specify any key secondary endpoints. Per the CSS Pharmacologist Dr. max, Take Drug Again Emax, Good Drug Effects Emax, Bad Drug Effects Emax, and Alertness/Drowsiness Emin were included in the reviewer’s secondary analysis. 
	Katherine Bonson’s suggestion, Overall Drug Liking E

	max and Alertness/Drowsiness Emin were on a bipolar visual analog max, Good Drug Effects Emax, and Bad Drug Effects Emax were on a unipolar visual analog scale. Also note that pre-dose responses were collected for min subtract from the pre-dose response (change from pre-dose response) as the response in secondary analysis for Alertness/Drowsiness VAS. The change was on a bipolar visual analog scale with 0 represented neither drowsy nor alert compared to pre-dose response, larger value represented getting dr
	Note that Overall Drug Liking E
	scale, while Take Drug Again E
	Alertness/Drowsiness VAS, thus the reviewer used E
	Alertness/Drowsiness E

	2.4.2.1. Descriptive Statistics 
	max, Take Drug Again Emax, max, Bad Drug Effects Emax, Alertness/Drowsiness Emin subtract from the pre­min (actual value) in the Treatment Phase. 
	Figures 4 – 9 are the heat maps by treatment for Overall Drug Liking E
	Good Drug Effects E
	dose response (change value), and Alertness/Drowsiness E

	Figure
	max in the Treatment Phase (N = 39) 
	max in the Treatment Phase (N = 39) 
	Figure 4: Heat Map by Treatment for Overall Drug Liking E

	max in the Treatment Phase (N = 39) 
	Figure 6: Heat Map by Treatment for Good Drug Effects E


	Figure
	Figure
	Figure
	Figure
	min Subtract from the Pre-dose .Response (Change Value) in the Treatment Phase (N = 39). 
	Figure 8: Heat Map by Treatment for Alertness/Drowsiness E

	Figure
	The reviewer did the secondary analysis for the Completer Population (N = 39). Table 5 1), median 3), and maximum (Max) for the 5 treatments in the study for the max, Take Drug Again Emax, Good Drug Effects Emax, max, and Alertness/Drowsiness Emin subtract from the pre-dose response (change value). 
	summarizes the mean, standard deviation (SD), minimum (Min), the first quartile (Q
	(Med), the third quartile (Q
	secondary endpoints Overall Drug Liking E
	Bad Drug Effects E

	max, Take Drug Again Emax, Good Drug Effects Emax, Bad Drug Effects Emax, and Alertness/Drowsiness Emin Subtract from the Pre­dose Response (N = 39) 
	Table 5: Summary Statistics for Overall Drug Liking E

	Measure 
	Measure 
	Measure 
	TRT 
	Mean 
	SD 
	Min 
	Q1 
	Med 
	Q3 
	Max 

	Overall Drug Liking Emax 
	Overall Drug Liking Emax 
	Re5 
	61.8 
	17.2 
	28 
	50 
	57 
	76 
	100 

	Re10 
	Re10 
	67.3 
	18.7 
	26 
	50 
	69 
	83 
	100 

	Mi2.5 
	Mi2.5 
	67.3 
	17.1 
	41 
	50 
	64 
	81 
	100 

	Mi5 
	Mi5 
	69.3 
	16.2 
	40 
	52 
	72 
	80 
	100 

	P 
	P 
	52.8 
	14.1 
	0 
	50 
	50 
	50 
	91 

	Take Drug Again Emax 
	Take Drug Again Emax 
	Re5 
	36.9 
	35.5 
	0 
	0 
	22 
	76 
	100 

	Re10 
	Re10 
	49.2 
	34.0 
	0 
	17 
	52 
	80 
	100 

	Mi2.5 
	Mi2.5 
	56.4 
	33.2 
	0 
	33 
	57 
	87 
	100 

	Mi5 
	Mi5 
	58.5 
	32.4 
	0 
	29 
	64 
	86 
	100 

	P 
	P 
	17.1 
	28.2 
	0 
	0 
	0 
	47 
	88 

	Good Drug Effects Emax 
	Good Drug Effects Emax 
	Re5 
	64.5 
	24.1 
	11 
	42 
	64 
	81 
	100 

	Re10 
	Re10 
	70.9 
	22.8 
	2 
	51 
	72 
	91 
	100 

	Mi2.5 
	Mi2.5 
	65.6 
	24.7 
	0 
	46 
	67 
	86 
	100 

	Mi5 
	Mi5 
	72.9 
	20.6 
	24 
	62 
	72 
	92 
	100 

	P 
	P 
	6.9 
	19.0 
	0 
	0 
	0 
	0 
	69 

	Bad Drug Effects Emax 
	Bad Drug Effects Emax 
	Re5 
	15.0 
	20.7 
	0 
	0 
	5 
	22 
	64 

	Re10 
	Re10 
	30.7 
	34.4 
	0 
	1 
	16 
	55 
	100 

	Mi2.5 
	Mi2.5 
	12.9 
	21.9 
	0 
	0 
	0 
	16 
	80 

	Mi5 
	Mi5 
	27.9 
	33.4 
	0 
	0 
	9 
	54 
	100 

	P 
	P 
	0.2 
	0.8 
	0 
	0 
	0 
	0 
	5 

	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Re5 
	28.0 
	21.1 
	-16 
	15 
	23 
	42 
	93 

	Re10 
	Re10 
	36.7 
	20.5 
	4 
	20 
	36 
	47 
	100 

	Mi2.5 
	Mi2.5 
	35.4 
	19.2 
	8 
	16 
	39 
	49 
	94 

	Mi5 
	Mi5 
	38.8 
	18.3 
	13 
	22 
	40 
	50 
	89 

	P 
	P 
	3.8 
	17.8 
	-50 
	0 
	0 
	0 
	70 


	Table 6 provides the corresponding descriptive statistics for Alertness/Drowsiness pre-dose min (actual value) respectively. It can be noticed that all 5 treatments share very similar pre-dose mean responses. The larger the Alertness/Drowsiness mean change value is, the smaller the mean actual value of Emin is. 
	response and E

	min respectively (N = 39) 
	Table 6: Summary Statistics for Alertness/Drowsiness pre-dose response and E

	Measure 
	Measure 
	Measure 
	TRT 
	Mean 
	SD 
	Min 
	Q1 
	Med 
	Q3 
	Max 

	Alertness/Drowsiness pre-dose response 
	Alertness/Drowsiness pre-dose response 
	Re5 
	52.3 
	12.1 
	18 
	50 
	50 
	50 
	100 

	Re10 
	Re10 
	53.1 
	12.4 
	42 
	50 
	50 
	50 
	100 

	Mi2.5 
	Mi2.5 
	53.5 
	14.2 
	23 
	50 
	50 
	50 
	100 

	Mi5 
	Mi5 
	54.3 
	13.5 
	37 
	50 
	50 
	50 
	100 

	P 
	P 
	52.8 
	16.7 
	8 
	50 
	50 
	50 
	100 

	Alertness/Drowsiness Emin (actual value) 
	Alertness/Drowsiness Emin (actual value) 
	Re5 
	24.2 
	15.8 
	0 
	9 
	26 
	35 
	66 

	Re10 
	Re10 
	16.4 
	13.4 
	0 
	4 
	12 
	31 
	46 

	Mi2.5 
	Mi2.5 
	18.1 
	13.9 
	0 
	7 
	15 
	34 
	42 

	Mi5 
	Mi5 
	15.4 
	12.4 
	0 
	6 
	11 
	29 
	37 

	P 
	P 
	49.1 
	16.3 
	18 
	44 
	50 
	50 
	100 


	The bar charts for Overall Drug Liking VAS and Take Drug Again VAS as well as the mean time course profiles by treatment for Good Drug Effects VAS, Bad Drug Effects VAS, Alertness/Drowsiness VAS change from the pre-dose response (change value), and Alertness/Drowsiness VAS (actual value) are presented in Figures 10 – 15, respectively. 
	By average, the mean Overall Drug Liking responses for both doses of Midazolam were similar to each dose of Remimazolam at both 240- and 480-mins post dose. The responses for the higher dose of Remimazolam were slightly greater than the lower dose, while Midazolam had similar responses for different doses. The responses for Placebo were around 50 at both 240- and 480-mins post dose, which were much lower than both doses of Midazolam and Remimazolam. 
	For Take Drug Again VAS, we can observe obvious differences between each dose of Midazolam and every dose of Remimazolam at both 240- and 480-mins post dose. The responses for the higher dose of Remimazolam were slightly greater than the lower dose, while Midazolam had similar responses for different doses. The responses for Placebo were around 15 at both 240- and 480-mins post dose, which were much lower than both doses of Midazolam and Remimazolam. 
	Figure
	Figure 10: Mean Responses at 240- and 480-mins post dose by Treatment for Overall Drug .Liking VAS (N = 39). 
	Figure 10: Mean Responses at 240- and 480-mins post dose by Treatment for Overall Drug .Liking VAS (N = 39). 


	Figure
	Figure
	Figure 12: The Mean Time Course Profiles on Good Drug Effects VAS by Treatment (N = 39) 
	Figure 12: The Mean Time Course Profiles on Good Drug Effects VAS by Treatment (N = 39) 


	Figure
	Figure
	Figure 14: The Mean Time Course Profiles on Alertness/Drowsiness VAS Change from the .Pre-dose Response (Change Value) by Treatment (N = 39). 
	Figure 14: The Mean Time Course Profiles on Alertness/Drowsiness VAS Change from the .Pre-dose Response (Change Value) by Treatment (N = 39). 


	Figure
	For Good Drug Effects VAS, data were collected at 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins post dose. The peak mean responses for Midazolam 2.5 mg and 5 mg were 50.6 reached at 15 mins post dose, and 58.4 reached at 10 mins post dose, respectively; Remimazolam 5 mg and 10 mg reached the peak mean response of 52.1 and 57.4 at 2 mins post dose, respectively. From Figure 12, we may notice that the mean responses for Good Drug Effects VAS of Remimazolam dropped quickly right after dosing, whi
	For Bad Drug Effects VAS, all treatments had relatively low mean responses. Data were collected at 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins post dose. Midazolam reached the peak around 15 mins post dose, while Remimazolam dropped from 2 mins post dose. Higher dose of Midazolam and Remimazolam had slightly greater mean responses of Bad Drug Effects than the lower dose at almost all collected time points. 
	For Alertness/Drowsiness VAS change from the pre-dose response (change value), data were collected at 0, 2, 10, 15, 20, 30, 45, 60, 120, 180, 240, 360, and 480 mins post dose. Larger value represented getting much drowsier from pre-dose, while smaller value represented getting less drowsy or even more alert. The peak mean responses for Midazolam 2.5 mg and 5 mg were 25.2 reached at 30 mins post dose, and 27.5 reached at 45 mins post dose, respectively; Remimazolam 5 mg and 10 mg reached the peak mean respon
	The Alertness/Drowsiness VAS (actual value) showed inverted pattern of the Alertness/Drowsiness VAS change from the pre-dose response (change value). Smaller value represented much drowsier, while larger value represented less drowsy or more alert. The minimum mean responses for Midazolam 2.5 mg and 5 mg were 28.3 reached at 30 mins post dose, and 26.8 reached at 45 mins post dose, respectively; Remimazolam 5 mg and 10 mg reached the minimum mean responses of 
	34.9 and 27.6 at 10 mins post dose, respectively. 
	2.4.2.2. Statistical Testing 
	The statistical model used in the reviewer’s secondary analysis was a mixed-effects model which included treatment, period, sequence, and first-order carryover effect as fixed effects, subject as a 
	The statistical model used in the reviewer’s secondary analysis was a mixed-effects model which included treatment, period, sequence, and first-order carryover effect as fixed effects, subject as a 
	random effect. For the Alertness/Drowsiness VAS, pre-dose responses were collected, thus were also included as a covariate in the model. Emin subtract from the pre-dose response (change from min (actual value) were used respectively as the response in the analysis for Alertness/Drowsiness VAS. 
	pre-dose response) and E


	With heteroscedasticity adjustment, the residuals from the mixed-effects model, excluding the carryover effects, are investigated for normality using the Shapiro-Wilk W-test. The results are presented in Table 7. 
	max, Take Drug Again max, Good Drug Effects Emax, Bad Drug Effects Emax, Alertness/Drowsiness Emin Subtract min (Actual Value) (N = 39) 
	Table 7: Results from the W-test on Residuals for Overall Drug Liking E
	E
	from the Pre-dose Response (Change Value), and Alertness/Drowsiness E

	Endpoints 
	Endpoints 
	Endpoints 
	Skewness 
	W Statistic 
	p-value 

	Overall Drug Liking Emax 
	Overall Drug Liking Emax 
	-2.24 
	0.8548 
	< 0.0001 

	Take Drug Again Emax 
	Take Drug Again Emax 
	-0.34 
	0.9906 
	0.2317 

	Good Drug Effects Emax 
	Good Drug Effects Emax 
	0.45 
	0.9527 
	< 0.0001 

	Bad Drug Effects Emax 
	Bad Drug Effects Emax 
	1.03 
	0.9050 
	< 0.0001 

	Alertness/Drowsiness Emin subtract from the pre-dose response (change value) 
	Alertness/Drowsiness Emin subtract from the pre-dose response (change value) 
	-1.23 
	0.9265 
	< 0.0001 

	Alertness/Drowsiness Emin (actual value) 
	Alertness/Drowsiness Emin (actual value) 
	1.23 
	0.9265 
	< 0.0001 


	The p-values of the W-test in Table 7 indicate that the residuals were approximately normally max. When including first-order carryover effect in the model, the p-value for the carryover effect was greater than 0.25. Hence, the first-order carryover effect was non-significant at the 0.25 level, then the term was dropped from the analysis model. Table 8 shows max. 
	distributed for Take Drug Again E
	the least square mean and standard error of each treatment for Take Drug Again E

	max (N = 39) 
	Table 8: Least Square Mean Estimation for Take Drug Again E

	TRT 
	TRT 
	TRT 
	LS Mean 
	StdErr 

	Re5 
	Re5 
	37.6 
	5.4 

	Re10 
	Re10 
	49.9 
	4.6 

	Mi2.5 
	Mi2.5 
	57.0 
	4.8 

	Mi5 
	Mi5 
	58.9 
	5.3 

	P 
	P 
	17.8 
	6.0 


	as in the primary analysis, the secondary analysis is often under powered. Thus, the reviewer used 0 as the test value for this comparison. The lower 95% confidence interval limit for upper-tail test, and the upper 95% confidence interval limit for lower-tail test, may provide some information about min (actual value) would be inferiority instead of superiority. 
	the margin. The hypotheses used for Alertness/Drowsiness E

	For the comparison between Remimazolam and Placebo, note that the test value 11 was studied only for the bipolar Drug Liking VAS. Also note that for a fixed sample size, increasing the type I error will decrease the type II error. Therefore, a two-sided test with a test value 0 and type I error 
	0.1 was performed, and the 90% confidence interval was also calculated for this comparison. 
	max. 
	Table 9 summarizes the results from the reviewer’s secondary analysis for Take Drug Again E

	max (N = 39) 
	Table 9: Secondary Analysis Results on Take Drug Again E

	Pairwise Comparison 
	Pairwise Comparison 
	Pairwise Comparison 
	LS Mean Diff 
	StdErr 
	Test Value 
	p-value 
	95% CI / 90% CI 

	LCL 
	LCL 
	UCL 

	Mi2.5 – P 
	Mi2.5 – P 
	39.2 
	5.9 
	0 
	< 0.0001 
	29.3 
	Infty 

	Mi5 – P 
	Mi5 – P 
	41.1 
	6.3 
	0 
	< 0.0001 
	30.6 
	Infty 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	19.3 
	5.2 
	0 
	0.0003 
	10.6 
	Infty 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	7.0 
	4.4 
	0 
	0.0581 
	-0.3 
	Infty 

	Mi5 – Re5 
	Mi5 – Re5 
	21.3 
	5.7 
	0 
	0.0002 
	11.8 
	Infty 

	Mi5 – Re10 
	Mi5 – Re10 
	9.0 
	4.9 
	0 
	0.0369 
	0.7 
	Infty 

	Re5 – P* 
	Re5 – P* 
	19.8 
	6.4 
	0 
	0.0031 
	9.2 
	30.5 


	* Two-sided test was performed. 
	Table 7 also shows that the W-test was statistically significant (p-value < 0.05) for Overall Drug max, Good Drug Effects Emax, Bad Drug Effects Emax, Alertness/Drowsiness Emin subtract from the pre-dose response (change value), and Alertness/Drowsiness Emin (actual value). Therefore, the normality assumption of the mixed-effects model was not satisfied, the distributions of the paired differences for these four endpoints were further examined. Table 10 shows skewness, max, Good Drug Effects Emax, Bad Drug 
	Liking E
	W statistic, and p-value of the Shapiro-Wilk W-test for Overall Drug Liking E
	(change value), and Alertness/Drowsiness E

	max, Good max, Bad Drug Effects Emax, Alertness/Drowsiness Emin Subtract from the Pre­min (Actual Value) (N = 39) 
	Table 10: Results from the W-test on Paired Difference for Overall Drug Liking E
	Drug Effects E
	dose Response (Change Value), and Alertness/Drowsiness E

	Measure 
	Measure 
	Measure 
	Comparison 
	Skewness 
	W Statistic 
	p-value 

	Overall Drug Liking Emax 
	Overall Drug Liking Emax 
	Mi2.5 – P 
	1.59 
	0.8722 
	0.0004 


	Table
	TR
	Mi5 – P 
	1.53 
	0.8842 
	0.0008 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	0.86 
	0.9095 
	0.0042 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-0.19 
	0.9706 
	0.3905 

	Mi5 – Re5 
	Mi5 – Re5 
	0.84 
	0.9268 
	0.0142 

	Mi5 – Re10 
	Mi5 – Re10 
	0.96 
	0.9367 
	0.0295 

	Re5 – P 
	Re5 – P 
	0.74 
	0.9104 
	0.0045 

	Re10 – P 
	Re10 – P 
	1.55 
	0.8855 
	0.0009 

	Good Drug Effects Emax 
	Good Drug Effects Emax 
	Mi2.5 – P 
	-0.54 
	0.9401 
	0.0383 

	Mi5 – P 
	Mi5 – P 
	-0.86 
	0.8925 
	0.0014 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	0.36 
	0.9608 
	0.1894 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-0.34 
	0.8788 
	0.0006 

	Mi5 – Re5 
	Mi5 – Re5 
	0.44 
	0.9575 
	0.1468 

	Mi5 – Re10 
	Mi5 – Re10 
	0.46 
	0.8948 
	0.0016 

	Re5 – P 
	Re5 – P 
	-0.72 
	0.9471 
	0.0658 

	Re10 – P 
	Re10 – P 
	-0.76 
	0.8957 
	0.0017 

	Bad Drug Effects Emax 
	Bad Drug Effects Emax 
	Mi2.5 – P 
	1.99 
	0.6531 
	< 0.0001 

	Mi5 – P 
	Mi5 – P 
	0.91 
	0.7981 
	< 0.0001 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	-0.14 
	0.8712 
	0.0004 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-0.87 
	0.8964 
	0.0017 

	Mi5 – Re5 
	Mi5 – Re5 
	1.33 
	0.8022 
	< 0.0001 

	Mi5 – Re10 
	Mi5 – Re10 
	0.17 
	0.9059 
	0.0033 

	Re5 – P 
	Re5 – P 
	1.39 
	0.7283 
	< 0.0001 

	Re10 – P 
	Re10 – P 
	0.81 
	0.8196 
	< 0.0001 

	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Mi2.5 – P 
	1.41 
	0.8991 
	0.0021 

	Mi5 – P 
	Mi5 – P 
	1.68 
	0.8723 
	0.0004 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	1.65 
	0.8738 
	0.0004 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-0.05 
	0.9874 
	0.9346 

	Mi5 – Re5 
	Mi5 – Re5 
	2.22 
	0.8170 
	< 0.0001 

	Mi5 – Re10 
	Mi5 – Re10 
	0.32 
	0.9775 
	0.6143 

	Re5 – P 
	Re5 – P 
	1.85 
	0.8452 
	< 0.0001 

	Re10 – P 
	Re10 – P 
	1.71 
	0.8683 
	0.0003 

	Alertness/Drowsiness Emin (actual value) 
	Alertness/Drowsiness Emin (actual value) 
	Mi2.5 – P 
	-0.76 
	0.9435 
	0.0496 

	Mi5 – P 
	Mi5 – P 
	-0.92 
	0.9315 
	0.0201 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	-0.22 
	0.9651 
	0.2620 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	0.05 
	0.9794 
	0.6807 

	Mi5 – Re5 
	Mi5 – Re5 
	-0.78 
	0.9632 
	0.2277 

	Mi5 – Re10 
	Mi5 – Re10 
	0.10 
	0.9750 
	0.5257 

	Re5 – P 
	Re5 – P 
	-0.80 
	0.9441 
	0.0521 

	Re10 – P 
	Re10 – P 
	-1.53 
	0.8653 
	0.0003 


	Reference ID: 4500684 
	(skewness = -0.5 to 0.5), a paired t-test was used. Otherwise, for comparisons (see in red) with paired differences that were significantly departure from normal (W-test p-value < 0.05) and skewed (skewness < -0.5 or > 0.5), the sign test was performed. Table 11 summarizes the results max, Good Drug Effects Emax, Bad max, Alertness/Drowsiness Emin subtract from the pre-dose response (change value), min (actual value). 
	from the reviewer’s secondary analysis for Overall Drug Liking E
	Drug Effects E
	and Alertness/Drowsiness E

	max, Take max, Good Drug Effects Emax, Bad Drug Effects Emax, Alertness/Drowsiness Emin min (actual value), 
	The results from the reviewer’s secondary analysis showed that for Overall Drug Liking E
	Drug Again E
	subtract from the pre-dose response (change value), and Alertness/Drowsiness E

	. the mean/median of each dose of Midazolam was statistically significantly greater (or min actual value) than that of Placebo; 
	smaller for Alertness/Drowsiness E

	. Remimazolam 5 mg had statistically significantly smaller (or greater for min actual value) mean/median compared to Midazolam 5 mg; there was no statistically significant difference in means/medians between Remimazolam 5 mg max and Alertness/Drowsiness Emin (actual value); 
	Alertness/Drowsiness E
	and Midazolam 2.5 mg except Take Drug Again E

	. there were no statistically significant differences in means/medians between Remimazolam 10 mg and both doses of Midazolam, except the comparison between Remimazolam 10 mg  max (p-value = 0.0369); 
	and Midazolam 5 mg for Take Drug Again E

	. the mean of Take Drug Again Emax for Remimazolam 5 mg was statistically significantly min (actual value) for Remimazolam 5 mg was statistically significantly smaller than that of Placebo. 
	greater than that of Placebo; the mean of Alertness/Drowsiness E

	max, Good Drug Effects Emax, max, Alertness/Drowsiness Emin Subtract from the Pre-dose Response min (Actual Value) (N = 39) 
	max, Good Drug Effects Emax, max, Alertness/Drowsiness Emin Subtract from the Pre-dose Response min (Actual Value) (N = 39) 
	max, Good Drug Effects Emax, max, Alertness/Drowsiness Emin Subtract from the Pre-dose Response min (Actual Value) (N = 39) 
	Table 11: Secondary Analysis Results on Overall Drug Liking E
	Bad Drug Effects E
	(Change Value), and Alertness/Drowsiness E


	Measure 
	Measure 
	Pairwise Comparison 
	Mean Diff /Med Diff 
	StdErr /IQR 
	Test Value 
	p-value 
	95% CI / 90% CI 

	LCL 
	LCL 
	UCL 

	Overall Drug Liking Emax 
	Overall Drug Liking Emax 
	Mi2.5 – P† 
	10.0 
	0, 31 
	0 
	< 0.0001 
	1.0 
	Infty 

	Mi5 – P† 
	Mi5 – P† 
	16.0 
	1, 28 
	0 
	< 0.0001 
	5.0 
	Infty 

	Mi2.5 – Re5† 
	Mi2.5 – Re5† 
	1.0 
	-1, 11 
	0 
	0.1077 
	0.0 
	Infty 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	0.0 
	1.7 
	0 
	0.4940 
	-2.8 
	Infty 

	Mi5 – Re5† 
	Mi5 – Re5† 
	1.0 
	-5, 21 
	0 
	0.0448 
	0.0 
	Infty 

	Mi5 – Re10† 
	Mi5 – Re10† 
	1.0 
	-6, 7 
	0 
	0.2498 
	-2.0 
	Infty 

	Good Drug Effects Emax 
	Good Drug Effects Emax 
	Mi2.5 – P† 
	64.0 
	37, 86 
	0 
	< 0.0001 
	52.0 
	Infty 

	Mi5 – P† 
	Mi5 – P† 
	69.0 
	49, 92 
	0 
	< 0.0001 
	62.0 
	Infty 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	1.2 
	2.5 
	0 
	0.3229 
	-3.1 
	Infty 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-5.3 
	3.6 
	0 
	0.9247 
	-11.4 
	Infty 

	Mi5 – Re5 
	Mi5 – Re5 
	8.5 
	3.2 
	0 
	0.0060 
	3.1 
	Infty 

	Mi5 – Re10 
	Mi5 – Re10 
	2.0 
	3.8 
	0 
	0.3020 
	-4.4 
	Infty 

	Bad Drug Effects Emax 
	Bad Drug Effects Emax 
	Mi2.5 – P† 
	0.0 
	0, 14 
	0 
	< 0.0001 
	0.0 
	Infty 

	Mi5 – P† 
	Mi5 – P† 
	9.0 
	0, 54 
	0 
	< 0.0001 
	3.0 
	Infty 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	-2.1 
	4.0 
	0 
	0.6973 
	-8.8 
	Infty 

	Mi2.5 – Re10† 
	Mi2.5 – Re10† 
	-8.0 
	-43, 0 
	0 
	0.9998 
	-13.0 
	Infty 

	Mi5 – Re5† 
	Mi5 – Re5† 
	1.0 
	0, 21 
	0 
	0.0008 
	0.0 
	Infty 

	Mi5 – Re10 
	Mi5 – Re10 
	-2.9 
	7.3 
	0 
	0.6509 
	-15.3 
	Infty 

	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Alertness/Drowsiness Emin subtract from the pre­dose response (change value) 
	Mi2.5 – P† 
	31.0 
	13, 45 
	0 
	< 0.0001 
	21.0 
	Infty 

	Mi5 – P† 
	Mi5 – P† 
	30.0 
	19, 49 
	0 
	< 0.0001 
	22.0 
	Infty 

	Mi2.5 – Re5† 
	Mi2.5 – Re5† 
	5.0 
	-5, 17 
	0 
	0.0939 
	0.0 
	Infty 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	-1.3 
	2.3 
	0 
	0.7091 
	-5.2 
	Infty 

	Mi5 – Re5† 
	Mi5 – Re5† 
	7.0 
	-2, 18 
	0 
	0.0144 
	2.0 
	Infty 

	Mi5 – Re10 
	Mi5 – Re10 
	2.2 
	2.4 
	0 
	0.1879 
	-1.9 
	Infty 

	Alertness/Drowsiness Emin (actual value) 
	Alertness/Drowsiness Emin (actual value) 
	Mi2.5 – P† 
	-30.0 
	-43, -16 
	0 
	< 0.0001 
	-Infty 
	-24.0 

	Mi5 – P† 
	Mi5 – P† 
	-32.0 
	-45, -20 
	0 
	< 0.0001 
	-Infty 
	-26.0 

	Mi2.5 – Re5 
	Mi2.5 – Re5 
	-6.1 
	2.4 
	0 
	0.0067 
	-Infty 
	-2.1 

	Mi2.5 – Re10 
	Mi2.5 – Re10 
	1.8 
	2.1 
	0 
	0.7969 
	-Infty 
	5.3 

	Mi5 – Re5 
	Mi5 – Re5 
	-8.8 
	2.3 
	0 
	0.0002 
	-Infty 
	-5.0 

	Mi5 – Re10 
	Mi5 – Re10 
	-0.9 
	1.9 
	0 
	0.3155 
	-Infty 
	2.3 

	Re5 – P* 
	Re5 – P* 
	-24.8 
	3.3 
	0 
	< 0.0001 
	-30.4 
	-19.3 


	* Two-sided test was performed. 
	† The sign test was performed. The median difference and the interquartile range as well as the distribution free 95% / 90% confidence interval of the median difference are listed. 
	3. Conclusion 
	max. The means of maximum drug liking of both Midazolam 2.5 mg and 5 mg (78.6 and 81.5) were statistically significantly greater than Placebo (53.1) by margin of 15, thus demonstrated the validity of the study. The differences of maximum drug liking between both doses of Midazolam and each dose of Remimazolam were not statistically significant, except the comparison between Midazolam 5 mg and Remimazolam 5 mg. Therefore, the drug liking effect of Remimazolam 5 mg and 10 mg were comparable to those of Midazo
	The reviewer’s primary analysis was conducted on Drug Liking E

	max, Take Drug Again Emax, Good max, Bad Drug Effects Emax, Alertness/Drowsiness Emin subtract from the pre-dose min (actual value). The secondary analysis for the Completer Population (N = 39) showed that the means/medians of those endpoints for Midazolam 2.5 mg and 5 mg were statistically significantly different from that of Placebo. There were no statistically significant differences in means/medians between both doses of Midazolam and each dose of Remimazolam, except for the comparison between Midazolam
	The reviewer’s secondary analysis was on Overall Drug Liking E
	Drug Effects E
	response (change value), and Alertness/Drowsiness E
	Remimazolam 5 mg for Take Drug Again E
	comparison between Midazolam 5 mg and Remimazolam 10 mg for Take Drug Again E

	In conclusion, the abuse potential effects including drug liking, overall drug liking, good drug effects, bad drug effects, and alertness/drowsiness (change value) of Remimazolam 5 mg and 10 mg were comparable with those of Midazolam 2.5 mg and 5 mg, respectively. The take drug again effect of each dose of Remimazolam was statistically significantly less than corresponding dose of min (actual value) performed similar to alertness/drowsiness (change value), except that Remimazolam 5 mg was statistically sign
	Midazolam, but greater than Placebo. The alertness/drowsiness E
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