These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE
ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.
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Glaxo-Wellcome Inc.

Five Moore Drive

P.O. Box 133C8
Research Triangle Park, North Carolina 27709

Attention: Craig A. Mewz, Ph.D.
Director, Regulatory Affairs

Dear Dr. Metz:

Please refer to your September 15, 1995 new drug application submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Ultiva (remifentanil HC)) for

Injection.

We acknowledge receipt of your amendments dated December 13 (2), 14, and 21, 1995;
and January 10, 15, and 26; February 9, 16, 23 (2), 27, and 29; March 1, 4, 6, 13, 15,
19; April 16, and 23, May 3, 7; and 21, and June 6, 1996.

This new drug application provides for the induction and maintenance of general
anesthesia for inpatient and outpatient procedures, and for continuation as an analgesic
into the immediate postoperative period under the direct supervision of an anesthesia
practitioner in a postoperative anestiiesia care unit or intensive care setting. It also
provides an analgesic component of monitored anesthesia care.

We have completed the review of this application, including the submitted draft
labeling, and have conciuded that adequate information has been presented to
demonstrate that the drug product is safe and effective for use as recommended in the
enclosad draft labeling. Accordingly, the application is approved effective on the date of
this letter.

The final printed labeling (FPL) must be identical to the enclosed draft labeling.
Marketing the product with FPL that is not identical to this draft labeling may render the
product misbranded and an unapproved new drug.
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Please submit sixteen copies of the FPL as soon as it is available, in no case more than
30 days after it is printed. Please individually mount ten of the copies on heavy weight
paper or similar material. Fér administrative purposes this submission should be
designated “FINAL PRINTED LABELING" for approved NDA 20-630. Approval of
this submission by FDA is not required before the labeiing is used.

Should additional information relating to the safety and effectiveness of the drug become
available, revision of that labeling may be required.

We remind you of your Phase 4 commitments specified in your submission dated May
28, 1996. These commitments, along with any completion dates agreed upon, are listed
below.

Protocols, data, and final reports should be submitted to your IND for this product and a
copy of the cover letter sent 10 this NDA. Should an IND not be required to meet your
Phase 4 commitments, please submit protocols, data, and final reports to this NDA as
correspondence. For administrative purposes, all submissions, including labeling
supplements, relating to these Phase 4 commitments must be clearly designated "Phase 4
Commitments. "

We also remind you of your commitment specified in your submission dated July 1,

1996 to provide a product educational program prior to product availability. The

program will emphasize safety issues to anesthesia practitioners and other related health
care providers. For each institution that will use Ultiva, department heads for
anesthesiologists. nurse anesthetists, and post-anesthesia care units will be contacted and
provided educational materials. A database of the institutions contacted wiil be
maintained and reported to the Agency for 2 years. Ongoing education will be provided
to the institutions as needed. Notification about the educational program will be included
tn all launch advertisements.
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In addition, please submit three copies of the introductory promotional and educational
material that you propose to use for this product. All proposed materials should be
submitted in draft or mock-up form, not final print. Please submit one copy to the
Division of Anesthetics, Critical Care, and Addiction Drug Products, HFD-170 and two
copies of both the promotional and educational materials and the package insent directly
to:

Food and Drug Administraticn

Division of Drug Marketing, Advertising and
Communications, HFD-40

5600 Fishers Lane

Rockville, Maryland 20857

Validation of the regulatory methods has not been completed. At the present time, it is
the policy of the Center not to withhold approval because the methods are being
validated. Nevertheless, we expect your continued cooperation to resolve any problems
that may be identified.

Please submit one market package of the drug when it is available.

We remind you that you must comply with the requirements for an anproved NDA set
forth under 21 CFR 314.80 and 314.81.

If you have any questions, please contact:

David Morgan
Consumer Safety Officer
(301) 443-3741

Sincerely yours,

?MC-—\ ﬁoh%/m }_/n_ /‘3&

Paula Botstein, M.D.

Acting Director

Office of Drug Evaluation II1

Center for Drug Evaluation and Research

Enclosure: Draft Labeling
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cc:
Original NDA 20-630
HFD-170/Div. files
HED-170/CSO/D.Morgan
HED-170/Palmisano/Ross/ permutt/Geyer/Bashaw/Hayes/ Moody
HFD-2/M.Lumpkin
HFD-103/P.Botstemn
HFD-101/L.Carter
HFD-820/Yuan Yuan Chiu
DISTRICT OFFICE
HE-2/Medwatch (with fabeiing)
HED-R0 (with labeling)
HFD-40/DDMAC (with labeiing)
HFD-613 (with labeling)
HED-735/(with labeling) - jor all NDAs and supplements for adverse reaction
changes.

HED-021/]. Treacy (with labeling)

drafted: DM/lune S, 1996/20630.ap
rid Inials: MLambert/’f—lO-96/CPMoody/7/12/96
final: PO’Connor/7-10-96

APPROVAL [with Phase 4 Commitments]



FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE
ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.



Memorandum for the Record

Date: June 17, 1996
NDA 20-630 Remifentanil HCI for Injection
Sponsor : Glaxo-Wellcome, Inc.

- Group Leaders Memo

I concur with the reviews and recommendations submitted by this review team (internal
disciplines and external consultants).

These reviews will serve as the summary basis of approval for NDA 20-630 (ren ifentanil
HCI) Injection.

éz %Me'b&‘%/vw—ﬂ b / /7 [ LA

.8

Barbara Palmisano, M D. date
Anesthesia Group Leader
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MEDICAL OFFICER REVIEW

NDA #: 20-630

PRODUCT TRADE NAME: Remifentanil

SPONSOR: Glaxo-Wellcome

STUDY #214: "Intracranial Pressure (ICP) effects of Remifentanil and Alfentanil"
LETTER/SUBMISSION DATE: Nov 1, 1995

REVIEWER: Robert F. Bedford, M.D, Medical Officer

CSO. Morgan

Background:
Remifentanil is a rapid onset/rapid offset mu-opioid agonist currently under evaluation as an
intravenous analgesic/anesthetic agent. This was a single-center, randomized, double-blind,
controlled study performed during craniotomy for tumor resection. Initially, four patients
were enrolled in an open-label, dose-escalation pilot phase - their data are included only for
safety analysis.

The purpose of this study was to: (1) Determine whether administration of ropivacaine or
alfentanil changed intracranial pressure (ICP) during general anesthesia, (2) determine
whether ropivacaine or alfentanil change cerebral perfusion pressure (CPP, defined as mean
arterial pressure [MAP] minus ICP), (3) determine the dose and/or peak plasma
concentration response relationships if ropivacaine or alfentanil change ICP or CPP, and (4)
obtain safety information.

METHODS:

Twenty-six patients received a one-minute bolus infusion of placebo (N=6), remifentanil
{N=10), or alfentanil (N=10) in a double-blind manner. These are the Intent-To-Treat
(ITT) patients. Four additional patients received a one-minute bolus infusion of remifentanil
in the open-iabel phase and are included in the Safety Population (all subjects) from which
the safety results of this study are reported. Gender: 13 male, 17 female; Age range: 21-73,

After establishing intraarterial and intravenous cannulae and non-invasive monitors,
anesthesia was induced with thiopental (4-6mg/kg) and N.O/0O; (2:1). Isoflurane was
adjusted to 0 3-0.8% and ventilation was controlled to maintain PaCO2 at approximately 30
mm Hg The surgeon placed an epidural ICP transducer and positioned it to ensure high-
fidelity wave form monitoring. The head of the bed was elevated to 15 degrees from
honzontal

Study drug was administered at a rate of SmL/min over | minute (see table 1) and arterial
blood was sampled for analysis of remifentanil or alfentanil concentration at the end of
study drug infusion and again 1 minute later Intracranial pressure was recorded at
preinfusion and every minute thereafter until 10 minutes post infusion. Arterial blood was
collected for analysis of P,CO; 10 minutes after the study drug infusion had stopped.
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Table 1. Treatment Groups, Randomized, Double-Blind Phase,
Intent-to-Treat patients (N = 26)

Group N Treatment
Placebo 6 Nommal saline infused over 1 minute
Remifentanil ) 0.5mcg/kg infused over 1 minute
Remifentanil 5 1mcg/kg infused over 1 minute
Alfentanil 5 10mcg/kg infused over 1 minute
AHentanil 5 20meg/kg infused over 1 minute

After the last ICP measurement was made and the last arterial blood sample had been
obtained, safety variables were recorded every 10 minutes until the end of surgery.

Anesthesia was maintained with isoflurane, N3O/O- and addtional fentanyl, as needed.

Exclusion from Analysis; Thirty patients were enrolled in this study and one patient

was withdrawn because no study drug was given. The first four patients recruited in the
study received open-label remifentanil in a pilot study and are not included in the Intent-To-
Treat (ITT) Populaticn.

A total of 26 patients are included in the ITT Population and 30 patients are inciuded in the
Safety Population.

Protocol Deviations: Two protocol violations (patient » were noted in this
study. Both patients are included in all analyses.

¢ Patient {alfentanil 10mcg/kg) had a major violation because the patient did not have
a mass lesion; biopsies of the tissue removed during surgery were diagnosed as fibrotic
inflammatory tissue.

e Patient {placebo) received an incorrect dose, i.e., iess than 50% of the fixed active
treatment dose was given prior to the time of the primary endpoint assessment. This
patient had oniginally been randomized to receive remifentanil 0.5mcg/kg, but received
no study drug because the syringe had not been placed in the infusion pump correctly.
This patient was subsequently added to the placebo group of both safety and ITT
Populations.

Concentration-response relationship:

Linear regression was performed to assess the relationship between 1) maximum arterial
remifentanil concentrations (Ca.x) and baseline-corrected maximal ICP increase (ICPau), 2)
remifentanil Cp. and baseline-corrected maximum CPP decrease (CPPa.) or baseline-
corrected maximum MAP decrease (MAP..). A secondary analysis was conducted on
absolute maximum change (increase or decrease) in each of those hemodynamic measures,
i.e. maximum arterial remifentanil concentrations (Ca..) and baseline-corrected maximum
change (increase or decrease) in ICP (d-ICP), CPP (d-CPP), and MAP (d-MAP). The
concentration-response data were also fitted to a sigmoid Egu: mode! (PCNONLIN v04.2).
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A similar concentration-response relationship were deveioped for alfentanil. The slope-ratio
(remifentanil and alfentanil) from the linear regression was used to determine reiaiive
potency if the slopes of the concentration-response relationship were cignificant.

Follow Up: After surgery was completed (completion of the head dressing), valuations of
emergence and recovery were niade, and vital signs wers recorded at specified intervals
until a normal recovery score was obtained o: for a maximum of 9C minutes. All patients
were interviewed by the investigator or study coordinator on the first nostoperative day to
assess adverse events and medication use since surgery. The following evaluations were
made on the first postoperative day:

. ciinical laboratory tests (blood sample only)
. electrocardiography (12-lead ECG)

. neurological examination

. clinical adverse events

. physical examination
RESULTS:

Overall, the patients were reasonably well-distributed with regard to extent of intracranial
pathology (Table 2). The low-dose Alfentanil patients tended to have smaller lesions,
whereas the remifentanil high-dose patients tended 1o have more mass-effect as refiected in
shift of midline structures.

Table 2. Summary of Scan Report, All Patients (N = 30)
Values are N (% Total), Mean (+ SEM), Median, or Range

Remifentanil Alfentanil
Placebo 05 1 10 20
Number of Patients -] 7 7 5 5
Maximum Tumor Diameter
(cm) Mean 508 (+08) 426 (£0.7) 479 (10.5) 2.92 (+0.8) 3.9(£0.5)
Median 5% 4.5 5 3 4.5
i Range 27 1.5-6.5 256 1.3-5.5 2.5-5
Maximum Midhins Shift
{mm) Mean 7.58 {£2.8) 571(225) 9.29(+2.7) 3(£3) 55 (12)
Median 525 5 10 0 5
Range 2.5-20 0-15 0-20 1-15 0-10
General Assessment of
Tumor Mass Effect
None v 1114%;} 0 1 {20%) 0
Mild 2(33%) 2 (28%) 3 (42%) 3 {60%) 1(20%)
Moderate 2 {33%) I (42%) 3 (42%) 0 3 (60%)
Severs 2 (33%) 1 {14%) 1 (14%) 1 {20%) 1 (20%)
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Administration of study opioid did not change ICP signif cantly as compared to placebo (see
Table 3), and there was no significant difference between groups with regard to maximal
ICP increases (Figures 1, 2 and 3).

Table 3. Intracranial Pressure (mmHg), Intent-to-Treat Patients (N = 26)
Mean Values are Mean (+ SD), Median, or Range

Remifentanil Alfentani
Placebo 0.5 1 10 20 p-value i
Number of Patients 8 5 [3 5 5
Baseline ICP
Mean 21.7 (£12) | 12.8{1£7.4) | 14.2(23.8) 16.8 (15) | 21.4 (315) 0.488
Range 11-44 1-20 9-1¢ 11-23 -1-40
Maximum ICP
Mean
Range 23.8(18.4) 17 (£9) 16.4 (£3.2) | 17.4 (15.5) | 24 (315) 0.753
15-38 427 11-18 10-24 0-40
Maximum ICP increase
viean
Range 22(+4.2) 4.2 (14.1) 2.2 (£1.5) 0.6 (+4.9) | 2.6 (45.3) 0.753
-£-6 0-9 0-4 -4-9 -3-11
Time {min} to maximum
increase Madian; 2 ] 3 4 4
Range: 1-5 1-22 2-5 1-9 1-10 0.625

[1] p-value 1s o detect an among treatment difference using GLM controlling for baseiine and body weight.
p-value for time o max increase is based on Cox Proportional F'azards model 1o detect an among treatment difference.

Figure 1. Mean (£ SEM) Maximal ICP Increase From Baseline,
intent-to-Troat Patients (N = 26)

ICP {(mmHg)

T

Piacebo Remi 0.5 Remi 1 Alfentanil 10 Alfentanil 20
Error Bars = S EM.
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Figure 2. Alfentanil: Mean (+1.5 SEM) ICP Change Over Time
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Figure 3. Remifentanil: Mean (+1.5 SEM) ICP Change Over Time
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Patients receiving higher doses of study drug experienced significant decreases in MAP and,
accordingly, in CPP. The changes in MAP over time are summarized in Figures 4 and 5.
The mean maximal MAP decreases were greatest for the higher dose remifentanil and
alfentanil groups. One patient (006) that received remifentanil 1.0mcg/kg required an
intervention (ephedrine) to increase blood pressure. The median time to a maximum MAP
decrease ranged from 3 minutes (remifentanil 0.5 and 1.0mcg/kg) to 8.5 minutes (placebo)
after the end of the infusion.

Figure 4. Alfentanil: Mean (+1.5 SEM) Arterial Pressure {(MAP) Change Over Time
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Figure 5. Remifentanil: Mean (11.5 SEM) Arterial Pressure (MAP) Change Over Time
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The maximum ICP increases and MAP and CPP decreases from baseline occuring over the
10 minutes following drug infusion, and the most common AE results are summanized in
Table 4; No treatment group had a mean maximal ICP increase >5mmHg from baseline and
no patient required an intervention for ICP increases deemed clinically unsafe. The median
time to a maximum ICP increase from the end of infusion ranged from 2 minutes (placebo)
to 5 minutes (remifentanil 0.5mcg/kg).

Table 4. Summary of Drug Effects on ICP, MAP, CPP, Intent to Treat (N=26)
Values are Mean (+SD)

Remifentanil Alfentanil
Placebo | 0.5mcg/kg 1.0mcg/kg | 10mecg/kg  20meg/kg p-
value*
N=6 N=5 N=5 N=5 N=5
Max ICP Increase: [ 22+42142+41 (224135 06+49 126+53 |0.753
Max MAP Decrease | -7.7+6.2 | -13.2+ 11 |-254+9.2 [-92+44 |-17.4488|0.018
Max CPP Decrease | -5£5.6 |[-13.8+9.7|-26+9.6 -8+ 5.8 -18.6+x 14 | 0.014

*p-value 15 to detect an among-treatment difference using GLM controlling for baseline.

There was a trend for more patients in the higher dose remifentanil and alfentanii treatment
groups to have clinically relevant decreases in MAP and CPP. The same patients
experiencing a clinically relevant decrease in MAP also had clinically relevant decreases in
CPP.

Concentration-Response Relationship (Primary Analysis

The relationship between Cmax of remifentanil and alfentanil and changes in ICP, CPP and
MAP were examined by linear regression. There was no relationship between ICP and
remifentanil levels. By contrast, the following figures (E and F) demonstrate a close
negative correlation between remifentanil levels and MAP. The regression slope ratio
(remifentanil to alfentanil) for MAP suggests that remifentanil is approximately 33 times
more potent than alfentan.

Figure E
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Figure F
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Changes in heart rate are summarized in Figure 6. As expected, opioid infusion resulted in
decreases in heart rate, with higher doses resulting in greater reductions in the first few

minutes following drug administration.

Figure 6. Comparison of Heart Rate, All Patients. Values are Mean + 1.5 SE
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Safety:

Adverse Events:

The proporiion of patients who reported adverse events v :re similar in each treatment
group. The most frequently reported adverse events were of the digestive system, nausea
and vomiting (Table 5). There was a tendency for more bradycardia occurring in the
remifentanil-treated patents as compared with the alfentanil or placebo groups.

Table 5. Most Common Adverse Events, All Patients (N=30)
Values are N (% Total)

Remifentanil Alfentanil i
Placebo | 0.5mcg/kg 1.0mcg/kg | 10meg/kg  20meg/kg
N=6 N=7 N=7 N=5 N=5
Nausea 3(50%) | 2(29%) | 1(14%) | 2(40%) | 3 (60%)
Vomiting 0 2 (29%) 1(14%) | 1(20%) | 3(60%)
Hypotension 0 1 (14%) 3 (43%) 1 (20%) 0
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Data Listings of Important Adverse Events:

There were no deaths. No patient died during the study and no patient was withdrawn from
the study due to an adverse event. Two patients had serious adverse events related to
surgery during the study:

Patient | Sex/ | Treatment Description of Event
Number | Age
019 F/70 | Remifentanil | After prolonged surgery (12hrs), patient showed no sign of

0.5mcg/kg | awakening. Nexdt moming CT Scan revealed bifrontal
cerebral contusion and cerebral edema.

021 M/55 | Alfentanil 10 | Convulsions five hours post-operatively and left hemiparesis
mcg/kg/min | believed due to seizure. Treated with phenobarbital and
phenytoin. CT scan revealed bifrontal cerebrai contusion
and substantial cerebral edema.

2. OVERALL CONCLUSIONS:

This study shows that brief remifentanil infusion durning isoflurane-N;O anesthesia has
negligible impact on ICP in patients with small intracranial mass lesions, as long as they are
maintained in a hypocapnic state with their heads elevated approximately 15° above neutral.
The effects of long-term remifentanil infusion are unanswered by this study.

Drug-induced reductions in blood pressure were clearly dose-dependent in this study. Given
current thinking that increases in ICP during opioid infusion reflect autoregulatory cerebral
vasodilation resulting from induced hypotension, it is not surprising that there was no
meaningful dose-response correlation between opoid dose and ICP or CCP changes.

3. CONCLUSIONS REGARDING LABELING:

1) This study clear'y demonstrates a dose-dependent reduction in blood pressure caused by
0.5 and 1.0 ug/kg/min infusions. This is reflected in the labeling as "...bolus doses <
2ug/kg..are associated with a dose-dependent bradycardia and hypotension. This effect may
have been augmented by the fact that patients were placed in a 15° head-up position at the
time of remifentanil infusion.

2} This study is supportive of the claim that remifentanil has no significant impact on ICP
during isoflurane/N20 anesthesia ("Cerebrodynamics” portion of the Chnical Pharmacology
Section).

3) Under the "neurosurgery” and "cerebrodynamics” sections, it seems appropriate to add
a statement to the label that cerebral perfusion pressure may be adversely affected dunng
remifentanil infusion due to decreases in arterial pressure.

TN e Y:\\S_s-)\‘\\:\é\

Robert F. Bedford, MD \/I‘\ [’J;’l G
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MEDICAL OFFICER REVIEW

NDA #: 20-630

PRODUCT TRADE NAME: Remifentanil

SPONSOR: Glaxo

STUDY #22° "Effect of Remifentanil on Evoked Potentials”
LETTER/SUBMISSION DATE: Nov 1, 1995
REVIEWER: Robert F. Bedford, M.D., Medical Officer
CS50: Morgan

Background
Remifentanil is a rapid onset/rapid offset mu-opioid agonist currently under evaluation as an
intravenous analgesic/anesthetic agent. This study was designed to investigate whether there 1s a dose-
response relationship for the effect of remifentanil on auditory and somatosensory evoked potentials in
patients nndergoing general anaesthesia. The study was conducted in two parts; an ascending dose
pilot open phase, followed by a randomized, parallel-group, double-blind study.

Investigators:

Protocol; In the preliminary phase of this study, 9 patients (8 ASA I and 1 ASA 1, 8 male, | female))
took part in an open-label phase. Their data is included in the safety analysis. The subjects of the
pharmacokinetic/pharmacodynamic study were 60 ASA | patients (32 male, 28 female) ranging in age
from 18 to 62 vears. After premedication with temazepam, 5-10 mg, anesthesia was induced with
propofol and maintained with low-dose isoflurane (0.3-0.4 MAC). Prior to endotracheal intubation
and for the remainder of the study period, remifentanil was administered by one of 3 regimens:

Low Dose = Remifentanil, 1pg/kg bolus, followed by 0.2mg/kg/min infusion (fow dose)
Medium Dosz = Remifentanil, 2. 5ug/kg bolus, followed by 0.5pug/kg/min infusion(medium dose)
High Dose = Remifentanil, Spg/kg bolus, followed by 1.0ug/kg/min infusion(high dose).

Monitoring:

Standard non-invasive cardiovascular monitors, scalp electroencephalographic (EEG) recordings and
venous cannuiae were placed for blood sampling to determine remifentanil levels. Venous remifentanil
concentrations were determined before and after tracheal intubation, and before and after skin incision.
Cardiovascular and evoked potential data were recorded at the following times:

a) immediately pre remifentanil infusion (baseline)

b) Immediately pre intubation (nominally 3 minutes before)
¢) Immediately post intubation (nominally 3 minutes after)
d) Immediately pre incision ( nominally 3 minutes before)
¢) Immediately after incision (nominally 3 minutes after)

Auditory evoked responses (AERs) were generated with binaural click stimulus (6Hz), delivered by
carphones, applied prior to loss of consciousness and continued throughout the surgical period. The
AERs were obtained from 1024 consecutive click stimuli (taking 2.8 minutes) and signal-averaged in
the usual fashion, with appropnate latency and voltage amplitude analyses. Primary variables for AER
response were Pa amplitude and Nb latency. Secondary variables for AER were Pa latency, Nb
amplitude and AER index.
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Somatosensory evoked potentials (SER's) were produced with electnical stimuli applied to the median
nerve at a frequency of 2.2 Hz throughout the procedure after loss of consciousness. Somatosensory
responses were derived from a approximately 375 stimuli over a 2.8 minute period. The SER was
denved by averaging the EEG (SER) over the time course of the 1024 stimuli required to produce the
AFR The primary variables measured for SER were P15-N20 amplitude and N20-P25
amplitude. Secondary variables for SER were P15, N20, P25 and P45 latencies, and P25-N35
and N35-P45 amplitude.

Clinical observations

The following were recorded immediately prior to low dcse remifentanil administration and at 3-minute
intervals until 30 minutes after termunation of remifentaail infusion:
Non invasive blood pressure by automated oscillotonometry (systolic/diastolic)
Heart rate (beats per minute)
Pupil size (scored 0-2)
0= Pinpoint, no reaction to light
1= Dilated, no reaction to light
2= Dilated, reaction to light
Sweating (scored 0-2)
0= No sweating
|= Shght sweating
2= Heavy sweat
Movement (present/ absent)
Coughing (present/ absent)
Swallowing (present/ absent)
Blood pressure and heart rate were also recorded at thirty minute intervals until the end of the surgical
procedure.

Statistical Evaluation: All analyses were performed on the intent-to-treat population.

for each study parameter separate analyses were performed compariog the pre-intubation and
post-intubation values.  Additional analyses were undertaken comparning the evoked responses
pre-incision, post-incision and the difference between the post-incision and pre-incision valucs. In cach
case treatments were compared using analysis of covariance with baseline as the covanate. Pairwise
comparisons were made between each pair of treatments, with an estimate of the companson, along
with an associated 95% confidence interval.

The values pre-intubation, post-intubation, pre-incision and post-incision were summarized by
unadjusted geometric means and ranges. The values for the differences between pre- and post-
intubation and incision were summarized by unadjusted anthmetic means.

For blood pressure and heart rate the data were additionally summarized by weighted mean in each of
the periods. The weighted mean was calculated as the area under the parameter/time curve divided by
the duration of measurement.

Results:

The study groups were well-balanced with regard to age, sex and etknic origin. The resultant blood
levels of remifentanil are shown in the tabie below. As expected, the blood levels tended to increase
with time at endotracheal intubztion, since drug infusion was still relatively early. Blood remifentanil
levels had pretty well stabilized by the time of surgical incision.
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Table 1. Remifentanil Blood Concentrations (ng/mL), All Subjects (N = 60)

Remifentanil | Mean Concentration | Standard Deviation
_{nymL)
Low Dose Before intubation 338 1.31
ARer intubation 411 1.41
Before Incision 479 1.56
ARter Incision 459 143
Medium Dose Before Intubation 11.06 4.64
ARer Intubation 13.22 479
Before Incision 15.65 5.54
After Incision 14 B6 380
High Dose Before Intubation 17.82 6.61
ARer Intubation 24.70 6.81
Befare Incision 27.13 8.15
Afer incision 27.11 7.62

Auditory Evoked Responses: Pa wave Amplitude.
At both intubation and incision, the amplitude of the Pa wave increased for low dose remifentanil,

remained fairly constant for medium dose remifentanil and decreased for high dose remifentanil. (See
Table 2). In all cases the pairwise compansons between medium and low dose was statistically
significant (p<0.05), with the comparison between high and low dose being highly static. :ally
significant (p=0.0Z0 post intubation, p<0.001 in all other cases). Comparing pre- and post-stimulus
values, there was no significant difference between remufentanil doses.

Somatosensory Evoked Responses: P13-N20 Amplitude.

Comparing high and low-dose remifentanil, there was a statisiically significant difference in P15-N20
amplitude at the post-intubation time-point (p=0.002). In addition, there were significant differences
between post and pre-intubation (p<0.001), pre-incision (p=0.005) and post-incision (p=0.019). The
pairwise comparisons of medium and low dose, and, high and medium dose were also significant with
respect to the difference between post and pre-intubation (p=0.044 and p=0.014, respectively).

In the case of both Auditory and Somatosensory evoked pctential latencies and amplitudes described in
the methods section, there were a variety of statistically significant changes in response to the different
remifertani! infusions. The clinical significance of these changes is unknown to this reviewer.

Table 2.
|_ow Dose Medium Dose High Dose
Pharmacokinetics N=20 IN=20 =20 |
Remfentanil Conc Range (ng/mbL) .
Pharmacodynamics
Audrtory Evoked Potentials N =20 N =20 N=20
Pa Amplitude (UV)
Baseline 0.43 0.32 0.38
Pre-intubation 0.51 .33 0.29
Post-Intubation 0 49 0.32 .28
Pre-incision 0 46 0.27 0.25
Post-Incision 0.46 0.30 0.25
Somatosensory Evoked Potentials
P15-N20 amp {uV)
Baseline 1.7 2.3 .2
Pre-Intubation 1.2 1.8 1.8
Post-Intubation .4 1.8 h.5
Pre-Incision 1.2 1.4 1.1
Post-Incision 1.2 1.3 1.2
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Hemodynamic Results:

Following bolus administration of remifentanil, blood pressure and heart rate decreased significantly as
compared with baseline isoflurane anesthesia. As indiczted in Table 3, the incidence of hypotension
below 80 mm Hg was somewhat lower in the low-dose group. The overall data observed before and
after remifentanil infusion are shown in Figures 1 & 2.

Table 3. Systolic Blood Pressure < 80 mmHg, Ail Patients (N = 63)

Treatrment Group
Time N Low Dose N[ Madium Dose |N High Dose
Pre-Study Dnig 20 )] 20 0 204 0
During Study Drug Admin, 20 4 (20%) 203 7 {35%}) 20 3(15%)
Post Termination of Study Drug 20 0 20 4 (20%) 20 4 (20%)
Post Termination of Anaesthesis 20 0 204 0 204 0

Figure 1. Systolic Blood Pressure, All Subjects (N=60)
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Figure 2. Heart Rate Changes, All Subjects (N=60) Mean+1.5SEM
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Adverse Events:
The adverse event incidence tended to increase in the three dose groups, as shown in table 4

below.

Table 4:
Remifentanil Dose: Low Dose Medium Dose H_iih Dose
Safety N=23 N=23 N=22
Any adverse event 5 7 10
During Treatment 0 1 2
After Treatment 5 8 8

There was no evidence of awareness during remifentanil administration. During treatment in the open
phase of the study (9 patients), one patient who received high dose remifentanil developed hypotension.
The only events assessed as possibly drug related were: 1) muscie stiffness and xerostomia, reported in
a patient who received medium dose remifentanil and 2) nausea and vomiting in a patient who reccived
high dose remifentanil.

Among the 60 patients in the double-blind phase of the study, one patient who received medium dose
remifentanil and one patient who received high dose remifentanil had hypotension. During the post
treatment period adverse events were reported in four patients with low dose remifentanil, five patients
with medium dose remifentanil and six patients with high dose remifentanil. The most commonly
reported adversc cvents were nausea and vomiting (reported with all doses of remifentanil) and
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shuvering (reported in two patients) with high dose remifentanil. One event of unnary urgency in 2
patient who received medium dose remufentanil and one event of vomiting in a patient who received
lugh dose remifentanil were assessed as drug related. No adverse reaction was severe.

Laboratory measurements:

Dunng the double-blind phase of the study four paticats with low dose remifentanil, sight patients with
medium dose remifentanil and nine patients with high dose remifentanil developed a laboratory value
outside the threshold range. The majority of these were hematoiogical parameters, in particular a low
lymphocyte count, which was reported with a higher incidence in patients who received high dose
remufentarul. One patient who received medium dose remifentanil developed a low platelet count and
four patients who received high dose remifentanil developed a low lymphocyte count. Three patients
who received medium dose remifentanil and one patient who received high dose remifentanil developed
a low potassium level below the PSSL.

No patient developed a change in a laboratory parameter that was reported as an adverse event.

Conclusions: During propofol-isoflurane-O; anesthesia, remifentanil infusion caused a dose-dependent
change in some auditory and somatosensory cvoked potential parameters consistent with u optoid
activity. The zffect on auditory evoked potentials suggests that addition of remifentanil contributed to
the hypnotic effect of isoflurane. The magnitude of the changes seen with somatosensory evoked
potentials were less than those seen with auditory evoked potentials. Whether this indicates the top of
the dose-response curve for this parameter or whether a nocffect dose was given is debatable and
probably inconsequential given the lack of clinical correlation with evoked potential monitoring. Doses
used in this study were well tolerated, with typical opioid effects on heart rate and blood pressure seen
and rapid offset of effect noted at the termination of remifentam! infusion.

Conclusions Regarding Labeling:

1) Hemodynamic changes described in the draft package insert (hypotension at bolus doses < 2 pg/kg)
and peak changes occurring with in 3-5 min are supported by the findings in this study.

2) The electrophysiologic findings are supportive of the labeling claim for an interaction with the
effects of inhaled anesthetics, at least isoilurane. The label states "synergistic” effect, but whether this
is actually addititive or synergistic cannot be determined from this study.

3) Offset of hiemodynamic effects as described in the labeling are compatible with the data obtained in
this study at the termunation of remifentanii infusion.

4) Adverse reactions reported in this study are compatibic with the current draft labeling.

T RS S

bert F. B AN _
Robert F. Bedford, MD \/q, /‘iC
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MEDICAL OFFICER REVIEW

NDA #: 20-630

PRODUCT TRADE NAME: Remifentanil

SPONSOR: Glaxo-Wellcome

STUDY # 304P - "Pilot Study: Remifentanil in Neuroanesthesia"
LETTER/SUBMISSION DATE: Oct 27, 1995

REVIEWER: Robert F. Bedford, M.D., Medical Officer

CSO: David Morgan

Background
Remifentanil is a rapid onset/rapid offset mu-opioid agonist currently under evaluation as an
intravenous analgesic/anesthetic agent. Some of drugs of the same class have been associated with
marksd increases in intracransal pressure and cerebral blood flow during neurosurgical operations.
This is descnibed by the sponsor as a preliminary, open-label study examining the effects of
remifentanul in patients undergoing craniotomy.

Anesthesia Protocol: Subjects of the study were thirty patients scheduled for elective surgical
removal of a supratentonal mass lesion. Gender: 14 female, 16 male; Age range: 22-74. Chronic
medications such as dexamethasone, anticonvulsants and antihypertensives, were administered on the
day of study. No premedicants, except ranitidine or midazolam (up to 0.07mg/kg), were
admuinistered.

Induction: Anesthesia was induced with thiopental (4-6mg/kg) followed by vecuromium (up to
0.2mg/kg). Mask ventilation then was begun with oxygen. Remifentanil infusion was started at a
rate of Imcg/kg/min and administered continuously at this rate until the investigator determined a
citnically appropnate level of anesthesia required for intubation had been achieved (target S
minutes), or until a maximum of 10 minutes had elapsed ( total dose=10mcg/kg from Syninge "A";
sec Table 1). A supplementary dose of thiopental {50-150mg) could be given both at the time of
tntubation or duning placement of the pin bolder, as nceded.
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Table 1. Remifentanil Treatment Protocol.
Study Drug Syringes
Induction Period Maintanance Period
Study drug tnfusion Infusion Infusion Responae bolus
treatment syringe “A” syringe "B" syringe "C" syninge
(per 10mL)
Remitentanil 25meg/mL 96mcg/mL 96mcg/mL 1mcglkg
Syringe
Concentration
. 0.25mU/kg/hr Initial Rate: Same as final 10mL over 1
Infusion Rate (0.4mcg/kg/min) 0.25ml/kgMr | Synnge "B’ rate minute
{0.4mcg/kg/min)

Maintenance: After intubation, anesthesia was maintained with N,0/0: (2:1} and remifentanil
from infusion syringe B was started at 0.2°mL/kg/hr (0.4mcg/kg/min). Paralysis was maintained
with vecuronium, as needed. Ventilation was controlled to maintain P,CO: at approxumately
28mmHg throughout the treatment period, except during cerebral biood flow measurements as noted
below, when it was deliberately increased by adding CO; to the anesthetic circut.

If deemed necessary by the investigator, hemodynamic responses occuring dunng the maintenance
period could be treated with additional remifentanil boluses, lmcg/kg, administered over
approximately | minute from the response bolus syringe. Up to three remifentanil boluses could be
administered. If the response was still not controlled, an additional remifentanil belus was given
followed by a rate increase of 0.2mcg/kg/min from remifentanil infusion syringe B. A minimum of 1
minute was allowed to clapse between boluses and at iecast 2 minutes clapsed between infusion rate
increases. A maximum of five remifentanil boluses and/or a maximum infusion rate of 0.5mL/kg/hr
(0.8mcg/kg/min) was allowed.

If the maxamum number of boluses or infusion rate had been administered, then 0.2% isofluranc
could be added to the inspired inha ational gas mixture and increased in 0.2% increments, as needed.
The remifentanil infusion syringe B rate was decreased by 0.125mlL/kg/hr if the hemodynamic safety
cntena were met. Isoflurane administration was a.scontinued before decreasing infusion synnge B.
The hemodynamic safety cniteria were defined as:

« SBP <80% of baseline for 2] munute
+ HR <45bpm for 21 munute

The surgeon could request intentional, intentional hypertension, or to control the patient’s blood
pressure.  For unacceptable hemodynamic events, ephedrine, phenylephrine, atropine, labetalol, or
esmolol could be administered at any time, 'f deemed necessary by the investigator. Each ceater,
except also collected an artenial blood sample for analysis of remifentanil, or
GR9029! concentration at baseline and every 2 hours after remifentanii infusion synnge B had
started.

ICP and CBF Measurement: After the first burr hole was drilled, an epidural ICP transducer was
placed at 2 of the 3 centers. After the ICP waveform had stabilized (1-3 minutes) the mean ICP was
recorded. After the mean ICP was recorded, an anterial blood sample was collected for measurement
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of ®,CO, » -aniotomy proceeded. Patient position was recorded, ie, degrees of head tilt and
neck ro’

At center, after the bone flap was removed, a CBF measurement was made and

an arterial blood sample was collected for measurement of P,CO,. The predicted P,CO, was then
increased to approximately 38mmHg by the addition of CQ; to the fresh gas mixture. Five minutes
after a predicied P,CO; of approximately 38mmHg had been achieved, a second CBF (normocapnic)
was measused and an arterial blood sample was collected for measurement of P,CO;..

After the bone flap had been removed and the dura opened, the surgeon was asked to assess the
condition of the brain. Brain relaxation was scored by the neurosurgeon using a 4-point scale
(1=excellent, no sweiling, 2=minimal swelling, but acceptable, 3=serious swelling, but no specific
change in treatment required, and 4=severe brain swelling requiring some tntervention). Standard
treatment was given if deemed necessary (eg, additional mannitol, furosemide, further decrease in
P,CO,, change in head position, etc.).

During bone flap replacement at the end of craniotomy, remifentanil infusion syringe B was replaced
with the remifentanii infusion syringe C and the same infusion rate was maintained. Before the end
of surgery, labetalol and/or hydralazine could be given prophylactically for emergent hypertension.
At the end of surgery, residual nenromuscular blockade was reversed. When reversal was deemed
adequate, both N,O and remifentanil infusion syringe C were discontinued.

Recovery period: Postoperatively, SBP, DBP, MAP, HR, RR and recovery scores were recorded
every § minutes for 30 minutes, then every 15 minutes for a maximum of 60 minut.s o until a
pormal score (which was defined as first time when patient was oriented, no agiiation, followed
verbal commands, had an LOC score of | or 2, and a motor function of 1, and a modified Aldrete
score of 9 or 10) was obtained. Quality of emergence was assessed by the neurosurgeon (except for
the j ar.d anesthesiologist after surgery.

A standard order for codeine 30-60mg every 3 hours or ketorolac 30-60mg every 6 hours as needed
for headache was written. Headache occurrence as noted from analgesic use was recorded for the
first 8 hours after surgery.

Follow-up phase: All patients were interviewed by the investigator or study coordinator on the first
postoperative day to assess adverse cvents and medication use since surgery. Patients were also
given a neurological examination and questioned about recall of operative events. On the seventh
postoperative day or immediately before discharge from the hospital, adverse events and medication
use since surgery were assessed again, and the neurological examination was repeated.

Monitors/Vascular Access: Subjects had two peripheral intravenous lines, one for administration
of study drug and one for intravenous fluids and other intraoperative medications. A catheter was
placed in the radial artery for continuous measurement of arterial blood pressure and intermittent
collection of blood samples for measurement of anenal carbon dioxide pressure (P.CO;) and/or

remifentanil levels. Instrumentation included lead I ECG, pulse oximeter, ICP transducer
(Gacltec®) and recording device, and CBF measurement equipment
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Exclusion from Analysis: No patients were excluded from cither the efficacy or safety analysis.

Protocol Deviations: Protocol violations were identified for tw. patients: one was operated on in the
prone position, the other received an opioid during a preoperative carotid arteriogram. All patients
were included in the efficacy and safety analyses.

RESULTS:

Remifentanil dosages are summarized in the following 2 tables. The final mean infusion rate of
remifentanii that was used in this pilot study was 0.297mcg/kg/min, as opposed to the iuitial

maintenance rate of 0.4mcg/kg/min.

Tabie 2. Summary of Remifentanil Continuous Infusion Rate, All Patients {(N=30)
Values = Mean + SD (Range) and Range (min, max)

Remifentanil Infusion Rate (mcg/kg/min)

Rate Immediately | Weighted Mean Rate | Rate immediately Prior | Rate Immediately Prior to

Priof to {ntubation During Maintenance to Skin Incision End of Infusion
Mean (+SD) 0.965 (1x0.183) 0.361 (20.11) 0.357 (10.128) 0.297 (+0.163)
Range 0-1.008 (.181-0.628 0.131-0.607 0.05-0.797

Table 3. Total Remifentanil Exposure for all patients (N=30)

Values = N or Mean + SD

Total Bolus Exposure (mcg/kg)
Mean £ SD 146.9 + 83.1
Range §1.3 - 408.6
Duration of Infusion (minutes)
Median 334
Range 157-737

Preoperative head scans indicated that the patients had small, well-compensated intracranial space-
occupying lesions: mean tumor diameter = 3.7 mm 2.1 SD, mean midline shift = 2.8mm+5.3 SD.
The mean ICP was 10.7 mmHg + 7.4 SD with a PaCO; of 29.2mm Hg + 3.8 §D; brain relaxation
scores were judged excellent to mimimal swelling in 97% of patients.
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The relative CBF reactivity was 3.6 ml/100gmvmin/mmHg (Normal range 2-4%). CBF and P,CO;
values are presented below. CBF results are presented in Figure 1.

Figure 1. Correlation of Cerebral Blood Flow (CBF) with Arterial Carbon Dioxide
Tension (PaC02}, N=3 Patients
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The mean P,CO; during the hypocapnic CBF measurement was 26.7mmHg and 35.9mmHg duning
the normocapnic CBF measurement. The mean CBF during hypocapnia was 21.2mL/100g/min and
during normocapnia the mean CBF was 31.2mL/100g/min. The protocol allowed manaitol to be
administered per surgeon request for excessive brain swelling during the cerebral blood flow
measurement periods; however, no patient required use of mannitol.
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Overall hemodyanamic responses to induction and perioperative stimuli are summarnized in Tables 4
and 5. As expected, there was a statistically significant reduction in blood pressure with induction of
anesthesia which returned to control levels during the recovery period.

Table 4. Comparison Of Systolic Blood Pressure At Selected Time Points

All Patients (N=30)
Values are Weighted Mean + SD (Range)

During At End intraop*
Baseline Induction During Skin Maintenance of Recovery Mean
Period Intubation incision Period Surgery Period Min/Max
150.3+22 131.41+21.2 129.4+30.8 113.84£20.1 113.6210.5 123.7421.7 | 144 5217.8 | 91.4/150.9
(108-195) {95-168) {97-245) (87-157) (96-134) {90-169) (122-189)
* Mean minimum and maximum from beginning of infusion to end of surgery
Table 5. Comparison Of Heart Rate At Selected Time Points
All Patients (N=30)
Values are Mean + SD (Range)
During At End Intracp*
Baseline Induction During Skin Maintenance of Recovery Mean
Period Intubation incigion Period Surgery Period Min/Max
74,9415 73.6+15.4 69:14.8 58+10.1 61.8+£106 82.31+13 85.31+17.9 50.3/
(55-108) (55-126) (49-89) (42-84) (47-83) {58-112) (58-120) 90.7

* Mean minimum and maxamum from beginning of infusion to end of surgery

Eleven patients had the infusion rate increased for hypertension. The most common reason for
increasing the remifentanil infusion rate, however, was not for signs of light anesthesia, but for other

reasons (19 patients); eg, blood pressure control requests or intentional inducement of hypotension.

Nineteen patients received at least one bolus of remifentanil.

Twenty patients had the infusion rate decreased for hypotension. The most common reason for

decreasing the rate, however, was not for signs of excessive anesthesia, but for other reasons (24

patients), eg, blood pressure control requests or intentional inducement of hypertension.

Table 6. Summa

and Skin Closure!" , All Patients: Values are N (% total)

Remifentanil 1mcg/kg/min + 0.4mcg/kg/min

intubaiion Head Pin Skin Skin
Placement Incision Closure
(N=30) | (N=24) | (N=30) (N=30)
Number of Patlents With At Least One 9 (30%) 1 (4%) 3 (10%) 2 (T%)
Response
Number (%) of Patients with:
Hemodynamic Response:
Hypertensive 8 (27%) 1 (4%) 3(10%) 0
Tachycardic 3 (10%) 0 0 1(3%)
Somatic Response 0 0 0 1 (3%)
Autonomic Response Y o 0 0

[1) From remifentand beginning to remifentand end.

of Response to Intubation, Head Pin Placement, Skin Incision,
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Pharmacokinetic Results:
Principal pharmacokinetic results are presented in Figures 2 and 3. The values for remifentani] (0-

0.95ng/mL) are consistent with the rapid elimination half-life (5-8min) of this compound and the
time between termunation of the infusion and sampling time. The scheduled 30 minute blood sample
was actually collected at a median time of 24 minutes after remifentani] was discontinued.

Figure 2. iIndividual Remifentanil (N=18) and GR90291 (N=20)
at a mean of 24 min Post infusion
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Observations made during emergence and recovery from remifentanil/N20/02 ancsthesia are
summarized in Tablc 7. While most patients awoke and had satisfactory scores in a mean time of 5
minutes, the ranges indicate that many had extended periods required for full awakening. Whether
this is related to the anesthetic or to the neurosurgical procedure is subject to conjecture, although
some of the delayed awakening episodes are explained in the adverse event records. No patient
required naloxone for delayed emergence.

Table 7. Summary of Emergence and Recovery, All Patients (N=30)
values = N (% Total), or Median (Range)

Time (min) from end of remi
infusion to: [1]

Time {min) from end of remi
infusior to: [1]

Spontaneous Respiration

Normal Score [3]

-

28 N 23
Median, {Range} 3 (-1-1C) Median (Range) 10 (1-45)
Adequate Respiraticn Aldrete Score = 9
N 10 N 26
Median, (Range) 4.5(1.8) Median, (Range) 10 (1-45)
Extubation Normal Nauro Score [4]
N < [¢] N 22
Median, (Range) 5 {-1-14) Median, (Range} 5 (0-45)
Open Eyes on Commanc Level of Consciousness (LOC)
N 25 N 29
| Median, (Range) 3 (0-9) Median, {Range) 5 (0-20)
Respond to Verbal
Commands (2] Orientation
N 29 N 24
Median, (Range) 5({0-18) Median, (Range) 5 (0,-45)
Number of Patients, N{%), Nurmal Motor Function
Who Remember Any Aspect N 30
of the Operation: 0 {0%) Median (Range) £ (0-45)

{1] Time is messured from remifentanil nfusion and to point of esch smergence/recovery profile variable.

1 First time patient folowed commands when aroused.
{3) Normal score = LOC scors of 1 or 2, patient is oriented, responds to commands, mokor function is HOMMal or no change from
pre-study nc agitation, and Aldrete score 2 9.
[4] Normal neuro score = LOC score of 1 or 2, patient is oriented, responds to commands, motor function i normal of no change

from pre-siudy, and no agitation.

Adverse Events:

Arterial hypotension was the most common adverse event related to remifentanil infusion, occurring

in 47% of patients. The timing of thesc episodes is summarized in Table 8.

Table 3. Systolic Blood Pressure < 80mmHg

Values = N/N Total, (% Total)

Treatment Group ind :ction Intubation Maintenance
Remifentanil 2/30 130 5/30
{(N=30) {T%) {3%) {(17%)

Five patients expenenced SBP <80mmHg during thees specifisd timn periads.

During induction, cardiovascular adverse events (ie, bradycaicia, hypotension, bigeminy, and
hypertension) were reported in 17% of patients. Cardiovascular adverse events were also most
frequent during the maintenance phase (63% of patients), with hypotension being reported for 43%
of patients. 1reatments for hypotension included phenylephrine (five patients) and ephedrine (cicven
patients). Alropine was used to treat bradycardia in five patients.
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All reported episodes of nausea (53% incidence) were considered related to study drug. One episode
cach of drug-related involuntary movements and bronchospasm occurred in the same patient during
maintenance. Twanty-three patients required post-surgical use of analgesics for headache. The
median time to first analgesic use was 41 minutes (range 10-283). No patient reported remembening
any aspect of the operation.

Data Listings of Important Adverse Events:
One patient had a serious adverse event during the study (Table 9). No paticnt died during the study

period. One patient died from progressive central nervous system impairment 33 days after
remifentanil treatment and the other patient died from a massive pulmonary embolism 19 days after
receiving remifentanil.

Table 9. Serious Adverse Events, All Patients (N=30},

Patient | Sex/ Description of Event
Number | Age
114 F/58 | One minute anter initiation of remifentanii, the patient developed hypotension (78/42

mmHg) probably related to remifentanil. The hypotension was treated with
phenylephrine; howevor, a dilutional error resulting in overdose. Two minutes later, the
patient's blood pressure increased to a peak of 283/167mmHg which was considered
serious and life-threatening. The hypotension, but not the hypertension, was related to
remifentanil.

2. CONCLUSIONS:

This study, considered by the Sponsor to be a "pilot," demonstrates that cerebral blood flow (CBF)
reactivity to CO2 remains intact during remifentanil - N;0/O,/Isoflurane anesthesia.

Only limited conclusions can be drawn regarding the impact of remifentanil on ICP because: 1) all
patients were receiving a constant infusion at the time ot ICP measurement and, 2) most of the
patients had small, inconsequential intracranial lesions.

The mean infusion rate of remifentanil used for maintenance of anesthesia with nitrous
oxide/isoflurane in this pilot study was 0.297 mcg/kg/min.

Emergence and recovery occurred rapidly (5-10 min) following discontinuation of remifentanil.

The mean half-life of GR90291 was 111 minutes, indicating no disproportionate accumulation of
this metabolite during prolonged neurosurgical procedures.
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3. RECOMMENDATIONS REGARIING LABELING:

1) The label quotes the maintenance infusion rate for ncurosurgery as 0.4 ug/kg/min. This study had
a final maintenance infusion rate close to 0.3 ug/kg/min, and the finai study #304 (where the
remifentanil was titrated to effect in a blinded trial), actually wound up with a dose of 0.22
ug/kg/min. This reviewer suggests that the latter infusion rate is probably more appropnate
guidance for practitioners.

2) The label statement that cerebrovascular reactivity to CO; remains intact during remifentanil
infusion is supported by this study.

T e s=w

Robert F. Bedford, MD

\J2e [t
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MEDICAL OFFICER REVIEW

NDA #: 20-630

PRODUCT TRADE NAME: Remifentanil

SPONSOR:  Glaxo

Study 304 - Remifentanil vs. Fentanyl in Neuroanesthesia
LETTER/SUBMISSION DATE: Nov [, 1995

REVIEWER: Robert F. Bedford, M.D., Medical Officer
CSO: David Morgan

Remifentanil is a rapid onset/rapid offset mu-opioid agonist currently under evaluation as an
intravenous analgesic/anesthetic agent. This was a 3-site, randomized, double blind, parallel,
controlled study performed in sixty-three patients scheduled for elective surgical removal of a
supratentorial mass lesiop

Goals of the study were; 1) Compare efficacy of remifentanil and fentanyl for the treatment of
perioperative hemodynamic responses; 2) Compare emergence/recovery profiles of remifentanil and
fentanyl following craniotomy, 3} compare cerebrovascular effects (ICP, CBF, and CPP) and
clinical event profile of remifentanil and fentanyl.

Investigators:

Study Protocol:  Patients were permitted their usual neurological medications, including
dexamethasone and anticonvulsants up to the time of surgery. Specific preoperative medications
could include midazolam and/or ranitidine. Intravenous and intraasterial cannulac and standard non-
invasive monitors were placed. General anesthesia was induced with thiopental, 4 mg/kg, and
pancuronium; oxygen was administered by face mask and an induction infusion of remifentanil
1.0mcg/kg/min or fentanyl 2.Omcg/kg/min was begun. Study drug infusion syringe A then was
started at a rate of 2.4ml/kg/hr (Imcg/kg/min remifentanil or 2mcg/kg/min fentanyl) and contirued
until level of anesthesia required for intubation had been achieved (target 5 minutes), or a maximum
of 10 minutes elapsed (10mcg/kg remifentanil or 20incg/kg/min fentanyl; see Table 1). After
intubation, mechanical ventilation began with a 2:1 mixture of nitrous oxide and oxygen (N:0/0,).
A supplementary dose of thiopental (50-150mg) could be given at the time of intubation and/or
during placement of the pin hoider, as needed. Following intubation, a maintenance infusion of
0.2mcg/kg/min and 0.03meg/kg/min of remifentanil and fentany!, respectively was administered.



Table 1. Study Drug Treatment

Study 304 Remifentand vs. Fantany! in Neurcenesthesia

page 2

Study Dnig Syringes

induction Maintenance Period !

Period '
Study drug Infusion syringe | Infusion Infusion Response bolus
treatmoat .y syringe "B" syringe "C" & syringe

{per 10mi}

Remifentanil
Concentration: 25meg/ml 48mcg/mi 48meg/mi tmcg/kg
Initial Rate 2mcg/kg/min 0.2meg/kg/min
Fentanyt
Concentration’ S50mcg/ml 8mcg/m! Normal Saline 2meg/kg
Initial Rate: 1meg/kg/min 0.03mcg/kg/min

{1] Infusion of syringe A from induction beginning until intubation or maximum of 10 minuts irfusion.

{2] Infusion of syringe 8 from intubstion to time of bone flap repiacement. Infusion of syringe C irom time of bone flap
replacement to end of nitrous oxide.

(3] Indtial rate of infusion syringe C squais final infusion rate of infusion syringe B.

During maintenance of anesthesia, hemodynamic responses were treated with study drug boluses
and/or infusion rate increases, if deemed necessary by the investigator. Each bolus consisted of 10ml
of study drug (fentanyl 2mcg/kg or remifentanil Imcg/kg) administered over approximately 1 minute
froin the response bolus syringe. If three study drug boluses had been adminustered for a particular
response and a fourth bolus was required, then the fourth bulus had to be followed by a study drug
infusion syringe B rate increase. The study drug infusion syringe B rate increase was in increments
of 0.125mlkg/hr [fentany! (0.016mcg/kg/min) or remifentanit (0.2mcg/kg/mun)]. A minimum of 1
minute was to have clapsed between boluses and at least 2 minutes between infusion rate creases.

A maximum of five remifentanil boluses and/or a maximum infusion rate of 0.5ml/kg/hr [fentanyl
(0.06mcg/kg/min) or remifentanil (0.4mcg/kg/min)] was allowed. If the maximum number of
boluses and/or infusion rate had been administered, then 0.2% isofluranc could be added to the
inspired inhalational gas mixture and increased in 0.2% increments as needed.

The study drug infusion syringe B rate was decreased by 0.125ml/kg/hr if the hemodynarnic
safety criteria were met. Isoflurane administration was to be discontinued before decreasing
study drug infusion syringe B as SBP <80% of baseline for 21 minute or HR <45bpm for 21 minute

Additionally, the surgeon could request intentional hypotension (blood pressure below hypotensive
cniteria, i.e., SBP <80% bascline for ! minute), intentional hypertension (blood pressure above
hypertensive criteria), or to control the patient’s blood pressure (adjustment of blood pressure within
the hypotensive and hypertensive cntena).

At the time of bone flap replacement, isoflurane was discontinued and the study drug infusion
syringe B was replaced with the study drug infusion syringe C (placebo o7 remifentanil). The same
infusion rate was maintained. At the end of surgery residual neuromuscular blockade was reversed.
When reversal was deemed adequate, both N;O and study drug infusion syringe C were
discontinued.



Study 304: Remifentani vs. Fentaryl n Neurcanesthesis

Tabile 2. Total Study Jrug Exposurs, All Subjects (N=§J)

Values = N or Mean + SD
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Remifentanil Fentanyl

Number of Patients kb 2
Induction Dose (mcg/kg)

Mean (+SD) 6.9 (1.5) 13.7 (£3.3)

Range 510 10-20
Total Dose Exposure {mcg/kg)

Mean (+SD) 73.2(228.1) 34.2 (+10)

Range 24.8-148.7 17.1-53.9
Duration of Infusion (minutes)

Median 297 2935

Range 143-587 158-813

Hemodynamic responses dunng surgery could be controlled using ephedrine, phenylephrine,
atropine, labetalol, or if deemed necessary by the investigator, for unacceptable hemodynamic
events. Before the end of surgery, labetalol and/or hydralazine could be given as prophylactic
measures against emergent hypertension.

ICP and CBF Measurement: CBF measurements were conducted at Columbia University and ICP
was measured at the other two centers. After the first burr hole was dnlled, an ICP transducer was
placed in the epidural space for measurement of intracranial pressure. After the ICP waveform had
stabilized (1-3 minuies) the mean ICP was recorded. After the mean ICP was recorded, an artenal
blood sample was collected for measurement of PaC0O,. Afier the ICP measurement was made, the
craniotomy proceeded.

At Columbia University, as the bone flap was being removed, the predicted PaCO; was increased to
approximately 38mmHg by the addition of CO; tn the fresh gas mixture. After the bone flap was
removed and five minutes after a predicted PaCO; of approximately 38mmHg had been achieved, a
CBF measurement was made. At the end of this measurement, an artenal blood sample was
collected for measurement of PaC0,. “The CO; was then discontinued and, whea the predicted
PaCO, had retumed to the previous baseline, a second CBF measurement was made and an arterial
blood sample was collected for measurement of PaCOQ,

After the bone flap had been removed and the dura opened, the surgeon was asked to assess the
condition of the brain using a 1-4 scale. Standard treatment was given if deemed necessary (e.g.,
additional mannitol, furosemide, further decrease in PaCO,, change in bead position, etc.).

At the end of operation, N;0/0: was discontinued, neuromuscular blockade was reversed and
evaluations of emergence and recovery were made. Cardiovascular parameters and recove:y scores
were recorded every 5 minutes for 30 minutes, then every 15 minutes for a maximum of 60 minutes
or until a normal scorc was obtained. Quality of emergence was assesserd by the neurosurgeon
(except for the Columbia University center) and anesthesiologist after surgerv. Any complications
of surgery were recorded.  Quality of recovery was assessed by the nurse primarily responsible for
the patient’s care during the first 8 hours after surgery.

All patieats were interviewed by the investigator or study coordinator on the first postoperative day
to assess adverse events and medication use since surgery. Patients were also given a neurological
exanunation, assessed for mental clarnity, and questioned about recall of operative events. On the
seventh postoperative day or immediately before discharge from the hospital, adverse events and
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medication use since surgery were assessed again, and the neurological examination and mental
clanty evaluation was repeated.

Exclusion from Analysis: No patients were excluded from cither the efficacy or safety analysis.

Protocol Deviations: No major protocol violations occurred. All patients were included in the
efficacy and safety analyses.

Efficacy: The following vaniables were summarized:

Response to major stress events

Light anestkesia responses

Excessive anesthesia responses (bradycardia and hypotension)

Study drug adjustment: increases, Socreases, and bolus use

Elapsed time from end of study drug syringe C to emergence (spontancous respiration, adequate
respiration, extubation), time to respond to command, and time to recovery

Incidence of nausea/emesis after surgery, and by follow-up interview

« Patients remembering any aspects of the operation

o Frequency of intentional hypertension, hypotension, or blood pressure control requests

RESULTS:
Patient Characteristics: As seen in the following 2 tables, the randomization schedule
resulted in satisfactory distribution of patients among the 2 study groups.

Table 3. Patient Characteristics Liy Treatment Group, All Patients (N=63)
Vaiues are N (% Total) or Mean (+SD) or Range

Remifentani} Fentanyi
Number of Patients 31 32
Sex; Maie 18 (58%) 23 (72%)
Female 13 (42%) 9 (32%)
Age (yr) Mean (£SD) 50.8 (113.5) 49 4 (+13.5)
Weight (kg) Mean (+SD) 80.7 (+18.3) 81.9 (+17.8)
Ethnic Origin
Caucasian/White 31 (100%) 31 (97%)
Hispanic 0 (0%) 1 (3%)
ASA Status Il 18 (58%) 17 (53%)
1] 13 (42%) 15 (47%)
Common Preop Modicltiontm
Dexamethasone 25 (81%) 24 (75%)
Ranitidine 19 (81%) 17 (53%)
Phenytoin 17 (55%) 17 (53%)

[V] Pre-operstive medicatons prmanly inciuded prophyiactic antibiotics, snti-sacure, heuroprotectant, and anti-stress
uicer drugs
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Table 4. Summary Of Preop CT or MRI Scan Reports
Values= Mean (+SD) and Range or N (% total)

- Remifentanil Fentanyl
Number of Patients 1 32
Maximum Tumor Diameter (cm):

Mean (+SD) 4 (+1.5) R-XC2 I
Maximum Midline Shift (mm):

Mean (+SD) 3.9 (+46.7) .9 (157
General Assessment of Tumor Mass Effect:

None 5(16%) 7 {22%)

Mild 11 (35%, 8 (25%)

Moderate 11 {35%) 11(34%)

Severs 4 {13%) 8 (19%)

Primary Efficacy Endpoints:
CBF reactivity was 2.6% (renufentanil) and 4.0% (fentanyl). The mean ICP duning remifentanil

infusion was 13.2 mmHgtl0.1; range=0-36 and l4mmHg+13.1, range=0-38 during fentanyl
infusion. Brain relaxation scores were judged excellent to minimal swelling in most patients (90%
remifentanil, 75% fentanyl). Three of the fentanyl patients, but none of the remifentanil patients were
judged to have excessive brain swelling requiring additional treatment. JCP and CBF results are
presented in Table 5 and Figure 1.

Figure 1. Responsiveness of Cerebral Blood Flow (CBF) to Arterial Carbon
Dioxide Tension (PaC02), (N=11 Remifentanil, N=10 Fentanyl Patients)
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Table 5. Primary Efficacy Results: Cerebrovascular Effects

ValuessN, Median (Range)

page 6

Remifentani! Fentanyl tvaluem

intracranial Pressure (mmHg)

N 17 16

Maedian (2SD) 13.2(£10.1} 14 (213.1) 0.650

Range 0-28 0-38
Relative CBF reactivity (%)

N 10 8 0.288

Madian ($SD) 26(23.5) 4.0 (£2.1)

Range -5-7 2-9

(1] p-velues are based on ANOVA controling for investigator

Study Drug Dosage Adjustments and Intracperative Responses:

Patients experienced signs of light anesthesia most frequently during placement of head pins and at
skin incision (Table 6). The most common response during these periods was an increase in systolic
blood pressure. There was no clinically or statistically significant difference between the two
anesthetic regimens. There was a tendency for the fentanyl-treated patients to require more
isoflurane for control of signs of light anesthesia. (Table 7).

Table 6. Summary of Response Mo Intubation, Head Pin Placement, Skin
Incision, Burr Hole Placement, Bone Flap Elevation, Bone Flap Replacement, and

Skin Closure ¥ All Patients (N=63)
Values are N and (% Total)
Remifentanil
intubation Head Skin Butr Bone Bone Skin
Pinnin Incision Hole Flap Off | Flap On | Closure
Number of Patients 31 N 31 31 31 31 a1
Number of Patients With At 1(3%) 7 (25%) 7 (23%) 0 4 (13%) 1(3%) 2 (8%)
Least One Response
Number (%) of Patients with:
Hemodynamic Response:
Hypertensive 1{3%) 7 (28%) 6 (19%) 0 2 (8%) 1{3%) 2 (6%)
Tachycardic 0 1(4%) 2 (6%} 0 2 (8%) 0 0
Somatic Response 0 0 0 0 0 0 0
Fantanyl
intubation Head Skin Burr Bone Bone Skin
Pinning | Incision Hole Flap Off | Flap On | Cicsure i
Number of Patients 32 32 32 32 32 32 32
Number of Patients With At 5 (18%) 6(20%) | 10(31%) | 1(4%) | 1(3%) 3(9%) | 4{13%)
Leas! One Response
Number (%) of Patients with’
Hemodynamic Response.
Hypertensive 3 (9%) 5(17%) | 10(31%) 1(4%) 1{3%) 2 (6%) 2(6%)
Tachycardic 2 (6%) 3 (10%) ] 0 0 0 2 (6%)
Somatic Response 0 0 0 0 0 1 (3%} 1{3%)
p-value 0.186 0.522 0.572 0.491 0.187 0.613 0872

[1]Rmmmnm\gdbﬂmdhmm5mﬂmmﬂmmbu'rhuh
, sidn incigion, and skin ciosure:  Hypertension, tachyCardia, somstic, of AUtONGITIC

[2! From study drug beginning o skin closure.

[3] p-vaius is based on exact test to detect 8 bestment difference, sxcept for hasd pin plscemant and bone flap slevation, which

i based on logtic regreasion to detect a difference betwaen treatments and is adjusted for investigetor.
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Table 7. Summary of Isoflurane Use, All Patients (N=63)
Values=N (% Total) or Mean
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Remifentanil Fentanyl p-value

Patients receiving isoflurane: 8 (26%) 13 (41%) 0210 '

Mean dose (MAC hours) 0.07 0.644 0.039

Patients receiving isoflurane 5 (16%) 7 (22%) 0572 "
meeting rescue criteria:

Mean dose (MAC hours) 0.081 0.295 0.136

[1] p-value is busad on logistic regression adjusted for investigator
[2) p-vaiue is based on ANOVA and is adjusted for investigator

Excessive depth of anesthesia occurred with equal frequency in both groups of patients.
There was no difference between the groups in the incidence of excessive heart rate and
blood pressure decreases requiring opioid dosage adjustment. However, there were more
patients with systolic blood pressure below 80 mm Hg in the remifentanil group than in the

fentanyl group (Table 9).

Table 8. Intraoperative Responses to Excessive Anesthesia, All Patients
{N=63)
Remifentanil | Fentanyl | p-value
Number of patients a1 32
Number of patients (%) with 26 (84%) 24 (715%) 0.361
excessive anesthesia response: (

(1] p-value is basad on logistic regression to detect a difference between trestments and is adjusted for investigator

Tzble 9. Systolic Blcod Pressure < 80mmHg, All Patients (N=63)

Values = N/N Total, (% Total)

Treatment Baseline | Induction During Maintenance Skin End of Recovery
Period intubation Period Incision Surgery Period
Remifentanil o 1{3%) 3 (10%) 2 (6%) 0 0 0
Fentany! o 0 0 1(3%) C 0 0

Hemodynamic data (Tables 10 and 11) suggest that remifentanil, at the doses used in this
study, produced significantly better blockade of cardiovascular response to endotracheal

intubation than fentanyl. On the other hand, there was also higher mean systolic blood
pressure observed in the recovery period in the remifentanil patients, probably indicating
madequate postoperative analgesia and/or postoperative excitation.
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Table 1C. Comparison Of Systolic Blood Pressure At Selected Time Points
All Patients (N=63)

Values are Mean or Weighted Mean z SD (Range) M

Treatment Baseline | Induction During Maintenance Skin End of Recovery
Period intubation Period incision Surgery Period
Remifentanil 1475 1299 + 1133z 1203 123.2 + 106.1 + 1469
214 18.3 184 10.1 18.9 15.3 15.1
{120-220) (82-167) | (71-153) {105-139) (B2-164) {82-137) {107-173)
Fentanyt 1458 ¢ 133.7 ¢ 127.1 ¢ 1249 1268 + 1209 1343t
17.4 215 23.1 12.2 24.1 20 164
(123-178) (97-178) {90-180) {104-155) {88-184) {85-156) (93-173)

[1] Baseline and end of surgery viiuss sre mean Yaiues. Induction, infubstion, maintenance, skin incision, and recovery vaiues
are based on weighted means

{2] p-vaiue is based on ANOVA or least square means (o detect a treatment difference and is adiusted for investigator and

baseiine.

Table 11. Comparison Of Heart Rate At Selected Time Points
All Patients (N=63)

Values are Mean t+ SD {Range)

M

Treatmaent Baseline | Induction During Maintenance Skin End of Recovery
Period intubation Period Incision Surgery Pariod
Remifentanil 74 £ 741 % 689 683z 88.4 ¢ 71.5% 798 ¢
13.2 108 85 " 10.1 15.4 131
{48-110} {54-101}) (50-87) {51-92) {52-90) (41-103) {59-107}
Fentanyl 8251+ 83t 831t 7241 7381 75.7 771
1€.9 15.7 16.8 111 129 13.4 14.5
{49-113) {50-111) (47-113) {50-96) (46-103) {55-98) {56-112)
[1] Baseiine and end of surgery valuas are mean vaiues. Induction, mtubation, maintenance, sian incision, and recovery values
are based on weighted means
[2] p-vaiue is basad on ANOVA 2h kst square means to detect a trestrnent difference and is adjusted for investigator and
baseline.
Recovery:

Because of the longer duration of action of fentanyl compared to remifentanil, the fentany! infusion
was scheduled to end at the time of bone flap closure, (. eplacement of infusion syringe B with
syringe C contatning normal saline) with nitrous oxide being continued up to the end of surgery. The
median time from the end of the fentanyl infusion until the discontinuation of nitrous oxide was 44
minutes (range: 25 to 95 minutes). By contrast, patients receiving remifentanil were maintained on
nitrous oxide up to within a few minutes of ending the remifentanil infusion (range: 0 to 3 minutes).
In general, there was no clinically meaningfu! difference between the 2 opioids with regard to time
patients acheived vanious emergence criteria, the incidence of nausea and emesis or the quality of
their awakening. As expected, postoperative analgesics were required sooner after remifentanil than
after fentanyl-based ancsthesia. No remifentanil patient required naloxone reversal whereas 7
fentanyi patients did. Pertinent emergence data are summarized in the foliowing 2 tables:
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Table 12. Summary of Emergence and Command Response,
All Patients (N=63) values = N (% Total), or Median (Range)

Remifentanil Fentanyl p-value'

Number of Patients KL 32
Time {minutes) to; i
Spontanecus Respiration

Median, (Range) 3 (-2-15) 2(-7-10) 0.346
Adequate Respiration

Median, (Range) 8 (0-15) 4 (0-22) 0.218
Extubation

Median, (Range) 5(1-15) 3.5 (-1-40) 0.521
Open Eyes on Command

Median, (Range} 3 ('2'12) 2 (’8‘21) 0.518
Respond o Verbal
Commands

Median, (Range) 5 (2-60) 5 (-3-20) 0.083

(1] p-value is based on Cox's proportional hazards model adjusied for investigator. Patients are censored if their time is missing
or they received naioxone before their response time.

[2] Time is measured from end of opioid infusion or end of nitrous cxide, whichever is latest,

[3] First time patient followsd commands when aroused.

Table 13. Summary of Time to First Analgesic Use, and Naloxone Use. All
Patients (N=63) Values = N (% Total), or Median (Range)

Remifentanil Fentanyl p-value
Time to First Analgesic Use
{minutes) f 2
N (%) 20 (64%) 16 (50%) 0.043 ™
Median, (Range) _ 34.5 (7-403) 136 (6-418)
Number of Patients Who
Required Naloxone 0 7 (22%) 0.011®

[1] Time is measured from end of opioid infusion ot end of ritrous cxide, whichever is istest. Patients are censored if they had no
hsadache after infusion stop.

{2] p-vaiue is based on Cox’s proportional hazards model adjusted for investigator. Patients are censored if their time is missing
of they recaived naloxone bafore their responss time.

[3] p-vaiue is based on exact test.

Adver;e Events:

No deaths were reported. Four serious adverse events occurred, one cotsidered related to study drug:
emergence delerium (remifentanil). Among the other adverse cvents recorded, there was no
suggestion of a difference betvssen remifentanil and fentanyl,

Data Listings of Important Adverse Events:
No patient died during the study period. Two fentanyl patients and two remifentanil patients

experienced serious adverse events durlag the study period (Table 14). The emergence delinum
observed in subject 128, described below, was probably related to remifentanil. All other serious
adverse cvents were considered unrelated to study drug.
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Table 14. Serious Adverse Events, All Patients (N=63),

Patient
Number

Sex/
Age

Trastment
Group

Description of Event

124

Fre0

Fentanyl

After removal of the bone flap the patient developed severe hemorrhage from
an abnornal configuration of the epidural venous system.

126

M/55

Remifentanil

Ten minutes aftsr remifentanil was discontinued the patient became extremuly
agitated and pulled out his intravenous catheters and other monitoring devices.
This combative behavior persisted for approximately 80 minutes during which
he was intermittently hypertensive, hypotensive, tachycardic and unresponsive.
Hypoxia and hypercarbia was ruled out and his neurological examination was
non-focal. The patient was sedated with midazolam, morphine, thiopental and
fentanyl. His hypertension was treated with propanolol, labetalol and
hydralazine. The investigator felt that the svent was life-threatening because
the patient discontinued monitoring devices and intravenous support
immediately postoperatively. The patient had no history of psychiatric disorder
or atcohol abuse. The investigator reported that the emergence delirium
(agitation) was probably related to remifentanii. This reviewer agrees.

163

M/T1

Remifentanil

Approximately ane hour after the patient was exiubated the patient was given
labetaiol Smg for treatment of systolic hypertension of 160mmHg. The patient's
systolic BP decreased to 70mmHg and subendocardial infarction was
confirmed by a cardiclogist.

M/44

Fentanyl

The surgicai procedure lasted fourteen hours. The following moming the
patient remained unconscious. |t was noted that the patient’s intracranial

"pressure was increasing and CT scan of the brain showed right frontal edema

with mass effect.

Conclusions:

e Cerebral biood flow (CBF) reactivity to hypocapnia is preserved during anesthesia with both
remifentanil and fentanyl with N;O/0,.

e Remifentanil and fentany! provided similar efficacy in treating hemodynamic responses, except
that remifentanil, at the doses used, was somewhat superior to fentanyl in preventing
hypertension/tachycardia following endotracheal intubation.

¢ The fentanyl group required greater increases in initial opioid infusion rate (67%) and using
significantly more isoflurane than occurred in the remifentanil group. The mean final infusion rate of
remifentanil (0.22mcg/kg/min) used for maintenance of anesthesia with nitrous oxide/oxygen in this
study was only 10% higher than the initial maintenance rate.

o Emergence and recovery occurred rapidly following discontinuation of remifentanil.

o There was no evidence for an increased incidence of adverse events associated with remifentanil-

nitrous oxide ancsthesia as used in this protocol. Postoperative excitement does seem to be a
complication following remifentanil anesthesia, and this is not well-described in the draft package
tnsert,

Conclusions regarding labeling:

1) Under "Neurosurgery” in the Clinical Trials section, the remifentanil maintenance infuston rate is
described as "0.4 pg/ka/min”" (Line 279). This was actually the maximum allowed maintenance dose
allowed by the protocol. The actual average infusion rate during this trial was 0.22 pg/kg/min.

2) The single case of postoperative agitation following remifentanil was truly life-threatening. This
is not the only such case in the clincal tnals. This reviewer belicves greater attention should be
drawn to this complication in the labeling.
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3) Hemodynamic changes described in the labeling regarding onset and seventy of hypotension and
bradycardia from doses of remifentanil <2 ug/kg are supported by the findings in this study.

4) Awakening following neurosurgical procedures was mo different with remifentanil versus
fentanyl. The awakening times in this study are compatible with the labeling. No comparative
claims arc madec regarding the effects of remifentanil versus featanyl on ICP, CPP or
cercbrovascular responsiveness to hypocapnia.

5) Since all the patients were paralyzed at the time of opioid administration, it is not possible to
estimate the incidence of perioperative rigidity. Did the other clinical trials tend to minimize this
complication by use of ncuromuscular blockade prior to administration of remifentani!?

e T T A 3>

Robert F. Bedford, MD N
t/ t x/qc,
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1 Material Reviewed

Volumes: 129-134, 186, 187, 198, 199, 200-206, 220.

1.1 Human Pharmacology, Pharmacokinetics, Pharmacoc’ vaamics

Remifentanil pharmacokinetics fit a two-compartment model. It has a
distribution half-life of about 30 sec, a volume of distribution of 300-500
ml and a clearance rate of 60-65 ml/min. (1, for clearance min.).
These parameters make it seem nearly an ideal drug for use during short
procedures requiring sedation. The rapid distribution permits bolus
loading because plasma levels in clinically significant excesses of the target
level persist for only about a minute — a time so short that hypoxemia in
a pre-oxygenated patient is unlikely. The rapid clearance permits
maintenance of a relatively deep level of sedation during the procedure
followed by complete recovery from sedation about 15 minutes after
stopping drug delivery. The excessive pain response sometimes observed
following general anesthesia with remifentanil would be less likely for

Important questions to be answered in remifentanil sedation trials are ;
whether side effects — muscle rigidity, hypotension, pruritis, nausea, and

NDA 20-630 Remifeotanil for Sedation Glaxo, Inc.
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Important questions to be answered in remifentanil sedation trials are
whether side effects — muscle rigidity, hypotension, pruritis, nausea, and
vomiting — together with remifentanil's lack of anxiolysis overbalance its
desirable features.

2 Description of Clinical Data Sources

Two European studies are included in this review. Both involved small numnbers of
patients in each of many study sites. Neither was sufficiently weil standardized to
provide valid efficacy data. The remaining studies were performed in the U.S.

with IND protocols submitted prior to completion of the studies.

3 Results
Qverview of Efficacy of Remifentanil as an_Anesthetic Adjunct
Remifentanil in the wide range 25 pug/kg/min. provided satisfactory

sedation for regional and local anesthetic blocks and for the subsequent surgical
period. Generally, about half of the dose required during the stimulation of the
anesthetic injection was needed to provide subsequent sedation. However, there
was a high incidence of nausea — higher than the incidence with alfentanil in one
double-blind, phase 3 study. Pruritis was aiso a frequent side effect. Because
controls frequently included remifentanil in lower doses along with either propofol
or alfentanil, it is not possible to generate composite statistics regarding the
incidence of side effects of remifentanil vs. propofol or alfentanil.

Overview of Safety of Remifentanil as an Anesthetic Ad,un

Twoe study drug overdoses occurred. One was a ten-fold overdose. This patient
developed apnea with muscle rigidity so severe that paralysis and intubation were
necessary The other was a three-fold overdose. While apnea and bilateral upper
extremity muscle rigidity ensued, all returned to nornal in less than a minute. The
patient, who was receiving nasal cannula oxygen, 3 L/min., did not even become
hypoxemic.

Muscle rigidity, even moderate to severe muscle rigidity, did occur at sedation-
dose levels but did not seem to compromise patient safety and was quickly
reversible with discontinuation of the remifentanil infusion.

Two patients — one after spinal anesthesia and one after regional anesthesia for
hand surgery experienced sudden apnea resulting in oxygen saturation percentages

NDA 20630 Remifentanil for Sedation Glaxo, Inc.



in the 70s. One of these also developed concurrent profound hypotension
(SBP=60 mmHg). These events occurred during surgery and well after any
changes in infusion rates or boluses of any sedative drugs. A third patient became
apneic during placement of an opthalmic nerve block and the 5,0, dropped to
70%. However, there was no CRF evidence that the protocol-prescribed nasal
cannala oxygen was being supplied at the time.

Two patients, without histones of liver probiems, developed transient ten-fold
elevations in liver enzymes on the first postoperative day of Study 209 LFT's
were obtained postoperatively only in Study 208 (n=73) and Study 209 (n=30) so
the possibility exists that there is an approximately 1% incidence of liver enzyme
elevation after remifentanil use.

There was also a higher incidence of neonatal jaundice when IV remifentanil rather
than epidural fentany! or placebo was used for sedation/pain relief during c-section
(26% vs. 11%). However, in this small study, the difference was not statistically
significant.

Study 3006: Sedation for local injection for breast biopsy.

Patients were randomized to IV placebo or midazolam (2, 4, or 8mg) as a
premedicant Approximately 5 minutes later, a continuous infusion of remifentanil
was started at 100 ng/kg/min. Five minutes later still, the local anesthetic was
administered. Remifentanil was titrated for the remainder of surgery according to
patient responses, primarily discomfort and respiratory depression.

During the procedure, the mean remifentanil infusion rate was increased slightly
from baseline for patients receiving placebo (no midazolam) and was decreased for
all midazolam dosed groups. Only the remifentanil decrease (45%) for the highest
dosed midazolam group, however, was statistically significant.

No complaints of muscle rigidity were recorded and only one patient experienced
an episode of SBP<80 mmHg.

Respiratory depression (RR< 8 BPM) accompanied by S,0, < 90 mmHg was the
only significant AE. There was a trend toward a higher number of patients with
hypoxemia as the midazolam dose increased — only one patient (5%) in the
placebo group (getting only remifentanil) versus 6 patients (32%) in the 8 mg
midazolam group.

NDA 20-630 Remifentanil for Sedation Glaxo, Inc.
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In the following studies remifentanil was given as an infusion, bolus, or bolus plus
infusion. Additional boluses were given and/or infusion rates were changed by the
investigator depending on his/her assessment of sedation, anxiety, and pain.
infusion rates were usuallv halved after the local/regional anesthetic injection
procedure.

Study 3009: Sedation for local injection for cataract surgery.

A remifentanil bolus, remifentanil bolus plus infusion, and alfentanil bolus were
compared in a double-blind fashion. There was a greater percentage of patients in
the remifentanil groups than in the alfentanil group reporting no pain at injection.
However, this was at the expense of a considerably higher incidence of nausea,
respiratory depression, and muscle rigidity.

Studies 3010 and 3011: Sedation for regional or peripheral nerve block and
surgery — remifentanil vs. propofol.

These were necessarily open-label studies.

Not surprisingly, remifentanil was found to provide more consistent pain relief
with less sedation during the block. However, even with that significantly lower
sedation score, only patients in the remifentanil group (11%) experienced episodes
of respiratory depression with 5,0, < 90%. In addition, 60% of the remifentanil
group eventually experienced nausea. In contrast, only 17% of the propofol group
experienced nausea even after postoperative pain medication.

Study 3011 was a European multi-center study (11 centers, 66 remifentanil
patients). Comparison of rates of hypoxemia — were obscured by choosing an
unusual definition of normoxemia (S,0,295%).

Study 2018: Remifentanil IV vs. Fentanyl EA vs. Placebo as an Adjunct to
Epidural Anesthesia for Non-Emergent C-Section.

This was a phase 2, open label, randomized study. Protocol deviations, an
unconventional definition of hypoxemia (S,0; < 95%), and uncontrolled
premedication with narcotics render the study inappropriate for assessment of
efficacy or of side effects.

NDA 20-630 Remifentanil for Sedation Glaxo, Inc.
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A statistically significant increased rate of SBP<100mmHg prior to umbilical cord
clamping occurred in the remifentanil group. All patients had received 1-2 liters of
glucose-free crystalloid "prior to entrance into the obstetrical suite™.

Maternal artery, umbilical artery, and umbilical vein samples were obtained from
some of the remifentanil grcup. PK parameters weie estimated:

Estimated Maternal/Neonatal PK Parameters

Estimates + SD
Remifentanil
CL (ml/kg/min.) 10080 (N=20)
Maternal to Neonatal Ratio (MA/UV) 1.840.9 (N=15)
Umbilical Artenial to Venous Ratio 0.320.1 (N=10)
AUV)
GR90291*
Maternal to Neonatal Ratic (MA/UV) 2.040.9 (N=10)
Umbilical Arterial to Venous Ratio 1.24308  (N=T7)
GR90291 to Remii Ratioc (MA;/MAg) 34242 (N=10)

MA, UA, and UV are maternal artenial, umbilical arterial, and umbilical venous drug, respectively.
*Patients with measurable concentrations of this primary metaboiite of remifentanil .

There was a increased incidence of neonatal jaundice in the remifentanil group
(26% vs. 11%) but the increase did not reach statictical significance.

Study 208: Adjunct to Regional Anesthesia: Hip Replacement, Hand
Sargery.

This was a European multi-center phase 2 study attempting to determine a dose-
response curve for deep sedation by comparing three starting infusion doses of
remifentanil — 0.04, 0.07, and 0.10 pg/kg/min. Eventual supplementation with
midazslam was permitted. Unusual definitions of and safeguards against
hypoxemia were employed; muscle rigidity was not strictly defined.

Midazolam plus a remifentanil infusion rate of 0.1-0.6 pg/kg/min. in the
preoperative period and 0.01-0.24 ug/kg/min. in the operative period rendered the
patients deeply sedated but arousable.

Respiratory depression as an adverse event — defined as RR<6 or §,0; < 90% —
occurred in 17% of the remifentanil patients but in none of the placebo patients
even though the placebo patients received enough midazolam to render them
deeply sedated.

NDA 20-630 Remifentanil for Sedztion Glazo, Inc.



Study 3012: Evaluation of Remifentanil vs. Remifentanil/midazolam During
Monitored Anesthesia Care.

This was a U.S_ 6-center, double-blind, parallel group study comparing 78 adults
the receiving a remifentanil infusion (initial rate 0.100 pg/kg/min.) plus placebo
with 81 adults receiving remifentanil (0.05 pg/kg/min.) plus midazolam, 2 mg IV in
divided doses. Remifentanil titration for appropriate reasons and at appropriate
intervals was permitted and the remifentanil alone group could receive
supplemental midazolam, 0.5 mg IV zither pm or because the maximum allowable
group remifentanil dose had been failed to achieve adequate sedation/anxiolysis in
either group.

Final mean remifentanil infusion rates + 1.5 x SEM were 0.123 + 0.009 pg/kg/min.
for the remifentanil/placebo group and 0.065 £ 0.005 pg/kg/min. for the
remifentanil/midazolam group. Eleven (14%) of patients — (requested from
sponsor) in the remifentanil alone group, (requested from sponsor) in the

remif” ntanil midazolam group — received supplemental midazolam.

Pain during local anesthetic injection was the primary efficacy endpoint but there
was no ttatistically significant difference in this parameter between groups. There
was a statistically significant increase in the amount of nausea intra-operatively and
in the arnount of nausea and of vomiting postoperatively in the
remifentanil/placebo group. Unresolved headache and nausea was also the cause
of an extended (6 hr.) hospital recovery stay for one remifentanil/placebo patient.
In addition, pruritis was more frequent (23% vs. 12%) in the remifentanil/placebo

group.

The incidence of respiratory depression with §,02 < 90% was low in both groups
(4% remifentanil/placebo vs. 2% remifentanil/midazolam) and no other significant
safety issues occurred.

These results invite extrapolation to placebo + midazolam, 4 mg. as an even better
choice for MAC than remifentanil + midazolam, 2 mg.

NDA 20-630 Remifentanil for Seda;lon Glaxo, Inc.
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1 Conclusions

Remifentanil appears to be safe for MAC and as an adjunct to regionai anesthesia.
Rapid recovery from accidental overdose or from excess sedation due to
overestimation of a required dose is an important property. Unfortunately, the
high incidence of nausea and vomiting associated even with low-dose remifentanil
will probably limit its usefulness in these settings.

Remifentanil in low doses given to parturients increased the incidence of neonatal
jaundice (unconjugated). However, the relevant study was too small to rule out a
statistical fluctuation.

2 Recommendations

Remifentanil should be arproved for use in MAC and as an adjunct to
regional/local anesthesia. Both bolus injection and infusion should be approved.
However, neither bolus nor infusion should be approved without one-to-one
surveillance by practitioners experienced in airway management. Bolus doses are
more susceptible to major error but even infusions can result in serious adverse
events The rapidly-developing effects of accidental remifentanil overdose dunng
a continuing infusion would not be ameliorated by the rapid recovery seen after
bolus doses.

Because of the pctential for respiratory depression, patients should receive
supplemental oxygen during remifentnail administration. Because of the potential
of iriadvertent infusion of remifentanil in IV lines, remifentanil should be infused
into T-piece connections attached directly to the intravenous cannula.

Additional studies in parturients are needed to assess the association between
remifentanil and necnatal jaundice.

o Ci‘i%@/\ 1/22/96

1L TylerPhD, MD, date

Ong IND#

Orig NDA#. 20-63C
HFD-170/Div File
HFD-170/1Tyler
HFD-170/D Morgan
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Division of Anesthetics, Critical Care, and Addiction Drug Products

Clinical Safety Review

NDA 20-630

Sponsor: Glaxo Wellcome Inc.
Five Moore Drive
Research Triangle Park, NC 27709

Product: Ultiva (remifentanii hydrochloride) for injection

Date: This Review: 14 June 96
Medical Officer: Dan Spyker
Peer Medical Officer: Barbara Palmisano
CSO: David Morgan

Material Reviewed included all clinical laboratory standard reports, case report forms X 8
chosen based on the review of the standard reports, product labeling, and clinical
summaries as needed.

Executive Summary

Three types of safety issues were considered during the remifentanil safety review: an apparent
change in acute lethality in the dog studies, microhemorrhages in dog brain histology, and review
of laboratory data in the clinical studies.

The apparent change in acute toxicity occurred in animal studies performed concurrently with the
early clinical trials. The sponsor suspended clinical trials while further investigations were
completed. From this experience the sponsor and review team became familiar with the problems
of using animals without concurrent respiratory suppor in acute toxicity evatuation of opioidst.

The microhemorrhages in dog brain histology, well described in the pharmacologists review,
appear to represent a similar problem, that is, difficulties in acute toxicity studies without
concurrent respiratory support. In this case, a follow-up animal study with respiratory support
was conducted to demonstrate the absence of the histological microhemorrhages.

For the clinical laboratory data, a standard change display/analysis approach was developed with
the sponsor, the results of clinical studies displayed, and individual patients reviewed as
appropriate. No untoward laboratory he clinical laboratory data (hematology and chemistry) were
found.

Recommendations: This reviewers believe that the safety data so far gathered and reported
adequately support this application and pose no safety problems not adequately covered by the
product labeling.

Remitantani Safety Review, 6/14/96 page 1



Clinical Laboratory Data Review

Standard Change Analysis & Display: The review team developed a four part analysis &
display system for chemistry and hematology data inc! uding:

* Each data set included ali patients where we have both a baseline and a pcst-dose
observation. In patients with more than one post-dose lab value, the largest post-dose

value was used. The same dataset was used in each of the five analyses described below.
The title identified this subset, e.g.,

Figure A-12, Summary of Changes in AST (SGOT)
All patients with baseline and post-dose results (N=799)
from among all patients exposed in clinical studies (N=822)

and an appropriate footnote, ¢.g., Clinical studies included: 203, 204, 212, 213, 226,
221, 301, 313, 405, 415.

Graphical Shift Display

Shift Table

* Ashifttable counts the number of patients whose laboratory value category (Low,
Normal, High) changes. The Shift table ysed a descriptive title, e.g.

Shifts (basefine to post-dose)
and sorted the categories in a sort of best -> worst, e.g.,
HL HN HH NL NN NH LL LN LH
Mean Shift Analysis

*  The Mean change used a one-line format and included ranges and 95% confidence
intervals (CI's) on the difference, viz:

Baseline Post-dose Differance
N Mean Range Mean Range Mean 95% CI*
Remifentanil 524 22.3 (5-189) 29.3 {5-189) 7.0 [-1.1, 14]
Hidoseremi | 133 | 21.2 (5-189) I 34.2 ] (5-189) 13.0 {1.1, 39
Opicids 104 24.3 {{10-116)] 27.3 (10-1186) 3.0 [-6.6, 13
Hi dose opicids] 38 19.9 {10-99) 26.6 (10-99) 6.7 [-4.4, 13]

" 95% Confidence Intervals calculated by ANDVA

Remitentani Safety Review, 6/14/96




Exceed Threshold Limits

» The exceed threshold limits table counts and the number of patients who exceed the

"clinically significant" value for that laboratory measure and are changing in that direction

from baseline. Footnote identifies the criterion used for this measure, e.g., Exceeds

threshold defined as post-dose value > 2 X upper limit of normal (UNL) and posi-dose

value > 1.3 X baseline value.

Change Listing

* The Change Listings comprise a line listing of the patients for whom Exceed threshold
limits as described above. The listing, was sorted by: 1) treatment, and 2) difference
(greatest to least)

Treatment [Ditference | Baseline |Post-dose| Age Sex Procedure Study | Pat #
Remifentanil 98 16 114 63 M hemorroidaectomy|{ 204
Hi dose remi 30 21 51 65 M |hemorroidectomy| 204
Opioids a5 10 105 29 F C-section 203
H; dose opioids 118 14 132 55 F C-section 213

The review team examined the standard change displays for six clinical subsets, viz:
A - Volunteers (N=297)

Review of individual patient data

B - Clinical Pharmacology Pts (N=267)
C - General Anesthesia Patients (N=2332)

D - General Anesthesia Uncontrolled (N=286)
E - MAC Randomized Clinical Trials (N=644)
F - MAC Uncontrolled Studies (N=30)

Remifertanil Safety Review, 6/14/96
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The table befow lists patients whose {aboratory and other clinical data were selected for further
evaluation. Case report forms (CRFs) were requested 5/20/96 and received in volumes dated
June 6 received 6/10/96 and dated June 7 received 6/11/96. The following table lists the patients
evaluated

Patient |D {Parameter| Baseline |Post Cose Commaent / Resolution
AST (8GOT) 10 337 72 yfo W F for regional anesthesia, levels resolved

B AST (SGOT} [ 22 1492 M! & death post-CABG, AST due to low CO

[ AST (S3OT) | 16 215 |67 y/o W M for CABG, rise minor considering surgery
[ Phosphorus 4.6 9.1 35 y/o volunteer, mincr elevation in K+ and Phos @ 1

day post dose
B ALT (SGPT) 22 299 48 y/o B F with chronic renal failure on hemodialysis,
minor change for liiness

B AST(SGOT) | 21 54 Levels resolve by 5th post-op day

B AST (SGOT) 17 106 Levels rescive by 5th post-op day

B AST (8GOT) 14 147 50 y/fo W F, 118 kg, surgery, minor change for illness

Resolution and/or an adequate explanation were found in each case.

Recommendations

This reviewers believe that the safety data so far gather«d and reported adequately support this
application and pose no safety problems not adequately covered by the product labeling.

Ren .c. .aii Satety Review, 6/14/96 page 4



Respectfully submitted,

I <5,

7
D. A Spykc(, MD
Medical Reviewer

Lo do Pl 0

6//7/ 74

Barbara Palmisano, MD
Pecr Medical Reviewer

cc:  Original NDA 20-630
HFD-170/Division File
HFZ-450/Spyker
HFD-170/Palmisano
HFD-170/Morgan

MacDan\glaxo\remni safety review, 6/96 Sunday, June 16, 1996
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OHUG STUDLES IN PEDLIATRIL PATIENTS
(To be completed for all NME's recommended ror approval)

NA #7909 -6320 Trade (generic) names \ 3 \\.,. (u,ﬁ'\ LeoXest) \\‘(‘kB

Check any of the following that apply and explain, as necessary, on the next
page: "

v// 1. A proposeu claim in the draf't labeling is uvirecteu towara a specitic
pediatric illness. The application contains adeqguate and well- I sTAD .
controlled studies in pediatric patients to support that claim. __ )

2. The araft lapeling includes gediatric cosing information that is not
bLaseo on agequate ano well-controileu stuulies in cnilaren. The
applica’ iz contains a request under zl CFR 210.58 or >la.lz6(c) for
walver of the requirement at Z1 (FR 20l1.57(t) for A&WC stuwdies in
childaren.

a. 1lhe application contains cata showing tnat the tourse of the
disease and the effects of the drug are surficiently similar
in acults ano chilagren to permit extrapolation of the oata
from adults to children. Tne waiver request should be
grantea anu a statement to that effect is incluced in the
action letter.

b. The information inclugea in the application aoes not

- adequately support the waiver request. The request should
not De granled and a statement to that erfect is inciuceo in
L/// the action letter. (Complete #3 or #4 pelow as appropriate.)
3. Peaqiatric stuales (e.g., dose-tinding, pharmacokinetic, aoverse

reaction, adequate ana well-controllea for safety and efticacy) snoula
be done after approval. The orug proauct has some potential for use

in children, but there is' reason to expect early wicespread L-—
pediatric use.(because, for example, alternative drugs are availaple

or the conditidn is uncommon in cnilaren). , -
a. The applicant has committeg to doing such stucies as willi pe
required,

(1) Stuuies are ongoing.
_ (z) Protocols nave been submitted ana approvea.

») Protocols have been submitted anc are unger
review.
(4) If no protocol has been submitteg, on tne next .

age explain tne status o! ‘j1scpssiong. -
Aivhx44v2;A4u. 1 4%Hx4tig+v ?ﬁ# ,a€4tculb«t<4é‘ch*_

v. If tne sponscr 1s not willfng to do peciatric stuules,
attach copies of FUA's written request that such studles De
Quie anu of the spUNSUr's wrltten response tu that request,

4, Pediatric studies do not need tO LE €NCOUragec because tne daruy
Proguct nas iittie potential tor use 1n clilldren,



bage ¢ -- Urug Studies in Heaiatric tatients

1

5. Af none of tne apove apply, expiain.

Explain, as necessary, the foregoing items:
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Sighature of Preparer Date
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Ultiva (Remifentanil for injection)
NDA 20-630

DEBARMENT CERTIFICATION

In accordance with the certification provisior. of the Generic Drug Enforcement Act of 1992
as outlined in correspondence dated July 29, 1992, from Daniel L. Michels, Office of
Compliance, Glaxo hereby certifies that to the best of its knowledge and belief, it did not and
will not use in any capacity the services of any person debarred under section 306(a) or (b) of
the Generic Drug Enforcement Act of 1992 in connection with this application.

E M . P . A ’ -
,/—'2, - y
Richard Kiernan Date
Worldwide Director, GLP and GCP Compliance




Integrated Review of Efficacy and Safety

NDA 20-630
Remifentanil HCI for Injection
Glaxo-Wellcome, Inc.

Background Pharmacology

Remifentani] is a fentanyl analog (4-anilidopipendine) with a propionic acid methyl
ester linkage that renders the molecule susceptible to ester hydrolysis by blood and tissue
esterases. This hydrolysis results in the production of a carboxylic acid metabolite which
essentially lacks cpioid activity and is excreted in the urine. The only other identified
metabolite accounts for less than 2% of the dose. Remifentanil is approximately 72% bound
to human plasma proteins, mostly to a-l-acid glycoprotein. It has been shown in animal
studies to be selective for p-opioid receptors. Although it binds to y- and x- opioid receptors
it lacks intnnsic efficacy to produce significant activaton of these receptors. Remifentanil
has no significant binding affinity for any of multiple receptors or ion channels tested other
than opiotd receptors.

Non-organ dependent metabolism 1s unique among the currently marketed fentanyl
analogs (fentanyl, sufentanii, and alfentaiil) which undergo hepatic metabolism. Because of
rapid hydrolysis, the biologic half-life of remifentanil is 3-10 minutes. The short duration of
effect make remifentanil best suited to administration by continuous intravenous infusion.
Steady-state concentration is reached within 10-15 minutes after initiation of or adjustment of
an infusion. While opioid effecis are qualitatively similar to other fentanyl analogs, because
of lack of accumulation, durztion of effect should be independent of duration of
administration.

Overview of NDA Clinical Studies

The remifentanii NDA coatains 50 clinical studies (including 4 pilots). Remifentanil
was administered to 2879 patients in 40 studies and to 267 volunteers in 10 studies (see
Appendix B for complete study listings).

In Phase I studies (study # 100’s) remifentanil was administered to healthy adult
volunteers. These studies provided preliminary pharmacodynamic and pharmacokinetic data.

Phase (I (study#200's) clinical studies examined dose ranging and
pharmacodynamics/kinetics in general patient populations as well as special populations
Remifentanil was evaluated for induction and maintenance of general anesthesia alone and
with other agents {(benzodiazepines, propofol, thiopental, isoflurane, nitrous oxide), as a
post-operative analgesic while transitioning to longer-duration analgesics, and as an adjunct to
local/regional anesthesia.  Alfentanil was the most common comparator agent, but
comparisons were also made to fentanyl and propofol In pharmacodynamic studies dunng
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general anesthesia, hemodynamic effects and effects on spontaneous ventilation, intracranial
pressure and somatosensory evoked potentials were evaluated. In pharmacodynamic studies
dunng local anesthesia, effects on intraccular pressure  were  evaluated.
Pharmacokinetcs/dynamics were also evaluated in special populations. pediatrics, elderly,
renal impaired, hepatic impaired and dunng hepatic transplant, obese, cardiac and
neurosurgical patients Special populations were also evaluated during anesthesia: pediatncs,
cardiac, and obstetrical (operative delivery)

Phase II1 (study # 300’s) clinical studies generally examined use of remifentanil during
induction and maintenance of general anesthesia in combination with other agents, as a post-
operative analgesic while transitioning to longer-duration analgesics, and as an adjunct to
local/regional anesthesia. These studies are intended to support dosing guidelines in the
package insert and to obtain a safety profile with this dosing.

Brief Gverview of Efficacy and Safety. The efficacy of remifentanii ts as a potent opioid
analgesic with effects similar to those of the other fentanyl analogs. In anesthesia practice it
is a potent analgesic and biunts physiologic responses to noxious stimuli. The sponsor
proposes that remifentanil allows intense, titratable analgesia without prolongation of
recovery. Remifentanil has typical opioid-class side effects: respiratory depression, muscle
rigidity, nausea, vomiting, pruntis, bradycardia, and nypotension under general anesthesia.
As with other fentanyl analogs, hypoxia from respiratory depression and/or muscie rigidity is
the most likely cause of potentially serious adverse effect. The rapidity of offset of effect
with remifentanil is both a safety factor and a safety concem.

Pharmacodynamics/kinetics in volunteer subjects:

Offset of respiratory depression was compared between remifentanil and alfentanil in
volunteers (Study 103, N=30) Both drugs were titrated to an endpoint of decrease in CO,-
stimulated minute ventilation by approximately 55%. Following termination of 3-hour
infusion the time to offset of effect was significantly shorter for remifentani! (median 9 min,
range min) than for alfentanil (median 73 min, range min).

Blood-brain equilibration was modeled for remifentanil and alfentanil in volunteers using
EEG effect (spectral edge) (Sudy 104, N=35). Half-time for equilibration was short for bcth
drugs (1x1min, meantsd). Previous work by the same investigators showed a longer
equilibration time for fentanyl and sufentanil (5-6+2-3min, from Anesthesiology 74:34, 1991).

Histamine release was not associated with remifentanil infusions in surgical patients (Study
202) or volunteers (Study 1C1)

Renal Impairment was not associated with altered pharmacokinetics of remifentanil (Study
210, N=15). The kinetics of the renally excreted primary metabolite were altered: AUC,
Cmax and half-time of elimination were significantly increased. The significance of delayed
elimination of the metabolite were not addressed A pharmacodynamic measure of
respiratory depression (ECs minute ventilation in response to hypercarbic challenge) was
not changed Protein binding of remifentanil was not measured in these patients
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Hepatic Impairment did not alter pharmacokinetic parameters of remifentanil or of the
major metabolite (Study 211, N=10) The pharmacodynamic measure of respiratory
depression, ECyo minute vennlation in response to hypercarbic challenge, was lower than
control for subjects with hepatic impairment receiving remifentanil 0 025ug/kg/min for 1 hour
followed by 0.05ug/kg/min for 3 hours because the control group had an unusually high ECs,.
With a lower dose of remfentanil, subjects with hepatic impairment were not different from
controls Protetn binding of remifentanil was not measured in these patients

Gender differences in pharmacokinetics and pharmacodynamics of EEG effect (spectral
edge) were examined in studies 104 and 216 (N, female=31, male=39). A smaller central
compariment volume for remifentanil and increased AUC and Cmax with reduced terminal
half-life of the primary metabolite was noted in females. No gender differences were noted in
EEG effects.

Age differences between elderly (65 years, N=24) and younger adults were identified in
pharmacokinetic parameters and in pharmacodynamic EEG effect (spectral edge) in studies
216 and 104 In elderly, EEG recovery was slower and ECyo lower for elderly subjects.
Remifentanil clearance decreased and volume of distribution increased with advancing age
The major metabolite had increased AUC, Cmax, and AUC ratio (metabolite:remifentanil) in
the elderly Based on these findings the sponsor recommends that both loading and
maintenance infusions of remifentanii be reduced in elderly subjects.

Indications
The sponsor has proposed 2 indications for remifentaml.

| as an analgesic agent for use during the induction and maintenance of general anesthesia for
inpatient and outpatient prccedures and for continuation as an analgesic into the
immediate postoperative period under the direct supervision of an anesthesia practitioner
in a post anesthesia care unit or intensive care setting.

2. as an analgesic component of monitcr=d anesthesia care.
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Indication 1: Remifentanil for Use in General Anesthesia

Efficacy

1. Blunting of response to intubation and surgical sumulation - General Population

Remifentanil was used in conjunction with other agents (benzodiazepines, nitrous oxide,
propofol, and 1soflurane) to provide general anesthesia in a vanety of surgical procedures in
general populations {17 studies) For most studies ventilation was controlled, but in 3
studies patients breathed spontaneously (see Respiraiory Depression below) Efficacy was
measured as absence of hemodynamic, somatic and autonomic responses to intubation and
various surgical stimuli Comparisons were made to alfentanl (6 studies) and fentanyl (1
study) (see Table /) (One additional study, #203, compared remifentanil and alfentanil for
induction only). In general, doses of remifentanil that showed better efficacy than the
comparator opioid were associated with a higher incidence of side-effects, in particular
hypotension and muscle ngidity.

One of the sponsor's aims in these studies was to demonstrate that remifentanil can be
dosed to a higher level of opioid effect without delaying recovery. Comparisons of recovery
were made to alfentanil (4 studies) and fentanyl (1 study) (see Table 2). Differences in
recovery times as measured by time to spontaneous or adequate ventilation, eye opening,
extubation and response to verbal command were generally less than 5 and always less than
10 minutes between comparators. In addition, psychometric testing and times to discharge
from PACU and discharge to home did not demonstrate prolongation of recovery with
remifentanil

2. Loss of Consciousness

Remifentanil even at high doses does not reliably induce loss of consciousness and
therefore, is unsuitable as a sole agent for induction or maintenance of general anesthesia.
This was demonstrated in Studies 203 and 205 in which single doses up tc 20 pg/kg and
infusions up to lpgkg/min for 5 minutes failed to produce loss of consciousness in all
patients In addition, awareness or recall under general anesthesia was reported in several
studies. Ten patients (5%) reported recall in Study 314 which was judged by the sponsor to
be due to inadequate doses of the concurrent maintenance agent, propofol. The sponsor
recommends a minimum dose of 75ug/kg/min propofol for total intravenous anesthesia with
remifentanil and propofol



uosnjul Jurises 3w | uossuiod {y pue erpresipesq unuLRIuL g Fuad

uonesdsar rmedun jou so0p Aipidu pinu |

Ajuc aseyd aoveudjureut 4,

uosnjur Suddos 1a1je sanui [y BIUwIL
1S3 snuIs 1P30 O autdong pastadas dnosd g ()
VeI PAduaUad 1 uRuaIm w3 wyAy ¢ 3ual

uondnput Furmp uand amdone 0 arjoufdodid ,

pue uotssadap Aaomesudsar w1y AL - (IEIUIE - Oy
a1 Ay un usned UG - [EIUJIURS T T
331 HEW 04 {Y - JUEIDIIWAL - 4T

SUULIIEIY ISIIAPY IYEION

pastt adwyped ut papuaUnINIIL ULy 1ydiy »sop §

/1 £ 14 9Kl —- 12 i 0l 10j0do14 70 50 1] (se 1) pumunad
nojodord rlt
98 ot +0t 111 i i8 131 0t wid ¢-5°1 - t (L6} [AUEM3)
%9 ot +8% 1Z4] t 14 14 t1 aremyjos] ro £ 0 17| (16) PUEUI)IL)
£T/9v s oS i L 29 4l 9t nojodory Ty U t (R6) UEIUINUD
tlt
gi/19 8 sl piowio 14 I [4} 61 0T 0t¢ 0z (94) [HIEIUSj R
75/28 L 6 o1 30ud 61 £¢ i 61 tojodong STO 0 ) i b pED) pumeaps
WreXE! fojodord UL
£5/€$ 4 oS Tt 01 149 i 9 {ojodouy 0 01 I f0R) puBILI LIl
81728 L [d4 (47" z 8¢ 91 Y4 fojodoiy sT0 S0 1 (18} PuEEI)ual
Lt
9/17 ol L 0 Tl 99 tZ pandy Zrem(jos] ¢ ) LT (H6) [IUTUIJ[E
8/61 ot oSl o/ Il 3% Y4 ou [ARINJOS| sT0 ¢ 0 [ (ZOI) puBuapul
T 1ojodoid pi
91/LY <1 6t £y 1z u ( 87 aremyyos] $0 ol ¥ R uEw e
oL/Lt L e t/8 91 LS 8 sl 0N/ $Z0 50 P | o) punuanua
jojodorg 10t
g1/5¢ b 9 ouss - 9t 61 144 P 50 Oy (651 [URoje
$2/69 1 nt 9U/ry — 8 4 £9 0iN / N, W0 17 | (sy) mmauapua
92/(9 L {14 LIS - 14 4 9L inuadowy | s70 70 1 (fs ) [TUEIUA) I3
o LR
63/1L a £ [0 t€ v6 69 v 0l 01 00 NN
Ot/1L 9 £ %6 9 43 6 It 0N / v o ) t | (sy) mumuouy
LSILL 6 0 e L1 r6 Ls L tojodod 10 1o I (§) MU U
i
SHIR9 0 0 001 LY 5270 sL 0 Or (91) o
0S/8L 9 v mordo 4] w v 0 1 (§1) PUDUApW
9t/19 vi ¥ o sousd paucdal 001 9 Pty O'N / 1o 10 [ () HURUJELLL
I+/t9 0 8 yrexepu 1 00l i o jojodoid 0 )0 i (R} [IERUI
O
MnuaE (%) (») (s) (») ——— (G a3 | conndydd)y 1Ay
(o0 Up) (B () ansor ) | msoqsauy | woispup | uoOnRARIUL | wrevapiely uosa | usianjup  [efiuy

oA epandpayg | vosuddy Anprdng uny ol Wi uryy Ol 0} AOLIRPU ER A TR A T (N1 WwauneIn
JEISTEN ey | ssuodsay | )0 suig | asuodsay | asuodsay AN N0y (Lt} Fvoq | wegmug Apy
SJUaAF] 3ISIIAPVY pug S13)dueiEd £3e01y) PIIIIS - BISYISIAVY Jeiauar) I 3Iq8L

s adod

sapay prmadaug




(aduel) UBIPIW 2 WedW , ,
"PUI A1 1B PINUNUOISIP AU (13T mS JO PUI M1 3J0JX] SANUIL OZ-0] PINULUOISID [IURIUdjE |

wosut a3exded ut papudunuolal wep 1248y asop § A33310S 1218 UL G§-()¢ JOJ J1R1 PIONPIJ JB PINUTIVGD VOIST UL [HIEIAJIWS) ,
{coc-vD) 9 { (€Z1-1) v | (LTs-0) 11 irore | (8Tr6r)rrl wd ¢-¢ [ — £ (16) [ arewd)
- -~ (s0£-c1)88 | (sez-sheT | (e61-1)st | (€61-0)sT | (OLi-skdici | aummposq F 0 F 0 1z «(16) PUCRIINU;
— — (L88-6) 96 @Le-€3 8z | (ve-991 (€091 | (e8i-6MECT nojodarg 0 (&) { «(86) [T U2
Ll
(go1-00 68 | (g62-¢1)96 | (gez-¥1}LIN — (61-0) v (07-0) € (0ST-L g jojodatd 07 01 0z + (00) jaruage
(L6l-$) €2 {(erT-L6) 06 (16Z-LE} 001 — (rz-0) ¢ (zZz-0) ¢ (IsT-LD6E Aojodasy ST 05 1 § N ! (i 1) pruciianuas
{4ienb) (7 wseyd) g0t
— (Z09i-19} GIT {88-1) €1 {(+e-1)6 (+Z-0) 9 (£2-0) 9 (6t 1-¥DEE aremyos| 50 $0 ¥ {66) [UGU3[TE
-— {ST01-511)907 (L6-0) #1 (0s-0) 01 (sT-0)6 (ST-0) 6 (s6-L DTy faremfos| §T 0 §7 0 1 (ZOD) ML
jojodoug Lot
— — {sio-c1) e | (vi1-t) sz | (s2-00 21 (08-0) 11 ] (97¢-£5)691 AEem(jos] 9] 01 ¥4 + (811 [uewmayE
— — (gr1zi-s2 1ot | Ge9rz | (DTN (os-0d 01 | (s6£-9m)9Lt OIN / §T 0 § 0 { NCTRRILU4 TR QHET]
jojodaryg 10t
- — — — wesi-s | 0o v | (sinoss 50 s 0 Os | 4{6s) Mumuoje
— — —_ — (€T- 8L 81-0 ¢ ssa1e 0N/ s 0 S0 l (yy) [ITuapua
— — — — (0£1-t)6-9 na_fwe wmm sy 5-7] enadong sT°0 ST 1z (ry) ____sca_”.__um_
{Tl-¢) LU | (ove-pTi) (ST -2 L - (- g e | (9961t 01 01 0z (s¢) e
(g9 el | (esz-1z1) 191 (os-0 ¢ — (D¢ (6= ¢ (9L 167 0N / ko FO I (yt) [UERIIitua)
i6i-#1 0t { (8FZ-121) #31 {t~1-2} 01 — (3-D¢ -pe {(r11-02)8¢ 10jodaig | )] In I {5t ) JIPN MY
4 ¥4
aszvos | g9 o001 | wormnz — (o1-1) ¢ (ST-0) ¢ 081 $L 0 5L 0 oF + (U puuaye
s 100 Zr | (Lot-10) 58 (s+€1) G2 — (81-0) ¢ {(51-0) 9 081 F O £ O I (81) (eI
(ss-91) 82 | (8T1-64) 86 (1¢-71} oz — (Ot (D) ¢ 081 O'N / 10 [ o I (6} [T
(Ers 6z | (091-1L) ¢6 (19-01) 91 — arng {(ro)o 081 jojodary +0 0 rO D 1 (¥ Uy
snoarentods 14
(uni;

(unw) (unu) novd (urur) (unz} (ur) eolumui) anagisAry futugdy2d) | (uiaydy3d) (3ydd)

nsadueuy AUy wai] 3Wmysip | gz wods | uonequxyg | uonendsay | eisapsay | aceusmepy ' uoisnpyg uoishjup  [eng
18I EY. TR 10§ sjienb PV 0] Jwiy aenbapy Jo uoneang] AoRInpug aOEuIIEYY (N} uaness;

Ol W] 0] aut] 0] aunJ 0] wny o) awnj MALNRIO) renju] 250(] uoneqnuj pmy !
(93uel) UeIPoW aJe SIN|eA SWH ], SIUIAY ISIIAPY pue S1djweIed £1IA023Y PINIIIS - EISIYISIUY jBIIUIT) "7 Qe
9 23nd

a2y pamidauy




Integraied Review
page ”

Safety

{ Respiratory Depression

general anesthesia in spontaneously breathing subjects concomitantly with isoflurane or
propofol  The ratnonale for this was the populanty of spontaneous ventilation general
anesthesia techniques in Europe  Although this technique can be successtully used with
doses of remifentanil of 0 025 and 0 05 pgkg/min, the incidence respiratory depression is
considerable (17-90%) In all US-conducted studies general anesthesia included controlled
ventilation

Recurrent Respiratory Depression. Two safety reports of recurrent respiratory
depression have been fiiled to the IND In one case a 60 yr old male received diazepam 10 mg
for premedication and remifentanil and isoflurane for a 4-hour laparoscopic repair of hiatal
hemia. The patient was slow to breathe at the end of surgery but maintained adequate
respiration until 22 minutes after the discontinuation of remifentanil when he became apneic
and lost consciousness. Treatment consisted of manual ventilation and naloxone after 5
minutes which resuited in rapid recovery The investigator attnbuted the event to of lack of
stimulation in the PACU after remifentanil and diazepam. We agree that this case may
represent ongoing opioid effect with varying levels of stimulation rather than recurrent
respiratory depression

The second case is a 54 yr old female who received remifentanil and propofol for
laparoscopic vaginal hysterectomy. The patient’s initial recovery was unremarkable. Thirty
minutes after remifentanil discontinuation she became apneic, unconsctous and was noted to
have muscle rigidity She was manually ventilated and began to breathe spontaneously within
S minutes without other interventions. The presence of muscle rigidity and spontanecus
reversal within 5 minutes may indicate that an inadvertent remifentanil bolus had been
administered although there is no record of such. “Recurrent” muscle rigidity is not a known
entity and suggests that this case may not represent recurrent respiratory depression.

2. Muscle Rugndity

Muscle ngidity occurred with a notable incidence in the NDA studies when
remifentanil was administered prior to muscle relaxabon (see Table /) At recommended
induction doses (1pg/kg followed by 0 5-1pg/kg/min) the incidence of muscle ngidity was 1-
11% excluding cases classified as “mild” which were not associated with impairment of
-centitation  Most studies used propofol as the concomitant induction agent. In Study 213,
thiopental and 2 pug/kg remifentanil (twice the recommended imtial bolus dose) produced an
extremely high incidence of muscle rigidity that was not different from the incidence with the
comparator, alfentanil

The occurrence of muscle ngidity in cardiac studies 215 and 221 (see below - Cardiac
Anesthesia) was particularly notable In study 215, remifentanil was infused at doses of 1-2
ng/kg/min after benzodiazepine premedication but prior to other agents The occurrence of
life-threatening muscle rigidity in 3 patients prompted amendment of the protocol to
induction with propofol and paralysis prior to remifentanil administravon In study 221
remifentanil  (1-3ug’kg/min) was also intused after benzodiazepine and morphine
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premea:cation. The incidence of muscle rigidity was high, 36-65%, of which 8-20% was
classified as mild.

The sponsor’s label (package insert) states that chest wall ngidity ma2y occur after
remifentanil bolus doses =1 ug/hg administered over 30-60 sec or infusion rates >0.1
pg’kg/min Administration of supplemental dose(s} <1 pg/kg may cause chest wall nigidity
when given concurrently with a continuous infusion of Ultiva  Prior or concurrent
adminstration of a hypnotic (propotol or thiopental) or a neuromuscular blocking agent may
attenuate the effect, cr decreases the incidence to <1%

3. Hemodynamic Effects - Hypotension and Bradycardia

Two studies systematically examined the hemodynamic effects of remifentanil. In
study 201 (N=31) it was determined that with isoflurane, there was a high incidence of
hypotension and bradycardia with remifentanil doses greater than 1.5 ng/kg unless there was
pretreatment with glycopyrrolate.  With glycopyrrolate pretreatment doses as high as 20
ug/kg were tolerated It was also demonstrated that the hemodynamic effects of remifentanil
were short-lived and can be rapidly treated with adrenergic agents.

In study 206 (N=43) hemodynamic effects of relatively high does of remifentaml (2-
20 pg/kg) were compared in combination with either NO or isoflurane. With N;O there were
no cases of bradycardia and 2 of |5 patients had SBP <80 mm Hg. With isoflurane the first 3
patients {who by chance also happened 1o be older than the rest of the group, mean age 58 vs.
<37 years) had SBP <80 mm Hg with 2 pg/kg of remifentanil, therefore all subsequent
patients received pretreatment with glycopyrrolate. With Slycopyrrolate pretreatment (0.4-
0 5 mg) patients had baseline tachycardia and 3 of 15 patients had SBP <80 mm Hg but none
nad bradycardia This study also demonstrated that escalating dose of 1emifentanil did not
appear to produce increasing hypotension.

Clirucal Studies. When used in general anesthesia, remifentanil produces an incidenc:
of hypotension that is apparently related to presence of concomitant anesthetic and vagolytic
agents (see Table 1). In clinical studies patients were generally loaded with 5-10 ml/kg of
isotonic fluid prior to induction. Glycopyrrolate or atropine pretreatment was given in some
clinical studies that used isoflurane for concomitant maintenance anesthesia (studies 228, 303,
313) In volunteer studies, hypertension and tachycardia were common especially dunng
emergence.

4. Nausea and Vomiting

There is a high incidence of nausea and vomiung after use of opioids in general
anesthesia.  In the NDA studies this was true for remifentanil as well as for comparator
opioids (see Table 2)
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5. Deaths
Seven patient deaths were reported from 5 clinical studies (221, 313, 207, 215, 224).
Five deaths were in studies of cardiac anesthesia (0.9% mortality rate). All were judged by
the investigator to be unrelated to remifentanil:
- 2 deaths secondary to aortic rupture in patients undergoing coronary artery bypass grafting
- 2 deaths secondary to myocardial infarction in patients undergoing coronary artery bypass
grafting
- 1 death secondary to cardiac failure in a patient undergoing coronaiy artery bypass grafting
- 1 death secondary to ¢~ rebral ischemia and respiratory arrest 10 deys postoperatively in an
84- year old patent undergoing general surgery for eventration
- 1 death secondary to sepsis following liver transplaniation

6. Ramd Offset of Effect - Analgesia

The analgesic effects of remifentanil are short-lived after discontinuation of an
infusion (see Table 2). Patients with post-operative pain require analgesic agents after
discontinuation of remifentanil in general anesthesia. In one study (#314) administration of
mnorphine (0.15 mg/kg) 20 minutes before the end of surgery did not delay recovery compared
to continuing a remifentanii infusion at reduced rate into the post-operative period. The
sponsor proposes that remifentanil can be continued at a reduced rate (0.1pgkg/min) for
post-operative analgesia for the inital 30-45 minutes post-operatively while patients remain
in a monitored care setting.

Remifentanil Use for Shert-term Post-Operative Analgesia with Transition to Morphine

In 6 general population studies remifentanil was used for post-operative analgesia in the Post-
Anesthesia Care Unit with transition to morphine after 30-45 minutes (see Table 3) These
were 2 phase I! dose finding studies (213, 22¢) and 4 Phase III studies (301,307,313,314).
The sponsor believed that the early studies showed that bolus dosing and large rate increases
lead to respiratory depression and muscle figidity so a regimen using a slightly higher starting
rate, smaller incremental rate increases, and nc bolus doses was incorporated into the 2 final
studies, 313 and 314.
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Table 3. Remufentamil for Post-Operative Analgesia
Study | Desiga N Dose Analgesia and | RR<8bpm | Muscle
(analgesia) bolus infusion RR>8 bpm Rigidity
(ue/key | (pe/kg/min) N (Fototal N (%towal) N {%total)
213 open label 54 1 ¢.1-0.8 29 {34%) 17(31%) 4 (7%)
(1 mild+}
226 open label 44 0.5 0.05 tirrazed 43 (97%) 0 0
by 0.05-0.1
increments
301 open label 107-116 0.5 *0.05-0.1 60 (56%) 4 (4%) 9 (8%)
with titration {1 mildt)
307 open Label 157-178 none *(.05-0.1 75 (48%) 52 (33%) 3 (21%)
with lation
313 oper: label 178-189 none 0.1 with 109 (61%) 6 (3%) 6(3%)
titration by (3 mildt)
0.025
increments
314 double 62-66 none 0.1 with 42 (68%) 7 (11%} 1{1%)
blind vs titration by
morphine 0.025
increments

“ When 0.05 mcg/kg/min failed to provide adequate analgesia, the protocol was amended so that the starting
rate was 0.1 mcg/kg/min
+ mild ngidity does not interfere with respiration

Notable adverse events refated to remifentani! during the analgesia phase of these studies:

226 - onc pauent inadvertently received 0.15 instead of 0.05 pg/kg/min and had apnea without hypoxemia

301 - During the analgesia phase, ten patients given remifentanil had severe adverse events — including
hypoventilation, apnea, and hypoxermia — attributable to remifentanil. For example, during remifentanil, 0.05
pg/kg/min, a 57 year old male developed chest wall nigidity and apnea. A 49 ycar old male recerved
remifentanil at 0.05 pg/kg/min.  Because of severe pain, he was given a bolus dose of 0.5 pghkg, and the
infusion was increased to 0.1 pg/kg/mn. One minute later he bzcame apneic. Six of 11 pavents who received
remufentanil and developed severe adverse effects during the analgesia perniod had received either an overdose of
remifentanil or an incorrect dosing regimen.

307 - Dunng the amalgesia period, two patients demonstrated severe adverse effects. One was found
unresponsive and cyanotic after ranspont from the recovery room, this event was atinbuted to adminstration o
residual remifentanil in the intravenous tubing. A second patient experienced apnea after a bolus dose o
remifentanil, 0.4 pg/kg Of 49 episodes of respiratory depression dunng the amalgesia period of the study, 16
were reported as apnea; only 1 of 16 of these apneic episodes followed a bolus dose of remifentani

314 - Two severe adverse events related to remifentanil occurred.  One patient developed progressive
hypoventilation to a respiratory rate of 4 dunng remifertanil infusion. One pauent nadvertently eceived a
bolus of remifentanil (400 i) during a remufentanil infusion. She lost consciousness and devcloped muscle
ngidity and apnea. Venulatory support was required for 10 minutes. An additional three renufentanil patients
were withdrawn from the study because of respiratory depression. Respiratory depression was more common
with remufentanil {13%) than with morphine {4%).

Safety issues with use of remifentanil in conscious patients relate to the effects of the
drug as well as to its administration Several severe adverse effects occurred due to dosing
errors or inadvertent administration of the drug. In the NDA studies (3146 patients) there
were 3 reported cases of remifentanil overdose. In all instances subjects were in a monitored
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care setung and symptoms were rapidly recognized and treated with no serious sequelae
The reasons for inappropriate dosing were investigator error (2), dilutional error (1), pump
failure (1) and inappropnate flushing of the IV line containing remifentanil when a second
medication was given (5).

The sponsor’s recommendations for use of remifentanil for postoperative analgesia
include direct supervision of an anesthesia practitioner. 'When used as an [V analgesic in the
immediate postoperative period, remifentanil sheuld be imtially administered by continuous
infusion at a rate of O.lug/kg/min. The infusion rate may be adjusted every 5 minutes in
0 025ug/’kg/min increments. Infusion rates greater than 0.2ug/kg/min are generally associated
with respiratory depression (respiratory rate less than 8 breaths/min). The use of bolus
injections to treat pain during the postoperative period is not recommended.

The primary medical reviewer (D. Fisher) concludes that remifentanil can
provide effective analgesia during the iutial recovery penod. Whether its efficacy exceeds
that of other opioids remains to be demonstrated. However, severe life-threatening adverse
events have been associated with remifentanil administration during the recovery penod.
Although some of these episodes have been attnbuted to dosing errors, others have occurred
during routine administration of remifentanil per protocol. In addition, these adverse effects
have been cbserved despite supplemental monitonng available duning a clinical trial.

In clinical practice, patients are monitored less intensively than during clinical trials.
This suggests that severe adverse events will occur with greater frequency than in clinical
trials and might lead to adverse outcomes. Thereforc, it is questionable whether it is
appropriate to recommend administration of remifentanil during the recovery period.

Altemnatively, a controlled roll-out with an educational program might limit the occurrence of
these adverse effects.
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General Anesthesia - Special Populations

Cardiac Anesthesia and Post-Operative intensive Care. Three phase Il studies and
one pilot (N=252) were conducted in patients undergoing cardiac surgery with
cardiopulmonary bypass. Study 207 (N=17) demonstrated that remifentanil clearance is
decreased by approximately 20% during hypothermic bypass. Studies 215 and 221 provide
expernence using remifentanil with benzodiazepines, propofol and 1soflurane in patients
undergoing coronary artcry bypass surgery. There were no comparative studies.

A dose-response relationship was not demonstrated between remifentanil dose (1-2 or
1-3pug/kg/min starting infusion rates) and responses to surgical stimuli The incidence of
muscle ngidity was high (up to 46%) when remifentanil was infused after benzodiazepine and
morphine premedication but before administration of propofol and neuromuscular relaxant
(see Muscle Rigndiry above).

Remifentanil infusion (1pg/kg/min) was continued during intensive care forup to 5
hours after surgery Transition was made to morphine, midazolam and/or propofol (215) or
morphine (221). Initially in study 215 patients received 0.05-0.1 mg/kg morphine then
remifentanil was weaned over 1 hour. This was associated with patient anxiety and agitation,
so the protocol was amended to include higher doses of morphine pius midazolam and
propofol. In study 221 patients were given 0.1 mg/kg morphine and after 1 hour remifentanil
wean began Early extubation (within 6 hours post-operatively) occurred in some patients.

Notabie severe adverse events occurred: (study 215) one patient had an explosive
wake-up leading to stemal dehiscence, 2 had respiratory arrest after extubation due definitely
(1) and possibly (1) to accidental infusion of remifentanil associated with flushing the I'V line.
In study 221 apnea was reported as a severe adverse event in a patient who aiso received an
inadvertent bolus of remifentanil when other medication was administered through the IV line.

The recommendation of the primary medical reviewer (R. Merin) is that further
studies are needed with remifentanil use in cardiac anesthesia. In particular, further
assessment is needed of early extubation protocols and hemodynamic and ischemia profiles
VS comparators

Neuroanesthesia. Seventy-one patients received remifentanil during general
anesthesia for neurosurgical procedures in three studies including one pilot. Study 214A
demonstraied that remifentanil 0.5-1 |tg infused over 1 minute dunng N,O/isoflurane
anesthesia had negligible effect on intracranial pressure in patients with small intracrarial
mass lesions (N=10) who were maintained hypccapnic with head elevation. Although not
demonstrated in this study, the primary medical reviewer (R. Bedford) notes that
remifentanil may have potentially deleterious effects on cerebral perfusion pressure by
{owering mean arterial pressure. Studies 304P and 304 demonstrated that in patients with
supratentorial masses (N=61) cerebral blood flow reactivity (AQ/APcos) remained intact
during general anesthesia with remifentanil/N;O/isoflurane. Remifentanil and fentanyl
provided satisfactory conditions with rapid emergence and recovery Duration of
remifentanil anesthesia was 297 minutes median, with range 143-587 minutes.
Pharmacokinetic parameters in these patients (N=20) were similar to the general population
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A severe adverse event occurted in one patient who became severely agitated 10 minutes after
discontinuation of remifentanil

Pediatric Anesthesia. Remifentanil was administered to 91 pediatnic patients between
2 and 12 years of age in 2 studies (219F, 2019) Pharmacokinetic parameters determined in a
small number of patients (N=8, 2-6 yrs old and N=5, 7-12 yrs old) did not appear different
from adult values. Sixty-eight pediatric patients received remifentanil plus N;O for genera!
anesthesia dunng strabismus surgery and were compared to 61 patients receiving N;O and
either alfentanil, propofol or tsoflurane. All patients received an anticholinergic during
induction. All regimens provided satisfactory intraopcrative anesthesia and recovery
parameters were similar between groups. The primary medical reviewer (B. Palmisano)
recommends that additional studies in pediatnic patients are needed, especially
pharmacokinetics/dynamic studies in patients under 2 years of age

Hepatic Transplant. In study 224 (N=6) remifentanil pharmacokinetcs were similar
in anhepatic patients as in other patients, however the small number of patients precludes
definitive analysis.

Ubese Patients. In study 227 remifentani! charmacokinetics were compared between
obese patients (>80% ideal body weight, N=12) and controls (N=12). Pharmacokinetic
parameters showed better correlation with ideal body weight than with total body weight
suggesting that dosing based on IBW may be more appropnate in obese patients. The
primary medical reviewer (M. Wood) recommends that a study of respiratory
pharmacody namics in these patients would be of interest.
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Indication 2: Remifentanil for Use as an Adjunct to Local / Regional
Anesthesia

In 7 general population swdies and | obstetrical population remifentanil was used as
an adjunct to local or regional anesthesia These were 2 phase [l dose finding studies (208,
209) and 5 Phase III studies (306, 309 310, 311, 312). Cne phase Il study was also
conducted in the obstetrical population The sponsor believed that early studies showed that
titration of remifentani] to a sedative endpoint led to respiratory depression, apnea, and
muscle ngidity Therefore, sedation was replaced with a discomfort endpoint. The primary
endpoint was the attenuacion of pain associated with placement of block

Efficacy
{. Blunting of response to nerve block

Five studies (306, 309, 310, 311, 312) examined the efficacy of remifentanii to
provide analgesia during placement of central or penpheral nerve block (N=423). Pain at
injection of local anesthesia with remifentanil alone or in conjunction with midazolam (2
studies) occurred in 0-20% of patients. The incidence of pain on injection of local anesthesia
was lower in patients receiving remifentanit than in those receiving alfentanil (1 study) or
propofol (2 studies). The incidence of side effects including nausea, respiratory depression
and muscle rigidity was aiso greater in the remifentanil groups. These studies demonstrate
that remifentanil can be used to provide effective analgesia duning placement of nerve block.

2. Maintenance of comfort during procedure

These studies also demonstrated that remifentanil can be used to provide com®ort
during surgical procedures with regional or local anesthesia. The incidence of patients with at
least one discomfort response or requiring at least one infusicn rate adjustment was 3%-47%.

Safety

Incidences of respiratory depression, muscle rigidity, nausea, vomiting and pruritis with
remifentanil used as an adjunct to local and regional anesthesia are listed in Table 4
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Table 4. Remifertani/ wuh Local Regional Anesthesia
Study | Design N Block Dose "s]'l.':é:sn RR <8bpm Muscle Nausea/
remi Rigidity | Yomiting
/Pruritis
gk | (uekeg/min) N(%t1o1al) N{%total) Fototal
208 | doudle | 123 | orhopedic | none | 0.0.04, 007 | Sp0,<90% move | | ac 5620
bhind regional or 0.1 24 (20%) reported Vi1 21%
‘ = ’ p:17.212%
milazoiam
209 double 25 ophthalmic |  RORE 0.05 7 18¢72%) o 16%
blind vs block iniually (10 mild) v: 8%
alfentanil 0.5 for p:122%
ttration
218 | openlabel | 24 |cpduralfor | none 0.1 RR <12 or 3
C-secton initally titration 0.05 S$p0,<95%
(local & | 33 ug for H17%)
NarcOuc) tiratinn
306 ‘?Eh'” 81 local for none 0.1 19 (81%) 0 0 18-12%
‘ breast titration +5p0,<90% v: 9-219%
+2-8mg biopsy 0.025 -0.05 16 {20%) p:0-32%
midazotam
309 double 57 | ophthaimic 1 0 or 0.2 then 9(17%) 3(5%) | 0-10-14%
blind vs block optional 0.1 | +8p0;<90% | (1migp) | ¥ 21%
alfentanil post-block 3 (6%) p:3-7%
310 | opentabet | 78 | unspecified | none 0.2 then 0.1 27 (38%) 4 (5%) n: 60%
vs regional | initially | postblock | 4§p0,<90% vi 21%
propofol central & 0.5 for titration 0.05 8 (11%) - 13%
_peripheral | Gtration P
3 | smgle | 61 | ungecified | 0.5 0.1 or SpO2 <95% | 4 (6%) n: 53%
blind vs regionat 28(46% )+ (1 mildd) v: 37%
propofoi p.—
312 | double | 159 local 0.5 -1 0.1 or 59 (37%)* 0 n: 19-49%
blind unerficial 0.05+2mg
: supertic midazolam +5p0,<90% v: 4-10%
ﬂlld.a;()lam titration ¢ (4%) P ]2‘23%
0.025-0.05

* RR<8 bpm for 21 mun, or investigator's opimuon.
¢ muld ngidity does nct intefere with respiration

Notes

306 - durauon of respiratory depression was 3-28 munutes (median 15 munutes for 4 and 8 mg nudazolam
groups, median 9 and 4 nunutes for 0 and 2 mg mudazolam groups, respectively)

309 - duration of respuratory depression was 1-9 minutes.

unspecified) which resulted 1n apnea and muscle ngidity

310 - nvestigators recorded respiratory depression as an adverse even! in 6 {8%) subjects

respuatory depression 1n these patients was 2-8 munuter.
31! - one patent received a1 100-fold overdose (50ug/kg in place of 005 pug/kg) due io dilut'on etror
muscle ngidity prevented manual venalation. The patient was anesthetized, paralyzed and manually ventilated
with endotracheal intubation
312 - durauon of resprratory depression was 1-6 menutes

One patient recerved an overdose {(amount
Duraton o

Scvere
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Sponsor's Recommendations: A single dose of remifentanil 0.5-1 Lgkg can be given over
30-60 sec approximately 90 sec prior ‘0 placement of local or regional anesthetic block to
attenuate pain associated with placement of the block Alternatively, a continuous infusion
of 0 1 ug/kg/min can be started 5 minutes prior to ptacement of block with a decrease to 0.05
ug’kg/min at the end of the block. It is recommended to titrate the infusion rate by 0025
ugkg/min increments at 5 minute intervals. Rates greater than 0.2 pg/kg/min are generally
associated with respiratory rates less than 8 breaths per minute.

Primary Medical Reviewer Assessment (T. Tyler): Respiratory depression and muscle
rigidity with remifentanil resolve relatively rapidly so that remifentani] can safely be used as
an adjunct to local or regional anesthesia with one-to-one monitonng by anesthesia
practitioner The occurrence of nausea, vomiting and pruntis may limit its usefulness

Adjunct to Regional or Local Anesthesia - Special Populations

Patients undergoing ophthalmic surgery - intraocular pressure. Intraocular pressure
in the non-surgical eye was not affected by remifentanil infusion in patients undergoing
ophthalmic surgery (N=15).

Obstetrical patients undergoing Cesarean section. In an phase [I study 24 patients
received remifentanil during cesarean section with epidural anesthesia. Placental transfer of
the drug was approximately 50% of the concentration observed in the mother and the fetal
arterio-venous ratio was approximately 30% indicating metabolism in the neonate. Neonatal
effects as measured by APGAR and NAV Scores were similar to comparators however, 25%
of neonates in the remifentanil group developed hyperbilimabunemia compared to 11% of
comparators  The primary reviewer (T. Tyler) recommends that further studies in this
population are needed prior to labeling, in particular to determine if there is an association
between remifentanil and hyperbilirubinemia in neonates.
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Other Issues

Abuse Potential

The sponsor recommends that remifentanil be classified as a Schedule 11 narcotic
Animal and human drug abuse liability testing indicate that remifentanil has an abuse potental
greater than placebo and equal to fentanyl (see Abuse Liability Review)

Maximum Drug Exposure in NDA Studies

The highest infusion rate of remifentanil was 8ug/kg/min for 20 minutes (maximum
dose 15000pg) in two volunteer subjects in Study 104, The hughest protocol-specified single
dose was 30pg/kg over 1 minute in 6 patients in study 202, In Study 201 and 206, 13
patients received 20 pg/kg over 1 minute. The longest duration of remifentanil anesthesia was
in cardiac study 221 in which mean remifentanil infusion times were 8-9 hours with mean
total exposure of 700-1200 ug/kg, maximum 2000ug/kg.

Patient in study 304P received the largest amount of drug - 33 7 ing over 10
hours 42 minutes  Subject in the same study received remifentanil for the longest period
of time - 12 hours and 17 min, 21 $ mg. Both patients recovered within 10 min.

Drug Interaction

Remtfentanil, like other fentany! analogs, is synergistic with other anesthetic agents
This was evident in several studies For example, in study 220 (N==173} it was demonstrated
that remifentanil produces a dose-related decrease in MAC of isoflurane At remifentanil
plasma concentration of 1 4 ng/ml (estimated infusion rate 0.05 pg/kg/min) MAC of
isoflurane was reduced approximately 50%. In study 203 (N=45) it was demonstrated that
remifentanil reduces thiopental dose requirements duning induction. Synergism with
midazolam was demonstrated in study 312 (N=159) and with propofol in study 226 (N=44)

The sponsor reports that a study with succinylcholine in dogs demonstrated no
interaction with remifentanil /s virro studies (in human blood) but no m vive studies have
becn conducted with remifentanil and atracunnum, mivacurium, esmolol, ecthiophate,
neostigmine and physostigmine

Clinical Laboratory Data

No safety issues were identified in review of clinical laboratory data This is
conststent with expectations form short term use of an opioid
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Conclusions and Recommendations

Remifentanil is a potent opioid analgesic similar in effact and side-effect to the other
approved fentanyl analogs: fentanyl, sufentanil, alfentanil. Its metabolism by tissue and
plasma esterases results in a unique pharmacokinetic profile with short duration and rapid
offset of effect independent of the duration of administration.

There are unique safety issues for remifentznil that relate to this rapid offset and the
new clinical practices that will be required for anesthesia practitioners who use the drug. For
example, infusions of remifentanil will be administered until the very end of the surgical
procedure, whereas the other fentanyl drugs are frequently discontinued 30” minutes prior to
the end With this new practice, as the patient emerges and is taken to the post-anesthesia
care unit there is potential for residual remifentanil to remain in the IV tubing where 1t can be
inadvertently dushed into the patient with administration of another medication. Unlike the
other fentanyl drugs, the practitioner will need to make a conscious effort to clear remifentanil
from the tubing prior to patient emergence.

In addition, because of the short duration of action, interruption of a remifentanii
infusion will leave the the patient without analgesia in a relatively short period of time. This
may occur inadvertently, such as wath an occluded IV line or may be planned. When
remifentanil is discontinued in patients with ongoing analgesia requirements, another agent
must be supplied, either before or very shortly thereafter. These safety issues related to
discontinuing a remifentanl infusion and cleanng tubing are clearly stated in the package
insert under WARNINGS, PRECAUTIONS, and DOSAGE and ADMINISTRATION.

Lastly, and perhaps most importantly, the drug will be delivered by continuous
infusion, even when given to conscious, non-intubated patients tor postoperative analgesia
There is potential for inadvertent flushing of remifentanil into such a patient which could
result in apnea and hypoxia. This is unique among the fentanyl drugs, which are generally not
delivered by continuous infusion for postoperative analgesia. It is similar to use of potent
vasoactive drugs, such as mitroprusside, epinephrine, etc., which are delivered by continuous
infusion and have rapid onset and offset. The indiciution for postoperative analgesia states
that remifentanil must be used under the direct supervision of an anesthesia practitioner.
This s in the package insert under INDICATIONS and DOSAGE and ADMINISTRATION.

We have particular concern about the safety of remifentanil when used in the out-of-
OR setting in non-intubated patients Although the NDA studies demonstrate safety in this
situation under well-controiled, protocol conditicns, our concern is that ininally, when this
drug is relatively “unknown” to the practicing community, there will be much greater
potential for serious adverse effects (apnea, respiratory depression, muscle ngidity, hypoxia)
than was demonstrated in the studies There does not exist, we believe, a general familianty
in the practicing community with using potent opioids for postoperative analgesia in the
manner prescribed for remifentanil Use of remifentanil for postoperanve analgesia will be
different than use of fentanyl because of the unique pharmacokinetics and administration by
continuous infusion The other fentanyl products, aifentanil and sufentanil, do not have
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indications for post-operative analgesia and, we believe, are not widely used off-label for that
purpose, especially not by continuous infusion

Practitioners must be fully knowledgeable regarding the potential risks of using
remifentanil for this indication prior to use of the drug We believe this can be accomplished
by a comprehensive in-service educational program provided by the sponsor to the practing
community prior to product introduction. The sponsor’s plan for this program is contained
in APPENDIX A
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Barbara Palmisano, M.D date
Primary Reviewer

Robert Bedford, M.D date
Secondary Reviewer
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Glaxo Wellcome Inc.

5 Maore Drive
Research Triangle Park, Norh Carotina 27709

September 15, 1995

Food and Drug Administration
P O. Box 7777-W7745
Philadelphia, PA 19175-7745

RE: Initial Application Fee
Ultiva (remifentanil HCI) for Injection; NDA 20-630
User Fee 1D No. 2801

Piease find enclosed check number This initial payment is
50% of the application fee for the New Drug Application NDA 20-630 for Ultiva™ (remifentanil
Hcl) for Injection that is being submitted as of this date to the Center for Drug Evaluation and
Research, FDA,

Please find below requested information regarding this application:

Type of Application: | New Drug Application with Clinical Data X
New Drug Application without Clinical
Data

Supplemental New Drug Application with
Chnical Data

Should you have any questions, please contact me at (319) 941-3640.

Sincerely,

v ’

Craig Metz/Ph. D.
Director
Regulatory Affairs



Remifentonii NDA 20-63¢

Four Month Safety Update

This update includes (1) all safety data from patients enrolled in three clinica) trials
(#2019, 304, 312) which were completed after the NDA submission (Septr mber 15, 1695)
and, (2) serious adverse events received from ongoing studies through December 31,

1995. Data from the three completed studies were incorporated into the NDA database and
have been reviewed with the original submission. They will not be reviewed here,

The following five studies are ongoing: USAA310! (head trauma}, USAA3114
(depth of anesthesia), USAB3117 (outpauent general anesthesia), USAB3123 (outpatient
anesthesia), USAB3200 (remifentunil plus propofol vs. remifentnajl plus isoflurane). Five
serous adverse events were reporied during the safety update period:
- two pauents developed non-drug-related postoperative hematomas.

- two patients experienced potentally drug-related intraoperative hypotension,

One patient received remifentan;] (at the recommended dose) for § minutes and
developed severe, life-threatening hypotension (BP 68/25 mm Hg) and bradycardia
(HR 48 bpm). He was treated with ephedrine and atropine and adjustment of anesthetic
ageats (isoflurane and remifentanil). The episode resolved in 6 minutes, Another
patient received an inadvertent overdose of 5-times the recommended dose of
remifentnail during induction due o miscalculation. The patient developed “mild”
hypotension treated with ephedrine,

-4 39 year old female patient experienced an “epileptic type fit” 6 hours post-operatively.
There was no prior history of seizures.

Conclusion: The occurrence of hypotension/bradycardia is consistent with known
side-effects of remifentanil. The package insert lists the incidence of hypotension during
induction at }9% and the incidence of bradycardia at 7%. The incidence of seizure is
listed as <1%. It is not clear that the occurrence of seizure 6 hours postoperatively is
drug related. The occurrence of hematoma is likely refated to surgical factors.

This safety repont is consistent with the safety database presented in the NDA. There are
no new safety issues identified.

. WMV W 572406

Pnmary Medical Reviewer date
Com o .
- s / vf/%

-
Secondary Medical Reviewer date



Dummis M Vs, MD. .
, wtmest of Ancstinnla | %
anby of Callitwsla
Puarice, CA PUAS-DS
Phcax (415) %2331 University of California, San Francisco ... A Health 8clencas Campus

P (417) &2 0506

July 2, 1996

David Morgan

Advisor and Consuitants Staff (HFD-9)
Food and Drug Administration

5600 Fishers Lane, Room 8B45
Rockville, MD 20857

Dear Mr. Margan,

As an external reviewer for NDA 20-630; Ultiva (remifentanil hydrochloride), 1
reviewed the following studies: 213, 226, 301 (3001), 307 {3007), 313 (3013), 314 (3014).
Attached you will find my completed reviews.

DMF:il




Genreral Anesthesia and Post-Operative Analgesia

FDA Ccnsultant Review

NDA #: 20-630

Name: Remifentanil for injection

Sponsor: Glaxo-Wellcome

Reviewer: Dennis M. F:sher, M.D.

Review Date: November-December 1995

Study #: 213, 226, 391 (3001), 307 (3007), 313 (2013), 314 (30:4)

Background: Each of these.studies has two components. All studies were designed to
determine a regimen by which remifentanil could provide analgesia during the period immediately
after surgery. Patient received infusions of remifentanil for 30-45 minutes; these infusions were
adjusted to provide appropnate analgesia without adverse effects (typically, respiratory
depression). Safety and efficacy were deiermined.

Each of the studies determined additional characteristics of remifentanil during anesthesia. Several
studies compared remifentanil to another opioid {fentanyl or alfentanil). Other studies compared
different doses of remifentanil.

Conclusions From Studies: Remifentanil can provide effective analgesia during the initial
recovery perrod. Whether its efficacy exceeds that of other opioids remains 10 be demonstrated.
However, severe life-threatening adverse events have been associated with remifentanil
administration during the recovery period. Although some of these episodes have been attributed
1o dostng errors, others have occurred during routine administration of remifentanil per protocol.
In additon, these adverse effects have been observed despite supplemental monitoring available
dunng a clirucal trial.

In clinical practice, patients are monitored less intensively than dunng clinical tnals. This suggests
that severe adverse events will occur with greater frequency than in clinical trials and might lead to
adverse outcomes. Therefore, I question whether it is appropnate to recornmend administration of
remifentanil duning the recovery period. Altematively, a controlled roll-out with an educational
prograra might limit the occurrence of these adverse effects.



FDA Consualtant Review — Dennis M. Fisher, M.D.

Study #314: Remifentanil vs. Morphine Suifate Analgesia Following Total
Intravenous Anesthesia

This is a multicenter study (12 sites in the United Siates) of 200 patients undergoing urogenital,
orthopedic, and other surgic?: procedures. The study has two components.

Intraoperative Anesthesia: A stzndardized regimen of propofol and remifentanil was used to
induce and maintain anesthesia.

Posioperanive Analgesia: A complicated regimen of morphine and remifentanil was used to provide
analgesia during the emergence and initial recovery period. The complexity of the regimen resulted
from two factors, first, the goal of blinding the investigators, and, second, dissatisfaction with the
results of initial studies lead 10 a number of revisions (amendmcnits) to the protocol. Briefly, 20
minutes before the anticipated end of surgery, the morphine group received morphine, 0.15 mg/kg.
At the end of surgery, a placebo infusion was started and pain was treated with bolus doses of
morphine. Bolus doses of piacebo were administered at 25 and 30 minutes after extubation. In the
remifentanil group, each of the morphine doses was replaced with placebo, the placebo infusion
replaced with remifentanil, and the piacebo bolus doses repiaced with morphine. The intent of this
regimen was to provide analgesia during the initial 30 minutes after surgery with morphine in the
morphine group and remifentanil in the remifentanil group, then 10 use only morphine in the "post-
analgesia” period.

Efficacy Assessment: Anesthetic conditions were generally sausfactory. Hypotension
occurred in 20% of patents and muscie nigidity in 15%; both these events responded to appropriate
treatments. Awareness was reported in a number of subjects. Most reported a dreamlike state or a
feeling of pressure without pain. Some of these occurrences were related to protocol viotations
(e.g., inadequate treatment of hypertension, failure of remifentanil administration).

The primary endpoint for postoperative analgesia was the percentage of patients with pain
control (pain absent or mild) at 25 minutes after extubation. Remifentanil provided better control
than morphine (70% vs. 38%. respectively). During the post-analgesia period, 82% of the
remifentanil patients had moderate-to-severe pain; this is similar to the percentage of moderate-to-
severe pain :n morphine paticnts during the analgesic phase.

Safety Assessment: Two severe adverse events related to remifentanil occurred during the
analgesia period. One patient developed progressive hypoventilation to a respiratory rate of 4
during remifentanil infusion. One pauent inadvertently received a bolus of remifentanil (400 mcg)
during a remifentanil infusion. She lost consciousness and developed muscle rigidity and apnea.
Ventilatory support was required for 10 minutes. An additicnal three remifentanil patients were
withdrawn from the study because of respiratory depression. Respiratory depression was moxe
common with remifentanil (13'¢) than with morphine (4%).

Conclusions: Remifentanil provided analgesia during the 30 minutes after extubation.
However, shortly after its discontinuation, the incidence of pain exceeded that in the morphine
group during the post-treatment phase and was similar 10 that for morphine during the analgesic
phase. This suggests that remifentanil delayed the onset of pain and its post-operative
administration did not provide a smooth transition to comfort durning the recovery period. In
addition, severe ; Jverse events related to administration of remifentanil occurred during the
recovery peniod.



FDA Consultant Review —- Dennis M. Fisher, M.D.

Study #313: Remifentanil vs. Fentanyl

This 1s a multicenter study (36 sites in seven countnies; of 280 patents undergoing major
abdominal surgery. The study has two components.

Intraoperative Anesthesia: Patients were randomized to receive low dose remifentanil (bolus of |
mcg/kg plus initbal infusion at 0.2 mcg/kg/min), high dose remifentani} (bolus of 2 mcg/kg plus
inittal infusion at 0.4 mcp/kg/min), or fentanyl (bolus of 3 mcg/kg plus intermittent bolus doses of
I-3 mcg/kg). All pauents received isoflurane for maintenance of anesthesia; remifentanil infusion
could be adjusted as needed duning maintenance. Primary endpoints were the response to
intubation and surgical sumulation; incidence of hypotension was recorded.

Postoperative Analgesia: Patients given remifentanil intraoperatively received remifentanil, 0.1
mcg/kg/min, for 30 minutes after extubation; the remifentanil infusion could be adjusted based on
the presence of pain and/or hypoventilation.

Efficacy Assessment: Dunng tracheal intubation and during surgery, remifentanil was
associated with fewer increases in blood pressurz. Isoflurane requirements were smaller in the
remifentanil groups. Time to spontanecus respiration at the end of surgery was more rapid with
fentanyl. During the interval between the start of the analgesic infusion and morphine
administrauon, 68% of pauents given remifentani] had moderate or severe pa°n at some time.,
Dunng the same time interval, 47% of patients in the fentanyl group had moderate or severe pain at
some time. Eighteen percent of patients in the remifentanil group required morphine "rescue”
before completion of the analgesic phase. Six of 177 remifentanil patients had a respiratory rate <
8 breaths per minute at morphine administration. Respiratory depression was recorded as an
adverse event for 13 remifentanil patients during the analgesic phase; muscle rigidity for 6 patients.

Safety Assessment: Rigidity with induction of anesthesia was more common with remifentanil
than with fentanyl. The incidence of hypotension during maintenance of anesthesia was greater
with remifentanil. One patieni givea remifentanil hypovenulated at the end of surgery, recovered
spontaneous ventilation, then became apneic and hypoxemic. Two pauents in whom remifentanil
was infused afier surgery developed severe pain, initially refractory to treatment with morphine; the
investigators attributed the magnitude of response to lack of efficacy of remifentanil.

Conclusions: Fewer cardiovascular responses were seen with remifentanil than with fentanyl.
However, the incidence of hypotension was greater with remifentanil. In combination, these
findings suggest a deeper plane of anesthesia in the remifentanil group; in turn, it is possible that
larger fentanyl doses would have depressed cardiovascular responsiveness to the same degree as
remifentanil. The more rapid recovery with fentanyl is probably an artifact of study design —
patients given remifentanil continued to receive remifentanil during the emergence period; those in
the fentanyl group received their final bolus dose of fentanyl approximately 45 minutes before
extubation. Dunng the analgesia period, remifentanil did not provide better pain control than
conventional therapy.

Recommendations Regarding Labeling: The sponsor notes "these data support the use of a
higher remifentanil rate (ca. 0.5 g/kg/min) pre-intubation” (Volume 207, page v). Although this
recommendation is probably reasonable, no data are presented in its support. Despite the large
numbers of investigators involved in the study (thereby limiting the “leaming curve” at each sie),
the incidence of severe adverse reactions during the analgesia period was small.
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Study 313 - Remifentanil vs Fentany!

Conclusions: Significantly more fentanyl patients (64%) sxperienced at 'zast 1 response
(hypertension, bradycardia, somatic, or autonomic) than patients receiving remifenianil
infusion of 0.4mcg/kg/min (27%, p<0.001) but not 0.2mcg/kg/min (51%; p=0.069).
Compared to fentanyl patients, response to intubation was significantly less frequent for
higher dose remifentanil patients, and response to skin incision was significantly less frequent
for both remifentanil groups. Time to response to verbal command and recovery of
respiratory functions was, however, significantly shorter for fentanyl patients. Remifentanil
continued post-operatively at 0. imcg/kg/min was effective in controlling pain. The majonty
of adverse events were those typically associated with mu-opioid agonists or for patients
undergoing major abdominal surgery.

Investigators; European multicenter in seven countries: Belgium (2 centers), France
(14 centers); Germany (S centers); Hollend (2 centers); Norway (3 centers), Sweden
(5 centers); United Kingdam (5 centers).

Purpose: (1) To compare the intraoperative efficacy and safety of remifentanil and fentanyl,
(11) to assess remifentanil’s analgesic efficacy to control immediate post-operative pain prior
io transfer to morphine.

Study Design: An open, mulicenter, multinational, randomized, paralle! group coniparisor.
of remifentanil at 2 infusion rates of 0.2mcg/kg/min and 0.4mcg/kg/min versus fentanyl for the
maintenance of anesthasia with 0.8% (end-tidal) isoflurane in patients undergoing major
elective abdominal surgery of 90 minutes or lcnger duration.

Demographics: 286 patients were entered with 90 male and 196 female patients, aged 19-85
years, ASA status I-IIl randomized and receiving treatment with remifentanil at 0.2 (N=35
male, 63 female) or 0.4mcg’kg/min (N=26 male, 65 female) or fentanyl (N=29 male, 68
female). The majority of subjects were Caucasian, (97%, 98%, and 95% in the remifentanil
0.2, remifentanil 0.4, and fentany! treatment groups, respectively).

Anesthesia Protocol: All patients were premedicated with oral diazepam (10mg) and
glycopyrrolate (0.1-0.2mg) or atropine (0.4-1.0mg) followed by oxygenation for 3 minutes.
Induction was begun with either a continuous infusion of remifentanit at 0.2mcg/kg/min or
0.4mcg/kg/min with simultaneous bolus dose at 1mcg/kg or Zincg/kg over 30-G0 saconds,
respectively. Patients randomized to fentanyl received 3mcg/kg. Propofol was administered
at 0.5mg/kg followed by 10mg every 10 seconds until loss of consciousness (LOC) was
attained.  Vecuronium (0.08-0. Imcg/kg) was given to facilitate intubation. Anesthesia was
maintained with 0.8% end-tidal isoflurane in an oxygen/air mixture. Fentanyl patients
received 1-3 mcg/kg as needed. Remifentanil was maintained as a continuous infusion.
Remifentanil treated patients continued to receive an analgesic ‘nfusion at 0.1mcg/kg/min for
30 minutes after extubation prior to transfer to morphine. Remifentanil infusion was titrated
between 0 to 0.25mcg/kg/min in 0.025mcg/kg/min increment/decrements to manage pain.
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Responses to surgical stimuli (primarily hemodynamic responses) were treated with boluses or
study drug rate titrations.

Table 1. Principal Efficacy and Safety Results, All Patients (N=288)
Values are N (% total) or Odds Ralio, 85% Confidence Interval, and p-value

1

Remifentani! Dose Group Fentanyl
mecg/kg/min
0.2 {(N=98) 0.4 (N=91) (N=97)
Efficacy
No. (%) of patients wilh 50/98 (51%) 25/91 (27%) 62/97 (64%)
>1 response
Odds ratio to Fentany! 0.59 0.1
(95% Cl ; p-value) (0.33, 1.04;p=0.069) { (0.12. 0.40;p<0.001)
Safety
Most Common Adverse
Events:
Nausea 50 (51%) 53 (586%) 45 (46%)
Vomiting 23 (23%) 24 {26%) 22 (23%)
Hypotension 14 (14%) 17 (19%) 8 (8%)
Bradycardia 4(4%) 4 (4%) 3 (3%)
Muscle rigidity 13 (13%) 14 (15%) 2 (2%)
Respiratory depression 4 (4%) 5{5%) 2 (2%)

Serious adverse events occurred in 15 patients: 6 receiving remifentanil 0.2mcg/kg/min; 8

T

receiving 0. 4mcg/kg/min, 1 receiving fentanyl. The adverse events observed were typical of
mu-opioid agonists or of intra and post-operative complications. No deaths occurred during
the study veriod, however, two deaths occurred after the study period. Neitier death was
considered related to remifentanil.
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Study #307: A Double-Blind, Randomized Study of Remifentanil with Propofol
In Patients Undergoing Elective Inpatient Surgery

This is a multicenter study (7 centers in the United States) of 178 patients urdergoing 2 variety of
surgical procedures. The study has two components.

Intracperative Anesthesia: After midazolam premedication and a remifentanil bolus of 1 meg/kg,
patients were randomized to a low dose infusion (0.5 mcg/kg/min until tiacheal intubation, then
0.25 mcg/kg/min) or a high dose ir/usion (1 mcg/kg/min until tracheal intubation, then 0.5
mcg/kg/min). All pavents received propofol, 75 mcg/kg/min, and vecuronium, as needed. Durng
maintenance, remifentanil infusion rate was adjusted as indicated by clinical signs.

Fostoperanive Analgesia: Approximately 15 minutes before surgery ended, propofol infusion rate
was decreased 50%, then discontinued at the end of surgery. The remifentanil infusion rate was
then adjusted to 0.05 meg/kg/min (before amendment 4) or 0.1 mcg/kg/min (afler amendment 4).

Efficacy Assessment. The high dose infusion was associated with fewer responses to tracheal
intubation and skin incision. Emergence from anesthesia was rapid and did not differ between
groups.

Dunng the analgesia p-ériod. most pauents achieved pain scores of mild or better and had
respiratory rates > 8 breaths per minute,

Safety Assessment: The incidence of hypotension was greater in the high dose group. Muscle
rigidity was observed in 11 patients including three during the analgesia period.

During the analgesia period, two patients demonstrated severe adverse effects. One was
found unresponsive and cyanotic after transport from the recovery room; this event was attributed
10 adminstration of residual remifentanil in the intravenous tubing. A second patient experienced
apnea after a bolus dose of remifentanil, 0.4 meg/kg. Of 49 episodes of respiratory depression
during the analgesia period of the study, 16 were reported as apnea; only one of 16 of these apneic
episodes {ollowed a bolus dose of remifentanil.

Conclusions: Remifentanil, (1.25-2 mcg/kg/min or (0.5-4 mcg/kg/min, with propofol and
vecuronium provided safe and ctfecuve anesthesia and biunted most hemodynamic responses to
surgical sumulaton. Dunng the analgesia period, remifentanil provided effecuve analgesia for
most patients without inducing respiratory depression. However, some subjects developed
respiratory depression (including apnea) and two subjects had severe, life-threatening adverse
events.
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Study #301: Remifentanil vs. Alfentanil for the Maintenance of Anesthesia using
a8 Balanced Anesthetic Technique

This is a muluicenter study (21 sites in 6 countries) of 234 patients undergoing various major
surgical procedures. The study has two compaonents.

Intraoperative Anesthesia: Atter premedication with a benzodiazepine, patients were randomized to
receive remifentanil (bolus of 1 meg/kg plus a continuous infusion of 0.5 mcg/kg/min) or alfentanil
(bolus of 25 mcg/kg plus a continuous infusion of 1 mcg/kg/min). After tracheal intutation,
infusion rates were decreased $0%; isoflurane (0.5%), N2O (66%), and vecuronium were
administered. The incidence of responses (increases iz systolic blood pressure or heart rate, other
autonomic or somatic responses) was assessed.

Postoperative Analgesia: Patients given remifentanil during anesthesia continued to receive
remifentanil, 0.05 mep/kg/min for 45 minutes atter the end of surgery; morphine was administered
30 minut=s into this infusion. When this regimen failed to provide adequate analgesia, the protocol
was amend:d so that the starting rate for the remifentanil infusion was 0.1 mcg/kg/min.

Efficacy Assessment: Paticnts given remifentanil had fewer responses to tracheal intubation
and to surgical sumulation compared to those given alfentanil.

During the analgesia period, 34% and 19% of patients in the two remifentanil groups (initial
analgesia infusion rate of 0.05 and (.1 mcg/kg/min) and 45% of patients in the remifentanil group
expenenced a maximum of mild pain.

Safety Assessment: Patients given reniifentanil had a greater incidence of hypotension during
anesthesia.

Dunng the analgesia phase. several patients given remifentanil had severe adverse events
— including hypoventilation, apnea, and hypoxemia —- attributable to remifentanil. For example.
during remifentanil, 0.05 mcg/kg/min, a 57 year old male developed chest wal: rigidity and apnea.
A 49 year old male received remifentanil at 0.05 meg/kg/min. Because of severe pain, he was
given a bolus dose of (.5 meg/kg, and the infusion was increased to 0.1 mcg/kg/min. One minute
later he became apneic. There were several less serious adverse events related to alfentanil.
Six of 11 patients who received remifentanil and developed severe adverse effects during the
analgesia peniod had received either an overdose of remifentanil or an incorrect dosing regimen.

Conclusions: Remifentani! blunied cardiovascular, autonomic, and somatic responses better
than alfentanil; however, remifentanil was associatec with more hypotension than alfentanil. These
combined findings suggest that anesthesia was maintained at a deeper plane in the remifentanil
groups. In turn, it1s possible or likely that a similar blunting of responsiveness could have been
achieved with al’entanil, albeit with a similar increase in the occurrence of hypotension.

During the analgesia phase, several pauents developed profound adverse effects that could be
auributed directly to remifentanil. These patients were receiving remifentanil infusions of 0.05-0.1
mcg/kg/min and several had received bolus doses of 0.5 mcg/kg. These findings lead o serious
Gueston as to the safety of remifentanil administratiun in the postoperative period, particularly
outside of a research context.

Other Comments and Issues: The sponsor notes (Volume 174, page 188) note "that
mainienance remifentanil dose chosen for the present stedy was based on provisional informaticn
from protocols .... Whilst these are not equipotent doses, the altentanil dose of 0.5 mcg/kg/min
chosen was based upon data sheet recommendations. If an equipotent dose of alfentanil has becn
used in this study, alfentanil treated patients would have had to receive significantly higher doses
than those used in this study, would be likely to be outside the manufacturer’s reco:nmended
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dosing range, and may well have compromised recovery in favor of remifentanii due w the much
longer halftife of alfentanil after prolonged administration.” Although this statement is true. it does
not obviate the observation of a more frequent ircidence of intraoperative adverse effects with
remifentanil.
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Study #213: Remifentanil vs. Alfentanil for the Management of Intraoperative
Stress Responses in A Balanced Anesthetic Technique

This study had two components:

Intrapperanve Anesthesia: Companson of three regimens for the treatment of intraoperative
"stress” (i.e., hemodynamic or other response t an increase in surgical stimulus). In group 1
(remifentanil/placebo), iemifentanil was infused at 0.25 mcg/kg/min; additional boluses of
remifentanil or an increase in the remifentani! infusion rate was permitted in response to signs of
inadequate anesthesia. Five minutes before the major stress event (surgical incision), a placebo
infusion was started. In group 2 (remifentanil/remifentanil), inital remifentanil infusion was
identcal to group 1, the placebo infusion was replaced with a second remiientanil infusion at a rate
idenucal o the first (i.e., doubling the remifentanil infusion). In group 3 (aifentanil/placebo), the
initial infusion was alfentanil, 0.5 mcg/kg/min; the second infusion was placebo.

Postoperative Analgesia: Determination of appropriate doses of remifentanil for infusion during
the immediate postoperative period. Patents with ne or mild paia did not receive remifentanil.
Those witk moderate or severe pain received remifentanil, i micg/kg/min, followed by an infusion.
The first patient at each site had remifentanil infused at 0.1 mcg/kg/min. If the patient continued to
expenence moderate <1 severe pain, a hotus dose of remifentanil (1 mcg/kg) was followed by a 0.1
mcg/kg/min increase in the infusion rate (not to exceed 0.8 mcg/kg/min). The initial infusion rate for
each subsequent patient was determined by the previous patient's response (o their initial infusion
1ate: If that inilial infusion rate was ineffective, the next patient's initial infusion rate was doubled (to
a maximum of (.8 mcg/kg/min). If the previous patients initial infusion rate was effective, the next
patient received the next lowest infusion rate.

Efficacy Assessment: In patients undergoing hysterectomy, blood pressure increases to the
major stress event were more common with remifentaniVplacebo (67%) and alfentanil/placebo
(60%) than with remifentanil/remifentanil (8%). In patients undergoing laminectomy, only 1/55
patients demonstrated a blood pressure increase with the major stress eveal, providing limitwed
inforration on efficacy. In patients undergoing prostatectomy, blood pressure increases to the
major stress event were more common with alfentanil/placebo (55%) than with
remifentanil/placebo (19%) and remifentanil/remifentanil (10%).

Poci-operauve analgesia was provided with remifentanil in only 54 patents (40% of those
given remifentanil intraoperatively; 10% of those given alfentani} intraoperatively). Of these, the
iniual infusion rate was "low” (1.1 mecg/kg/min) in 27, "medium” (0.2 mcg/kg/min) in 17, and
"nigh” (0.4 or .8 mcg/kg/min) in 10. Eighteen of these 54 patients required no increase in
infusicn rate or supplemental doses. The remaining patients received 0-5 bolus doses and 0-2
increascs in the infusion rate. Of the 54, 18 required 1-4 decreases i the infusion rate. Fewer
patients (10%) with a "high" initial infusion rate required increases in the infusion rate compared to
those in whom the initial infusion rate was "low™ (44%) or "medium” (47%). Similarly, fewer
patents in the “high” group (10%) required bolus doses compared (6 the "low” (67%} and
"medium” (53%) groups. 80% of patients achieved a pain score < moderate and 68% maintained a
respiratory rate > 8 breaths/min; 54% maintained both a paii score < moderate and a respiratory
rate> 8 breaths/min.

A third efficacy measure (not a primary or sccondary measure according to the sponsor) is
the response (o tracheal intubation. In patients given remifentanil, 70% responded to wacheal
intubation with hemodynamic, autonomic, or somatic responses; these response were less common
with alfentanil (44%).

Safety Assessment: Adverse events were common in all groups; however, many of these
adverse events were not related 1o opioid administration. Nausea was common in all groups and
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with all procedures. Less common adverse events were vomiting, bradycardia, and hypotension;
the incidence of these events did not differ between groups. Muscle rigidity duning induction of
anesthesia was common in the three groups (44%-55%), muscle ngidity occurred in 4/59 patients
duning the analgesia phase.

Severe adverse events related to opioid administration were uncommon. During the
analgesic phase, one patient developed severe rigidity.

Conclusions: Although remifentanil/remifentanil was associated with fewer blood pressure
responses Lo major stress events, the comparison group (alfentanii/placebo) is probably
inappropnate: the alfentanil infusion rate was only 0.5 mcg/kg/min, the low end of the range
recommended in the package insert. The demonstration that remifentanil/remifentanil is more
effective than remifentanil/placebo suggests that the doses provided in the remifentanil/placebo
group are inadequate to prevent Stress responses.

Remifentanil was demonstrated to provide effective postoperative analgesia to many
subjects; however, as expected, some patients developed iespiratory depression.
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Study #226: Interaction of Remifentanil and Propofol During Intubation and Skin
Incision/Arthroscope Insertion for Orthopedic Outpatient Surgery

This study had two components:

Intraoperative Anesthesia: Determination of the potency of remifentanil at tracheal intubation,
trochar insertion, and during maintenance of anesthesia with propofol and remifentanil. Propofol
was adminisiered by bolus followed by computer-assisted continuous infusion (CACI) to maintain
target plasma concentrations of 4 mcg/ml for S minutes, then 1, 2, or 4 mcg/ml. Remifentanil was
administered by CACI for a minimum of |5 minutes before intubation, then 8 minutes before
trochar insertion. An increasc in sysiolic blood pressure (1o >115% of control value), heart rate (1o
>115% of control), or other somauc or autonomic signs of inadequate anesthesia were assessed.
Logistic regression was used to determine potency (EDSVEDSO/ECSWVECSE0).

Poswperanve Anilgesia. Determination of appropriate doses of remifentanil for infusion duning
the immediate postoperative period. Al the end of surgery, remifentanil infusion rate was
decreased 10 0.05 mcg/kg/minute for 30 minutes. Pain was assessed as mild, moderaie, or severe
and the remifentanil infusion was adjusted accordingly. Moderale or severe pain resulted in a
bolus dose of (1.5 mcg/kg and an increase in the infusion rate by 0.05-0.1 mcg/kg/min (not more
frequently than every 3 minutgs). Respiratory rate < 8 breaths/minute or SpO2 < 94% resulted in a
decrease in the infusion rate by (0.05-0.1 mcg/kg/min.

Efficacy Assessment. Propofol plasma sampies were mishandled resulting in no propofol
plasma concentration data being available. As a result, the analysis was performed assuming that
the warget propofol concentrations were achieved. For the response to tracheal intubation, EDSO
for remifentanil was (0.441, 0.176, and 0.070 mcg/kg/min duning propofol, 1, 2, and 4 mcg/ml,
respectively; EC50 values were 14 34, 4.46, and 1.38 ng/ml. For the response to trochar
insertion, ED50 for remifentamil was 0.193, 0.105, and 0 057 mcg/kg/min; EC50 values were
8.79.4.22, and 2.03 ng/ml. Dunng surgery, EC50 values were 10.89. 5.73, and 2.28 ng/ml.
For both the response to rachzal intubation and the response to trochar insertion, confidence bands
were broad.

Duiing the analgesia tnals, 27/44 (61%) of pauents required no bolus doses or change in
the remifentantl infusion rate. Increases in the infusion rate were necessary in 17/44 (39%).
decreases in none. No pats e develoned severe pain during the analgesia period and moderate pain
was rare (<10%).

Safety Assessment: The incidence of vomiting was less with propofol, 2 and 4 mcg/ml,
compared to propofol, | mcg/ml; the incidence of hypotension was less than propofol, 1 and 2
mcg/ml, compared to propofol, 4 mcg/mi. Although adverse effects were common duning the trial,
few severe events were related to remifentanil.  One patient inadvertently received remifentanil at
0.15, rather than 0.05, mcg/kg/min dunng the recovery period; that patient had a brief peniod of
apnea but no hypotension or hypoxemia.

Conclusions: The marked decrease in remifentani! requirements with propofol, 2 mcg/ml,
compared to propofol, | mcg/ml, suggests synergy between propofol and remifentanil. The
adverse event profile with propofol and remifentanil suggests that, when adminisiered with
remifentanil, the optumal target concentration of propofol is 2 mcg/ml. However, the results of this
study must he interpreted with caution because propofol plasma concentration data are absent.
Specifically, the sponsor is unable 1o claim that the target plasma concentrations of propofol were
achieved. The best supportive evidence is an abstract (Vuyk ef al. Anesth Analg 74:S338, 1992)
that demonstrates that the Skofer eral.’s propofol pharmacokinetic parameters (Anesthesiology
69:348, 1988) provided a better fit than other parameter sets in nine young female subjects,
However, subjects in the present study were predominantly male. In addition, the initial propofol
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target concentration was 4 mcg/ml for 5 minutes for all subjects; whether the target propofol
concentrations were achicved in the next 15 minutes cannot be determined.

Data from the analgesia portion of this study are promising: most patients achieved
adequate analgesia with no or few adjustments in the remifentanil infusion rate and adverse effects
were rare. The presence of adequate analgesia and rare adverse events with low infusion rates in
this study contrasts with the findings of other investigators.
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Department of Anesthesiology

July 1, 1996

David Morgan

Center for Drug Evaluation and Research
Division of Anesthesia, Critical Care
Addiction Drugs (DACCAD)

Room 9B-45 Parklawn Building
HFD-170 5600 Fischer Lane

Rockville, MD 20857

Dear Dawvid,

As an external reviewer for NDA 20-630; Ultiva (remifentanil hydrochloride), I
reviewed the following: Study 201, Pilot Study of the Hemodynamic Effect of
Escalating Doses of Remifentanil; Study 206, Hemodynamic Safety Evaluation of
Intravenous Doses of Remifentanil or Alfentanil in Patients Undergoing Anesthesia
with Nitrous Oxide or Isoflurane; Study 207, Pharmacokinetics of Single Doses of
Remifentanil in Cardiac Anestkesia; Study 215, Remifentanil in Patients
Undergoing Coronary Artery Bypass Graft Surgery; Study 221P, Pilot Study:
Remifentanil in Patients Undergoing Coronary Artery Bypass Surgery; Study 221,
Safety and Efficacy of Intravenous Remifentanil in Patients Undergoing Coronary
Artery Bypass Surgery. In addition, I reviewed and suggested the changes in the
proposed labeling for Ultiva (remifentanil hydrocbloride). My complet~d reviews
dated January 30, 1996 and February 23, 1996 should be in the FDA files.

(\\!W'\
Robert G. Merin, M.D.
Professor of Anesthesiology

sfg
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Cardiac Anesthesia

FDA Consultant Review

NDA #: 20-630

Name: Remifentanil for injection
Spousor: Glaxo-Wellcome
Reviewer: Robert G. Merin, M.D.
Review Date: January 1996

Study #: 215 (P15), 221P, 221 (2021)

Study 221: Safety and Efficacy of Intravenous Remifentanil in Patients
Undergoing Coronary Artery Bypass Surgery

3 sites in the US with 76 Patients (72 randomized).

Premedication
40-80 mic/kg lorazepam. 05 mg/kg morphine.

Again, after catheter placement, pre-load to 10-15 mm/Hg PAOP, estimate of cardiac
output stroke volume less than 50 mi ~xcluded patient.

Induction
Vecuronium prime 10 mic/kg, remifentanil either 1,2,3 mic/kg/min to LOC; 150 mic/khg
vecuronium, 15 minutes later ETI. .

Maintenance

Remifentanil titrated to 2 mic/kg/min over original rate if necessary. Vecuronium 2
mic/kg/min, supplemental isoflurane and vaso-active drugs if necessary for hypertension
and vaso-active drugs and decrease remifentanil infusion for hypotension

ICU

Remifentani] 1 mic/kg/min for 2-3 hours, assess for early extubation, if suitable 0.1 mg/kg
morphine, another hour of remifentanil; if still eligible remifentanil infusion decreased 50%
g 1C minutes until adequate ventilation; then extubation

Monitors
PA, CV, artenal pressures, temperature, pulse oximeter, leads 2 and V5 ECG

' 135
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Resulis

There were 25 patients at 1 and 2 and 26 patients at 3 mic/kg/min remifentanil for the
safety evaluation and 23 patients at 1, 24 at 2 and 25 at 3 mic/kg/min for the efficacy end
points. .

Demographics were comparable.

Supplemental medications: There was a very high incidence of phenylephrine, sodium
nitroprusside and isoflurane none of which appeared dose related.

Most patients did not respond to IMA dissection (Table 1).

All remifentanil rates were greater than planned! The actual rates at ! ug/kg/min varied
from 1.8-2.2; at 2 ug/kg/min varied from 2.5-2.9, and at 3 ug/kg/min vaned from 3 6-3.7.
Loss of consciousness occurred between 1-8 minutes and did not appear dose related.
78% of 1 pg/kg, 83% of 2 pg/kg, and 88% of 3 ug/kg /min remifentanii did not respond to
ETI 61-64% of the intraoperative time for all 3 doses was spent with no hemodynamic
responses out of range

However, 71 {2 mic)-96 (1mic)°s had hypertension at some ti:1e (Table 9).
73-83% had hypotension at some time (Table 10).

91% of 1ug/kg/min remifentanil;, 63% of 2ug/kg/min remifentanil;, and 56% cf 3ug/kg/min
remifentanil required enflurane/isoflurane rescue

76-83% met intent-to-treat criteria for hypotension pre-bypass, 28-46% duning bypass,
and 58-65% post-bypass without a dose effect

30/72 were extubated early, a median of 4 hours after entry to ICU. 42/72 were extubated
late, a mean of 17 hours after entry to ICU. However, there were huge center differences.

Again 100% incidence of adverse events.

Hypertension (€2-96%), hypotensicn (77-88%), muscle rigidity (36-65%), the latter with
3ug/kg/min dose, tachycardia (46-56%), shivering (56-65%).

Muscle ngidity on induction 28% with both | and 2ug/kg/min and 46% with 3ug/kg/mir
were rated moderate to severe

! 156
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INCIDENCE OF CV EVENT (%)

{MAP less than 60)

Pre-bypass
Post-bypass

(MAP greater than 120)

Pre-bypass
Post-bypass

(% with CI tess than 2) ~

Pre-bypass
Post-bypass

(% with PAOP greater than 20)

Pre-bypass
Post-bypass

{% with Significant
ST Elevation/Depression)

(% “with Other
Signs of Ischemia)

Robert G. Merin, M.D.

Remifentanil (ug/kg/min)

1 2 3
39 67 44
100 83 84
26 25 12
13 I3 20
33 67 63
5 1 5
27 20 20
8 15 11
24 16 16
12 0 8
37
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Lioutation of Sardy
Apgain, open iabel, small number of patients, no comparative group.

The ischemia monitoring was not Holter and had no cardiology review so that it is
certainly incomplete and inaccurate.

The hemodynamic observations especially PAOP and cardiac output derivatives were not
recorded at the planned times in a large number of cases. Consequently this aspect of the
efficacy study was incomplete and probably not sufficient for analysis. |
The early extubation study is obviously inadequate since there were major differences in

the ability of investigators to implement early extubation in the face of institution
opposition regardless of patient eligibility under study criteria. As indicated for Study
215 there needs to be more and better controlled studies of early extubation with
remifentam! protocols

It would appear that supplemental propofol (midazolam) or inhaled anesthetics are
necessary for adequate cardiac anesthesia.
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Study 22IP-Pilot Study: Remifentanil in Patients Undergoing Coronarv Artery
Bypass Graft Surgery

This study was presumably the pilot for 221. I suppose that 215 was ungoing but the
results were not known

There were 8 patients, all male and interesting enough from patients 1-8 duration of
anesthesia and surgery progressively increased. There 1s no mention of exclusion or
inclusion cntena.

Premedication
By the time of anesthetic induction 40-80 mic/kg lorazepam were given.

Again as in 215 after catheterization patients were pre-loaded to 10-15 mm/Hg PAOP,
cardiac output and stroke volume were estimated, and patients with a stroke volume less
that 50 ml were excluded _

Induction
10 mic/kg vecuronium, | mic/kg/min remifentanil, arter LOC 0.15 mg/log vecuronium ETI]
15 minutes after remifentami start,

Maintenance
Remifentanil 1 mic/kg/min supplemented as necessary with sufentanil, thiopental,
isoflurane or appropnate cardiotonic drug, also vecuronium 2 mic/kg/min.

Limits for treating hypotension and tachycardia were quite restnctive

ICU
First 3 patients 0 2 mic/’kg/min remifentanil, last S patients 1 mic/kg/min remifentanil

Extubation
IV morphine 1-2 hour pre-extubation and remifentanil titrated down 50% q 20-30
minutes

Monitors

PA, CV and artenal pressure, temperature, pulse oximeter, lead 2 and V5§
electrocardiogram results
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Results

The great majority of patients had to be supplemented with the sufentanil, isoflurane or
both. In addition, 100% needed nitroglycerin, 88% phenylephrine, 63% metoproloi and
38% SNP. :

Of note (Figure 1, Puge 8) in spite of the same dosing, blood levels were quite vanied
88% had hypertension pre- and on bypass
75% had hypotension pre-bypass.

7 of 8 were eligible for early extubation, 4 of 8 were actuaily extubated in less than 6
hours

There was 100% incidence of adverse events.
Hypertension (75%), tachycardia (75%), hypotension (63%), myocardial
ischemia (38%), vomiting (38%), muscle ngidity (38%), AF (25%)

However, there were very few significant hemodynamic alterations.

Limitations of the Study

This was a pilot study so the expectations were small. However, it was not possible to
charactenze pharmacokinetics during hypothermic bypass so that one of the main
objectives of the study was not achieved
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Study 215: Remifentanil in Patients Undergoing Coronary Artery Bypass Graft
Surgery

This was a 10 center study in 5 European countries. This study was a randomized and a
double blind paraliel group dose companson in patients undergoing elective first ime
coronary artery bypass surgery  However, there was no comparator group for another
anesthetic technique other than remifentanil. Other than first ime coronary artery bypass

grafting, the pre-enlistment inclusions and exclusions were not detailed.

Premedication and Preparation

10 mg of diazepam 2 hours prior to anesthesia; 50 mic/kg midazolam intravenously before
placement of arterial and PA catheters; IV infusion of crystalloid to a PAP 10-15 mmHg;
measurement of cardiac index and stroke volume, if stroke volume less than 50 ml patient
excluded

Anesthetic Induction

Initially only remifentanil at one of the preset doses (1.0, 1.5, 2.0 mic/kg/min), then a
prime of pancuronium 0.015 mg/kg was added, then propofol bolus (0.5 mg/kg) and
continuous infusion (3 mg/kg/H) followed by propofol 10 mg boluses q 10 sec untii LOC;
then pancuronium 0 04-2 1 mg, kg However, the induction sequence was modified to
begin with propofol 10 mg 10 sec until LOC, then the paralyzing dose of pancuronium
followed by the IV infusions of remifentanil and propofol.

Maintenance

Appropriate remifentanil infuston and propofol 3 mg/kg/hr. Signs of light anesthesia could
be treated with 2 sequential bolus doses of remifentanii (2 mic/kg), followed by bolus
doses of propofol and a 50% increase of infusion rate up to 2 sequential rate increases,
then vasoactive drugs could be used. Hypotension was initial treated by fluid
replacement, vasopressors and then decreases in propofol, and finally remifentanil
During CPB, propofol infusion was reduced by 50% but could be titrated upwards in
50% increments if the patient showed signs of light anesthesia during cooling. After stant
of rewarming propofol was titrated up to the oniginal infusion rate and both infusions
maintained until the end of surgery

ICU

Remifentanil was reset to 1 mic/kg/min to be maintained until assessment for early
extubation was made 3-5 hours later. Extubation eligible patients received a morphine
bolus and in some IV midazolam 30 minutes after the morphine bolus before the
remifentanil infusion was discontinued
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Monitoring
Anenal and pulmonary artery pressure, lead 2 and V5 of electrocardiogram and pulse

oximeter.

However, it is notable that no ST segment ischemia results nor cardiac output results
were reported. In addition, the statistical evaluation for the ST segment ischemia was
inadequate.

‘Results

54 patients were reported at | mic, 44 at 1.5 mic and 43 at 2 mic/kgimin remifentanil. It is
of note, however is that 2/3 to 3/4 of these patients were before the induction change with
propofol

Of particular note:
1. The groups were comparable.

2 There was good stability (heart rate and blood pressure) at sternotomy and at
endotracheal intubation but less so after propofol change.

Light anesthesia did not appear to be dose related and was most common during bypass.
The maximal incidence was 35% at the remifentanil 2 mic level during bypass.

Hypotension was common again with no dose relationship. Incidence was highesi in the
pre-bypass period (80-91% versus 68-74% during bypass and 67-78% post-bypass)

70-73% of patients were eligible for early extubation, again with no dose effect The time
from cessation of remifentanil maintenance infusion to extubation was 6-7 hours median
with a range from 3 2-188 hours' But this is all patients, not only those eligible for early
extubation

89-100% patients had an adverse event

There was a huge incidence of hypotension (less than 60 mmHg) on CPB (95-100%). As
noted in the limitations of this study this is probably 100 conservative although many
teams recently have aimed for this sort of blood pressure during bypass. And this is
certainly a MAP to be desired pre- and post-bypass and the incidence of hypotension
was 60-75% on those penods especially with the higher remifentanil doses.

There were 3 serious adverse events that should be noted:
1 AO830-"uxplosive wake up leading to sternal dehiscence "

2 AO947-r:spiratory arrest after extubation, accidental infusion of remifentanil
when morphine given through same catheter
3 AQO854-sudden respiratory amrest and LOC and hypotension 1 hour 47 minutes

after extubation-? Flushing of remifentanil catheter?
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Limitations of study

As mentioned previously, the lack of a comparator group with another standard type of
cardiac anesthesia is a major problem '

Myocardial ischemia and cardiac output results were not reported

This was really a study of propofol/remifentani! anesthesia rather that remifentanil It
may well be that not all groups are interested in using propofol.

Finally, this is one of the first studies of early extubation so that further studies are
needed.
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Study 207 - Pharmacokinetics of Single Doses of Remifentanil in Cardiac
Anesthesia

This was a two center open label dose escalation study which patients for coronary
bypass surgery received bolus doses of remifentanil of either 2 mic/kg or 5 mic/kg before
bypass and dunng hypothermic bypass The drug doses were also administered during
either the re-warming phase of the bypass or after re-warming had been accomplished
while still on bypass but because of the short time allowed for sampling, the results are
not interpretavle

The study suffers from lack of standardization of the anesthetic regimen and small
numbers of patients. The original study included higher doses of remifentanil, but
because of a high incidence of severe hypotension after the S mic/kg dose especially pre-
bypass, the study was terminated at the 5 mic/kg dose.

The only conclusion is that the clearance of remifentanil is decreased by about 20% during
hypothermic bypass compared to the pre-bypass period and that 5 mic/kg given during a
cardiac anesthetic results in undesirable hypotension so that the dose of remifentanil
should be limited to less thar: 5 min/kg.
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MEMORANDUM

TO: David Morgan and Barbara Palmisano
FROM: Margaret Wood, M.D.
DATE: December 8, 1995

SUBJECT: NDA #20 - 630. Remifentanil

wr de v g e v v e o v e ok o e S v oW A e e e vk e vk o o ke e sk o o e A ol i e ol ok vl ol o e ol i ol ol o sl e v o e o e o o o ok ol o e o o ol ok ok ol ol ek v o e b ok

Please find enclosed my reviews for geriatrics, renal impairment and hepatic impairment. The
review on pharmacokinetics in obese patients will follow. 1 do not have any edited changes for
the study summaries; the pharmacokinetic studies are relatively self-explanatory, and were well-
written. My only concern is that not too much is made of the pharmacokinetic study in hepatic
transplant patients (piease see my review) -- in this clinical setting with the protocol that they
used 1t is difficult to make definitive conclusions.

dhe



Special Populations - Geriatrics, Obesity,
Liver and Renal Impairment

FDA Consultant Review

NDA #: 20-630

Name: Remifentanil for injection
Sponsor: Glaxo-Welicome

Reviewer: Margaret Wood, M.D.
Review Date: December, 1995

Study #: 210, 211, 216, 224 (P24), 227

Study #227. Pharmacokinetics in Obese Patients

Background

Remifentanil was evaluated in a study comparing the pharmacokineucs of remifentanii in obese
and non-obese patients undergoing elective inpatient surgery. In addition, the safety of
remifentani] in this patient group was evaluated

Clinical Study 227

Twenty-four patients (12 obese and 12 non-obese control subjects) aged 29-54 years were
studied Three obese panents received a dose of 10 mcg/kg remifentanil  Since they expenenced
episodes of bradycardia’hypotension, the dose was decreased to 7 S mcg/kg for the remaining
patznts Artenal blood samples were collected for measurement of remifentanil and its
metabolite, GR 90291, and kinetic parameters calculated Distribution and elimination half-lives
were similar between obese and control patients, but when corrected for total body weight,
significant differences for volume of d:stnbution (V| and Vdss) were obtained V) for obese
patients was 146 ml/kg and 217 mi/kg in matched controls A smaller V| by definition will result
in a higher remifentaml concentration, leading to increased effect It was of interest that | acid
glycoproten ievels were higher in obese patients, resulting in a iower free fraction of remifentanil
The mean clearance when corrected for total body weight was 27 7 ml/min/kg in obese patients
and 42 4 ml/min/Kg in matched controls Dose-normalized AUC and Cmax for CR90291 were
higher in obese patients than controls These data would suggest that grossly obese patients
should receive a remifentanil dose calculated on the basis of 1deal body weight

Efficacy Assessment
No attempt was made to evaluate efficacy
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Safety Assessment

Three patients who received 10 mcg/kg remifentanil developed bradycardia’hypotension, this was
considered a severe adverse event 83% of patients (10/12) in the obese group experienced
adverse events and 100% (12/12) of the control patients experienced an adverse event  S0% of
the patients in the obese treatment group and 25% in the control group experienced a systolic
blood pressure of less than 80 mmHg, that occurred 1 to 2 mins post infusion This was
probably related to higher remifentanii levels in the obese group of patients immediately post-
infusion

Conclusions

Obese pauents should receive remifentanii dosage calculated on the basis of ideal body weight,
rather than total body weight to avoid higher remifentanil concentrations Morbidly obese
patients have altered respiratory and cardiovascular physiology. and a pharmacodynamic
respiratory study in this group would have been of interest

Recommendations Regarding Labeling

Should a warning be given that as for all opioids, caution is required for morbidly obese patients?
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Study #210. Remifentanil PK/PD Trial in Renal Impsirment

Background
Remifentanil was evaluated in a pharmacokinetic/pharmacodynamic study in patients with end-
stage renal disease These patients were not studied d ‘ring the perioperative period

Clinical Study #210

Twenty-three subjects (15 with severe renal disease and 8 healthy subjects) aged 28-62 years
received remifentanil infusions for a period of four hours Two infusion regimens were
admimistered low dose (0 0125 mcg/kg/min for one hour followed by 0.025 mcg/kg/min for three
hours) and high dose (0 025 mcg/kg/min for one hour follow~d by a 3-hour infusion of 0 05
meg/kg/min  The pharmacokinetics of remifenianil were not altered in patients with severe renal
disease compared with healthy volunteers However, the n'etabolite GR 90291, exhibited
significantly different pharmacokinetic parameters The AUC of GR902%i was 35150 + 13800
ng/min/ml in patients with renal disease compared with 993 + 254 in healthy subjects The Cmax
was higher in patients with end-stage renal disease, 12 7+ 2 8 ng/m! versus42+ 06 The
pharmacodynamic relevance of the increased concentrations of the metabolite GR90291 in renal
disease was not assessed in this study

The ECy; values for remifentanil in response 10 a hypercarbic challenge (measurement of minute
ventilation was used as a pharmacodynamic end point) were not significantly different between
the two groups (2 3 ng/ml healthy versus 3 7 ng/ml renal impairment)

Mean percent change from bas-=line for minute ventilation in the two groups was measured for
the high dose remifentamil infusion regimen (significant differences” Figure 8, page 9) End tidal
(O, increased dunng of the infusion

Efficacy Assessment
No attempt was made 1o evaluate efficacy in this study

Safery Assessment

Mean percent change from baseline for minute ventilation and respiratory drive during a
hypercarbic challenge was assessed There was no difference in sensitivity between the two
groups for remifentanil EC, MV (p = 0 239)

Patients with renal disease are likely to develop hypertension, a trend toward higher than baseline
SBP and DBP was noted by the investigators following cessation of infusion This may require
further evaluation in a perioperative setting than described in Study #210  Peripheral Oxygen
Saturation was measured, and no adverse events in this respect were reported Arntenial blood
gases were not reported, although an anenal line was placed Adverse events were similar
between groups

Conclusions
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The pharmacokinetics of the parent drug remifentani! are not different in healthy conscious
subjects and patients wath severe renal impairment. Pharmacodynamic studies (EC5:MV) are
not different between groups However, the kinetics of the renally excreted pnmary metabolite
do differ. The pharmacokinetics/dynamics of remifentani! were not reported for patients with
renal disease i1n a penoperative setting. Remifentanil is 70% bound to plasma proteins, in
particular to AAG s protein binding altered in renal disease?

(]
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Study #211. Remifentanil PK/PD Trial in Hepatic Impairment

Background

Remifentanil administration was evaluated in 2 pharmacokinetic/pharmacodynamic study in
patients with severe hepatic impairment These patients were not evaluated in a perioperative
clinical setting

Clinical Study #211

Twenty subjects {10 with liver disease and 10 healthy) aged 31-65 years were studied
Remifentanil infusions were for four hours, low and high dose infusions were administered as
described in the study proiocol to five patients in each group Standard pharmacokinetic
paramc?.:rs were calculated for remifentanil and no significant differcnces were found between the
two study groups Volume of distnbution tended to be lower in healthy subjects compared to
subjects with hepatic impairment  Was protein binding of remifentanil measured, and has
remifentanil binding been studied in other situations where AAG might be vanable? For the
pnmary metabolite of remifentanil, no differences in pharmacokinetics were observed between
the two study groups

The pharmacodynamic arm of the study assessed respiratory drive (minute ventilation % change
from baseline), psychomotor tests and VAS. It was of interest that the percent decrease in
minute ventilation for the high dose remifentanil regimen was increased two-fold in the subjects
with hepatic impairment There were no significant differences noted for the other
pharmacodynamic measures between the two study groups

Efficacy Assessment
No attempt was made to evaluate efficacy in this study

Safety Assessment .

Adverse events were similar between the two groups of subjects studied Peripheral oxygen
saturation was monitored during the study period, and minor decreases were noted. Mean
respiratory rate in the high dose-hepatic impairment group decreased during infusion to
approximately 6 bpm Mean Pet CO, increased to about 60 in these patients. In view of the
respiratory changes noted in the high-dose hepatic group, this may be a group that requires
special evaluation tn a chinical surgical setting

Recommendations Regarding Labeling

The product information label suggests that these patients may be more sensitive to the
pharmacodynamic effects (Page 13) However, on Page 4, there is a statement that suggests that
the pharmacodynamics are unaltered | wonder if some data on Et CO5 , respiratory rate, minute
ventilation, ventilatory response to hypercarbia should be given in this group of patients
Abstract A377, Anesthesiology 81, September, 1994, in a smaller group of patients suggests that
the E,, may be lower in hepatically impaired subjects ard thus these patients may be more
sensitive to the ventilatory depressant effects of remifentant

' 55
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Study #224. Remifentanil in Hepatic Traasplsnt Patients.

Background
Remifer:.anil pharmacokinetics were evaluated in patients undergoing hepatic transplantation,
dunng specific phases of the operation

Clinical Study #224

Remifentanil pharmacokinetics were described prior to and during the anhepatic phase of
transplantation  An attempt was also made to assess the contribution of the lung to remifentanii
metabolism and finally i vitro hydrolysis of remifentanil in whole blood was determined. Six
patients aged 31 - 57 years were studied. Remifentani! kinetics were calculated following an TV
bolus of 10 meg/Kg given prior to and dunng the anhepatic phase of transplantation.
Remifentanil and GR90291 concentrations were higher during the anhepatic phase of the
procedure However, as the investigators point out, remifentanil kinetics were difficult to
interpret due to the rapidly changing physiological clinical setting

Efficacy Assessment )

No attempt was made to evaluate efficacy

Safety Assessment
Of the six patients who receive remifentanil, two had adverse events of hypotension

Conclusions

Itis difficult to ascribe pharmacok:netic parameters to such a small number of patients in this
chinical seting  However, remifentanil kinetics durinyg the anhepatic phase appear 10 be similar to
kinetics obtained in other situations
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Study #216. Pharmacokinetic and Pharmacodynamic Study in Middle Age and Elderly
Volunteers.

Background

Remifentanil was evaluated in middle age and elderly subjects. In addition, the effect of gender on
remifentanil pharmacokinetics/dynamics was investigated  The data was also analyzed using data
from another identical study in young healthy volunteers to show the effert of advancing age un
remifentanil pharmacokine.cs/dynamics

Study 216

Fifty subjects 26 middle-aged (40 - 65 years, 18 male/8female) and 24 elderly subjects aged
above 65 years (11 male/13 female) received remifentanil (3 mcg/Kg/min) for up to 15 minutes,
according to EEG and hemodynamic cnteria. Pharmacckinetic and pharmacodynamic
methodology was standard, and used an inhibitory Emax model to descnibe the EEG effect as it
related to remifentanil concentration

The pharmacokinetic parameters and pharmacodynamic effect as assessed by the EEG for
remifentar] and 1ts metabolite were shown to change with advancing age when all three groups
were subject to analysis The pnmarily metabolite, GR90291exhibited altered kinetics in the
elderly, an increased AUC and Cmax and an age-related increase in AUC ratio

{GR50291 remifentanil) were noted

Remifentanil produced typical p-opioid effects on the EEG, and spectral edge was used to
measure pharmacodynamic effect The mean time to onset of effect was rapid and similar for all
groups (0 8 - 1 1 min) Recovery was slower in the elderly, mean time to baseline for middle-
aged subjects was 21 7 - 23 7 miin compared to 29 2 - 36.3 mins for the elderly group Specural
edge EC,, (a standard measure of pharmacodynamic effect) was significantly lower for elderly
than middle-aged subjects (e g, 11 7% 4 4 versus 8 4 + 2 7 ng/ml for male volunteers) When the
data was combined with an i1dentical study in healthy subjects 18-40 years, linear regression
analysis showed that clearance decreased with advancing age, p<0 0001 Similariy, Vdss and V¢
decreased with increasing age (p<0 0001) EC,, andt_keo also exhibited a significant age-related
decrease

Efficacy Assessment
No attempt was made to evaluate efficacy assessment in this study

Safety Assessment

No senous adverse events occurred, but severe events, such as hypotension, nausea,
laryngospasm and tachycardia did occur and required treatment, for example with ephedrine,
metoclopramide 17% of the middie-aged and 18% of the elderly male subjects experienced a
severe adverse event None of the adverse events for midcle-aged females were severe, but 8% of
adverse events in elderly females were thought to be severe Four of the six severe adverse eveats
were considered drug-related, such as hypotension, nausea, laryngospasm, and
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hypertension/tachycardia Four subjects had clinically significant abnormal ECG recordings
during remifentanil infusion Thus, in some patients the rapid onset of effect of remifentanil may
produce hypotension In addition, the awakening from remifentani! may be associated with
hypertension/tachycardia Peripheral oxygen saturation was measured and appeared to be in an
acceptable range

Conclusions

Pharmacokinetic and pharmacodynamic differences do exist for elderly subjects, and it is
recommended that both the loading and maintenance infusion doses of remifentanil! be reduced,
and titrated to individual clinical effect Elderly subjects showed an increased AUC and Cmax for
GR90291, and also femaies compared to males GR90291 is reported to have only 1/4600 the
activity of remifentanil in animals, but the significance of delayed eliminaton of GR90291 was
not addressed 1n this study
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NDA #: 20-630
Name: Remifentanil for injection
| Sponsor: Glaxo-Wellcome
Reviewer: Waiter L. Way, MD
Review Date: November-january 1995
Study #: 203, 204, 205P (PO5P), 205 (POS), 220
Study # 220 Minimum alveolar concentration (MAC) reduction of isoflurane

with remifentanil (R)
Background
Remifentanil is a potent opioid analgesic of the phenyl-piperidine class which 1s rapidly
metabolized by blood and tissue nonspecific esterases so that drug clearance is rapid with
litde or no drug accumulation. Onset of action and steady-state concentrations are
rapidly achieved. It is reported to have a very shont duration of action and is not
cumulative over a wide range of infusion doses and times.
Clinical Study

ient Elizibility:
220 Elecuve (ASA 1-11) surgical patients scheduled for inpatient/outpatient
procedures reguinng 1-2 inch incision.

. Using steady-state (R) blood concentrations (0-32 ng/mL) MAC {or isofturane will
be determined.

*  Todewermine maximum isoflurane MAC reduction by (R)
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Study Design:

Two-Center, open-label, randomized study. Anesthesia was induced by ventilation
of pauents with isolluranc .1 oxygen and a computer-assisted continuous infusion
(CACI) of (R) was used to get a target blosd concentration. The trachea was
intubatcd wided by succinyl choline. This study was designed 1o demonstrate the
contribution of (R) to the anesthetic state as measured by MAC reduction.

The influence of age on MAC was included and the Dixon up/down method used to
adjust end-tidal conceatrations of isofluraic. (R) CACI was siopped 2 minutes after
skin incision.

Safely Assessments:

The study drug and intravenous (1V) fluids were administered via one IV site while
a second 1V site provided access for administration of other medications. Lead 1
ECG, pulsc oximeter, and a radial anery catheter were used in all patients. The
artenal line was also used for blood sampling to measure (R) concentrations.

Erotocol Deviations; Nineteen patients had najor protocol violations. Five
patents were enrolled after receiving a benzodiazepine or alpha agonist prior to

surgery. Two patients’ surgery was actually a vaginal hysierectomy instead of
abdominal hysterectomy. therefore, no true skin incision was made. Steady state
1soflurane concentrations were not attained at the time of movement for three
patients. The anenal line for collecting blood samples was not inserted in six
paticnts. No blood samples were collected for one patient because the
anesthesiologist was unable to intubate the patient with isoflurane alone. (Don't
understand this statement) Also, no samples were collected for two patients who
were withdrawn due to adverse events.

A logistic regression mode] was used with log concentrations of (R) and isoflurane

as the major independent vanables. (SAS 6.07). (R) CACI infusion was assessed using
lincar regression analysis of the CACI predicted concentration and the observed
concentrations which were made from S mL. arterial blood samples taken 5 minutes after
attaining stable end-udal isoflurane concentrations, just prior to skin incision, and 2
minutes after skin incision. (R) was analyzed by a GS-MS method.

Summary of Results:

173 patients deivonstrated that increasing doses of (R) would cause a dose-related
decrease of the MAC for isoflurane.

At a (R) plasma concentration of 1.37 ng/mL (estimated infusion rate - 0.05
meg/kg/min} MAC of isoflurane was reduced about 50%.

When (R) plasina concentrations were greater than 4-5 ng/mL, further reduction in
MAC was limited.

Clearance of (R) 1s not altered by isoflurane.
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CONCLUSIONS:

*  Ininal impact of (R) on isoflurane MAC is quite marked. (Table I) but with
increasing concentrations litte further reduction is seen. This supports a conclusion
that (R) 1s not a complete anesthetic.

Results: Takle 1. Principal Efficacy Results, All Patients (N=173)

Values are &
M AC Reduction for Respanse to Skin Incision
Remiferanit Concentration MAC of Isoflurane {sofluranc
(np/ml.) (%) MAC Reduction (%)
0.0 1.30 -
05 1.14 12
1 0.78 40
115 062 52
2 053 56
4 0.36 72
¥ 0.24 81
16 017 87
32 011 9}

-~

. Clearance of (R) s not altered by isoflurane.

. Muscle rigidity was not a problem with this protocol because anesthesia was being
induced «s the opioid infusion was being started.

. Although nausca occurred in well over 40% of the patients receiving (R) it alse was
noted 1n 42% of pauents getting a placeho!!
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Study 205 (Double Blird) Effecs of a denzodiazepine premedication on the doge.
response of remifenian;t (R)during anesthesia: induction, maintenance, and recovery

Background

Remifentanil is a polent opioid analgesic of the phenyl-piperidine class which is rapidly
metabolized by biood angd Hissue nonspecific €sterases so that drug clearance 15 rapid with
little or no drug accumulation. Onset of action and steady-static concentrations are
rapidly achieved. Iy is reported 1o have g very short duration of action and is not
cumulative over a wide range of infusion doses ang limes.

Clinical Study

lovestigalors;

Eligibiliy: Of the 125 male ang female patients (ASA 1and II, male and
female) selected, 120 were actually studied.

. A Plot Swady (205 p) was used to ascenain Clinically acceptable doses of
remitentanil (R). From these datd various bolus ang infusion doses of (R) were
selected o be ysed 1y conjunction with a single dose of a benzodiazeping
(temazepam) or 4 placebo given orally 1 hour prior to surgery, The investigators
hoped to determine the impact of lemazepam on achieving loss of consciousness

(LOC) when ysed g5 premedication prior (o various bolus angd infusion dosgs of (R).

. Pharmacokinene data (CL, v, Vs ) were generated for both drug and placebo
ETOUpPS. An attempt was made (o saustically relage venous (R) concentrations o
LOC (response) thys possibly getting the probability of relating dryg concentration
Lo response and 1o determine the LOC - EDgg.

Design :

120 patients (ASA 1 and I1) were divided Into S treatment Broups as shown in
able 5.
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Table 5. Remilentanil Treatment Regumens

Dose Group Remifentanil Infusion Rate

Crroup A 2mcp kg bolus plus 0.05mct/kg/m:n infusion
Group B 4mcg/kg bolus ptus O ImcVks ‘min infusion
Group C 6mcg/kp bolus plus 0.25mct/sg/min infuswon
Group D Smcg/kg bolus plus 0. Smcvkg/min infusion
Group £ 10mep/kg bolus plus 1 Ometkg/mun infusion

Approximately half of each treatment group received either 20 mg temazepam or placebo
per OS one hour prior to surgery. Investigators and patients were blinded to recetving or
not receiving active premedication. Afier preoxygenation. the selected iv bolus of (R)
was administered over | minute and concurrently the continuous iv infusion of (R) was
begun. Response to verbal command was evaluated for the next 5 minutes to determine
LOC. Administration of propofol was then used to produce LOC in those palients not
exhibiting LOC or in those in whom LOC was "fleeting”. The trachea was intubated
alter succinylcholine and the anesthetic was maintained with continued infusion of (R)
plus 1soflurane in O; as nceded. After surgical skin closure isoflurane was stopped
followed S minutes later By the (R) infusion being stopped. Venous blood was taken for
pharmacokinctic analysis at baseline, 1, 2, 4, 5, and 10 minutes after (R) infusion

stopped.

Monitoring hean rate (HR) by lead II-EKG, blood pressures (SBP/DBP) by
automated device, respiratory rate (RR) by investigator {??)/capnometer, Sa0; by pulse
oximeter, and PerCO; by capnometer. Two iv access sites allowed study drug
admimistration separate from fluids and other drugs.

There was no formal staustical analyses of background characteristics (gender,
ASA status, age, weight, ete.) which were presented as tabular summaries. The extended
Mantel-Haenszel test was used for pairwise companisoens of all dose groups against the
lowest dose group (A). Placebo and temaze pam premedication groups were corapared,
stratifying by dose group. The same statistical methodology was used in evaluating
response 10 skin incision, ime to adequate respiration within 10 minutes, and nuiaber of
naticnts with moderate/severe muscle ngidity.

Pharmacokincuc analysis of venous blood concentration-time data used nonhinear
mixed effects: modeling (nonmem version 4, level 2.0). The
pharmacokinetic/pharmacodynamic final model was evaluated with proc probit to get
probability histings for concentianon and response and determine the ECsq for LOC.

Summary of Results:

. LOC is rather inconsistent ({) - 58% ) at bolus doses of (R) from 2-10 mcg/kg and
infusion doses from (0.05-1.(t meg/kg/min (See Table 1.)
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Tahie 1. Principal EfMicacy Results, All Patieots (N=1200
Values we N¥ (% aly

[Actuevement of Loss of Consorousness {LOC on Remiientan) Alone
emufentanul Dose Group laceho (n=62) emazeper. ({(n=5k)
A D/14 P12
B L1 (9%) /11 (36%)
C R/12 (17%) /11 (55%) -
D 12 (50% ) 6/ 12 (50%)
E 5/13 (1% /12 (S8%)

Group A 2mep/kg bolus plus 0 O5megXg/mun infusion
Group B 4mcgig bolus plus 0 lmcg/kg/mun infusion
Group C bmeg/g holus plus 0 25mcp/kg/min intusion
Group D S3mcgkg bolus plus 0 Smeg/g/mun nfusion
Group E 10mcg/ikg bolus plus | Omegp/min infumon

. Temazepam 20 mg increased the hikelihood of LOC although this relationship
platcaued at Group C (see Tabic .

. Group C doses (Bolus 6 mcg/kg and infusion 0.25 mcg/kg/min) | ]
iQ g | . provided adequate ancsthesia ror intubation, skin
incision, and surgery.

. Temazepam is reported to not effect the response 1o skin incision,

. Temazepam prolonged recovery at least as measured by time 10 adequate {77)
respreation.

. Stx serious adverse events were reported (sec Table 2),

Conclysions;

, The contribution of (R) 10 the anesthetic State s measured by LOC is quite
inconsistent. Although addition of lemazepam (20 me) increased the likelihood of
LOC, it never occurred in more that about 50% of pauents studied. None of this is
surpnsing given the inability of (R) to act as a complete anesthetic, All patients
required propofol and isoflurane to maintain the anesthetic state. )

. The conclusions about LOC are made even more difficult since the study really
does not clearly define the epd point of LOC.

. Duning the S-minute period afier the bolus and starting infusion of (R) what
happened to the paucnt's respiratory function as measured by PerCO4 and Sa(0,
ete. and what form of artificial ventilauon was used if any”?
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Table 2. Serious Adverse Events, All Patients (N=120)

Patient
Number
nl

Age

Treatment

Event

M |59

Temazepam
+B

Hyperkalemija
(Unrelaied 1o remifentanil)

58

Placebo
+A

Nincteen bours post-operatively the patent expenenced a wound
dehiscencd which prolonged his hospitalization. The wound was
resutured and the conditon was resolved six hours later. ()

M 124

Placebo
+E

Dunng laryngoscopy, eight minutes afier infusion of remifentani)
was staned, the pauent de veloped severe bragycardia considered
o be life threatening. He was treatcd with atropine and
Laryngoscopy was stopped. Infusion of study drug was continued.
His heart rawe improved immediately and the bradycardia was
reported to be resolved within one minute. (POS)

Plcebo
+A

Dunng surgery, the patient incurred a massive blood loss from
the pelvic veuns due 1o a surgical accident. She was given a
rapwd transfusion of blood, piatciels, clotung factors and albumin
and the study drug was discontinued The event was considered
lile-threatening but the patient made a good recovery. (L

1emazgpam
)

Three minutes after tntubauon, the pauent became hypotensive
(systolic blood pressure = 40mmlig) and wachycardic with
accompanying erythema, vasodilation and generalized urticana
An anaphylaciond reaction was diagnosed and she was treated
with ephedrine. hydrocorusone. 1V colloids and chlorpheniramsne
and her blood pressure recovered. The infusion of remifentani)
was continued throughout, but discontinued 20 minutes later when
the blood pressure had dropped 10 64/495untg. The patent
expenenced ransient post-operative pernorbital edema for
approximately 10 minutes, but she way asymptomatc one hour
after anesthesa ended  The anaphy Lactond reaction was
confinmed to be duc to sensiuzation 1o succinylcholine  (111)

M2

Placeto
)

Dunng surgery. the pauent expencenced bradycardia considered
0 be 2 non-senous, bul drup relaicd event. Post-surgery, nausca
and shivenng were noted as non-sericus events with the later
considered to possibly drug related  Tweaty hours alier surgery,
the patient developed post-operauve pyrexus which prolonged his
hospral stay  Has conduion resolved 32 hours tater without drug
ueatment (17) ;

U= Unrelated. UL = Unhihely o be repeated. POS = Possibly related to remilentanil
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Study # 203 Remifentanil y Alfentanil for Anesthesia Induction

Background

Remifentanii 1s a potent opioid analgesic of the phenyl-pipendine class which is rapidly
mctabolized by blood and tissue nonspecific esterases so that drug clearance is rapid with
litde or no drug accumulation. Onsét of acuon and steady-state concentrations are
rapidly achieved. Itis reported 10 have a very short duration of action and is noi
cumulative over a wide range of infusion doses and times.

Clinical Study

Lnvestigators.

Paticnt Eligibility . 88 Male/Female ASA 1 and I1, elective surgery patients, aged
18-65 years, recruited for an increasing dose double-blind - study
comparing Alfentanil (A) with Remifentanil (R).

. Compare Remifentanil (R) and Allentanil (A) as to their contributions to the
induction of anesthesia

. Establish a D-R curve (77} tor both (A) and (R)

. Adverse events which are those "symptoms...judged by the investigator o be worse
than rouune for the type of surgery and anesthesia”.

Sudy Design,
Unpremedicated patients recetved either (R) (9 doses, 2-20 meg/kg) or (A) (7

doses, 40-206 meg/kg) atong with oxygen and d-tubocuranine (dose??). Loss of
censciousness (LOC) was the endpoint and if not achieved within 30 seconds, thiopental
was given untl LOC. Defimtion of the LOC endpoint was lack of response 10 3
consccutive verbal commands. A further test in those subjects with LOC after study drug
alone was insertion of a nasopharyngeal airway. After completion of the drug infusion
subjects were intubated after succinylcholine, Na(YO2 and isofiurane were used for
maintenance of ancsthesia,

As expected, the range of drug dose of both (R) and (A) was large [9-22 meg/kg
for (R) and 122434 meg/kg for (A)] when this study attempted to define an EDgg LOC.
Atempts o find an age-related etfect (decreased drug dose with increasing age) were not
successtul.
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Safcly ASscSSMEns:

*

Evaluations of pre-treatment (Patient eligibility) and post-treatment histories,

physical examinations and laboratory values.

Continuous monitoring of EKG (Lead 11), heart rate, arterial pressufe via anenal
line which was also used for sampling to measure plasma drug levels.

Adverse experience reporting.

Data from both centers were pooled and evaluated using 2-sided p-values
summary statistics analyzed with SAS version 6.07 procedures. The ED g for LOC was
evaluated by logistic regression. Pharmacokinetics of study drugs was with non-linear
mixed effects modeling. Logistic regression analysis was also used to define any

relationship between peak concentration and LOC.

Summﬂﬂ_{ﬂ_m . 2, -

The dose-response (D-R) (endpoint-LOCY data demonstrate that (R) is
about 15 times more potent than (A) even though the D-R curves for both drugs
"demonstrate considerable patient vaniability when given as a sole induction agent”.

The dose of thiopental decreased as the dose of either (A) or (R} increused when
LOC was used as the response endpoint. This relationship failed for a least 2(R)

groups and was attributed to “patient var:ahility”.

A 3-compartment mode! and 1st order algorithm were used for analysis of both (A)
and (R). Supposedly (R) kinetics were unaffected by thiopental.

Adverse effects with both drugs at any dose inctuded:

R)
muscle ngidity R3%
naused 63%
vomting 28%
bradycardia 4%
hypolension 17%

(A)
T3%

7%
29%
(%
124%

79
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CONCLUSIONS:
. Remifen' iied in 46 patients produced an uneven dose-response when
LOC wa sharmacodynamic endpoint. This can be interpreted as good

evidernice uia. (v, cannot reliably produce loss of consciousness and cenainly is not
anesthetic in and of itself and thus gcannot be fabeled as a sole induction agent

Muscle nigidity was a rather constant finding at all dose levels of (R} with tendency
to greater seventy as the dose was increased. The anesthesia protocol mentions the
use of d-ubocurarine (d-ic) but no dose is given. It is probable that the (d-ic) had
little impact on opioid- induced muscle rigidity.

Nausea (63% of patients) and vomiting (28% of patients) were frequent
concomitants of this drug's administrat on.

This drug 1s labeled as a selective p agenist. What evidence supports this
conclusion?
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Study 205 P (Open) Effects of a benzodiazepine premedication on the dose-response of
remifentanil (R) during anesthesia: induction, maintenance, and recovery.

Background

Remifentanil is a potent opioid analgesic of the phenyl-piperidine class which is rapidly
metabolized by blood and tissue nonspecific esterases so that drug clearance is rapid with
litde or no drug accumulation. Onsel of action and steady-static concentrations are
rapidly achieved. It is reported 1o have a very short duration of action and is not
cumulative over a wide range of infusion doscs and times.

Clinical Study

Eligibility: 35 ASA 1 or II patents, aged 18-65 years, 23 malc,
12 female

. To determine imual bolus size and infusion rate of (R} that would produce loss of
consciousness (LOC) as determined by lack of response to verbal command, and
lack of response to intubation and incision.

. NOTE: This was a pilot study to get satisfactory bolus and infusion doses that
would allow an assessment of the effects of temazepam pre-medication on
induction, maintenance. and jecovery from an anesthetic regimen using (R),
isoflurane (sce review of Swdy 2G5 [DB]). )

1o

Six center, open-label, dose-finding study of (R) in 35 uppremedicaied patients
undergoing elective in-patient surgery. All received an iv bolus (B) of (R) over | minute
and a conunuous intusion (I) after which patients were evaluated for 5 minutes to assess
LOC. The first § pauents (Group C-Table 2) received a (B) of (R) of 2 mcg/kg and an (I)
of 0.2 mcg/kg/min. Since this did not produce LOC in any patient, propofo! (P) 2 mg/kg
was added and given over | minute. The remaining 30 patients received (R) in a (B) of
2-10 mcg/kg plus (R) at an (I) rate of 0.05-1 mcg/kg/min. This group was then given (P)
I mg/kg followed by [0 mg/kg every 10 seconds unti} LOC. In all 35 patients tracheal
intubation was facilitated with succinylcholine and maintenance was with isoflurane in
O2air (7?) at 1 MAC ir. Group C and at 0.5 MAC in Groups A, B, and D.

-
~d
Cd
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Table 2. Remifentanil Treatment Groups

Group A 2meg/kg bolus plus 0.05meg/kg/nin infusion

Group B: 2mcg/kg bolus plus 0 !mcg/kp/min infusion

Group C 2mcep/kg bolus plus 0.2meg/kg/min infusion

Group D 10meg/kg bolus plus L mcg/ke/min infusion
Efficacy Assessment:

LOC was presumably defined as lack of response to verbal command but no
patients in Groups A, B, and C achieved LOC however measured. In only 50% of those
in Group D (highest dose of (R) was it seen. Propofol was needed for induction with
isoflurane 1n O2/air (??) plus continued (R) for maintenance. Succinyicholine was used
to facilitate tracheal intubation. Patients in Group C were maintained at MAC isoflurane
which was lowered to 0.5 MAC in Groups A, B, and D.

Safety Assessments:

. Blood pressure (non-invasive, automated), heart rate (lead II ECG), pulse oximeter,
respiratory rate, Sa0; (pulse oximeter), PCOq¢t by capnometer. These vital signs
were monitored for some (??) period prior to induction and intubation and up to 2
minulgs post-incision.

. Adverse experiences reported included muscle rigidity, frequency of nausea and
vomiting, recall of operative events, posioperative pain, and a number of relatively
infrequent events,

. No mention of screen and post-treatment of physical examinations and clinical
laboratory values could be found in the 205 P Repon dated 10/9/95.

Statisii luses:

"No formal statistical analyses were performed” (Page 5 of Report), followed by
the statement “summary slatistic computation and statistical analysis were undertaken
using SAS Version 6.08°. (77) -

Summary of Results:

. In these 35 patients only 5 patients manifested LOC and this was at the highest (R)
dose , Group D - Table 2.

. Not surpnsingly, the incidence of muscle rigidity was dose related occurring in 80%
of patients infused with 1.0 mcg/kg/min (highest dose) in this small patient
population.
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Conclusions:

This dose selection study demonstrated a very inconsistent LOC with all doses
studies. Even at the highest dose {10 mcg/kg bolus + 1 mcg/kg/min infusion) only
5 of 10 patients demonstraied LOC. It is not explained why the investigators
selected a consistent bolus dose (2 meg/kg) followed by incrementally increasing
infusion of (R) and then inciuded a study group receiving 2 bolus of (R) (10
mcg/kg) and an infusion (1 mcg/kg) both § times larger. What consideration was
given 10 dosc-response kinetics and dynamics with regard to the selected doses?

All 35 patients received varying amounts of propoiol to achieve LOC providing
ample evidence that (R) is pot tn and of itself an anesthetic.

The definition of LOC is never clearly stated.
Were patents given isoflurane in O3 or air?

The protocol doesn't clearly identify the isoflurane concentrations. 1.0 MAC is
identified for Group C, 0.5 MAC for Groups A, B, and D; but then isoflurane
concentrations wereised "according 1o patient requirement”. Obviously depending
on adminisiered isoflurane concentrations and patient variability the need for (R)
may vary'

(S
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Study # 204 Dose finding and comparative trial of remifentanil y alfentanil for
anesthesia maintenance

Background

Remifentanil is a potent opioid analgesic of the phenyl-piperidine class which is rapidly
metabolized by blood and tissue nonspecific esterases so that drug clearance is rapid with
litde or no drug accumulation. Onset of action and sieady-state concentrations are
rapidly achieved. It is reported to have a very short duration of action and is not
cumuiative over a wide range of infusion doses and times.

Clinical Study
Paticnt Elizibility.
Total of 118 patients (ASA [ and 11) age 18-64 scheduled for inpatient
surgery
57 patients enrolled in the pilot phase which was open-labzl and dose
finding

61 patients in a douhle-blind, randomized phase.

g Shicclives:

. To develop dose-response (D-R) and plasma concentration-response curves for
rernifentanit (R) at time of intubation, incision, and skin closure.

. To determine a comparative (one dose alfentanil) safety profile for (R).

Swdy Design:

Pilot phase was conducted by both investigators (#'s 3409 and 4677) and included
57 patients (??).  Induction of all patients, who were unpremedicated, was with
propofol 2 mg/kg with vecuronium (0.07-0.08 mg/kg) to facilitate tracheal intubation.
The pilot phase was open label at the following bolus doses (administered just after
intubation over 1 minuic) and infusion rates plus 66% nitrous oxide in oxygen.

Study initia} Bolus Infusion Rate
Medication (mcp/kp) (Mmln)
remifentanil 1 Low (0.04)
remifentanil 1 Medium (0.1)
remifentanil 1 High{0 4)

alfentanil 40 Q75
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Light anesthesia wag reated with (R) 0.5 mcg/kg bolus or (A) 20 mcg/kg bolus plus
a 50% increase in the infusion rate, Continued light anesthesia afier 2 opioid infusion
rate increases was treated with propofol or isoflurane (how they decided which drug or if
they could use both is po; clear). The double blind portion of the study inclyded the same
doses of (R) and (A) listed above and the same anesthetic regimen,

Responses 1o varioys stimuli (intubation, skin incision, skin closure, and during

surgery) manifested by >15% increase in systolic blood pressure, >20% increase in heart
Fate, somatic or autonomic fesponses (lacnmation, flushing, learing).

J Direct arerial measurement of blood pressure.
. Arterial sampling for bigod concentrations of study drug.
*  Continuous ECG Lead i

. Evaluation of screen and post-treatment clinical laboratory vaiues, physical
¢xaminations, ECG assessments,

. Adverse experience reporting,

respective 95% confidence intervals for intubation and skin incision for {R). Two-sided
P-values were used for all statistics. Pharmacokinetjc analysis of concentration-time data
was wilh a Jeast squarcs regression analysis program {penonlin vo4.2) ECsy for both (R}
and (A) used PC SAS/PROC LOGISTIC/v 6.08.

Summary of Results:

Table 1. ECsq for Skin Incision/lntubation, Pilot and Double-Bling Phase,

lavestigator 4677
Values are estimate. (95% confidence interval)
PD Parameters Pilot and Double Bling Phase Investicaror 4577 only
Remifentam! Alferuanii
N=f7 N=2]
EC ¢ datubation (PR/mML) 204103 5134 11096 (no eslimate )
EC 50, Sksn Inciswon (02/L) 1.50 (041,27%) 86.71 (no estumate)




FDA Consultant Review — Walter L.Way, M.D.

Table 2. Response to Skin Incision Estimated ED «/ED g,
Double blind Phase, N = 61

EDs0 Dy
_(;m_,jkslmin} {mce/ke/miny}
Response o Skin
Incsion 011 047

Table 3. Adverse Events, All Patients, N= 118
Values are N (%

Remifentanil Alfentanil
Low Merlium High

N 35 28 32 22
Any Adverse Event 32 (89%) 23 (82%) 32 (100%) 20 (91%)
Nausea 23 (64%) 17(61%) | 25(7R%) 15 (68%)
[Vomiting 15(42%) 10 (36%) 16 (50%) 10 (45%)
Mypotension 3 (8%) 4 (14%) 4 (13%) 0
Bradycardia 0 4 (14%) 2(6%) 0

Low =0 0125, 0.025. 0 04, and 0.05 meg/kg/min
Medium = 0.1 and 0 ¥ meg/kg/min

High = 0.4, 0.6, and 1 0 meg/kg/min

Alfentan = 0.5, 075 1 O mcg/kg/imin

No muscle nigidity was seen which is quite understandable since po opioid was
administered unul patients had received an induction dose of propofol plus the
neuromuscular blocking drug vecuronium (0.07-0.08 mg/kg).

A number of pharmacokinetic parameters were determined for both (R) and (A).
See Table 15, Page 12, Prolocol #204. Note the populauon sizes vary considerably.
Pharmacodynamic gsiimates of probability of no response to intubation and skin
incision were prepared for data (89 patients) from Investigalor #4677,

Two (R) paticnts experienced intermitent bradycardia and hypotension and one (A)
patent had prolonged nausea.

CONCLUSIONS:

The ED sg's for (R) (Investigator #4677} reported for intubation and skin incision
must be considered as relative values since propofol, vecuronium, and nitrous oxide
were part of the ancsthetic management. How did the investigators know that
vecuronmium effects were terminated?

Not surprisingly. the lower the dose of (R) (both bolus and infusion) the greater
need for the "rescuc™: anesthetics propofol and/or 1soflurane.

No significant changes in screen and post-treatment clinical laboratory and physical
examination are reported.

Adverse events usual with opioids are reported at rates that are dose related.
Paruicularly notewaorthy 1s the high incidence of nausea (average 68%) and vomiting
(average 36%) at all 3 doses.
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USA308: Remifentanil vs, Alfentanil with Propofol in Laproscopic Surgery

Experimental Design This was a multicenter, randomized, double-blind study designed to
compare the intraoperative stability and recovery profile of remifentanil versus alfentanil
when combined with propofo! for total intravenous anesthesia for outpatient laproscopic
surgery A total of 222 healthy women (and one man), aged 18-51 years, were enrolled in
the study and 200 were randomi=ad to receive either remifentanil (n=157) or alfentanil
(n=66) Following midazolam (1 mg) premedication and pre-oxygenation, patients were
induced with propofo! (2 mg/kg followed by a 150 pg/kg/min infusion) A bolus followed
by a continuous infusion of study drug was then administered (see Table 1) Endotracheal
intubation was facilitated with the use of vecuronium. Five minutes after laproscopic trocar
insertion, the study drug infusion rate was reduced (see Table 1) as was the propofol
infusion (to 75 pg/kg/min)

Signs of light anesthesia were treated with boluses or increases in the opiate infusion rate. If
two successive opiate drug titrations were unsuccessful to treat an event then rescue
propofol was administered Propotol was also admiminstered if the maximum aliowable
opiate infusion rate was reached (remifentanil 1 pg/kg/min or alfentanil 4 pg/kg/min).
Hypotension (SBP<80 for _1 min) was initially treated with a reduction in the opiate
infusion Bradycardia (HR<40 for _| min) was initially treated with glycopyrrolate and
then, if unsuccessful, by a reduction in the opiate infusion

Ten minutes prior to the end of surgery, a new study drug syringe was substituted This
allowed, in a blinded manner, for the alfentanil infusion to be discontinued at this time
while the remifentanil was continued until the completion of surgery. Propofol was
discontinued a median of 4 minutes prior to the end of surgery and the neuromuscular
blockade was pharmacologically antagonized Times to response to verbal command,
extubation, return of respiratory function and discharge were recorded. Trieger Dot and
Digit Symbol Substitution tests were used to assess quality of recovery
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Table 1
Group Bolus dose | Initiad Infusion r Infusion Rate Mean Final
(ngkg) Rate S min Post-trocar Infusion Rate
(ug/kg/min) Insertion (ug/kg/min)
Remifentanil 1 05 025 0261007
Alfentani] 20 05 1 1.212045
Potency Ratio 20 4 4 46

Major Results. The time to adequate respiration upon completion of surgery was not
different between the two groups (median of 3 min) The recovery profile of the two
groups was not appreciabiy different showing similar times 10 initiation of spontaneous
ventilation, extubation, and qualification for PACU discharge. The incidence of
significant perioperative hypotension (11%} and bradycardia (7%) were similar Overall,
54% of the patients experienced postoperative nausea, 30% had vomiting, and 27%
required postoperative ondansetron therapy (no differences between groups) The
remifentanil patients appeared more awake than the alfentanil patients at €2 and 90 min
post-anesthesia although the differences observed were not large

Efficacy and Safety. Almost three times as many patients in the alfentanil group (32%)
responded to initial surgical stimuli compared with those in the remifentanil group (11%,
P<0COl) Only two remifentanil patients (and none in the aifentanil group) had opiate-
induced muscle rigidity Intraoperative awareness occurred in two cases {one in each
group), in both, there was a malfunction of the propofo. infusion pump Blood pressure
was significantly low :r in the remifentanil group throughout much of the anesthetic
Heart rate was significantly lower in the remifentanil patients {rom the time of intubation
until trocar insertion Thereafter, there were no statistically significant differences in
heart rate between the two groups i8% of the patients in the alfentanii group required
small propofol rescue during the maintenance phase of the case compared with only 9%
of remifentanil patients More than twice as many of the patiznts in the remifentanil
group (76%) required postoperative analgesic therapy with parenteral opiates (fentanyl)
when compared with those in the alfentanil group (35%). Thirteen percent of the
remifentanil patients but none of the alfentanil patients exhibited post-operative
shivering

Analysis. As in Study 503, it appears that a more potent dose of remifentani! than
alfentanil was administered during the anesthetic This is demonstrated by the fact that
the remifentanil patients had lower blood pressure and heart rate values and required
fewer supplemental propofol doses to treat light anesthesia However, the differences in
perioperative responses between the two drug groups were less than in Study 303
probably because a proportionally higher alfentanil infusion rate was used (1 pg/kg/min
instead of 0 S ug/kg/min, a ratio of 4 instead of 2 based on a remifentani! infusion rate of

' g6
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0.25 pug/kg/min) On the other hand, as a consequence of the higher alfentanil infusion
rates, a comparable percentage of patients in the two groups responded to skin closure
(despite the alfentanil being stopped 10 minutes before the end of surgery) or expenenced
significant hypotensive or bradycardic adverse events

Because propofol rather than isoflurane (Study 303) was employed as the sedative-
hypnotic in this study, postanesthetic recovery times were overall much faster than in
Study 303. Since the remifentanil and alfentanil doses in this study were more similar
(i e, equipotent) than in Study 303, one might have expected the patients receiving
remifentani!, the shorter acting opiate, to exhibi faster recoveries In fact, with the
exception of some minor differences favoring remifentanil in sedation and psychomotor
scores at 60-90 min postanesthesia, the recovery profiles of the two drugs were quite
similar. However, these results must be interpreted with consideration of the fact that, in
contrast to Study 303, alfentanil was terminated 10 minutes prior to surgery while the
remifentanil was continued until surgical completion

On the other hand, the more rapid elimination of remifentanil’s opiate effects was
reflected in the higher incidence of postoperative shivering and the eaclier (and greater)
requirement for parentera! postoperative analgesia observed in the remifentanil pauents.

Although the overall incidence of postoperative nausea/emesis was similar in the two
groups, the remifentanil patients tended to experience these symptoms earlier during the
postoperative period than did the alfentanil patients. In addition, the greater use of
parenteral opiate analgesics in the PACU in the remifentanil group may have actually
increased the incidence of postoperative nausea/vomiting in the remifentanil patients

One of the dangers of the opiate-propofol-relaxant total intravenous anesthetic technique
employed in this study is the risk of intraoperative awareness if insufficient propofol is
administered This occurred in two cases in which the propofol infusion pump
malfunctioned

Conclusions. Overall, this study demonstrates that total intravenous anesthesia
employing propofol in combination with either remifentanil or alfentanil for laproscopic
outpatient surgery is an effective technique with similar hemodynamic and recovery
profiles Remifentanit may more effectively block the hemodynamic responses to surgery
without having to pay the price of a delayed emergence, respiratory depression, or
residua! psychomotor impairment The more rapid dissolution of remifentanil’s opiate
effects in the early postoperative peniod will more frequently necessitate additional opiate

therapy for the management of shivering and for postsurgical pain
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USA303: Remifentanii vs. Alfentanil with Isoflurane in Outpatient Surgery

Experimental Design This was a multicenter, randomized, Gouble-blind study designed to
compare the recovery profile, efficacy, and safety of remifentanil versus alientanil when
combined with isoflurane 0 8% in air/oxygen duning bnef outpatient surgery A total of 201
patients (equal gender distnbution), aged 18-65 years, healthy pnmarily caucasian patients
were enrolled in the study and randomized to receive either remifentanil (n=102) or
alfentanil (n=99) Glycopyrrolate (0 1-0.2 mg) preceded pre-oxygenation. Study drug was
started as an initial bolus and a simuitaneous continucus infusion (see Table 1 beiow)
Propofol was then administered in 10 mg increments every 10 seconds untit LOC occurred
Isoflurane was started at 2% and vecuronium was administered to facilitate intubation.
Following intubation, the isoflurane concentration was reduced and maintained at 0 8%
end-tidal Signs of light anesthesia (SBP/HR increases, somatic or autonomic signs) were
treated with bolus doses (remifentanil 1 mcg/kg or alfentaml 5 mcg/kg) and doubling of the
study drug infusion rate A NSAID suppository was used for post-operative pain control.
Both the isoflurane and tire opioid infusion were discontinued at the completion of surgery.
Times to response to verbal command, extubation, return of respiratory function and
discharge were recorded Trieger Dot and Digit Symbol Substitution tests were used (o
assess quality of recovery

Table 1
Group Bolus dose Initial Infusion Rate Mean Infusion Rate
(ugks) (ug/kg/min) (pg/kg/min)
Remifentanil 1 025 025210024
Alfentant! 25 05 055910206
Potency Ratio 25 2 222

Major Results. The median time for recovery of response to verbal command was 9
versus 7 minutes, for the remifentanil and alfentanil groups, respectively (p=006) The
median time for resumption of spontaneous respiration was 8 versus 5 minutes (p<0 05),
and for attainment of adequate spontaneous respiration it was 9 versus 6 minutes,
respectively, all favoning alfentanil (p<005) In contrast, psychometric and rsychomotor
function at 30 minutes postoperatively seemed to be slightly better in the remifentanil

group

Efficacy and Safety. Significantly more alfentanil patients expenenced one or more
responses to surgical stimulation (66% vs 53%, p<0 02) On the other hand, there was a
greater incidence of perioperative hypotension and of postoperative shivering in the
remifentanil group The incidence of perioperative bradycardia (<10%) and of post-
operative nausea/emesis (~20%) was similar between the two study groups

()
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Analysis. Several findings suggest that the opiate drug doses chosen for comparison in
this study were not equipotent, the remifentanil dose was more potent than the alfentanil
dose against which it was compared The rem.ientanil patients tended 1o have lower
blood pressure values throughout the case In fact, there was a significantly higher
incidence of hypotension in the remifentanil patients (15% vs 2%, respectively,
p=0001) Four patients in the remifentanil group but none in the aifentanil group
required ephednne treatment for hypotension during the maintenance phase In addition,
almost twice as many remifentanil patients exhibited one or more instances of “excessive
anesthesia” Consistent witli these results, significanily more alfentanil patients required
one or more unscheduled opiate bolus doses or infusion rate increases (57% vs 41%,
respectively, p=0 03) for inadequate anesthesia Finally, at the end of the case, twice as
many patients responded to skin closure in the alfentanil group (22 vs 11%, p<0 05)

These findings have important implications for the interpretation of the recovery data If,
indeed, more remifentani! was administered intraoperatively, this would tend to bias the
recovery phase in favor™of alfentanil This might explain the failure of this study to
demonstrate a faster recovery from remifentanil anestihesia despite its more rapid
eltminaton when compared with alfentanil

However, several other methodological factors should also be mcniioned First, the
1soflurane was continued in both groups until the end of surgery To the extent that
recovery was influenced by the rate of elimination of isoflurane, this could have blurred
any differences between the two study drug groups In addition, increased ventilatory
depression caused by a more potent dose of remifentanil at the end of the procedure could
have limited 1soflurans elimination in this group

Finally, it 1s imponant to note that both alfentanil and remifentanil were discontinued at
the conclusion of the surgery However, in standard use, alfentanil infusions would
typically be terminated at least several minutes prior to the completion of surgery

The lower incidence of bradycardia observed in this study compared with previous, Phase
Il studies, reflects the pre-induction administration of glycopyrrolate and, probably, the
xnown effect of isoflurane on heart rate in young healthy patients The higher incidence
of postoperative shivering observed in the remifentanil patients probably reflects a more
rapid elimination of this opiate compared with alfentanil in the immediate postoperative
penod

Conclusions. Overall, this study demonstrates that anesthetics employing remifentanil
and alfentanil, when administered as an tnfusion in combination with isoflurane in
air/oxygen for brief outpatient anesthetics. exhibit similar recovery profiles The design
of the present study, however, may have biased the results to understate the speed of
recovery from remifentanil-based anesthesia

Remifentanil may be associated with a greater incidence of hypotension, however, this
must be substantiated by a study in which the two opiates are administered in an
equipotent dose

!
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USA212: Remifentanil vs. Alfentanil in Outpatient Nitrous-Narcotic Anesthesic:

Experimental Design. This was a randomized single-blind study comparing remifentanil with
alfentanil as an infusion in 105 young ASA | or 2 female patients undergoing laproscopic bilateral
tubal ligation procedures as outpatients. Patients received cither remifentanil (1 pg/kg bolus
followed by 0.1 or 0.4 pg/kg/min infusion) or alfentanil (20 pg/kg bolus followed by | pg/kg/min
infusion). Propofol was given in 40 mg increments until loss of consciousness. Mivacurium was
given for intubation. Anesthesia was maintained with opiate infusion plus 66% N,O in oxygen.
Signs of hight anesthesia were treated with remifentanil 0.5 pg/kg bolus and/or 0.05 Hg/kg/min
infusion increase or alfentanii 10 pg/kg bolus and/or 0.5 pg/kg/min infusion increase.
Hypotension or bradycardia were initially treated by reduction of the opiate infusion rate. Alfentani
was decreased 10 0.5 pg/kg/min at the commencement of the sterilization and discontinued at the
end of the procedure. Remifentanil and nitrous oxide were terminated at the end of procedure.

Group Bolus dose Initial Infusion Rate | Ending Infusion Rate
(ug/ke) (j1g/kg/mun) (median pg/kp/min)

Remifentani) 0.1 | 0.1 .15

Remifentani] 0 4 - ! 0.4 0.4

Alfentaml 20 1 0.5

Potency Ratio 20 2.5-10 1.25-333

Major Results. Overall, throughout the case, the patients in the Remi 0.4 group had lower blood
pressure values, had fewer hemodynamic, autonomic, or somatic responses to noxious anesthetic
(1., laryngoscopy and intubation) or surgical simuli, and required fewer supplemental bolus
doses of opiate or of “rescue” doses of propofol. On the other hand, 26% of the patients in the
Remi 0.4 group required at least one reduction in infusion rate during the case (predominantly due
to heart rates less than 45 beats/min) compared with only 3% in either of the other two groups.
Recuvery from anesthesia was rapid in all three treatment groups and occurred at comparable rates
Post-operative side-effects were also similar among the treatment groups. The Remi 0.1 group had
earher and grester post-operative analgesic requirements. There was a high incidence of post-
operative nausea and vormiting n all three groups.

Efficacy and Safety. A 0 | pg/kg/min infusion of remifentanil appeared to have similar efficacy to
a 0.5 pg/kg/min infusion of alfentanil in this patient population undergoing this surgical procedure
Remifentanil 0.4 pg/kg/min was more effective at blocking response to noxious stimuli without
adversely affecting recovery time. However, the higher remifentanil dose was associated with
more bradycardia and hypotension. Remifentanii otherwise demonstrated a similar side-effect
profile ¢ » that of other potent mu agonists .
Analysis. A number of methodological 1ssues must be considered in the interpretation of the
results of this study. This was a single-blind study so that the investigators apparently knew which
study drug (and dose) was being adnumstered (although the post-operative evalualion was
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performed by a blinded investigator). Thus, despite the use of pre-defined Intraoperative
management critena, the possibility of the introducuion of investigator bias can not be excluded

There were a number of protocol violations including one patient with a history of chronic
benzodiazepine use who received three 10 mg doses of prazepam on the cvening before and
morning of surgery. Two patients in the Remi 0 4 group inadveriently received only 50% of the
correct concentration of remifentanil in their infusions. All three of these subjects’ data were
included in all of the analyses.

The vanable use of propofol between groups complicates the inlerpretation of the effects of the
opiates on the response to surgical sumuli. Propofol rescue doses were administered by the
vestigators prematurely (i.¢., before (wo rate increases of study drug as stipulated by the
protocol) between the time of skin incislon and | minute after trocar insertion in 7 patients (20%) in
the Remi 0.1 group and Y putienis (26%) in the Alfentanil group.

Itis troubling that the final infusion rates in the two remifentanit groups did not converge toward
each other to a greater extent. One would have expected that the higher incidence of patient
responses in the Remi 0.1 group and the higher incidence of bradycardiathypotension in the Remi
0.4 group would, over the course of the anesthetic, cause the care providers to titrate the
remifentanil dose to an intermediate level. In contrast, more than three-quarters of the subjects’
final infusion rates in boik: groups were within 0.05 ug/kg/min of their starting rates. This
discrepancy may have been due to short-comings in the experimental protocol (e.g.. restrictions in

the titratibility of the opiate infusions), propofol “rescue”, significant patient variability in response
to remifentanil, and/or other, unknown factors.

Alfentam] was discontinued at the time of sterilization while the remifentani! was discontinued
(along with the nitrous oxide) at the conclusion of the surgery (median difference 3 minutes). This
difference in iming may have been responsible for the higher incidence of response to skin closure
in the Alfentani] group and may have masked a relauvely more rapid awakening in the remifentanil
groups.

Additionally, the failure to attan similar intraoperative response and hemodynamic profiles among
the three groups makes conipanison of the respective recovery charactenistics of the three treatment
groups problematic

Conclusions. In this study of anestuesia for laproscopy, remifentanid 0.4 pg/kg/min effectively
blunted the hemodynamic 1esponse to surgery, although this infusion rate also produced
bradycardia and hypotension In contrast, an infusion of Remi 0.1 pg/kg/min frequently required
supplementation yet was associaied with less cardiovascular depression. These results ‘suggest that
aremifentanil infusion rate between | and 4 meg/kg/min, in combination with 66% nitrous oxide
may be optimal for maintenance of anesthesia in young women undergoing laproscopic outpatient
procedures. Overall, the recovery profil - of remifentanii is at least comparable to alfentanil when
admunistered 1 the manner desenibed.
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USA225: Spontaneous Ventilation using Remifentanil with Isoflurane/Nitrous Oxide

Experimental Design This was a single center open-label dose-escalation study of
healthy primarily male patients undergoing outpatient surgery (median duration 41 min).
The initial protocol stipulated the use of 1% end-tidal isoflurane in nitrous oxid . with
remifentani] infusion rates doubling at fixed intervals until respiratory depression
occurred However, after studying three patients, this protocol proved untenable due to
profound respiratory depression and an amended protocol was substituted. Patients were
induced with incremental doses of propofol until loss of consciousness occurred and then
a laryngeal mask airway was inserted. 1% end-tidal isoflurane in 66% nitrous oxide was
maintained until skin incision and then the end-tidal isoflurane was reduced to maintain a
concentration of 0 5% (+£10%) with the patient breathing spontaneously. A remifentanil
infusion was started at 0 05 ug/kg/min and was then titrated upward in 0.05 pg/kg/min
increments every 5 minutes Respiratory depressicn, the primary “efficacy” endpoint was
defined as a respiratory rate of _8 for _| minute. However, if the end-tidal CO3 was >55
torr then manual ventilation was instituted

Major Results. The calculated mean infusion rate at which respiratory depression
occurred was 0.125 pg/kg/min with a statistically esimated EDs¢ of 0.087 pg/kg/min.
However, review of Figure 1 suggests an somewhat higher EDs¢ value between 0.10 and
015 ug/kg/min. All of the patients experienced appreciable bradypnea by the time the
remifentanil infusion rate was increased to between 0.15 and 0.2 pg/kg/min. Following
this dose-titration analysis, the majority of the patients (58%) were able to be maintained
with adequate spontaneous ventilation with remifentanil infusion rates of between 0.025
to 0 050 ug/kg/min The hemodynamic and respiratory profile of patients maintained on
remifentanil with spontaneous ventilation at 15 min post-incision is shown in Table |
Twelve of the 14 patients required manual (assisted) ventilation at least once during the
procedure (57% due to apnea, 29% due to Sp02<90%, and 14% due to Pe7C03>60 torr)

Table 1. Vital Signs Profile of 12 Spontaneously Ventilating Pauents
Receiving Remifentanil in Combination with 0.5% Isoflurane and

66% N20O.

Variable Value (meantSD)
Systolic Blood Pressure 11311 torr
Diastolic Biood Pressure 61 %11 torr
Heart Rate 67 £ 14 7 beats/min
Respiratory Rate 8 +3 6 breaths/min
5p02 95+26%
End-tidal CO; 5362t
Mean remifentanil rate ?? pg/kg/min

100
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Efficacy and Safety. Despite the use of an amended protocol, the study was terminated
early (14 out of a planned 20 subjects) because the investigator felt that the protocol was
not optimal for predicting the remifentanil infusion rate associated with respiratory
depression. Furthermore, the investigator felt that this combination of anesthetic agents
may have caused an undesirable incidence of significant cardiovascular depression (5 of
14 patients) duning mai~ienance anesthesia.

The most common adverse events were bradycardia (35%), shivering (19%),
hypotension (18%), and nausea (18%). Four patients required atropine therapy for
bradycarcia None of the patients developed muscle rigidity or had recall of any events
duning anesthesia or the surgical procedure.

One patient experienced a serious adverse event due to an inadvertent overdose of
remifentani] (approximately 0 25 ml) which was the consequence of flushing an occluded
intravenous cannula. This patient received an accidental bolus dose of approximately 23
ug {035 ng/kg) The resultant bradycardia, progressing to third degree heart block, with
associated modest hy potension (SBP 90 torr) required treatment with atropine (0.6 mg
twice) in addition to termination of the remifentanil infusion.

Analysis. The expenmenta! design of this study limits the usefulness of the data Several
confounding factors can be identified: 1} The remifentanil infusion was started after skin
incision without a loading bolus dose so that at 5 minutes after starting the infusion, at the
time of the first titration increment, steady state plasma levels may not have been
achieved, 2) The titraton steps were 100 rapid for an accurate correlation of infusion dose
and thus, plasma concentration to observed effects on respiratory rate;, 3) The dose-
response curve was based on cumulative dosing at too frequent intervals and too small of
dose increments, 4) Respiratory rate alone was used as an indicator of ventilatory
depression, and 5) The hemccynamic and respiratory data presented are based only on
patients not yet meeting the primary efficacy criteria Thus, the resultant calculated
values for remifentaml EDs to produce respiratory depression are of dubious validity.

Conclusions. Despite the limitations of this study, it does provide some general
information about the impact of the addition of low doses of remifentanil by infusion to
an existing isoflurane/nitrous oxide anesthetic. It is apparent that under these
circumstances remifentani! infusion rates as low as 005 pg/kg/min can produce
significant resptratory depression and well as bradycardia and hypotension In addition,
the incident in which a relatively small volume (~025 ml) of remifentanil was
accidentally administered while attempted to clear an occluded intravenous catheter
suggests that serious complications might be prevented in the future if remifentanil was
provided in a less concentrated solution.
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USA228: Remifentanil with Isoflurane for Spontaneous Ventilation Anesthesia

Experimentai Design. This was a two center, open label, randomized, parallel group
dose-ranging study of remifentanil in 63 healthy (94% ASA I), Caucasian (84%), patients
scheduled for outpatient surgery The purpose of this study was to assess the incidence of
respiratory depression, hemodynamic stability, time to recovery and anesthetic dose
requirements when remifentanil was added to an isoflurane/oxygen/air anesthetic in
patients breathing spontaneously via a laryngeal mask airway. Patients were all pretreated
with glycopyrrolate (generally 0 2 mg) and a 5 ml/kg intravenous fluid bolus. Patients
were then randomized to receive one of four remifentanil dose regimens consisting of a
Bolus (B: ug/kg) foliowed by a continuous infusion (I: pg/kg/min): 1)0.125B + 0.025 I,
2)025B+0051,30375B +00751,0r4)05 B + 0.1 Three minutes iater, patients
received propofol 10 mg every 10 seconds until loss of consciousness and a laryngeal
mask airway was then inserted Isoflurane (~1% end-tidal) in oxygen-enriched air was
then added for the maintenance of anesthesia After skin incision, the remifentanil
infusion was titrated downwards in pre-defined steps whenever respiratory depression
(defined as a respiratory rate less than 8 breaths/min for _1minute and/or PerCQ; >55
mmHg)} occurred Inadequate anesthesia was treated with increases in the isoflurane
concentratior and/or boluses of propofol

Major Results. The data from the two study sites could not be combined for statistical
analysis because of marked differences between sites in the results obtained For
example, there was a much higher incidence of respiratory depression between the time
of loss of consciousness and skin incision in the two lowest remifentanil infusion dose
groups (0 025 and 0 05 pg/kg/min} at one study site compared with the other In addition,
there appeared to be appreciable vanability in some of the results across treatment group
such that dose-dependent remifentanil effects were difficult to discern. For example, the
dose of remifentanil upon anesthetic induction did not affect the dose of propofol
required for LOC -

Nevertheless, there was a higher incidence of somatic responses to surgical stimulation
at the lower remifentanil doses, 31% of the patients in the remi 0.025 group moved in
response to skin incision whereas only one patient moved in either of the two highest
dose groups Penioperatively, hypertension (SBP>15 torr above preoperative baseline for
_1 minute) was more likely in the two low dose groups (28%) compared with the two
high dose groups (10%) On the other hand, patients in the two higher dose groups were
much more |.kely to require reductions in the remifentanil infusion rate due to respiratory
depression (sce Table 1 below)

By the end of the procedure, the majority of patients (_73%) had adequate spontaneous
ventilation at a mean remifentanil infusion rate of between 0.025 and 0 05 pg/kg/min
(with a mean end-tidal isoflurane concentration of approximately 1%) The mean
remifentanil infusion rate in the three highest dose groups were, by this time, very
similar
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Efficacy and Safety. Even at the lowest remifentanil dose studied, 62.5% of the patients
manifested respiratory depression during the interval between induction of anesthesia and
skin incision Respiratory depression was, in fact, a common occurrence throughout the
anesthetic period. In addition, the ventilation of 8 patients (13%) was still depressed at
the end of surgery despite all but one being at a remifentanil infusion rate of only 0 025
Hg/kg/min

Muscle ngidity occurred in 6 patients (10%) and neither the incidence nor severity

. appeared to be dose-related (although the one episode of severe rigidity did occur in the

highest dose group) Hypotension, defined as a SBP_80 for 1 min, occurred in 11% of
patients (across all dose groups) during remifentanil administration. Bradycardia (HR<40
for _1 min) was uncommon (5%) although heart rate values less than 50 were not
unusual Across all treatment groups, only 5% of patients experienced postoperative
nausea or emesis

Analysis. The inability to discem a dose-effect relationship between remifentanil
treatment and the incidence of respiratory depression could have been due to by several
confounding factors. The study design allowed appreciable investigator discretion over
1soflurane and propofol dosing and these appeared 10 vary both between study sites and,
in the case of propofol, across treatment groups A distinction of any direct effects of
remifentanil on respiratory depression may have been most clearly observed after skin
incision However, at this time, the remifentanil infusion was titrated downwards by
protocol if respiratory depression persisted, thus obviating any potential assessment of
dose-effect relationships

In contrast to previous studies, the incidence of bradycardia and hypotension were
quite low This was probably due to the combination of fluid loading and anticholinergic
pretreatment as well as the use of 1soflurane and/or propofol (rather than remifentanil) to
treat light anesthesia In contrast to other outpatient remifentanil studies, the very low
incidence of postoperative nausea and emesis was notable and may be due to a number of
factors inciuding the predominantly male subject population, absence of nitrous_oxide or
muscle relaxants (or reversal), use of propofol, etc

Conclusions. Remifentanil in combination with isoflurane in oxygen-enriched air can be
used successfully for spontaneous ventilation anesthesia QOverall, a starting dose of less
thar 0 05 mcg/kg/min may be expected to be associated with a lower incidence of
respiratory depression compared with higher doses although appreciable patient variation
may be expected However, even remifentani| infusion rates as low as 0.025 ug/kg/min
may cause sigmficant respiratory depression when combined with 1% end-tidal
isoflurane 1n air/foxygen in healthy patients under LMA anesthesia
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Table 1.
Event Remifentanil Infusion Rate (mcg/kg/min)
0.025 0.05 0.075 and 0.10
(N=16) (N=16) (N=31)
Respiratory depression at the 5/14 (36%) 9 (56%) 29 (94%)
time of skin incision
Gross movement response to
skin incision 5(31%) 2 (13%) 1(3%)
Number (%) of patients
requiring at least one decrease
in the remifentanil infusion 0 6 (38%) 28 {(90%)
rate
(due to respiratory depression)
Number (%) of patients ~
requiring increase in isoflurane 7 (44%) 5(31%) 6 (19%)
Mean remifentanil infusion '
rate at end of surgery 002540 000 0.041+0 012 0042+ 27?
Mean + SD (Range} (0.025-0.025) | (0025-0 050) (0.024-0.098)

106
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USA225: Remifentanil with Propafol for Spontuneous Ventilation Anesthesia

Experimental Design This was a tvo center, open label, randomized, parallel group
dose-ranging study of remifentanil in 64 healthy (84% ASA 1), Caucasian (100%),
patients scheduled for outpatient surgery. The purpose of this study was to assess the
incidence of respiratory depression, hemodynamic stability, time to recovery and
anesthetic dose requirements when remifentanil was added (0 a propofol infusion in
patients breathing oxygen/air spontaneously via a iaryngeal mask airway The protocol
was quite similar to that of OUTPATIENT STUDY #3 (USA228) except that propofol
was employed instead of isoflurane. Patients were all pretreated with a 5 ml/kg
intravenous fluid bolus and were then randomized to receive one of four remifentanil
dose regimens consisting of a Bolus (B pg/kg) followed by a continuous infusion (1.
pugkg/min) 1)0125B + 00251, 2)025B+0051,3)0375B+00751,0r4)05B +
01 Three minutes later, patients received propofol at a rate of 50 mg/min until loss of
consciousness and a !aryngeal mask airway was then inserted A propofol infusion was
begun at a rate of 100 pgAg/min. The remifentanil infusion was maintained at a constant
rate until skin incision and thereafter could only be titrated downwards in pre-defined
steps in response to respiratory depression (defined as a respiratory rate less than 8
breaths/min for 1 minute and/or PETCO; >55 mmHg) occurred. Inadequate anesthesia
was treated with boluses of propofol and adjustments in the propofol infusion rate

Major Results. The data from the two study sites could not be combined for statistical
analysis because of marked differences between sites in the results obtained For
example, there was a much higher incidence of respiratory depression between the time
of loss of consciousness and skin incision in the two Jowest remnifentanil infusion dose
groups (0 025 and 0 05 .g/kg/min) at one study site compared with the other (Note that
two different insttutions were involved in this study than in USA 228) In addition, there
appeared to be appreciable variability in some of the results across treatment group such
that dose-dependent remifentani! effects were more difficult to discern. For example, the
dose of remifentanil upon anesthetic induction did not affect the dose of propofol
required for LOC

Nevertheless, there was a higher incidence of somatic responses to surgical stimulation
at the lower remifentanil doses, 88% of the patients in the remi 0 025 group moved in
response to skin incision whereas only 33% moved in the three higher dose groups
combined Penoperatively, less total propofol was required during the maintenance phase
in the Remi 0075 and 0 10 rg/kg/min dose groups although the incidence of propofol
rescue was not appreciably different between groups Across all treatment groups,
intraoperative hypertensive episodes occurred in 28% of patients

By the end of the procedure, the majonty of patents (_76%) had adequate spontaneous
ventilation at a mean remifentanil infusion rate of between 0.026 and 0 053 pg/kg/min
The remifentanil infusion rate in the three highest dose groups were, by this time, very
similar Concurrently, the final propofol infusion rate ranged from 116 pyg/kg/min in the
Remi 0 10 pg/kg/min group to 140 pe/kg/min in the Remi 0 025 pg/kg/min group
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Efficacy and Safery. At the lowest remifentanil dose studied, 44% of the patients
manifested respiratory depression during the interval between induction of anesthesia and
skin tncision. Respiratory depression was, in fact, a common occurrence throughout the
anesthetic penod rangiag in incidence from 56% in the lowest dose group to 100% in the
highest dose group In addition, the ventilation of 8 patients (13%) was still depressed at
the end of surgery despite all of them receiving a remifentani! infusion rate of _ 0.05
pg/kg/min at this time This post-operative respiratory depression peisisted for 6-13
minutes in the four patients who were in the two highest Remi dose groups.

Muscle rigidity occurred in 4 patients (6%) and in two of these was of sufficient
sevenity to necessitate cessation of the remifentanil infusion. In con'rast to earlier studies,
hypotension, bradycardia, and postoperative nausea or emesis were rare.

Analysis. To failure 1o discern appreciable dose-dependent effects on respiration between
the different remifentanil infusion treaiment groups could have been due to a number of
factors. The study design allowed appreciable investigator discretion over propofol
dosing and propofol use appeared to vary between the two study sites Individual
respiratory responses to lower remifentanil doses appeared 1o be quite variable A
distinction of any direct effects of remifentanil on respiratory depression may have been
most clearly observed after LMA insertion and skin incision. However, at this time, the
remifentantl infusion was titrated downwards by protocol if respiratory depression
persisted, thus obviating any potential assessment of dose-effect relationships. -

The time to skin incision was not fixed in the protocol, therefore, surgical stimuli were
vanable in both time and intensity between cases Due to the relatively small number of
subjects in each group at the two sites, this may have contributed to the variability of
response between the treatment groups Also, it was not possible to accurately predict
whether the prescribed maintenance propofol infusion had attained steady state plasma
levels at the time of skin incision thus complicating assessment of the primary endpoint

Conclusions. Remifentanil in combination with propofol in oxygen-enriched air (“total
intravenous anesthesia™) can be used successfully for spontaneous ventilation anesthesia
‘n routine outpatient surgery Overall, a starting dose of less than 005 mcg/kg/min may
be expected to be associated with a lower incidence of respiratory depression compared
with higher doses although appreciable patient variability of response may be expected
However, even these low remifentanil infusion rates may cause significant respiratory
depression when combined with relatively modest doses of propofol (100-140
Hg/kg/min) in air/oxygen in healthy patients under LMA anesthesia At higher doses,
respiratory depression ts common and muscle nigidity can occur unexpectedly during the
maintenance phase of the anesthetic despite a constant rate remifentanil infusion
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I. Background

Remifentanil is a high-potency, short acting, synthetic opicid that was developed for use
as an analgesic/anesthetic agent. It is structurally related to fentanyl and the other
phenyl-N-piperidines such as sufentanil and alfentanil. Remifentanil was deliberately developed by
then Glaxo Resarch Inc. as a short acting agent. This was accomplished by developing a
piperidine analog with a methyl ester component that is readily metabolized by non-specific
esterases present in the blood ~ The resulting carboxcyclic acid metabolite (GR90291) has only
1/4600th of the mu opioid receptor affinity of the parent (see Fig. 1, below). The benefits of such
a design is that it's metabolism would be, theoretically, unchanged in the face of either renal or
hepatic failure and would be clinically stable across a range of target populations. The resulting
compound, remifentanil, is very potent (20-30x that of alfentanil after bolus doses) and combined
with its rapid metabolism (plasma half-life of 10 minutes) makes it very flexible for use in the
surgical setting as titration of the infusion rate causes almost immediate feedback to the
anesthetist.
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[ Recommendation

In this NDA the sponsor has submitted the results of 20 in vivo pharmacokinetic and
pharmacodynamic studies. Remifentanil has been studied in both males and females, children, the
elderly and obese subjects. It has been studied afier single and repeat bolus dose administration
and under continuous infusion settings of up to 4 hours duration The interaction of disease state



with remifentanil has been determined in renal failure, hepatic failure, and in patients undergoing
coronary artery bypass graft (CABG) surgery. Drug-drug interaction studies have been
performed tc examine the dynamic effec; of remifentanil on isoflurane, nitrous oxide, and
temazepam  In addition to these studies, in response to concerns voiced by the reviewing
pharmacologist, the applicant also cornducted an in vivo bioequivalency trial comparing
remifentanil produced via two different routes of synthesis. From # biopharmaceutic perspective
the NDA is approvable, provided final language for the label that is mutually acceptable can be
worked out. The 1JS would be the first approval ganed for remifentanil.
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Appendix I-Study Summary Sheets

Pivotal Trials

Study # Short Summary Title . Page Number
USA-202 Dose Proportionality in Subjects Undcrgomg Elective Surgery 2
USA-102 Dose Proportionality (4-hour Infusion) 16
USA-211 Hepatic Impairment 30
USA-224 Effect of Hepatic Transplantation _ 49
USA-210 Renal Impairment ' 55
USA-104 Effect of Gender 73
USA-216 Effect of Age and Gender 83
USA-219 Pediatric Use 104
USA-227 Effect of Obesity on the Pharmacokinetics of Remifentanil 113

Supportive Tnals
USA-204 Drug Interaction: Nitrous Oxide 123
USA-220 Dru,, interactiort Isoflurane 126
USA-205 Drug Interaction: Temazepam 128
USA-226 Drug Interaction: Propofol 130
USA-203 Drug Interaction: Thiopental 132
USA-207 Cardiar: Bypass Surgery 134
USA-106 Bioeguivalency: Route 1 Synthesis vs. Route 2 Synthesis 148

I Application Jverview

The pharmacokinetic portion of this NDA (section 6) consists of 51 volumes of data
(volumes 1.53-1.104) This represents a total of 20 in vivo pharmacokinetic tnals with
remifentanil. Because of the mass of data this represents the sponsor provided an electronic copy
of the data on a laptop computer for this reviewer's use. At the end of the review this laptop will
be cleaned of residual files by the FDA's Information Systems Division prior to returning to the
company. Electronic copies of the submitted dataset on 3.5 inch diskettes have been submitted by
the sponsor in volume 1.54 of the NDA

Of the tctal number of studies submitted 9 were considered by this reviewer to be pivotal
and 7 were considered to be supporiive. The remaining 4 studies are not included in this review
as they were primarily pilot trials that were replaced by other trials with a larger number of
subjects (such as USA-101) . For these reasons they were not considered to be relevant for
approval and were not included in the final review of the product.

A. Analytical
During the development of remifentanil, samples of plasma, whole blood and urine were

analyzed for remifentanil, GR90291, and in comparative studies for alfentanil. These assays were
split between a number of analytical laboratories according to the following:
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Name Site Code

Gtaxo Inc. Research Institue Research Triangle  GIRI

For each of the studies performed by the sponsor a detailed analytical report was submited
and cross-indexed with the NDA in volumes 2.80-2.82. Attached in Appendix I and II are the
study summary sheets for each of the tnals reviewed in this NDA. On each of the individual study
sheets the analytical laboratory s identified by the code name above. In general the methods used
were based on high resolution GC/MS/SIM  using different methods of extraction of target
compounds. During the development of remifentanil there were two outstanding analytical
problems that had to be dealt with

The first of these is that given that the metabolism of remifentanil is mediated by
non-specific esterases there will be continued metabolism of the drug in the sample tube unless the
blood sample is immediately treated to stop this process. Any delay in the processing of plasma
samples by the collecting phlebotomist/nurse/physician would result in abnormally low or
non-existant plasma ievels in the patients. Normally blood samples are collected and placed on ice
prior to separation of the cellular and plasma components of the blood. In witro studies showed
that while icing of the whole blood samples would diminish the rate of metabolism, it would not
stop it. Eventually it was decided to stabilize the blood samples upon collection by the addition of
either citric acid or acetonitrile to the sample. In order to ensure some degree of standardization
across all of the clinical study sites, the applicant developed a training video and heid classes at
each study site to ensure that the importance of this sample handling procedure was understood
and followed

The sccond analytical problem with remifentanil developed duning extraction of plasma
samples for analysis Two methods of extraction were used, either liquid-liquid extraction (LLE)
or solid phase extaction (SPE). During the analysis of the samples from the pediatnc study
(USA-219) the analytical laboratory (Triangle) encountered a problem in that the current LLE
technique was not, in their opinion, cleaning up the samples enough and they were losing
efficiency in the column separation. The analytical laboratory investigated a number of alternative
methods and eventually put into use a SPE method that used hot methano! as a medium.
Unfortunately, as remifentanil is metabolized by the breakage of an ester linkage, the conditions
used in this SPE were such that the carboxcyclic metabolite (GR90291) was converted back to
parent drug in situ  When the data for the first eight pediatric subjects were analyzed using this
new method the resulting plasma levels were 2x those expected and showed a half-life
approaching | hour The firm immed:ately notified the FDA in a telecon on March 25, 1994 and
all protocols were put on hold until a reason could be found to explain this deviation. On April 4,
1994 another telecon was held between the FDA and Claxo where Glaxo explained that they had
found this unauthonzed modification to the method. It was decided then that as the cbserved
clinical response had not changed in these subjects, that the first 8 subjects in study USA-219
would be replaced and that corrective measures in the monitoring of the analytical program would
be put in place. [Details of these discussions and the reports to the FDA are contained in the file
for IND a ~eview by this reviewer stamp dated May 23, 1994, and
faxes from the sponsor dated 3/23/94, and 3/24/94.)
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Subsequent to this the SPE extraction method was adopted by the applicant as an
improvement to the LLE method with the modification of using isopropanotl instead of methanol
in the process. This modification was developed by GIRI in: response to the original concerns of
the contract labs.

All in all, while a number of analytical sites were used and considering the labile nature of
the compound in question the applicant has, for the most part, presented both a detailed analytical
submission and provided adequate oversight of their contractors. When lapses in oversight have
taken place, the applicant has taken immediate remedial action and has kept this reviewer fully
informed of their actions. Attached in Appendix I and II at the bottom of the study summary
sheets are summary details of the analytical results from each study. This information includes the
name of the analytical site, the method and species monitored, the assay sensitivity, accuracy, and
the ~ssociated range of detection. The analytical documentation submited in this NDA is
acceptable.

B. Formulation

Throughout the development of this product the applicant has used two different
formulations of remifentanil The initial drug product used for early clinical studies was
comprised of 1mg of remifentanil per vial and contained 15mg of Glycine USP and 60mg of
Mannitol USP as excipients in a 2m! vial. Even though the product is liquid filled and
subsequently freeze dried, this formulation was found to be heat labile and required refngeration
to maintain a useable shelf life.  This formulation was replaced with the to-be-marketed
formulation containing either 1, 2, or 5mg of remifentanil, 15mg of Glycine USP, dilute HCI NF
to adjust pH to 3 and water for injection qs.. This product is also freeze dried and is stable at
room temperature for 24 months

More problematic than the formulation for this sponsor has been the synthesis of this
product. Remifentanil is currently produced using

The original systhesis route used a and had a correspondingly
lower yield and was harder on the environiment in terms of residual waste. Dunng the review of
pre-clinical animal work Dr. Harry Geyer (FDA) detected a difference in the number of cranial
hemorrhages in beagle dogs given remifentanil from synthesis

). From a chemical standpoint there was no difference in the chemical
purity of the resulting remifentanil, although there was a suggestion that the ratio of the
precursors/degradents present in the two formulations was altered. In an effort to address this
issue the sponsor agreed to do a biopharmaceutic trial in beagle dogs and a protocol was
submitted and approved At the request of both the sponsor and the reviewing medical officer
and pharmacologist, this reviewer was asked to review the results of this beagle dog study as a
neutral party In my review of the data [/ND . review stamp date 8/8/94] 1
concluded that there was no significant pharmacokinetic difference between the two routes of
synthesis based on pharmacokinetics. Reproduced below is the summary data table from that
review
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Summary Results from Beagle Dog Study

Meau: (%C.V.)
Remifentanil G190291 Metabolite
AUC (hr*ng/ml)| Cmax (ng/ml) | AUC (hr*ng/ml)| Cmax (ng/ml)
Route 1 12 (28) 180 (38) 76.3 (20) 56.4 (17)
Route 2 11.6 (28) 166 (31) 69.8 (12) 50.5 (9)
90% C.1.* 83-112% 77-117% 84-102% 84-97% |

*90% C.1.-Log transformed 90% Confidence Interval Acceptance Interval = 80-125%

Even though this reviewer ccnsidered the difference in Cmax for the new route trivial,
given the setting of the model and the severe nature of the observed side effect (cerebral
hemorrhages), it was decided by the then reviewing medical officer and the pharmacologist that
the sponsor should be required to do an in vivo equivalency trial in humans. This trial was
subsequently done by the sponsor and is in this NDA as study USA-106.

From a pharmacokinetic/biopharmaceutic standpoint there are no outstanding formulation
issues for this product -

[V.  Summary of Bio/PK Characteristics

The main body of this review presents an overview of the information contained in the
pharmacokinetic portion of this NDA in a summary form. More detailed information on the
individual studies is contained in Appendix 1 in the form of individual study summaries. These
summaries were primarily written by the sponsor with input from both this reviewer and the
reviewing Medical Officer, Dr Barbara Palmisano Strictly speaking adherence to the standard
ADME format was not possible for this review as, being an intravenously administered drug,
absorption issues are moot  As for the description of the general pharmacokinetics of remifentanil
(ie distnibution and elimination), this is best done by examining the results of in vivo dose
proportionality tnals that were done as part of the dose ranging work up on remifentanil

A Distribution (USA-202)

This study was the second bolus dose study to be done in man. The first study
USA-101 was not included in this review as of the 7 dosage levels used only 1 (the 2mcg/kg dose
level) gave reproducible data results, albeit in a small number of subjects. With the information
learned from the previous study a new dose proportionality study was initiated using higher bolus
doses of remifentanil  Starting from where the last study left off, doses of 2, 5, 15, and 30mcg/kg
were administered as bolus infusions over 1 minute In addition to using higher doses, a larger
number of subjects was also included in the study design Full study design details and study
demographics are attached in Appendix | as pages 2-14.

A total of 25 subjects were enrolled in the trial and 24 were considered evaluable for
pharmacokinetic analysis. One subject was removed from the pharmacokinetic dataset
when it was found out that the sytinge pump that was used to administer the drug to all subjects
had failed dunng his dosing period, such that less than the projected dose was administered. He
was replaced The collected plasma samples were analyzed for remufentanil and its primary
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metabolite and the resulting dataset was analyzed using both compartmental and
non-compartmental methods. Reproduced below is a graphical representation of the data from
the 2 and 30mcg/kg dose group and a summary data table from the resuiting compartmental
analysis of the data:

Compartmental Analysis USA-202
F)osc AUC AleiR2 A2l A3012 Vdss cl
(ng*min‘m) (min) (min) (min) (mlkg) (ml/min/kg)
2meg/kg 38.9 (36.6) 302.2 (53.5) | 59.5(474)
Smcg/kg 87.6 (41.1) T T 1363 (S2.1) | 639(32.1)
iSmcg/kg 270 (30) T T 3682 (21.3) | 61(34.5)
30mcg/kg 512.7 (34) T Rl 497.7 (53.4) 64 (29.1)

USA-202, 2mcg/kg and 30mcg/kg Data
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The results from this study indicate that the pharmacokinetics of remifentanil are dose
independent over the range of doses tested with both AUC and Cmax for remifentamul and
GR90291 increasing in proportion to the dose administersd Compartmental analysis of the data
indicates, especially for the hugher doses, that remifentanil follows a three compartment model
with two distributional phases of 0.5min. and 2 4min. respectively. The terminal elimination phase
ranged from minutes (which is simiiar to the rate of remifentanil degradation in human
plasma, see Pharmacologists review). This rapid elimination of remifentanil from the plasma
translates into a clearance of approximately ~65ml/minvkg This greatly exceeds the usual
reference standard for Liver blood flow of 20ml/min/kg, validaiing the existence of extra-hepatic
metabolic processes While this study did not measure the pharmacodynamic response of the
subjects (the dust  vere given 10min. after intubation) it does point to a potential problem with
this drug. With a plasma half-life as short as it is, it appears that continuous infusion of
remifentanil at a controlled rate will be the preferred way to administer the drug. With the short
half iife of remifentanil it means that when the infusion is terminated at the end of surgery.
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secondary narcotics/analgesics must already be "on board” as the effect of remifentanil will be
very, very, short lived and the patients might have an abrupt onset of severe pain and anxiety.

Dose Proportionality (4-hour Infusion) (USA-102)

Following the preliminary determination of the pharmacokinetics of remifentanil following
a single bolus dose, the applicant decided to investigate the use of remifentanil following
continuous infusion.  Unfortunately the applicant decided to make this study a combined
pk/pd/clinical study. As such beyond studying the pharmacokinetics of remifentanil, the study
also included various treatment factors and analysis designed 1o test the effect of remifentanul on
minute volume, Pa02, PaCQ2, pain stimulus, and potency vs. alfentanil While some of these
objectives can easily be combined in a tnial, other elements cannot and as such the trial suffered
proporttoniate to the baggage it was forced to carry.

The study was originally designed to study the pharmacokinet.cs of remifentanil following
a 4 hour continuous infusion of either 0.025, 0.05, 0.075, 0.1, or 0.2mcg/kg/min versus alfentanil
at 0 5 and 1.0mcg/kg/min  After discussions with the reviewing medical officer this reviewer will
defer to their interpretation of the pharmacodynamic data as it relates to PaCO2, Pa02, and
minute volume As for analysis of the pain and potency issues, this study is inappropriately
designed for such comparisons (1.e. the doses used were not sufficient to attenuate the full pain
response)  Reproduced below is a summary data table from this study and a graphical
representation of the data from the 0.025, 0.05 and 0. 1mcg/kg/min dose levels.

Compartmental Analysis Non-Compartmental Analysis
V¢ Ci ke Vss Cl K T1/2
(mlkg) | (mlmunkg) {mlkg) [(mVmun/kg) (min)

0.025meg/kg/min| 227 (49) | 344 (21.9) 10.178 (46.8)| 442(41) | 33.8(23.2) | 0.231 (77.7)
0.05meg/kg/min | 153(25) | 296(22.3) | 0.195(59) | 308(97) | 36.4(21) | 0135(31) |
0 lmeg/kg/min 208 40 4 0.19 516 187 019 ]

As noted earlier, the applicant attempted to do too much in this one tnal to provide gnod
data for analysis The 0.075, 0 1 and 0.2mcg/kg/mun treatment legs were confounded by changes
in the infusion rate for those subjects. The infusion rates were altered to maintain the subjects in a
conscious state for questioning regarding their pain perception. In using this approach to measure
pharmcodynamic response, the data for the higher level doses was essentially iost as the infusicn
rate had to continually be adjusted downward in these treatment groups to maintain a
semni-conscious state. The mean data presented below represents stable data from those subjects
in the protocol who did not recieve infusion rate changes.
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USA-102 Mean Data
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While this study, like- the previous study has limitations, if one limits it to the
demonstration of dose proportionality, then one can make some conclusions from the data.
Clearly remifentanil demonstiates rough dose proportionality across the doses used. In addition
there does not seem to be any alteration in the terminal elimination rate following an infusion.
This is both a consequence of the rapid clearance by non-hepatic mechanisms but also a fact of its
relatively small volume of distribution. In contrast, propofol (another injectabie anesthetic agent)
shows a marked prolongation in recovery after infusion due to the return of drug from deep
compartments into the plasma compartment

In attempting to demonstrate dose proportionality the applicant has reported out the
results of three in vivo pharmacokinetic tnals (USA-101, 102 and 202). Of these USA-101 was
unevaluable due to the lack of detectable plasma concentrations in the majonty of the subjects,
while in study 202 the number of infusion changes made to incorporate pharmacodynamic testing
tended to invalidate the study's use for dose proportionality, What has been shown is that
following bolus dose administration, remifentanil demonstrates a triexponential elimination profile
with a terminal rate of approximately 10 minutes. The applicant has shown that following single
bolus doses of from 2mcg/kg to 30mcg/kg the pharmacokinetics of remifentanil are dose
proportional. Following intravenous infusion the pharmacokinetics of remifentanil also appear to
be dose pronortional, but the need of the applicant to add extraneous measures into their trial
handicapped it in this area

B Metabolism

The original design objective for remifentanii was to develop a poteni opioid analog that
had a short duration of action. This was accomplished by designing remifentanil with an ester
linkage that was easily broken by the effect of non-specific plasma esterases. Fig. 1., on page one
of this review presents the metabolic pathway of remifentani! in man. The primary route, via the
non-specific esterases, forms the resulting carboxcyclic acid metabolite (GR90291) and a desalkyl
metabolite (GR94219). Of these two metabolites only GR90291 appears in the plasma to an
appreciable extent. Neither of the two metabolites show significant opiate activity (GR90291 is
estim have 1/4600th of the binding affinity of remifentanil to the opiate receptor).
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According to the ieviewing pharmacologist the aifinity of GR94219 for the opiate receptor is
insignificziic.  The results from the previous in vivo pharmacokinetic studies with remifentani!
suggested that non-hepatic mechanisms of metabolism were involved with the de-activation of
remifentanil. Demonstration of this was “1a the calculation of remifentani! clearances in excess of
hepatic blood flow. In order to assess the role, if any, <t the liver in remifentanil metabolism, the
applicant undertook two studies designed to look at the influence of hepatic
insufficiency/transplant on the pharmacokinetics of remifentanil: USA-211 and USA-224. As
USA-224 was done in a smaller number of subjects than USA-211, the primary discussion of
hepatic insufficiency will revolve around USA-211.

L Hepatic Insufficiency (USA-211)

As alluded to above, one of the theoretical design benefits of remifentanil is it's lack of
reliance upon hepatic metabolism for the termination of clinical effect. In this study USA-211, 10
healthy and 10 subjects with hepatic insufficiency were enrolled in the trnial and randomized to
either of two treatments such that each treatment arra consisted of five and five. As in the renal
insufficiency study, the subjects were randomized to either a low dose group which received
remifentanil as a 0.0125mcg/kg/min infusion for one hour followed by 0.025mcg/kg/min for three
hours or as a high dose group who received 0.025mcg/kg/min for one hour followed by
0 0Smcg/kg/min for three hours. Both plasma and urine were monitored throughout the study for
both remifentanil and GR90291 and any other trace metabolites (primarily GR94219).
Reproduced below are both graphical and tabular representations of the data from this trial.

USA-211 Remifentanil Mean Data
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USA-211 Remifentanil Mean Data (+/-S.D.)

Hepatic Impaired Healthy
Parameter Low Dose* High Dose* Low Dose* High Dose*
Cl (mi/mun/kg) 39.4 (5) 34.5(96) 321(7.2) 33.1(3.6)
vd (ml/kg) 270 (68) 290 (114) 229(115) 206 (2D)
T1/72 {(mn) 4 7(0.88) 58 (1.6% 48(1.6) 43 (0.16)
*N=5
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This data clearly shows that, as predicted, the pharmcokinetics of remifentanil are
unaffected by hepatic insufficiency, with both volume and clearance being unaffected. A similar
pattern was also seen for the primary metabolite GRS029]

USA-211 GR90291 Mean Datz
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USA-211 GR90291 Mean Data (+/-S.D.)

Hepatic Impaired Healthy
Parameter Low Dose* High Dose* Low Dose* High Dose*
AUCinf(ng*min/ml) 820 (170) 1408 (592) 792 (216) 1008 (258)
Cmax{ng/mi) 3.7(056) 54(18) 4 (0.85) 3.4(1.23)
T1/2 (min) 713(92) | 1213(395) | 72.8(258) 120.1 (57)

*N=$

As noted above for the parent, it appears that hepatic insufficiency has no impact on the
disposition of GR90291. As for GR94219, another theoretical metabolite of remifentanil, it was
detected only intermittantly during the study and never at levels exceeding the minimum
quantifiabie level.

2 Anhepatic (USA-224)

While the previous study dealt with the impact of hepatic impairment on the
pharmacokinetics of remifentanil, it did not include a true anhepatic shase (i.e., total absence of
liver function). In order to look at ti'is issue six subjects undergoing liver transplartation received
a 1 minute infusion of remifentanil (10mcg/kg/min) during both the dissecticz phase and during
the anhepatic (prior to transplantation) phase. The results of this trial are summarnized in the table
below
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USA-224 Remifentanil Mean Data (+/-S.D.)

Cl (mV/misvkg) Vss (mlkg) Ti/2b (min) |
Dissection Phase 79.5 (29.3) 748 (440) 10.5 (4.1)
Anhepatic Phase |  39.6 (17.4) 410 (173) 10(1.5)

The data from the dissection phase is quite striking in that the clearance is almost twice
what has been seen in other trials. This high clearance value is most likely due to the large fluid
losses encountered with the removal of the liver and the subsequent dilutiona! effect by the
addition of intravenous fluids. The data from the anhepatic phase, prior to transplantation, is
more in line with what has been seen in other studies and strongly suggests that the hver plays no
or if any only a minor role in the metabolism of remifentanil and that the prcposed mechanism of
plasma esterases is the primary route of metabolism.

C Elimination-Renal Insufficiency (USA-210)

Theoretically, the impact of renal insufficiency on the pharmacokinetics of remifentanil
should be minimal to non-existant. However, the principal metabolite (GR90291) is
predominately eliminated by the kidneys and thus should display altered pharmacokinetics. A
total of 15 subjects with renal impairment (CICr ~9ml/min/i 73m2) were enrolled in the study. Of
these 14 were receiving hemodialysis. An additional eight subjects with normal renal function
(CICr ~88ml/min/1 73m2) were enrclled in thus trial as a control group.

Upon enrollment 1nto the tral the renally impaired subjects were randomized into two
groups (high and low dose) Subjects randomized to the low dose group received remifentanil as
a 00125mcg/kg/min infusion for one hour followed by 0.025mcg/kg/mun for three hours. The
subjects randomized to the high dose group (and all of the healthy subjects) received
0.025mcg/kg/min for one hour followed by 0.05mcg/kg/min for three hours. Both plasma and
urine were monitored throughout the study for both remifentanil and GR90291 and any other
trace metabolites. Reproduced below are both graphical and tabular representations of the data
from this tnal

USA-210, Median Data-Remifentaml
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USA-210, Remifentanil Mean (%CV)

Fl’arameter Low Dose Renal | High Dose Renal Normal Renal
N=6 N=v N=8
Cl (iml/min/kg) 36.7 (34) 34.6 (48) 34 (44)
Vd (mlkg) 298 (37) 230 (11) 197 (26)
10 (min-1) 0.135(38) 0.157 (20) 0.178 (28)
T1/2 (min) 6.3 (62) 4.5(15) 4.1 (19)

For remifentanil,

it can be shown that while there are minor differences between the

impaired and normal renal function subjects, these differences are by in large small and related to
the small number o subjects present in this trial and the associated large variances seen in the
data. What is interesting to note is the stability of the Cl estimate in the face of marked change in
renal function. The stability of the is parameter is further indcation of the lack of effect of renat
function on the elimination of remifentanii. In regards to the metabolite, GR90291, the situation
1s quite a bit different.

-

USA-210, Median Data-GR90291
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USA-210, GR90291 Mean(%CV) _
Parameter Low Dose Renal | High Dose Renal Normal Renal
N=6 N=% N=8
AUCinf (ng*min/ml) 24790 (51) 35149 (39) 993.5 (26)
AUClast {ng*min/mi) 10502 (29) 11784 (27) 872 (29)
Cmax (ng/ml) 15.2 (36) 12.7(22) 4.2 (15)
T1/2 (hrs) 22.8(39) 34.6 (18) 1.49 (19
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The results for GR90291 are what one would expect for a drug or metaboliie that is
renally cleared. The marked prolongation of half-life has resulted in a many fold increase in both
Cmax and AUC. This excess accumulation of GR90291 is also in evidence by the ratio of AUC's
between itself and remifentanil. Using the data for normal volunteers the ratio for GRS0291 to
remifentanil is approximately 6.3:1, for high dose renal impairment the ratio increases to 241.9:1.
Thus clearly indicates the total dependence of GR90291 upon renal clearance.

As for the usefulness of dialysis in removing GR90291, the 14 subjects in the tnial
undergoing dialysis were given a second dose of remifentani! and samples on both sides of the
system were analyzed for GR90291. It was determined that GR90291 had an A/V ratio of 1 and
that dialysis could remove between 25 and 35% of the total amount during a standard dialysis
treatment.

The objective of this study was to demonstrate the effect of renal insufficiency upon the
pharmacokinetics of remifentanil. While statistically significant differences were detected between
the renally impaired subjects and matched controls, the overall small nuraber of subjects, the
associated variance in the parameters, and the small absolute magnitude of the observed
differences suggest that the pharmacokinetics of remifentani} are essentially unchanged in the face
of renal insufficiency. The pharmacokinetics of the primary metabolite GR%0291 are markedly
changed and it accumulates dramatically. As GR9029} has only 1/4600th the potency of
remifentanil it would not be expected to pose a therapeutic risk under normal conditions and
durations

D Special Populations

As part of this NDA the sponsor looked at the pharmacokinetics in a number of special
populations including gender, the elderly, pediatrics, and the obese As the primary objective of
these tnals was to detect deviations between these subsets and the healthy male volunteer, these
studies will be ranked as pivotal as they expanded the knowledge base of the use of remifentanil in
the chimical setting

: Gender (USA-104)

As part of their work-up for this NDA the applicant undertook an analysis of the effect of
gender on the pharmacokinetics and pharmacodynamics of remifentanil during a 20 munute
infusion Unlike most gender studies done in support of an NDA this study was designed not as a
head to head equivalency demonstration, but as a pk/pd companson employing spectral edge
analysis of the EEG  That portion of this study will be reviewed separately under the
pharmacodynamics subsection of this review.

The gender portion of study USA-104 consisted of two phases:

Phase [ 10 male subjects receiving 1-8mcg/kg/min of remifentanil
Phase 111 10 females receiving 3mcg/kg/min remifentanil

The pharmacokinetic results from this trial are reproduced below:
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USA-104 Remifentanil Pharmacokinetics by Gender Mean Dawa +/- S.D.

Cl (ml/min/kg)  {Ve (ml/kg) Vss (ml/kg)
Phase I-Males 37+/-5 98+/-19 349+/-85
- Phase III-Females 48+/-8 103+/-31 380+/-243

These results clearly suggest that there are no significant differences between the
pharmaccokinetics of remifentanil in men and women on a weight normalized basis (i.e., by
xilogram). If weight is not considered, then both the estimates for volume and clearance would
demonstrate some correlation with gender. In general, given the mechanism of action and the
metabolic route for deactivation, the lack of a gender effect is not unexpected.

2. Elderly (USA-216)

This study was an ambitious pk/pd study in middle aged (40-65years old) and elderly (>65
years old) subjects, both male and female. This study uses as a pd measurement the spectral edge
technique to compare the opioid effect on the brain across study groups. A summary discussion
of this techmque is presented in the pharmacodynamics subsection of this review.

This study enrolled a total of 50 subjects (29 males and 21 females). The subjects were
stratified fcr age and gender and received an infusion of remifentanil at 3mcg/kg/min for up to 20
muinutes. The duration of the infusion vanied up to 20 minutes or until maximal slowing of the
EEG occurred or if the mean arterial pressure decreassed 30% from baseline. Because of these
cntena a graphical presentation of the mean data would be misleading as the data represented by
each timepoint could be composed of both pre-and post-infusion data. Artached in Appendix I
are tae so called "spaghetti” plots plotting all of the data from each group on a cumulative graphs.

As for the tabular results from this study, they are summarized below:

USA-216 Remifentanil Mean Data +/- S.D.

mSubject Group Cl(mVmn/kg)| Ve(mlkg) | Vss(mlkg) |ECSO (ng/ml)| T, keo (min)
MA Male (n=11) 324/-7 814/-36 206+/-73 12+/-4 1.8+4/-0.9
MA Female (n=6) 33+/-5 52+1-27 187+/-33 16+/-8 1.6+/0.7
Eld Male (n=7) 31+/-4 74+/-26 196+/42 8+/-3 2.8+/-1.5
Eld Female (n=11) 30+/6 S44/-13 160+/38 | 94/ 1.94-07

Analysis of the pharmacokinetic data generated by this trial reveals only a modest change
in the V¢ for elderly males versus the middle aged men. This finding is of litile significance,
however, the results from this study were combined with the results from USA-104 (a pk/pd
study In young volunteers) and age related changes were identified. A combined regression
analysis was done on the data and a significant inverse relationship was found between subject age
and Cl, Vc, Vss, and EC50 and keo. Graphical representations of these relationships are
reproduced as part of the summary study report in Appendix I. In an effort to explore the
observed differences the applicant used the data from the combined regression mode! to develop
the following table of parameter values relative to a 30yt old subject.
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USA-216 Remifentanil Combined Regression
Predicted Mean Value (% variation from 30yr cld)

Parameter 30yr old 50yr old 75yt old
Cl (mi/min/kg) 39 35 (10%) 29 (26%)
Vss (ml/kg) 312 245 (21%) | 162 (48%)
Ve (mbkg) 96 80 (17%) 59 39%)
Ec50 (ng/ml) 17.3 13.5(22%) | 8.7 (50%)
keo (min™) 1 0.71 (29%) | 0.29 (71%)

The data from this analysis strongly suggests that there is an age related reduction in
clearance, volume, EC30, and keo  Based on this analysis doses in the elderly should be reduced
by 50% in subjects over 65 years of age and the infusion rate should be titrated closely to the
observed need of the patient in question.

3. Pediatrics (USA-219P)
As part of their work-up of this agent the applicant undertock a pharmacokinetic study of
pediatric subjects from 2 to 12yrs old This study was the study that was alluded to in the
analytical validation section as the one that had the unauthorized change in the analysis technique.
The data from all of the affected children was discarded. A total of 23 pediatric subjects were
enrolled in this trial, 13 in the 2-6 yr old range and 10 in the 7-12 yr. old group. After removal of
the affected subjects the numbers of subjects in each group was reduced to 6 and 7, respectively.
Each subject received a single 1 minute infusion of remifentanil at a rate of Smcg/kg/min. Arterial
blood samples were taken and analyzed for both parent and metabolite for up to 4 hours following
the infusion The mean results from this trial are presented below:

USA-216P Remifentanil Mean Data +/- SD.

Parameter 2-6yrs old 7-12yrs oid
(n=6) (n=7)
AUCinf (ng*min/ml) 114.5+/-63.5 154 7+/-56.13
Cmax (ng/ml) 358+/-95 47.2+/-16
Vss (mlkg) 572.9+/-1000 420+/-446 3
Cl (ml/min/kg) 51.4+/-175 356+/-11.8

Although the data from this trial seems a bit extreme compared to some of the data seen in
this NDA, once allowances are made for dose and body weixht most of these apparent differences
drop out Unfortunately the relatively small number of subjects per treatment group made
statistical companisons across the groups meaningless with the observed variance present. In
addition the study was unable to address whether or not there is a dynamic difference between
adults and pediatric patients Upon some reflection such a difference most likely does not exist.
With the T, Keo value in adults hovering between 1-2 minutes, it can be readily demonstrated
that arterial concentrations rapidly come into equilabration with the effect compartment. The
theoretical concern: with children is that, due to an incompletely formed blood brain barrier, that
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such a transferrence rate would be markedly faster. Given the very high rate of equilibration
found with adults (~1 4min.), it is unlikely that children would have a markedly increased value
for equilibration. However, the small number of subjects in each treatment group is grounds for
some concemn.

4  Obesity (USA-227)

One of the common problems with anesthetic medications is the problem of the obese
patient and whether or not total body weight (TBW) or ideal body weight (IBW) should be used.
In this study 12 obese subjects (>80% above IBW) were given a single dose of remifentanil at
either 10 or 7. 5mcg/kg/min over | min. An additional 12 healthy normal matched controls were
included in this trial for comparison. Reproduced below is a summary data table of the mean
pharmacokinetic parameters for volume and clearance.

USA-227 Remifentanil Mean Data +/- S.D.

Obese Subjects Control Subjects o
TBW IBW TBW BW |
VIi{mlkg) 68.2+/-29.6 13664/ 529 | 101.9+/-344 | 1199+/-455
Vss {mlUkg) 146 2+/-54.5 | 294 3+/-992 | 217.4+4/-659 | 257.2+/-927
a(mlfmin/kg) 27 7+4/-72 56.4+/-127 42.4+/-75 49 4+/-92

One thing that clearly comes across from this data set is the significant and large
differences seen between the TBW corrected parameters between the two groups. The obese
patienmts have lower parameter values when corrected for TBW  However, obese patients
demonstrated the same absolute (TBW-uncorrected) pharmacokinetic parameter values (CL, VI,
and Vss) as their matched controls despite almost two fold weight difference. When corrected for
IBW, the pharmacokinetic parameters for thz two groups were again similar These findings
indicate that the pharmacokinetic parameters of remifentanil are better correlated with IBW than
TBW See figure below
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E Pharmacodynamics

1 EEG Spectral Analysis Study in Volunteers (USA-104)

Spectral edge analysis is based upon the finding that the depressant effects of opioids upon
the central nervous system can be quantified by use of the EEG. By initiating continuous
monitoring 15 minutes before opioid administration a baseline EEG waveform car. be determined.
The complex EEG wavetorm is subjected to fourier transformation and converted to a univariate
parameter, spectral edge (the frequency below which 95% of the total power in 2ach epoch was
found) A pharmacokinetic/pharmacodynamic model can then be used to describe the temporal
relationship between changes in opioid concentration and changes in spectral edge.

The study itself was a three part trial with a dose ranging part, a companson of
remifentanil to alfentanil, and finally a comparison of the pk/pd parameters of remifentanl between
males and females (this part of the tnal has already been analyzed as the Special
Populations-Gender section previously in this review).

As noted above part I was an open label study in 10 healthy male subjects Remifentanil
was infused at rates of 1, 1.5.2, 4, and 8mcg/kg/min for 20 minutes. Remifentanil produced
rlassic mu opioid effects on the EEG. As concentrations increased the EEG changed from a high
frequency low amplitude wave form to a low frequency high amphtude wave from (delta wave)
A representative time course of the observed remifentanil arterial blood concentrations and opioid
effect on the EEG(spectral edge) for subject 001 are depicted in the following figure.
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Pharmacokinetic Model
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‘|A  standard

three  compartment
pharmacokinetic model was developed
for remifentanil that allowed for drug
elimination to occur from both the
arterial and venous sides of the model.
For those subjects for whom only a two
compartment model was needed, the
model was collapsed to the simplier
situation by zeroing out the k13 and
k31 constants.

This pharmacokinetic model developed during phase 1 was used to provide parameter

estimates of the pk parameters from all three phases of the tral.

Phase I was a pk/pd

comparative study between remifentanil and alfentanil in healthy male subjects. Phase IIl was a
pk/pd study of remifentanil in women It was the data from phases I and III of this study that was
used to demonstrate the lack of a gender effect with remifentanil

Pharmacodynamic Model

The pharmacodynamic model used to describe the EEG opioid effect as it relates to opioid
concentration was an inhibitory Emax model (Hill equation)

Where

Emax + Ce(t)y
E()= E, - commemeemeeen
IC, v + Ce(t)y
E(t) = Spectral Edge at tme t (Hz)
E, = Baseline Spectral Edge
Emax = Maximal Effect
Ce(l) = Theoretical concentration at the effect site
IC, = Concentration required to produce half of the maximal effect
Y = Sigmoidicity Factor

The lag time between changes in effect (i e, Spectral Edge) and changes in opioid artenal
concentration was incorporated into the model as a first order process linking effect site opioid
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concentrations to artenal blood concentrations. This parameter (keo) and the pharmacodynamic
parameters (E,, Emax, IC,; , and y) were estimated using non-linear regression (PC-Nonlin v4.0)
The pharmacokinetic parameters used were constrained to the values obtained in the
pharmacokinetic fit

The net result of this modeling of the pk and pd data was to collapse the relationship
between observed concentration and effect Using the data from subject  again the net result of
this analysis is demonstrated by the following figures'

Subject  Pharmacodynamic Analysis

Spacirel Lige-Concentrason Specirnl Edge-Efect 38e Contentration
(Hywtorsals Loag) Calloapaad Hyslaresis Loop)
: - i -
- -
§ - g -
] H
-, .
L A | L J
‘. . - - - = » . - - - -
Remifentanil Concsntration (ng/ml | Rarnifeniand Effect Sia Conc. (ngiml}

Using these techniques the following pharmacodynamic results were obtained for all three
phases of study USA-104

USA-104 Remifentagﬂ f_D Mean Data +/- §.D

Phase IC,, (ng/ml) T, ,keo (min) ¥

1-Males 16+/-16 1 4+/-12 30+/24
[I-Remifentanil 20+/-5 08+/-0.5 4.8+/:23
I1-Alfentanil 348+/-151 09+/-09 6 8+/-4.7
_l_lI_—_Females 15+/-5 1.2+/-1.0 28+/-16

The net result of this analysis is to demonstrate that relative 10 a commonly used
anesthetic agent, remifentanil is 17x as potent of a suppressor of brain wave activity as alfentanil
1s With a temporal de'ay in changes in drug effect relative to changes in opioid concentration
(T, keo) was | 4 minutes for remifentanil indicating that blood concentrations equilibrate rapidly
with iiie site ol drug effect, ie, the brain The data also demonstrates that there is not a
pharmacodynamic difference between males and females.

An issue that is brought up in the analysis of this data by the applicant's consultant is the
concept of a context sensitive half-time (the time required for effect site concentrations to decline
to some percent of baseline). They have done simulations using supra-maximal doses of
remifentanil and time required for the effect site concentration to decline by 75%, a decline
sufficient to result in recovery (see figures above) Based on their analysis it appears that within
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10 minutes after discontinuation of an infusion of remifentanil, the effect site concentrations
would have dropped out of the therapeutic range. This points to the two-edged nature of 2 drug
with rapid metabolism When remifentanil is used as a surgical adjunct, alternative opiites must
be readily at hand and should be given before infusions of remifentanil are terminated. Otherwise
the subjects will recover rapidly and feel the full burden of surgical trauma. Unlike most opiates
where there is an upside toxicity issue, there is less of one with remifentanil as an accidental
overdose in surgery will resolve by itself in ~10minutes. The dynamic issue of recovery is a real
issue and one that will require adequate labeling to interpret.

2. Drug Interactions

The drug interaction studies that were included in this NDA are not of the normal type of
drug interaction studies normally seen in an NDA. They were primarily concerned not with
pharmacokinetic interaction, but pharmacodynamic interaction. For the majornity of these trials
minimal pharmacokinetic information was collected and then only on the remifentanil moiety
This lack of analysis of both target species does not allow us to rule out the possibility that the
changes seen are not due to changes in the disposition of the co-administered agent.

As for the pharmacodynamic endpoints measured they were primarily clinical ones
corresponding to cither resistance to intubation or response to skin incision. As such these
measures are subject to interpretation, technique, and other factors. They do not provide the fine
resolution of methods such as spectral edge mapping for opioid effects. The measures used do
iend themselves to the detection of gross differences in pharmacologic response and it is for this
reason these studies are included in this NDA as supportive studies onlj.

a Nitrous Oxide (USA-204)

In this study a total of 118 subjects (79 male, 39 females) received 1-40mcg/kg of
remifentanil as a bolus dose followed by a continuous infusion of remifentanil in the presence of
nitrous oxide Nitrous oxide is a widely used anesthetic gas that is relatively non-toxic and has a
low potency Although it can be used as a single anesthetic agent under certain conditions, it 1s
most widely used in mixtures of it with other halogenated anesthetic agents or opiates. This study
was conducted at two centers in general surgical subjects who were to receive 66% nitrous
oxide/34% oxygen by facial mask for anesthesia Nommally, this amount of mtrous oxide is
insufficient to produce usable anesthesia on its own (in this study a single 2 mg/kg bolus dose of
propofol was used to assure loss of consciousness). By adding remifentanil to the muxture at
different rates and assessing the plasma level of remifentanil following a clinical event, at
intubation, incision, every 30minutes post-incision, skin closure, spontaneous respiration, etc., a
dynamic picture of the effect of differing rates of remifentanil infusion can be determmed. From
this it was determined that the co-administration of remifentanil with nitrous oxide does not cause
a significant change in plasma levels. The calculated plasma clearance for remifentanil in this
studv was approximately 40-33ml/min/kg which agrees favorable with ihe results obtained with
other tnials in man No clear pharmacokinetic difference was discernable from the data. This is
most hikely due 10 the uncontrolled nature of the study design and 1t's sparse sampling data which
resulted in relatively high estimates of vanability (%C.V.) rarging from % for the
calculated pharmacokinetic parameter estimaw»s. Even with this variability the mean data obtained
does correlate with the results obtained tn previous studies
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b. Isoflurane (USA-220)

Isoflurane is a widely used halogenated anesthetic gas. It is very potent, is poorly
metabolized and is generally considered a safe anesthetic gas relative to agents \ike halothane. In
this study the effect of remifentanil on the MAC (minimum alveolar concentration) was studied.
MAC itsell’ is a cormmonly used measure of relative potency between anesthetic agents. It
correlates with the amount of an inhaled anesthetic agent required to reduce by 50% a response to
surgical activity, mosi usually skin incision. In this study 220 male and female subjects received
sufficient 1soflurane/oxygen to induce a loss of conciousness.

Once this was achieved, a continuous infusion of remifentanul was started using vanous
nfusion rates designed to produce steady-state levels ranging from ng/ml. This
was done by using a computer assisted infusion pump and an algorithim based upon body weight
(i.e., volume) to produce the desired levels. Plasma levels of remifentanil were monitored at Smin
after stable levels of isoflurane were reached, at skin incision, and 2 minutes following skin
incision.

Skin incisions were made of standardized length and depth and the patients response to
the incison was noted If there was no response at a particular isoflurane/remifentanil
concentration, the inhaled concentration of isoflurane was lowered in the next patient and the skin
incision in that patient was monitored for response. Although a crude measure, this up-down
method of assessing MAC is standard in anesthesia (it is called the up-down method as between
subjects the inspired concentration can either go up or down). The results of this tnal are
summarized graphically below.

USA-220 MAC Reduction
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From this study it appears clear that increasing the target concentration of remifentanil
over 10mcg/ml is not associated with as steep a reduction ir MAC as that which was fully
acteived with lower doses According to the sponsor, the mcchanism of this interaction appears
to be synergism at the level of the central nervous system. This conclusion is based on the
stability of the end tidal concentrations of isoflurane and the stability of remifentani
concentrations (as measured by observed plasma concentration and back calculated clearance
estimates) While agreeing in general with this conclusion, the paucity of plasma concentrations
with which the neczssary clearances were calculated by running the infusion model "backward" s
scmewhat disconcerting-although in theory it is accreptable.
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c. Temazepamn (USA-205)

Commonly benzodiazepines are used to calm a patient prior to being brought down to
surgery. In addition, intra-operative use of injectable benzodiazepines can also be used as part of
the anesthetic management of a patient using agents such as midazolam. In this study the
interaction between temazepam (Restoril®) and remifentanil was investigated using a fixed 20mg
dose of temazepam (a maximal dose) and one of five different infusion rates in a parallel study of
120 patients.

The subjects in this study were generally healthy subjects undergoing elective surgery.
Each subject received their dose of temazepam approximately one hour prior to surgery. During
surgery venous blood samples were obtained at baseline, induction, intubation, incision,
termination of infusion, and a 1, 2, 4, 6, and 10 min. post-termination of infusion. Although the
plasma leve! time curve was not especially well documented, the results presented in this study
report does not indicate any pharmacokinetic interaction (as measured by changes in clearance)
with the co-administration of a representative benzodiazepine. Temazepam did potentiate the
effects of remifentanil with regards to loss of consciousness but not to skin incision. The lack of
an anti-noiciecptive response is characteristic of benzodiazepines. While plasma levels of
temazepam were not determined, given that the metabolic pathway of remifentanil does not
involve cytochrome P-450, it is most likely that synergy at a conciousness receptor site 15
responsible for the potentiation of remuifentani! for loss of conciousness.

d. Propofol (USA-226)

Propofol is an intravenous anesthetic agent that is administered via the 1. V. route as an
emulsion. It is used both as an inducvion agent and as a primary anesthetic agent with or without
other anesthetics.  In this study 55 subjects undergoing elective orthopedic arthroscopic surgery
were randormzed into three treatment groups based on target steady-state propofol
concentrations. Following a bolus dose of 2mg/kg of propofol (sufficient to provide anesthetic
induction) each subject was started on a computer assisted infusion of propofol. Once the target
steady-state concentrations were reached, vanious infusion rates of remifentanil were administered
to each subject. Once sufficient time tc achieve steady-state had elapsed the subjects response to
both intubation and skin incision was monitored using the previously mentioned up-down method
to assess anesthetic potency. From this analysis it was determined that that there was a synergism
between propofol and remifentani), simifar to that seen with isoflurane. For the three measures of
surgical stress used: intubation skin incision, and intraoperative stress, the relationship between
these measures and the plasma concentrations of propofol and remifentanil required were
reduced As the clearance of remifentanil was unchanged, the mechamism proposed by the
sponsor 1s one of synergism

e Thiopental (USA-203)
Thiopental is a rapid onset barbituate that is used to induce anesthesia. It is commonly
given with a skeletal muscle relaxant to facilitate tracheal intubation prior to administenng a
general anesthetic agent, This study was an assessment of the comparative potency of
remifentanil vs. alfentanil in the induction setting. A total of nine different dose groups of
remifentanil (ranging from mcg/kg) were compared to seven different dose groups
of alfentanil (ranging from mcg/kg). For each dose group the study drug was
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admunistered as a 2min. infusion. If there was no loss of consciousness within 30sec of drug
administration 2me/kg/min of thiopental was administered until loss of conciousness.

By using the large number of dosage levels the applicant was able to determine with a hugh
degree of precision both the EDS0 and EC50 values for both remifentanil and alfentanl for
induction (1 e. loss of consciousness). The values determined are reproduced below:

Mean Values (range)
EDS0 (ug/kg) EC50 (ng/ml)
Remifentanil 12 (9-22) 54 (35-118)
Alfentanil 169 (122-434) | 1012 (712-9149)
Potency R to A 14 ! 187

These values compare very favorably to those determined in USA-104 using spectral edge
analysis which predicted that remifentanil was 17 times as potent as alfentanil. This high degree
of correlation suggests that either estimate is an acceptable one and that the true potency probably
1S near the average of the two or approximately 15 5x. While relative potency ratios are useful for
calculating doses and for making general compansons across drugs they do not tell the whole
story One could argue that a better measure of relative potency would include the vanable of
duration of effect Clearly the data here suggests that remufentaml is 15x as potent in onset, but
due to its short half-life a single bolus dose of remifentanil is not going to have the same duration
of action as a bolus dose of alfentanil. Potency, potency ratios, and the general concepts are a
slippery slope and shculd be viewed with extreme caution when used in advertising as it is not the
whole story. One could theorize that a new parameter that ingorporates an AUC approach, that is
comnarative AUC above the EC50 level would provide a better basis of companson, between the
drugs being tested Until such a metric is developed the advertising of potency will need to be
balanced with statements regarding either context sensitive half-time or some other measure of
duration of action

F Surgical Settings

Remufentani] is being developed as a general surgical adjunctive agent with the same range
of indications as sufentanil, fentanyl, and alfentanil One particular area of interest in the use of
narcotic assisted anesthesia is in cardiac surgery This presents a unique problem for remifentanil
in that as its mechanism of elimination in biochemical in nature, i.e. interaction with plasma
esterases, the degrqdation reaction, like all biochemical reactions, is subject to outside influences
such as pH and temperature. While pH is never mucn of a concern, due to the physiologic
mechanisms that keep blood pH within relatively tght limits, temperature is a concern in that
dunng cardiac surgery the blood is cooled to decrease the metabolic requirement of the heart
tissue This cooling of the blood will, therefore, cause a decrease rate of drug metabolism causing
accumulation of remifentanil in excess of what would be predicted using a standard model
incorporating a standard clearance. In order to assess this i1ssue the applicant undertook two
studies to address this issue under clinical conditions (USA-207 and USA-221P). Of these two
studies USA-221P was a pilot study in a small number of subjects with limited plasma sampling.
As the data from USA-207 was more complete and was from a larger pool of subjects,
USA-221P was not included in this review.
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1 CABG (USA-207)

This was a study in 16 subjects undergoing coronary artery bypass grafting (i.e. CABG).
During the surgical procedure each subject received a 1 minute infusion of remifentanil prior to
the beginning of bypass, durinyg bypass, and during the re-warming phase. Onginally the study
was designed to incorporate 4 different dosage levels: 2, 5, 10 and 201cf /kg. The study was
stopped following completion of the Smcg/kg dosage level due to episodes of hypotension
exceeding the pre-determined safety imit (30% below baseline) for dos« escalation.

During each phase of the study (pre-bypass, bypass, and re-warming) arterial levels were
collected for both remifentanil and the primary metabolite GR90291 for up to 40nmunutes post
dosing The results of this tnal for remifentanil are reproduced below:

USA-207 Mean Data (+/-S.D.)

Pre-Bypass Bypass Warming,
rCT(mUmin/kg) 31.48 (13.4) 2517(9.1) 34.8(17)
Vss (ml’kg) 176.6 (96) 328 8 (443) 246 (224 6)
AzT,, (min) 6.4 (1.76) 11.9(7.5) 7.23 (2.4)

The data from this trial suggests that the cooling effect of coronary bypass caused a 20%
decrease in plasma clearance that resulted in a doubling of both volume and terminal elimination
rate. This increase in volume is most likely due to the deeper compartinentalization taking place
due to the longer plasma half-life. In comparison GR90291 showed little if any change in its
pharmacokinetics This would be expected as it is eliminated in the urine by glomerular filtration.
Cooling should have minimal effect upon such a system The data for GR90291 is somewhat
nosier than that of the parent as, due to its longer plasma half-life of 2 hours, both the bypass and
warming phase showed residual metabolite from the previous doses. With remifentanil, as the
half-life is so short, over a 40 minute interval plasma levels are basically undetectable. With
G190291 the appearance of seemingiy significant increases in plasma levels over the irst
observation interval is due to the lack of time to eliminate the previous dose causing accumulation
of the metabolite in the later observation intervals.

All in all this study has shown that the metabolism of remifentanil is sensitive to
temperature and under the conditions associated with CABG surgery clearance is reduced
approximately 20% This reduction was associated with increascs in the plasma concentration of
remifentanil and an apparent dose related increase in hypotension The link between hypotension
and remifentanil is being reviewed by the reviewing medical officer. In light of this information it
would seem prudent to indicate in the label that while subjects are on cardiac bypass the infusion
rate of remifentanil should be reduced 20-30% to avoid or minimize the potential for dose related
hypotension

G Bioequivatency (USA-106)

As noted in the formulation section of this NDA there was some concern regarding the
equivalency of remifentanil from the two different routes of synthesis. This issue was brought to 2
head by the reviewing pharmacologist after reviewing the results of a beagle dog study in which
the rate of microhemmorhages in the brain was felt tc be higher with the route 2 product. In an
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attempt to demonstrate the equivalence of the two formulations the sponsor agreed to do a
bicequivalency trial in 26 healthy adult subjects using sub-anesthetic doses of remifentanil A
dose of 0.2mcg/kg/min was administered to the subjects as a 10min infusion on two separate
occasions with a 2-14 day washout period in between. Not suprisingly the sponsor was able to
demonstrate bioequivalency between the two formulations tor both AUJC and Cmax.

USA-106 Mean Data

Remifentanil
AUC (min*ng/ml) | “max (ng/ml)
Route 1 556 514
Route 2 509 472
90% C1* 88-95 86-98

*90% C .1.-Log transformed %)% Confidence Interval Acceptance Interval = 80-125%

While this study was primarily a bioequivalence determination, it also yielded retatively
stable estimates of Cl, Vdss and half-life that were unaffected by surgical procedure or disease
state These values, from both treatments agree favorably with those from USA-102, 104, 210
and 211

USA-106 Mean Data (+\-S.D.)

Remifentanil
Cl (m/min/kg) Vss (ml’kg) AzT,, (min)
‘Route 1 36 4 (6) 345 (45) T 65
Fg_omc 2 a0(0) 392 (93) 68

The only conclusion that can be drawi from this study is that it appears that the two
formulations are pharmacokinetically bioequivalent Whether or not route 2 matenal contains a
trace precursor or some cntity that causes microhemmorhages is beyond the scope of the study
In the absence of an altered chinical response 1t appears that the issue with the microhemmorhages
in the dogs is more related to the lack of ventilation rather than differences in the two
formulations

\ Conclusions
Based upon this reviewers analysis of the information contained in the pharmacokinetic
section of the NDA the following conclusions can be drawn:

| The pharmacokinetics of remufentanil after IV administration are best descnbed by a thiee
compartment model.

2. Estimates of the plasma haif-life of remifentanil range from minutes

3. Remifentanil is metabolized by non-specific plasma esterases in the plasma, it is not
metabolized by the liver to any appreciable extent
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. The primary metabolite of remifentanil, the carboxcyclic acid. has (according to the

reviewing pharmacologist) approximately 1/4600th of the potency of the parent
compound.

. The pharmacokinetics of remifentanil are unchanged in the presence of renal impairment

The elimination kinetics of the primary metabolite are changed, however, based on the
data presented in this NDA using infusions of up to 4 hours duration, the accumulation of
metabolite was not associated with any pharmacologic activity or toxicity. The metabolite
can be removed via hemodialysis.

. The pharmacokinetics of remifentani} are dose independent for both volume and clearance
. From a pharmacodynamic standpoint, using Spectral Edge, remifentanil is 17x as potent as

alfentanil and has a blood-brain equilibration half-time of approximately 90s.

In elderly patients (over 65 years of age) there appears to be a greater sensitivity to the
effects of remifentanil as determined by EC50, such that starting doses of remifentanil
should be halved and subsequent doses should be titrated to individual response.

~In a small study, pediatric patients appeared to have similar pharmacokinetic profiles as

compared to adults from other trials Pharmacodynamics have not been done in the
pediatric population -

In obese patients (>80% above IBW) remifentanil can be used without dosage
modification, however, the pharmacokinetic parameters did correlate better with dosing
based on ideal body weight.

Mitrous oxide did not interact with remifentanil.

Both propofol and isoflurane are potentiated by remifentanil.

- Temazepam did not affect the pharmacokinctics of remifentanil, however. it did speed up

the rate of loss of conciousness

Remifentanil is synergistic with thiopental in causing loss of &onciousness as part of
induction

The effect ot the cooling of the blood during cardiac bypass caused a 20% decrease in
plasma clearance Once the blood was re-warmed, clearance returmed to pre-bypass
tevels.

- The route of synthesis has no impact on the pharmacokinetics of remifentanil

Comments

| Due to the analytical difficulties encountered with USA-216P (pediatrics), more
thar 1/2 of the total number of subjects were unevaluable. While the remaining
subjects did not demonstrate markedly different pharmacokinetics from adults, the
sponsor should commit to replication of USA-216P with the full complement of
subjects prior to approval of a limited pediatric indication. Such a study should
also incorporate dynamic comparisons of the effect of remifentanil in pediatrics
along with standard pharmacokinetics.

2 Throughout this NDA the applicant has made repeated comparisons between itself
and alfentanil and their relative potencies. While it is indeed true that remifentanil
is 17x as potent as alfentanil, according to spectral edge analysis, this arguement
does not take into consideration the longer duration of action of alfentanil
Rermifentanil may be more potent on a mg to mg level but this is not the only issue
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relating to the ease of use of a product. When potency claims are béing used by
the sponsor they should be required to put potency into perspective regarding the
comparative half-lives of the agents.

Yy
/
/

SRR S Y

E. Dennis Bashaw, Pharm D.
Senior Pharmacokineticist
Division of Pharmaceutical Evaluation-1II

Secondary Review, John Hunt, Dep. Dir. m%é@#} / ?¢
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USA-202 (UCP/32/029)
Pharmmacokinetic Study Summary

NDA # 20-630 Submission Date: 9/15/95 Volume 71-73
investigator:

Site:

Single Dose:_ X . Multipie Dose:

Subjects: Nomal__ . Patienls;_X . Young: X. Eiderdy:___ .
Hepatic:.___, Renal: ___
Cross-Over___ . Parallel: X. N= 25 M=14 F=8
Subyect Type: Patients scheduled for elective inpatient surgery
Remifentanil Dosage Group
Category 2 pg/kg 6 po/kg 15 pg/kg 30 pg/kg
N=7 M=§ N=§ Nug
Gendet - maleffemale H4I%V45T%) I(50%)V/IH0%] (SO%VH50%) 3{50% )V H50%
Age - years 43 1 6 (34-49) 38 ¢ §(22-48) 32 £ 11 (18-4G) 451 11 (32-60)
Weight - kg 791 20(55-109) | 79t 16 (58-99) 7716 (6493) | 80219 (50-107)

reatment Summary:
Remifentanit, 1-minute infusion, Lot # CS-USA1000i and CS-USA10007
Doses 2.0, 5.0, 15, and 30ug/kg

Sample Strateqy:

Blood Samples: Arlerial samples were collected prior to dosing (<30min), at 1,2, 3, 4, 5,6, 7, 8, 10,
12, 15, 20, 25, 30, 40, 60, 99, 120, 180, 240, and 360min afier the infusion and 1440min post
infusion.

Histamine: Blood samples were collected predose, 1, 3, and 5 minutes post-infusion.

Assay Method:

Remifentan; GC-High Resolution Mass Spectromelry-Selected fon Monitering

GR90291 Gas chromatography with tandem mass specirometry (GC/MS/MS)
Sample Sensitvity  Site %*CV {QC Conc) QC Range
Remifentarii 0.1 ng/mL Triangle 3.0% (20ng/ml) - 11.5% {0.2ng/ml) 0.2-20ng/ml
GR90291 1ng/mi Phoenix 6.5% (75ng/mi) - 13.28 (1.5ng/mi) 1.5-75ng/mi

Labeling Claims From Study: The clearance and volume of distribution of remifentanil are
independent of dose. Tie pharmacokinetics of the principle metabolite of remifentanii (GR8Q291) are
independent of remifentannit dose. Histamine concentrations were not altered by the administration
of remifentani!



Study 202 - Remifentanil Pharmacokinetics in Inpatient Surgical Patients

Condusions: The pharmacokinetics of remifentanil (R) were independent of dose over the
dose range studied (2-30mcg/kg). The mean clearance for R rmanged from 59.5-
64.0mL/min/kg and mean volume of distribution ranged from 303-4938 mL/kg. No differences
between dose groups were observed in the pharmacokinetics of GR90291, the primary
metabolite of R. Mean dose-normalized AUCy, for GR20291 ranged from 380-457ng/mlL

and mean dose-normalized Cp,ax ranged from 2.77-3.02ng/ml. Systolic and diastolic blood
pressure and heart rate showed a decrease during and immediately following the R infusion,

although this effect did not appear to be dose-related except in the case of SBP. R infusion
did not result in an increase in blood histamine concentrations.

Purpose: 1) to evaluate the pharmacokinetics of bolus intravenous doses of R in ASA I-IIT
patients; 2) to evaluate the hemodynamic response to intravenous administration of R; 3) to
evaluate the potential for histamine release following R administration

Study Design: Single-center, open-label, parallel study in four groups of patients undergoing
elective surgery. Patients received a single intravenous infusion of 2, 5, 15 or 30mcg/kg R
over one-minute at approximately 10 minutes post-intubation

Demographics: 25 patients, aged 18-60 years, male and fernale, ASA status I-II1.

Ancsthesia_Protocol: Premedication: Diazepam (2.5-10mg p.o.) administered 60-90
munutes prior to surgery, or midazolam (0.5-3mg IV) administered prior to induction, as
necessary. Induction: Etomidate (0.1-0.5mg/kg) and oxygen. Vecuronium (0.1mg/kg) was
admurastered intravenously to facilitate intubation. Following intubation, glycopyrrolawe (ap to
0.5mg) was administered intravenously followed by R. Maintenance: 66% nitrous oxide in
oxygen with supplementation using isoflurane as needed.

Results: Table of Principle PK and Safety Results, All Subjects (N=25)
Values are N (% Total) or Mean + SD

R Dose Groups
Z’J.jgikﬂ 5 EE"‘E 15 pglk 30 pg/kg
Pharmacokinetics N=6 N=6 N=6 N=6
R CL \miJmin/kg} 595282 | 6392205 | 7004210 | 640+ 186
R Vd,. (ml /kg) 303+ 162 | 336: 175 368+ 79 498 » 266
GR0291 AUC.. (ngsmirvmL)' 452 ¢ 64 323+ 53 348+ 34 380 ¢ 111
GR9I291 Conas (n@/mL )’ 302:054 | 2671061 | 2762048 { 2772 061
Safety N=7 N=6 N=6 N=6
Any adverse event 4 (57%) 6 (100%) 6 (100%) 5 (83%)
Systolic blood pressure {mmHg)® 21099} | -31.7(54) | 402(5.8) | 37.7(84)
Blood Histamine Concs {nmol )’ 0.30(0.27 | 041(0.23} | -019(0.44) | 0.3010.09)

T Values for 5, 15 and 30 pg/kg R dose groups are normalzed to a 2 Hg/kg dose
7 Maamum decrease within 10 minutes of dosing, expressed as change from baseline

* Mean change from predose

The adverse event incidence was similar in the four groups
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CI27084 COMPARTMENTAL
PHARMACOKINETIC PARAMETERS

DOSE « 20 meghyg
SUBJECT . AUC I M My | S Vs a
(ng*mia'ml) (min) (min) (mia) {mi/Ag) Ly (mUining) (LA
4197
52.54
27359
18.07
4.
bEAL
Aghanetic Mean 3854 047 1o 9.44 301.02 1262 59.48 820
sD 14.24 0.09 0.49 432 16204 9.04 .19 178
%V 3658 19.09 139 a4 5347 1998 4139 1138
Neomettic Mean 36.41 0.45 205 493 268.98 0.72 5488 25).60
Medun Q.54 04 102 827 268 4t 10 49.52 269 07
Range
Lore 1407 0.3 16} 5.80 141.74 850 36,84 16293
High 49 . 057 72 16.97 564 89 32 45 110 44 364 45
Harmon Mcan 043 201 B4
Jackknile SD nos 045 112
GI87084 NONCOMPARTMENTAL
PHARMACOKINETIC PARAMETERS
DOSE « 20mepig
SURJECT AUC AUGT AUMCinf MRT Vdas L
(ng"minmL) (ng*mindmLl) (ng*min?mbl) (min) (mlrg) (L) (mL/minA g} (L)
Anthmeuc Mean 359 637 51829 37.40 N BIER ]
sD 1407 bR b 558 58 28 86 4311 13198
TV 40 69 3148 10435 ke 66 43 41 98
Geomelrx Mean Ha 498 38027 balvl ! 6) S8 PLEN N
Mredun 15.5¢ 59¢ HR LT ™18 $6 40 93 43
Range
Low L1 87 1D 146 09 an 1788 16290
High 5281 976 164392 90 42 168 49 556 M




Remifentanil Blood Concentration (ng/ml)

Remifentanil Blood Concentration-Time
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-

Gis7084 COMPARTMENTAL
PHARMACOKINETIC PARAMETERS

DOSE = 5.0 mcghg
SUBIECT AUC Mt S WA Vidss a
(agintml} (min) (min)  (min) {mlAg) (L} (mi/mickg) (M)
151.43 7 .30 1o 19607
66.12 968! 1721 15.62 263.17
76.21 308,56 1895 65.61 un
5689 6104 51.27 87.89 44299
108.30 44626 4057 4617 251
6.7y 26102 21.43 .96 36789
Asithmelic Mean 87.62 as) 248 1088 33633 24.46 6188 293.94
sD 36.00 015 0.56 437 175.% 1597 2053 914}
%CV 41,09 1126 nn 5152 5214 60.38 3214 N
Geometric Mean 8243 0.57 243 9.6) 291.56 22.66 60.66 28282
Median 7148 0.56 154 ¢74 3268 019 70.28 257.48
Range
Low %589 0.1} 1.88 5.60 9198 9.30 3301 196.07
High 151.48 062 196 12719 1034 51.27 £7.89 44199
Harmonic Mean 0.50 238 8.69
Lhcnmft 3] 0.16 ns7 03
GI87084 NONCOMPARTMENTAL
PHARMACOKINETIC PARAMETERS
DOSE = 5.0 meghg
SUBIECT ALk AUCinf AUMCinf MRT Vdss (a8
(rg*min/mL} (ng*min/mL) (ng*minifml) (min) (mlAg; L) (mlminkg) LMo
71 5154 435.19 763 71247 ms 9139 54475
65,78 §1.2 M8 444 329.93 19.14 Ta38 25885
5138 Ly R ]| 409 7.90 149.58 16.02 94 85 Me A
s4.12 5114 am17? 695 611.93 51.40 87.50 441.02
107.34 111.81 1158.46 948 442,60 0.2 4480 24433
6582 6700 310,51 412 08.51 5.4 1462 366.25
Asithmetic Mean 68.20 643 525.84 4209 1828 369.1]
S0 2220 LX 19227 ‘858 1864 1641
L Yol 3258 L16 3657 44.13 2382 31.54
Geomenric Mean 657 6.51 95.07 4 76.00 kM8 b
Median 6207 134 52726 43.13 81.06 15784
Raage '
Low 2 411 308.51 1914 44,30 4413
High 14141 L3 1 74953 051 94 85 35478




Remifentanil Blood Concentration (ng/ml)

Remifentanil Blood Concentration-Time
Profiles Following 15.0mg#kg g
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GlEa4 COMPARTMENTAL
PHARMACOKINETIC PARAMETERS

DOSE = 15.0mcg/kg

SUBJECT AUC S PN P Nha Vdss . a
{ag mia/ml)  (mia) {min) {min) {miAg) {L {miiminkg) {LAw)
11627
19333
358.49
161.00
M15e
W30
Asithme lic Mean 26995 056 124 18.40 sa 2 2191 4099 MK
sn 77 014 082 T2 T8.5) 530 110] 914}
=V 290> 25.51 25.29 47.40 2133 18.95 J4.48 ue
Geumetric Mean 259,20 ] 116 16.90 36135 21.55 5425 166.38
Mcduan T 64 0.5 Jas 1609 360.718 2878 3418 24737
Range
Low 161 .00 0.37 128 10.27 84 .44 111313 41.84 18829
High BAY. L I a4 448 30,70 497.02 34,57 930} 3.9
Harmonic Mean 0.53 108 1567
Jackknile 5D 0.14 07 6,31
G884 NONCOMPARTMENTAL
PHARMACOKINENC PARAMETERS
DOSE « 15.0 meghyg
SUBJECT AUC AUCEal AUMGCint MRT Vdss L
{ng*min/mL) {ng*min/ml) (ng*min¥/ml) (min}  {mLrkg) (L) (mliminkg) (L)
Asithretic Mean 230 54 812 568.84 4117 nal 325.60
sD 7976 297 259.38 19.5% 007 9301
%OV M4.60 3065 4£5.60 45.08 31 28 56
Grometnic Mean 120 17 52117 4019 68 44 BIPR.I)
Medyn 19196 1.51 47029 352 T34 15438
Range :
Low 142,28 534 948 26.21 4038 184.75
High 37168 1328 1021.12 im 9428 43017




Remifentanil Blocod Concentration (ng/ml)
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Qi37084 COMPARTMENTAL
PHARMACOKINETIC FPARAMETERS

DCSE = 3.0 moghy
SUBJECT AUC At Mia Ny Vdu a
(xg*min/ml) (mia)  (mia)  (min) (mlAg) L}  (mlsmiakg) (LM}
Atithmetic Mean 51269 0.64 412 11 @172 ».75 §4.04 96,82
SD 17191 o3 125 2590 03359 .66 1864 1520
SCV 15 51.30 WM 80.38 53.38 5952 29.10 2534
Geomeirk Mean 91.02 0.38 192 25.09 445.21 mn 6157 8872
Medan 46280 0.30 L ¥) 19.3t 448.40 .75 66.02 3i0.6$
Range
Low M62Y | 0¥ 102 10,75 24010 2084 37.57 195.67
High 803 82 1.24 5.46 75.11 961.26 7594 8.2 41344
Harmonic Mean 0.54 1.69 .47
Jackknife S 020 &G 131.M
G18708¢ NONCOMPARTMENTAL
PHARMACOKINETIC PARAMETERS
DOSE = 300 meg/kyg
SUBJECT AUC AUCInf AUMCinl  MRT Vdss L
(ng"min/mL) (ng*mio/ml) (ng*min¥/mL) {min) {mLAg) L (eLminkg) (L)
Asithinetic bican 54182 768 AT9 1 383y 6451 280 97
3D 174.94 345 301.27 W4 1632 75.40
LV 1229 4494 6. 68.19 Fa R/ 26.84
Geometnic Mean 519.7¢ 1.06 410.9¢6 M1z Se 7 7.0
Meduan 52224 6.61 41276 570 8 171.3%0
Range
Low 354.97 4.07 118.02 1687 .19 I88 .48
High 134 49 119 101749 84 $5.08 403.27




GR90291 Blood Concentration-Time
Profiles Following 2.0mg/kg iy Ly
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DOSE = 2.0 meg/kg
SUBJECT Tmax Cmax AUCinf Half-life AUC
(min) (ng/mL) (ng*min/ml) (min) Ratio
MEAN 34 302 456.6 137.4 15.96

SD 16 0.54 64.1 55.9 8.97




GR90291 Blood Concentration-Time
Protiles Following 5.0m@#fkg ~p 4,
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SUBJECT Tmax Cmax AUCinf Half-life AUC
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MEAN 26 6.68 807.1 128.0 12.35
SD 6 1.52 1313 34.0 2.51




GR90291 Blood Conceniration-Time
Profiles Following 15.0mgig 1Ay

100 T— -
.
&
& 19
e
T
[<1]
[&]
[ .
° 1
G i
g |
o
2
o0} 1 I
pa ]
o {
e
o I
& |
i
!
[
0t 1 1 T 1 R
0 60 120 180 240 300 ‘ 360
Time (mtin}
DOSE = 15 mcg/kg
SUBJECT Tmax Cmax AUCInf Half-lifec AUC
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GR90291 Blcod Concentration-Time
Profiles Following 30.0mg/kg .>—sy /A,
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Study USA-102 (UCP/91/012)
Pharmacokinetic Summary
NDA # 20-630 Submission Date: 9/15/95 Volurne 57-60
STUDY TYPE: Single escalating 4-hour infusion, Safety and PK/PD

Investigator

Site
Single Dose _ XXX Muttiple Dose:
Subjects:
Normal XXX Patients ) Young.. . Elderly
Impaired Hepatic: . Renal ____
Cross-Over ‘ Paraliel XXX N=33 M=31 F=0

Subject Type: Healthy Maie Vaoluntgers

Remifentanil {pg/kg/min) Alfertanit (g/miny
Placevo 0.025 ~ 0.05 0.075 2.1 Q2 05 1.0
N 6 3 6 3 3 3 6 3
Gender a0 N &0 w0 kLY Koy 60 kY
maleffemale
Age (years) | 230128 257150 RTtw4 205106 20+10 253142 247118 2931472
(20-65) (21-31) (19-31) (20-21) 21-23) (22-30) {22-26) (26-34)
Weight (kg) | 838107 | 904+233 | 776+ 118 | 724487 | 0242170 | 8662135 | T25155 7680
. 75510051 ] (866930} | (64097 0) | (64081.3) [ (7201020} | 74.0-1002) | {(65478.8) | (76B766)

Treatrment Summary

Treatmen?

Placebo

Remifentanil, Zero Order 1V Infusion, Infused for 4-hours, 0.025, 6.05, 0 075, 0 1, 0 2 pg/kg/nun.
Alfentanil, Zero Order IV Infusion, Infused for 4-hours. 0.5, 1.¢ ug/kg/min

Remifentanul Lot # CS-USA-10001

Sample Strategy

Arnenal Blood Samples: Prior to dosing, at 1, 2, 3. 5, 7, 10, 13, 20, 30, 60, 90, 120, 150, 180, 210, and 230
minutes after the starl of the infusion and 1, 3, 5 7, 10, 15, 20, 3G, 60, 90 minutes, and 2, 3. 4 5 and &
hours after the 1afusion was stopped  If the infusion rale was decreased additional samples were col.ected
immediately before and 1, 3, 5, and 20 minutes after the infusion rate change

[

Assay Method .
Remifentanil {bicod) GC-High Resolution MS-Selected lon Monitonng
GRS0291 (bloed): GC with Mass Seledlive Detection (GC-MSD)
Alfemani! {blood): GC-High Resolution MS-Selected lon Monitoring
Sample Senstivily %CV {(QC Conc} QC Ranye
Remilenlanii Blnod { 01 ng/mL 4 6% (4ng/mi) -17.3% (0.20ng/ml) 0.2-20ng/mi
GR30291 Blood ingfmb 8 8% (15ny/mi) - 16.9% (4 Ong/ml) 4 0-150ng/ml
Alfentanil 1ng/mlL 2.7% (200ng/ml} - 13.3% {3.0ng/m}) 3.0-90ng/mi

Labeling Claims From Study Remitemianil is rapidly ebminated after continuous intrvenous infusions with a
half life of minutes  The pharmacoksietics of remdentanil are kinear over the range of
mcg/kg/min for  ours



Study 102 - Four-Hour Continuous infusion Study in Volunteers

Condlusions: Remifentanil (0.025-0.2mcg/kg/min) exhibited a more rapid clearance
(37.848 9mL/min/kg) and similar volume of distribution (Vc 195+57) compared to alfentanil
dearance 7.23+2.57ml/min’kg and Vc 168447 at doses of 0.5-lmcg/kg/min. The
pharmacokinetics of remifentanil were independent of duse over the range of

mcg/kg/min. COrstimulated minute ventilation (MV, measure of respiratory drive)
chowed & dose-related decrease during administration of both drugs but retumned to baseline
within 15 min of termination of infusion for renifentanil and 75-90 min for alfentanil
Remifentanil was 40 times more potent than alfentanil for reduction in MV based on blood
concentrations, and 7 times more potent than alfentanil based on infusion rate. Based on
blood concentrations, remifentanil was 37 times more potent than alfentanil for hypercarbic
response (change in arterial carbon dioxide tension). Based on infusion rate, potency ratios
(remifentanil:alfentanil) for peak hypercarbic and hypoxic response (change in arteral carbon
dioxide tension) were 5.55 and 6.26, respectively. Analgesic response (pain tolerance at the
tibia and sternum) were difficult to estimate because of the low doses employed. However,
remifentanil was shown™to be more potent than alfentanil in this regard. No significant
changes were observed in mean systolic and diastolic blood pressure and heart rate.

Investigators:

Purpose: 1) to evaluate the safety and tolerability (including analgesic, respiratory and
«emodynamic responses) of 4 hour continuous intravenous infusion of remifentanil; 2) to
cvaluate the pharmacokinetics of remifentanil.

Study Design: Double-tlind, placebo-contrclied, parallel, ascending dose study in five
groups of healthy, young, male subjects at remifentanil doses of 0.025, 0.05, 0.075, 0.1 or
0.2mcg/kg/min (maximum tolerated dose). Maximum tolerated dose was defined as the dose
at which >50% of subjects had to be verbally prompted to breathe to maintain the peripheral
oxyhemoglobin saturation above 85%. Each group had three remifentanil and one placebo
subject, except for the 0.5meg/kg/min group which had six remifentanil and ¢wo placebo
subjects.  Six 0 Smcg/kg/min and three 1mcg/kg/min alfentanil subjects (active controls)
added as an open-label extension.

Demographics: 33 healthy male subjects (1€ subjects on remifentanil, nire subjects on
alfentanii and six subjects on placebo), ages 19-34 years.

Anesthesia Protocol: Remifentanil, alfentanil or placebo was administered to conscious
subjects as a constant-rate intravenous infusion over four hours.

Results: Table of Principle PK, PD and Safety Results

Remitentanil Alfentanil Placebo

Pharmacokii stics - Meant5D N=13 N=9 -

CL {mL/mirvkg) 378+ 89 7232237 -

VD¢ (mikg)' 195 ¢ 57 168 £ 47 -

A¢ iy (min) 3621094 5302164
Pharmacodynamics' Meani5D n=13 nz=9 "

ECs0 MV (ng/mL) 1.53 £ 1,47 634 374 -
Safety, N (%) N=18 N=® N=6

Any adverse event 18 {100%) 9 {100%) 5 (B3%)

T Oata are summarized across dases.

-,y _ ¥ . _ . - P EL N



Remifentanil (ng/mL)
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bOSE~0.02%

VOLIKE: Clesarance AUC odbe L K elisination Eliminatison NL
suarECT [ WAl }] (al/alaefhy) (ng*mla/ml) {ula-1) (oin)
e [ acsna
"EAN 121 34.4) 180 0.3701 ey ®
S0 il 1.%3 b1 ] 0,084 1.2
oY 49 Il.a8 1 4é.0119 b1
e R D e ST i BOSR {mCg/kg/min} w0 028 =mcmmmm e e R e T
ARc AUC TERNINAL MNean Resldance
te laet Lo infintty AL PURC to Inflnity Tiee YOLUME s ¢ Clescance
susJIcT ing*alnjfaL) ing*min/mlL} AUC/AUCINF (win-1} {#la) (ng*einsamin/al} (mln, (alfkq) (al/min/ugy
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Remifentani! (ng/mL)

USA-102
Dose =0.05ug/kg/min
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Y PO

DOEZ=0.0%
VOLUNE: Clearance AUC Model K elimination Ellainatlon ML
suUsIECY {aL/kg) (al/ainfkg] (ng*mlea/ml} (min=-1) {ain}
[ ) v -
REAN 153 1%.63 417 0.19%0 **3.6
(1.} 3’ 6.59 a2 0.011% 0.1
<Y 2s 22.26 20 $.921) 4.0
e mmm—————— e —————— - DOSE (moy/kg/ain) =0 08 “cm——— e s r e m e e ——— - m———ne o
A AUC TERMINAL Mean Resldence
to last to infinity K RL AUNC to Lnfinity Time VOLIME s e Clearance
susJECT {ng*min/al} (ng*ain/mly AUC/AUCINF (min-1) {ain) (ng*sin*minfmL) (min; {mL/hg) {nl/ain/kq}
- cemn. SmEEmeaas amn - [T ——. .
REAN 419 420 9.7 L1348 +5_ 14 $4010 9.0 Joe 29.3)
[ 1] 19 19 0.1 .0dle 1.71 1478 1.5 299 6.16
v 19 19 0 3J1.00 33.12 14 T16. 4 " 21.00



Remifentanil {(ng/mL)

USA-102
Dose =0.075ug/kg/min

10

0.1

60

T 7
120 180

Time (min)

240

300

27



DOSE~(.07%

VOLINEC Clsarsace ADC Model K alimimation Elilmination KL
SULIECT (oL fkg) (nlfain’ag) (ng*min/ul) {min-1) {min}
P ey [ [ ———
HEAN 181 34.47T 410 0.2164 sa3.2
(4] 17 .76 &6 0.03%2 0.6
v ¥ 14.82 14 18.09%58 18
rEmm—m - POSE (mcg/hg/min)=0.078 - - -
AUC AUC TERNIAAL Mesn Aesidence
to last to infintity K WL  AUMC to inflnity Time VOLUNE#e Clesrance
SURIECT {ngemin/al) {ng*min/aL) AUCSAUCINE (ain-1) (ain) {ng*min*min/aL} (=in) (enl/kqg) (al/ein/kg)
[y S S R p— PO - -
KEAN 482 483 9.7 L1476 e*4 70 £2522 $.n 34) 17.9%%
%0 &0 ao 0.0 L0441 1.46 100%8 0.6 ar 6.8
v 17 17 0.9 1 87 1.1 16 6.C 24 17.3%
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SURJECY

DOSE=0.1

VOLINEC Clearance AIC Nodael £ elimination Elinination KL
SuURJECT {aL/kq} (aLfmin/kqg) {wgain/ml} {min-1) {ain}
- OOSR (mcg/kg/minj=0.1 ————
Auc AUC TEANINAL Mean Resldence
to leat to infinity K ML AUNC to Infinlty Time Voluntse
{ngtmin/el} (ngminfaly  AUC/AUCINE (win-1} (aln) (PRg*min*min/mi} (min} (al/kg)
419 621 .9 11.4 %16
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sOSE =0, 2

voLlvac Clearsnce AUC model £ slisination 2limination @
SUBJECT (aL/kg) {al/min/ng) (ng*ainful) {ala-1} (sin)
etsssssLesttienannnacsnann -
MEAN 216 47.%¢ KA 0.2246 **3.1
s0 21 9.08 A 0.046) 1.0
cv 10 19.04 L L 2.302¢ 32.6
B e g - ~=v= DOSE {(mcgQ/kg/min)e=0.2 =-— - - T semmw e Sm————
ALC ADC TERMINAL Maasn Residence
to last to intinity K HL AUNC to infinity T lme VOLUNEee Clesrance
1L 8] {o 4 {og minfel} (ng min/aL} MUC/AUCINF (ain-)1) (wmin) (ng*min*ain/al) {maln) (al/ug) (Ll /ein/ng)
- - aD. 4%
- - %92
- - S8.24
---.---Q.--------'l----'---I.---.-.--.II-----.- - q---q-ﬂ.-.-----------.----.---.-.--.---.--.t-..-
KEAN LT 1) KA L1275 evs 44 MA - - 46.10
&0 KA A " .04 1.01 " - - 16.41
cv A A L 3.1 31.1 ®A - - .1
bl bl L L L DL P L DL L L L TR L T T T PSR T T gy Ll L LY T} - . - aencesesEsSsAsSSagevasawe

HA=NOT APPLICABLE
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USA-211 (UCP/95/010)
Pharmacokinetic Study Summary

NDA # 20-630 Submission Date: 9/15/95 Volume: 82-87
Investigator:
Site:
Single Dose:__X___. Multiple Dose:_ .
Subjects:  Normal: X. Patients:__ . Young: X. Eldeny:
Hepatic: X, Renal: __.
Cross-Over___ . Paratlel: X. N=20 M=16 F=_4

Subject Type: _Hepatic Impairment and Healthy Volunteers
Hepatlic function was assessed at screening using serum albumin, prothrombin time, and liver biopsy.

Hepatic Impairment Healthy
Category Low Dose {N = 5) | High Dose (N=5) | Low Dose (N ~ 5} | High Dose (N = 5)
Gender - male/female 41N 411 4171 471
Age - years 43 2 7 (37-55) 49 + 8 (40-60) 381 6(31-47) 51 ¢ 10 (42-65)
Weight - kg 81 2 21 (60-114) 821 15(64-102) | 82115 (66-107) 82 £15 (71-105)

Treatment Summary

Remifentanil, Zero Order IV Infusion

Low Dose  Rate 0.0125ug/kg/min x 1 hour followed by 0.025ug/kg/min x 3 hours
High Dose Rate 0.025pg/kg/min x 1 hour followed by 0.05pg/kg/min x 3 hours
Lot # CS-USA1008

Sample Strateqy:
Blood Samples: Arterial eamples wire Cuiiecied paor to dosing (<30min), at 2, 5, 10, 15, 30, 55, 75,
90, 120, 150, 180, 210, and 230min during the infusion, and at 2, 5, 10, 15, 30, 60, 90, 120, 240, and
360min post infusion. A venous sample was collected at 120, 240, 360, and 1440min post infusion.
Unine: A urine sample was collected prior to dosing, then pooled over the intervals 0-6, 6-10, and 10-
24 hours.
Minute Ventilation: Measured at baseline, and at 15, 55, 75, 120, 180, and 230min duning the infusion,
and at 15, 30, and 60min afier the end of the infusion.

Assay Method:
Remifentanil {(blood/urine): GC-High Resolution Mass Spectrometry-Selected lon Monitoring
GR902391 (blood): Gas chromatography with mass selective delection (GC-MSD)
GR90291 (urine): High performance liquid chromatogrdphy with UV detection (HPLC-UV)
GRY4219 (urine) GC-High Resolution Mass Spectrometry-Selected lon Monitonng
Sample Sensitivity Site %CV (QC Conc) QC Range
Remifentanil Blood 0.1 ng/mi Triangle  4.0% (5ng/mt) -10.7% (0.25ng/ml) 0.25-80ng/ml
Remifentani Unine 0 Sng/mlL Phoenix  2.9% (250ng/ml) -5.3% (450ng/mil}) 1.5-450ng/ml
GR90291 Blood 1ng/mL Phoenix 4 0% (BOng/ml} - 12 1% (4 Ong/ml) 4.0-180ng/ml
GR90291 Unne/dialysate 0.1mecg/mL Phoenix  2.3% (40mcg/mi) - 11.5% (0.3mcg/ml)  0.3-4Cmcg/ml
G94219 Unne 0.5ng/mL Oneida  2.7% (40ng/ml) - 5.3% (1.5ng/ml) 1.5-80ng/ml

Labeling Claims From Study: The pharmmacokinctics of remifentanil and GR90291 are not altered in
subjects with hepatic impairment. The healthy subjecis receiving the high dose infusion of remifentanil
had a higher ECgpy for minute ventilation compared to the kepalic impairment subjects. The clinical
significance of this finding is unclear.
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Study 211 - Remifentanil PK/PD Study in Hepatic impairment

Condclusions: The pharmacokinetics of remifentanil at low and high infusion dose regimens
were not altered in conscious volunteers with severe hepatic impairment (CL of 39.4 and
34.5mL/min/kg, respectively) compared to healthy subjects (CL of 32.1 and 33. lmllminfkg,
respectively). In addition, no differences in the phannwolnneum of GR90291, t ¢ primary
metabolite of remifentanil were observed between hepatic impairment and healthy subjects.
The EC,, values for response to hypercarbic challenge (measurement of minute ventilation

(MV) as an assessment of sensitivity to the respiratory effects of remifentanil) were not
significantly different between hepatic impairment and healthy subjects at low doses (1.99 vs
2.73ng/mL, respectively) but showed an apparent diffaence at high doses (1.51 vs
5.65ng/mL) due to unexpectedly high ECso values in the high dose healthy subjects.

Investigator:

Purpose: 1) to evaluate the effect of hepatic function on the elimination of remifentanil and its
metabolites, GR90291 and GR94219; 2) to evaluate the effects of hepatic impairment on the
pharmacodynamics (respiratory drive, psychomotor tests, and visual analogue scales) of
remifentanil.

Study_ Design: Single-center, balanced, open-iabel, parallel study in hepatic impairment
versus matched healthy subjects at two infusion regimens (low dose and high dose) of
remifentanil.

Demographics: 20 subjects (10 hepatic impairment subjects, 10 healthy subjects), aged 31-
65 years, male and female. Hepatic impairment classification was determined using medical
hisiory, serum albumin, prothrombin time, and liver biopsy. Hepatic impairment and healthy
subjects in each dose group were matched for age, weight and gender.

Anesthesia Protocol:  Premedication: N/A. Induction/Maintenance: N/A. Other: Ten
subjects (five hepatic impairment and five healthy subjects) received a l-hour wnfusion of
0.0125mecg/kg/min  remifentanil followed by a 3-hour infusion of 0.025mcg/kg/min
remifentanil (Low dose regimen). Ten subjects (five hepatic impairment and five healthy
subjects) received a I-hour infusion of 0.025ug/kg/min remifentanil followed by a 3-hour
infusion of 0.05mcg/kg/min remifentanil (High dose regimen),

Results: Table of Principle PK, PO and Safety Results, All Subjects (N = 20)
Values are N {% Total) or Mean + SD

Hepatic Impairment Healthy
Low Dose | High Dose | Low Dose | High Dose
Pharmacokinetics N=§ N=5 N=5 N=5§
Remifentanil CL (mU/min/kq) 394150 M5196 321172 131136
Remifentanil Vd {mlL/Xg) 270+ 68 290 + 114 229+ 115 6+ 21
Remifentanil 1y (min} 4742088 | 5842165 ] 4832162 | 4312016
GR90291 AUC, (ngemin/mL)' 820 £ 170 1408 £ 592 | 792+ 216 1008 £ 258
GR90291 Cona (ng/mlL)' 370+ 056 | 5392178 | 396085 | 3382123
GR90291 t1n (min) 7T1.3¢92 112132395 728+258 £ 12012571
Pharmacodynamics N=5 N=5 N=5 N=5§S
Remifentanil ECg MV (ng/mL) 199065 1512046 | 2732091 | 565+634
Safety N=5 N=5 N=5 N=5
Any to adverse event 5 (100%) 4 {80%) 5 (100%) S (100%)

Tvalues for high dose groups are normalized to low dose

41
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Remitentanil Blood Concentration (ng/mt)
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Remifentanil Blood

Remifentanil Blood

Figure 10

Mean and Median Remifentani! Blood Concentrations
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Vaa-211
Table 41

Indivieual Remifeatanil Velume of Distribwtisn (al/Rg) Yalwes with Susmary ftatsotica

Bapatic Baalthy

Subj. lov sase Subl). high dose BSub). lJov acse Sub). Livh dose

Owcpatric LEWaan 2¢3.701 271.4€14 207 . 40) 204645
Arithmatlic LEdexn 210.172 I90.20"7 229.846 2053 600
b § av 242.032 259.90) 190. 857 10 227
Mialesas 208 . 643 147.00 106 408 146,962
Al s 312743 449. 708 410. 000 X121 .8¢1
Aritumetic Mein 270.172 290.297 220 _04¢ 205 800
#5358 CT {lower) 108.631 14€. 418 [ L3 )3 ] i7e. NP
5% I (uppﬂ.-.L 354.712 431.973 371.012 231 wac
[ ++] €4 . 087 114.10) 114 463 2. 244
(= 75.201 39.204 50 . 010 10.334
Geomutric MNasn 263.7M 271.614 207 401 204 . 544
95+ C1 {lower) 105.682 161.65%) 112.10 370 454
58 &I (uppar)} 355.404 ¢56.137%¢ 384 085 234 . 627
ean of loge 5.375 3.404 3. 334 3.32}

KD of loga 0.241 0.419 0. 495 0.110

T8sasn = Lasse Squafe Waan, adjust for dasign imbalance 1f presant
€1 = confidance intarval for L§ mean
5 » Stazndard daviition
WV = parcant oosfficiant of varistion

Individual Remifentanil C1 (ml/win/kg) Values with Summary SCatistica

Sapatic Naalthy

Subj. low dose Subj. bhigh dose Jub). lov dose Sub). high cose

Oeomatric LEWsan 38,1038 31,3257 31 .44607 32.9478
Arithmstic LEMaan 3P .65 34. 4874 3z2.1029 33.11%8
el an 40 . 4322 .4y 2%. 7042 34.219%
Hinlime 31.92% 23 8044 23.0835) 27.0692
[ AL TT ] 45,7137 41.202 12 0208 346 0844
Arithastic Wean _39.369) 34,407 32.1028 33.1108
#5% CI (lewar) 33.14¢) 32 5495 23.195y 28.612%
#3868 C1 (uppar) 45.5721 4% . 4252 41 . 0094 17 .8270
[ s} 4.9959 9. 8144 1.17TM) 3.4300
cv i 12.4899 27.8780 22.344% 10. 7602
Gacmatric Maan It 1030 3) 3232 3 .4607 R Lk ]
238 1 (lowar) 33. 1350 22.9822 23.7102 28.51%0
15¢ CI (wpper) 44 0137 40._3229 41,6392 20 . 0497
Waan of logs 31.48ds 31.504 3. 449 3. 485
0 of logs 0.131 0.29% . 2234 0.116
LSmsan = Laase Square Msan, adjust f0r design imbilance if Foesant

Cl = confidencs intarval feor L3 saan

S0 = ftandard deviatiom

SCV « parosnt coafficient af variation



URA-111
Table 42

Indiviaual Remifentanil K. (ain™] Yalues with Swsmary Staciatics

Sepatic Baalthy

b3 lew @ose  wb). bigh dose Subj. lew dose Subj. Bigh dosc

Gecemetric Lipersn 0.14824 o.12249 0.135154 o.18100
Arithmatic L&msan 0.15047 0.12475 0.14158 6.1410%
Wadian 0.13301 0.11942 0 14004 0.160721
Meatma 8.12271 0.08771 ©.10247 D.15428
aximum 0.10308 0.1662 ©. 28000 0.16304
Arithmatic maan 6.15047 ©.12675 016158 0.16109
#54 CI (lowar) 0.11198 ¢.08230 0.07457 0.15365
228 C1 (upper} 0.1060% o.17120 0.24960 0.1688)
© 0.02e39 0.03380 0.07008 0 0039y
cv 1% 5297 28,2413 43.36%0 3 71867
Gaometrit Waan 0.14824 0.122¢9 0.151%4 ©.16100
#3% C1 {lower) 0.1168% o.0esse 0.99391 0. 313376
938 €I (upper! 0.18807 0.17809 0.24454 0.14839
Mean of logs -1.91 ~2.10 -1.09 ~1.9
I of loge ©.192 o.20¢ 0,388 0.037

lAmsa. = Laase BQuate Mean, adjust for design imbalance 1f present
CI = ganfidance intarval for 1S maan
&0 = standard ceviation
ACY = parcent cosfficient of variation

Individyal Ramifantanil Salf-Life {(min) Values with Summary Statiascics

Sapatic Bealthy

Bub). low dosa Bubj). Aigh dose MNubj). low dose Sub}. bigh doss

Geponstric LdMean 4. 67570 S. 64945 4.3 4.30524
Arithaetic LE&MNaan 4. 74341 5.83802 4. 837132 4.30780
Wedian 3. n1113 S.00068 4.94807 4.124649
Minisus 3. 78410 4.169M0 2.4735) 4.10044
[ PRIV T ] 3 ss90% T.90254 6 1643 4 49273
Aritometic belian 4. T4342 2. 83402 +. 02712 4 M40
#5¢ C1 (lowar) 1. 43454 31.792%4 T.801372 4.11000
5% CI {upper) 2.83225 T.07068 d.piss 4 %0520
0 G.076%2 1.648510 1.61992 0 15914
cv 10 4972 20.1087 3).358s J 49448
Oeomstric Msan 4.67570 5.44945 4.3730 4.30524
#5% C1 (lower) 3.46455% 1, 95407 2. 4. 1115¢
5% CI (wpperx) 3.93200 8. 06193 7.380%0 4 30804
Mean of logs 1.542 1.732 1.%20 1440
£ of logs ¢ 192 a.2u6 o 385 8 037

LAsaan = Lease BQuare Msan, adjust for cdesign imbajlanos 1f present
Cl = gonfidance intervil for i8 msan
D = gtandard deviition
¥ & parcent cowfficient of viriation

o



Statisucal Analysis of Log-Transformed Remifentanil Pharmacokinetic Parameters

Table 44

Parameter Subject Group Ratio 90% Cl p-value
Low Dose Hepatic/Low Dose Healthy | 1.24 5989.156) | 0116
Ci High Dosc Hepatic/High Dose Healthy 1.01 (0805.127) | 0932
(ml/min‘kg)
Low Dos= Hepatic/High Dose Hepatic 1.17 (0.934,147) | 0.388
Low Dose Healthy/High Dose Healthy 0.955 {0.460,120) | 0729
Low Dose Hepatic/Low Dose Healthy 1.27 {0.863. | 87; 0.295
vd High Dose Hepatic/High Dose Healthy 1.33 (0902, 195) 0219
(mikg)
Low Dose Hepatic/High Dose Hepatic 0971 (0 660, 1 43) 0 897
~ | Low Dose Healthy/High Dose Healthy 101 (0 689, 1 49) 0.949
Low Dose Hepatic/Low Dose Healthy 0978 (0.735,130) 0 895
K10 High Dose Hepatic/High Dose Healthy 0.762 (0.572, 1 01) 0117
(min-1)
Low Dose Hepatic/High Dose Hepauic 1.21 (0.908, 161) 0 265
Low Dase Healthy/High Dose Healthy 0941 {0707, 1.25) 0717
Low Dose Hepatic/Low Dose Heaithy 102 (0768, 136) 0 895
yn High Dose Hepatic/High Dose Healthy 131 {0 986. 1 75) 0117
(mun)
Low Dose Hepatic/High Dose Hepatic 0828 {0622, 1.10) 0 265
Low Dose Healthy/High Dose Healthy 106 (0798 141) | 0717
Low Daose Hepauc/Low Dose Healthy 07310 (- 386, 1 8%) 0678
ECqp® High Dose Hepatic/High Dose Healthy 0.268 {(-0272,0807) | 003!
(ng/ml)
Low Dose Hepatic/High Dose Hepatic 132 (-0697,333) | 0786
Low Dose Healthy/High Dose Healthy 0483 (-0 056, 102) 0tl4
* Untransformed analysis
- 201
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GR90291 Blood Concentration (ng/ml)

GR90291 Concentration-Time Profile
in Low Dose Hepatic impairment Subjects
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GR90291 Biood Concentration (ng/ml)
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GR90291 Blood Concentration (ng/ml)
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GR902391 Blood Concentration (ng/ml)

GR90291 Concentration-Time Profile
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Figure 11

Mean and Median GR90291 Blood Concentrations
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URA-211
Tahle 43

individeal SRS02S) ADUCLast (mguisn/al) Valses w1td Summary Scatisijcs

Bepatic Raalchy

D). lew wess  Bubj. Righ dese BSub) lev does #ubj  Bigh sone

Sommatric LSMsan 447 .00 132184 637. M4 e18.00
Arithawtic LBWaan 84 9¢ 1225.67 451 .00 %0 .40
Mmdian 73).40 1444 B 404 40 781.58
M1 A 499 .60 413 .85 454 43 478 .43
Sl sl 074.55 18718 .5%0 apt . 43 1314 78
Arjthastic Msan [ 1L 1] 1225 .67 451 .00 ®50 N0
#3% CI (lower) 477.04 340 .0¢ 43% @7 303 .60
P38 CI (wppwr) a8l 44 1093 .20 adé . 1] 1200 Q0
a0 167.3% 536,08 1713.26 241.2)
v 24 .44 43.74 24 &) 33. 04
~
OeometELE Mapdn 47 a0 1121.%4 437.74 1% 00
934 C1 {(lowar) 404.99 €13.2 434 .60 58 .44
258 CI (wppel) ?15.7%¢ 20s2.3) asl . 9] 1196.03
waan of logs 6.304 71.02) & 450 6107
5 of logs 0.254 0.496 0.247 0.304

Lémain = Laass Squite Wakh, adjus. for dapign jsbilance Lf present
€l = confidance Llnterval for LE ssan
£D = ftandard deviation
WV « parcant cosfficisnt of variation

ladividual GRI02P] AUCW (Agwmin/ml) Values with summary Statistics

Epatic Baalohy

Sub). low dose Subj. Rhigh doss Sub) low dose Sub) high dose

Geonstric LEMsan 905 .44 1300 .98 747 .17 L. 74
Arithaetic LiNasn 219.7% 1407. 48 T2 27 1008 08
vhedi an 241.60 1584 .12 was 26 %9
1 Al s 44 .92 Ton . 13 93 TR €11 4
[rreTe T 1034.92 T161.33 1013 38 1458 49
Arithamtic Msan LIE I} ] 1407490 Te: 27 1004 O#
25 C1 {(lewar} 408 .4¢ 471 . 323 40 488 17
#5346 CI (upper) 1030 . 8¢ T1az. 7 1080 B4 1327 w8
= 170 .02 302.01 ne. N 257 &4
cv 20 .74 41.00 1 3 8 3¢
Qaomatric Maan 905 . 44 1300. 946 Y67 17 #0574
3% CI ‘Hmz} 410.84 ™. 533 . M0 743 .04
3% C1 {wpper) 1044 .30 2207 .87 1009 .10 1M
masn of logs 4. 4N 7.1 6. 8441 [ 3% LD ]
D af loge 0.211 0.45% [ 11] o.220
LAssan Laase Squars Waan, sdiust for design imbilance 11 presant

-
¢l = confidanos Lntarvii for LI mean
D = Standard @sviatien
ACY = paromnt scafficiant of variatiah
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Uta-111
Table 47

Individual GRIGZIFI Cman (ng/al} Valwes with Summary Statistics

Bapatic Bealthy

Sub). lev dose dub). Righ doss Aub). lew @ose Aub). Niye sose

Osomatric LiMaan .44 5.14 3.0 4.2
Arithmetic Lasean 3. 3.3 3.08 4. 30
Macll an 1 a0 $.3% 3 40 4.20
Winisms 2 %0 3.2% 3.00 3.10
aximus 4.20 T.40 3.00 .43
Arithametic Maan 3 0 3. 3. " ¢«
#3534 C1 {lower) j.o: 3. z.00 z.05
#I% €1 (uppar) 4 2 1. 5.02 3N
[ o] -1 ] 1. 0.83 1 2)
cv 13 0 N 1.5 20 1
-
Geomstric Mean 1.4 5.14 3.0 4.24
P38 O (lowar) 3 o 3. 3 1. %8 . ¢
#3% CI (uppar) 4 45 7.9 $.07 & 04
waan of logs 1.199 1.67 1.35%8 1 443
2D af logs 0.157 0.3y a. 214 Lo & 1]

Lissan = Leasse Bquare Maan, adjuet for design lebalance Lf present
€l = confidance intarval for LS msan
£ = standard deviation
MCV & parcant coefficient of variation

Individual GRIV291 Ralf-Life {(min} Valeas with Sussary Statistics

Bepatic Baalthy

Sub} low dose sub). high dosa Sub) low doee fub) aigh aose

Goamstric Limsan 1o, 038 115.033 &y 233 111 802
Arithasstic L3ssan 1. 324 121.20% T2. 796 120 131
wedian T4 317 124 €435 3 92 102 445
"inleus 33.470 4 48] 43.7%) 78239
AL Snsm 1 415 157 8594 107 924 220 €0
Arithamtic Mean .24 121.205 12 18 120 131
958 U1 (ilower) 3 72.240 40.812 4% 223
#58 C1 (upper) 0. .122 170021 104 T84 191 040
[ ) .17 .4 2% 740 5T 100
cw 12.089 32.8¢2 35 384 47.312
Sesmatric Maan 70.93 115.0)) 69 235 111 903
934 CT (lowar} 0. 181 T1.2%0 44 407 49 49)
38 3 (wpper) ) 417 i45.981 107 340 ta2 azr
Maan of loys 4.1¢0 4 M43 .19 4+« e
D of logs 9.132 0. M5 0.3%) 0 3
Limaan = Loass Square MaAn, adjust for design imbalance if present

€] = confidancs intarval for LA mesan

4D = grtandard daviation

WV = paromnt ccefficient of variation



Table 49

Suatistical Analysis of Log-Transformed GR90291 Pharmacokinetic Parameters

Parameter Subiect Group Rauo 90% Cl Pp-value
Low Dose Hepatic/Low Dose Healthy 1.06 (0724.154) | 0806

AUClast High Dose Hepatic/High Dose Healthy 1.37 (0941.200) | 0163

(ng'min/ml}

Low Dose Hepatic/High Dose Hepatic 0.595 (0 408, 0 868 0029

Low Dose Healthy/High Dose Healt 0774 (0.531,113) 0252

Low Dose Hepatic/Low Dose Healthy 1.05 (0145 1 48) 0 808

AUCw High Dose Hepatic/High Dose Healthy 1.32 {0936, 1 86) 0177

(mlkg)

Low Dose Hepatic/High Dose Hepatic Q619 (0439, 0873) | 0027

| Low Dose Healthy/High Dose Health 0778 {0.552, 110) 0220

Low Dose Hepatic/Low Dose Healthy 0943 (0 706, 1.26) 0725

Cmax High Dose Hepatic/High Dose Healthy 121 (0 908, 1.62) 0261

(ng/ml)

Low Dose Hepatic/High Dose Hepatic 0713 (0.534.0951) | 0057

Low Dose Healthy/High Dose Healthy 0917 (0.687,122) 0.606

Low Dose Hepatic/Low Dose Healihy 102 {0707, 1 48) 096

un High Dose Hepatic/High Dose Heulthy 101 (0711, 149} 0 898

(min}

Low Dose Hepauc/High Dose Hepatic 0616 (0426,0891) | 0036

Low Dose Healthv/High Dose Health 0619 (0 428, 0 89%) 0037

a7
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Study USA-224 (GGN/95/09)
Pharmmacokinetic Summary

NDA # 20 Submission Date: 8/15/85 Valume 99-101
Investigator:
Site: .
Single Dose:_ XXX . Muttiple Dose: .
Subjects:
Nommal. Patients: XXX Young: _ Eiderly:___
impaired Hepatic: XXX, Renal.___,
Cross-Over____ Parallel: N=6 M=3 F=3

Subject Type: Male and Female Patients Scheduled for Elective Hepatic Transplant Surgery

N 6
Gender: maie/female Kix]
Age (yrs) 45 £ 9.0 (31-52)
Weight (kg) 67+ 118.2(43.8-88.2)

Treatment Summary

Treatrnent

Remitentanil, Zero Order IV Infusion, Infused for 1 minute,

Rate: First dose, 10 pg/kg/min, was administered during dissection (hepatic) phase and the second dose, 10
po/kg/min, was administered five minutes after remaval of the liver (anhepatic phase).

Lot # CS-USA10008

Sample Strategy:

Arterial Blood Samples for Both Phases: Prior tc dosing. at the end of infusion (1min), and at 3, 5, 7, 10,
15, 20, 25, 30, 40, 50 and 60 minutes after the start of the infusion.

Mixed Venous Blood Samples for Both Phases: Prior to dosing, at the end of infusion (1min), and at 3, 5, 10,
20 and 30 minutes after the start of the infusion.

Assay Method
Remifentanil (blood/urine): GC-High Resolution Mass Spectrometry-Selected lon Monitoring

GR80231 {blood): GC with mass selective detection (C-MSD)

Sample Sensitivity Site %CV {QC Conc) QC Range

Remifentanil Biood | 0.1 ng/mL Triangle 3.3% {Sng/ml) -9.3% (0.25ng/ml) 0.25-80ng/ml
GR90291 Blood 0.5ng/mL Oneida 3.64% (75ng/mi) - 6.35% (1.5ng/ml)  1.5-75ng/ml

Labeling Claims From Study: The pharmacokinetics of remifentanil in anhepalic patients was similar to that
of heaithy patients

A
N



Study P24 - Remifentanil Hepatic Transplant

Conclusions; The pharmacokinetics of remifentanil in anhepatic patients wers similar to that
of healthy (ASA 1) patients. The pharmacokinetics of remifentanil in the dissection phase,
when extraordinary blood loss, fluid replacement and hemodilution occurs, were difficult to
interpret. The apparently increased clearance and volume of distribution reflected the lower
blood concentrations during this phase. The low blood concentrations were attributed to
physical loss of remifentanil due to hemorrhage and to the effects of hemodilution. This
explanation is supported by lower metsbolite concentrations during the dissection phase,
given that an increase in metabolite concentration would be expected if the metabolic
clearance of remifentanil were truly greater during this phase.

Investigators:

Purpese: 1) to assess the extrahepatic metabolism of remifentanil in man by determining the
pharmacokinetics of remifentanil prior to, and during, the anhepatic phase of liver
transplantation, 2) to assess the involvement of the lung in the metabolism, or sequestration,
of GI87084, 3)to examine in vitro hydrolysis of remifentanil in whoie blood.

Study Design: Each’subject received two intravenous bolus doses of remifentanil 10pg/kg,
each given over one minute. The first bolus dose of remifentanil was administered following
endotracheal intubation - as soon as the peripheral and pulmonary arterial catheter were in-
situ (dissection phase). The second bolus dose of remifentani! was administered five minutes
after removal of the liver (anhepatic phase)

Demographics: 6 patients (3 male, 3 female) aged 31-57 years, undergoing liver transplant.

Anesthesia_ Protocol: ~ Premedication: Oral benzodiazepine or parenteral opioid.
Induction/Maintenance: Tuiopental or etomidate, suxamethonium or atracuium to facilitate
intubation. N,G/Cxygun, isoflurane supplement and incremental fentanyl for analgesia.
Other: Remifentanil (10mcg/kg) was administered as 1 minute infusions on two occasions,
after endotracheal intubation, and after removal of the liver. .

Results: Table of Principal PK and Safety Results (N=6)
Values are N (% Total} or Mean + SD

Hepatic Transplant
Dissection Phase Anhepatic Phase

Pharmacokinetics N=6 N=§
Remifentanil

Clow (MUmin/kg) 79.54 (29.34) 39.57 (17.39)

Vi,m{ml/kg) 443 (265) 255 (115)

Vet (M/kg) 748 (440) 410{173)

tiyz b (min} 10.43 (4.08) 9.96 (1.51)
GR 90291

AUC (ng.min/mL) 705 (121) 1098 (589)
Safety N=6 N=6

Any adverse event o 3 (50%)

During Treatment 0 0

After Treatment 0 3 (50%)
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USA-210 (UCP/95/009)
Pharmacokinetic Study Summary

NDA # 20-630 Submission Date: 9/15/95 L Volume 76-81
investigator:
Site:
Single Dose:_X . Multiple Dose: . N
Subjects: Nommal: X. Patients:____, Young: X. Elderly:

Hepatic:___, Renal: X,

Cruss-Ovetr._ . Parallel: X. N=_23 M=_14 =9

Subject Type: Renal Impzairment and Healthy Volunteers
Renal function assessed at screening using creatinine clearance (Clcr) estimated by Cockcroft-Gault
method and normaslized for body surface area (renal impairment CLcr<30mUmin/m? ).

Renal irment Healthy
Category Low Dose (N = 6) H_gi_-Dose {N=9) High Dose (N = 8)
Gender - male/female -~ 373 6/3 573
Age - years 51.248.8 (41-62) 3881 7.6(2851) 39.9 $6.7(31-52)
Weigint - kg 697¢175(485935) [ 7541216 (47.3-4160) | 76.3121.0(455-114.0)

Treatment Summary;

Remifentanil, Zero Crder 1V Infusion, Lot # CS-USA1008

Low Dose  Rate 0.0125pg/kg/min x 1 hour followed by 0.025u9/kg/min x 3 hours
High Dose Rate 0.025ug/kg/min x 1 hour followed by 0.05ug/kg/min x 3 hours

Sampie Strateqgy;
Blood Samples: Arerial samples were collecled prior to dosing (<30min), at 2, 5, 10, 15, 30, €0, 75,
90, 120, 150, 180, 210, and 230min during the infusion, and at 2, 5, 10, 15, 30, 60, 90, 120, 240, and
360min post infusion. A venous sample was collected at 120, 240, 360, and 1440min post infusion.
Urine; Urine was coliected prior to dosing then pooled cver the intervals 0-6, 6-10, and 10-24 hours.
Dialysis; For subjects undergoing dialysis, a bloed sample was collected from the venous and aderial
sides of the shunt at 30min after starting dialysis, and then just prior to the end of dialysis. Dialysate
samples were collected at the same lime as the arienial and venous sampies,
Minute Ventilation; Measurements collected at baseline, and at 15, 30, 60, 75, 90, 120, 180, and
230min during the infusion, and at §, 15, 30, and 60min post infusion.

Assay Method:
Remifentanil (blood/urine): GC-High Resolution Mass Spectrometry-Selected lon Monito.ing

GR20291(blood): Gas chromatography with mass seledwe detection (GC-MSD)

GR90291(urine/dialysate): High performance liquid chromalography with UV detection (HPLC-UV)

GRI94219 (urine): GC-High Resolution Mass Speciromelry-Selected lon Monitoring
Sample Sensitivity Site %CV (QC Conc) QC Range
Remilentanil Blood 0.1 ng/mL 5.2% (5ng/ml) -10.6% (0.25ng/m) 0.25-80ng/ml
Remifentanil Urine 0.5ng/mi 2.6% (250ng/mil) -5.50% (450ng/mi) 1.5450ng/ml
GR90291 Blood 1ng/mL 3.9% {180ng/ml) - 11.0% {4.Ong/mi) 4.0-180ng/mi
GRS0281 Urine/dialysate  0.1mcg/mL 1.0% (40mcg/ml) - 5.40% (0.3meg/mi)  0.3-40mcg/ml
GR94219 Urine ~ 0.5ng/mL 3 3% {40ng/mi} - 6.90% (1.5ng/mi) 1.5-80ng/mi

Labeling Claims From Study: The pharmacokinetics and phamacodynamics of remifentanil are not
altered in subjects with renal impairment. The elimination of GR90291 is markedly reduced in subjecis
with renal impairment. GR90291 undergoes approximately 25-35% extraction during hemaodialysis.

it
[}



Study 210 - Remifentanil PK/PD Study in Renal impairment

Conclusions: The pharmacokinetics of remifentanil were not altered in conscious volunteers
with severe renal impairment (CL of 36.0 mL/min/kg) compared to healthy subjects (CL of
34.2mL/min/kg). The elimination t), of GR90291, the primary metabolite of remifentanil, was
increased 15-20 fold in renal impairment. GR9G291 underwent 25-35% extraction during
hemodialysis. The ECs, values for response to hypercarbic challenge (measurement of minute
ventilation (MV) as an assessment of sensitivity to the respiratory effects of remifentanil)
were not significantly different in renal impairment (2.3ng/ml) and healthy subjects
(3.70g/mL), respectively.

Investigators:

Purpose: 1) tc evaivate the effect of renal function on the elimination of remifentani! and its
metabolites, GR90291 and GR94219; 2) to evaluate the effects of remifentanil on respiratory
drive in renal impairment versus healthy subjects.

Study Design: Two-center, open-label, parallel study in severe (end stage) renal impairment
versus healthy subjects at two infusion regimens (low dose and high dose) of remifentanil.

Demographics: 23 subjects (15 severe renal impairment subjects with Cler<
30mL/min/1.73m’, 8 healthy subjects), ages 28-62 years, male and female. Renal impairment
and healthy subjects in the high dose group were matched for age, weight, gender and race.

Anesthesia_Protocol:  Premedication: N/A. Induction/Maintenance: N/A. Other: Six
subjects (renal impairment) received a 1-hour infusion of 0.0125mcg/kg/min remifentanil
followed by a 3-hour infusion of 0.025mcg/kg/min remifentanil (Low dose regimen).
Seventeen subjects (nine renal impairment and eight healthy subjects) received a 1-hour
infusion of 0.025mcg/kg/min remifentani! followed by a 3-hour infusion of 0.05mcg/kg/min
remifentanil (High dose regimen).

Results: Table 1. Principle PX, PD and Safety Results, All Subjects (N = 23)

Rena! Impairment Healthy
Values are N (% Total) or Mean £ SD Low Dose High Dose High Dose
Pharmacokinetics N=6 N=9 N=8
Remifentani! CL {mbLfmin/kg) 36.7+126 60+57 34.2+80
Remifentanil Vd (mL/kg) 298 ¢+ 111 230+ 26 197 + 52
Remifentanil 1,2 (min) 6.27 1 3.87 451+ 069 406078
GR90291 AUC. (ngemin/mL)' 24791 ¢ 12517 | 35150 ¢ 13800 993 ¢ 254
GRY0291 Comex (ng/mL)" 15255 127228 42:06
GR90291 tiz (min) 1369 + 533 2077 £ 783 89+ 17
Pharmacodynamics N=9 N=8
ECso MV (ng/mlL) NA 3681272 2.32+1.62
Safety N=6 N=9 N=8
Any adverse event 3 {50%) 9 {100%) g (100%)

'AUC., for high dose groups are normalized to fow dose.

The adverse event incidence was similar between the two populations.
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Figure 10
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Table 41

Statistical Analysis Results of Log-Transformed Remifentanil
Pharmacokinetic and Pharmacodynamic Parameters

Parameter Subject Group Ratio 9% Cl p-vaiue
CL Low Dose Renal/High Dose Renal 0.936 {719.6,1.22) 0.909
(mVmin/kg)
High Dose Renal/High Dose Healthy 1.07 (0.892,129) | 0517
vd q Low Dose Renal/H zh Dose Repal 1.23 (0.989,1.54) § 0.116
(mlkg)
High Dose Renal High Dose Healthy 1.20 (1.01,1.43) | 0.088
Kl0 Low Dose Renal/High Dose Renal 0 799 (0.586, 1.09) | 0225
(min-1)
High Dose Renal/High Dose Healthy 0.893 (0.757,1.05) | 0.249
4w Low Dose Renal/High Dose Renal 1.25 (0917, 1.71) | 0225
{snun)
High Dose Renal/High Dose Healthy 1.12 (0.949,1.32) | 0.249
ECso High Dose Renal/High Dose Healthy 1.58 (0750,2.42) | 0.239
(ng/mi)*

* Untransformed analyss
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Table 46

Statistical Analysis Results of Log-Transformed GR90291
Phamacokinetic Parameters

Parameter Subject Group Ratio 90% CI p-value
AUClast Low Dose Renal/High Dose Renal 0.882 (0.681,1.14) | 0409
(ng-min/ml)
High Dose Renal/High Dose Healthy 13.6 (108, 17.1) | <0001
AUCw " Low Dose Renal/High Dose Renal 0.665 (0.405,1.09) | 0.169
{ng-min/mi)
High Dose Renal/High Dose Healthy 335 (24.4, 46.0) | <0001
Cmax (ng/ml) Low Dose Renal/High Dose Rena! 1.16 (0.894,1.51) | 031
High Dose Renal/High Dose Healthy 298 (2.54,3.51) | <0.001
11 (min) Low Dose Renal/High Dose Renal 0.660 (0397,110) | 0171
High Dose Renal/High Dose Healthy 21.4 (150,305) | <000l
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USA-104
Phamacokinetic Study Summary

NDA # 20-630 Submission Date: 9715095 Volume 63-68
Investigator:
Site:
Single Dose:__ XXX . Multiple Dose:
Subjects:
Nomal X0 Patients Young: XXX Eldeny. :
impaired Hepatic: Renal:
Cross-Over __ Parallel: XXX. N=30 M=20 F=1i0

Subject Type: Healthy Male and Female Volunteers

Part | - Remifentand Part Il - RemifentanilAlfertand Part l{l - Recifentani
N 10 10 10

Gender male/ffemale 1005 100 o0

Age (ysars® 274146 285151 252148

(22-37) (23-39) (20-33)
Weight (kg) 7902122 8as+118 815+11 86
(62.7-97.7 _ (70.5-100) _ (70.5-100)

Treatment Summary;

Fasted & hours prior to dosing and for 0.75 hours after dosing.

Remifentanil, Zero Order 1V Infusion, {nfused for < 20 minutes or until maximal opioid effect was observed.
Part | Rate 18 pg/kg/min

Part Il Rate 2-3 pg/kg/min

Part lll Rated pg/kg/min

Lot # CS-USA-1001

Alfentanil, Zero Order IV Infusion, Infused for < 20 minutes or untl riiaximal opioid effect was observed.
Part il Rate 1500 pg/min, {(Part Il only)

Sample Strategy:

Arterial Blood Samples: Prior (o dosing (<ASmin). and every X0 seconds from 0.5 0 5 minutes, every minule from 6 to 10
minutes, and every 2 minutes from 12 to 20 minutes afler the start of the infusion. Samples were also collecled every X0
seconds from 0.5 to 5§ minutes, wvery minute from 6 Lo 10 mirctes, and every 2 micates from 12 to 20 minules, and ot 25, 30, 35,
4), 45, 50, 60, 70, 80, §O, 100, 120, 150, 180, 210, wnd 240 mirntes alter the end of the study drug infusion. In subjects
feceiving alfentand, sdditional samples were obtained at 360, 480, and 600 minutes (ollowing e infusion.

Venous Blood Sampiles (Part 1l Females only): Every 2 minutes during the infusion and every 2 inutes after the infusion until
10 mirutes and then gt 15, 20, 30. 40, 60, 0, 120, 180, and 240 minutes. after the infussion

Assay Method:
Remitentanil (blood):
GR90291 (blood):
Alfentanil (blood)

GC-High Resolution MS-Setected lon Monitoring
GC with Mass Selective Detection (GC-MSP)
GC-High Resolution MS-Selected lon Monitoring '

Sample Sensitevity RCV{QC Conc) QC Range
Remifentani| Blood | 0.1 ng/mlL 3.7% (80ng/mi) -14.0% (0.20ng/ml) 0.2-200ng/mi
GR90291 Blood tngimL 5.6% (40ng/mi) - 6.5% (80ng/mi) 4.0-80ng/mi
Alfentanil 1ng/mL 4.4% (500na/ml) - 9 5% (2 Sng/ml) 2 5-2500ng/mi

Labeling Ciaims From Study Btood-brain equitibration half ime 1s 1 1 min which 1s simdas to alfentanil and
more rapid than fentanyl or sufentanil.  Remifentanil is approximately 17 times more potent than alfentant
({blood concentration blood concentration)

s




Study 104 - EEG Spectral Analysis Study in Volunteers

Conclusions: Remifentanil infusion rates in excess of 2mcg/kg/min produced loss of conscious
response to an auditory stimulus and maximal EEG slowing within 5-10 minutes of starting the
infusion in healthy subjects. Doses of 1-8mcg/kg/min were infused for 20 minutes without serious
adverse effect. Using the EEG as @ measure of opioid effect, the temporal delay in drug effect
associated with changes in arterial remifentanil concentrations was very short (t% keg=1.110.9
{meandtsd] min) and remifontanil was 17 times more potent than alfentanil (Cse=2015 and 348115}
[meantsd] ng/mL, respectively). Young female subjects did not show a statistically significant
difference in pharmacokinetic: or pharmacodynamic parameters whn compared to male subjects.

Investigator:

Purpose: The study was conducted in three parts. The specific objectives of each part were as
follows: Part I, Determine the rate of remifentanil administration to produce maximal EEG slowing
within $-10 minutes of starting the infusion. Part II, Compare the pharmacokinetic and
pharmacodynamic parameters of remifentanil to those for alfentanil Part IO, Compare the
pharmacokinetic and pharmacodynamic parameters determined for remifentanil in femaiie subjects to
those in male subjects.

Study Design: Part | was an unblinded single-dose, dose-ranging study conducted in 10 healthy mal

subjects. Part 11 was a randomized, two-period, crossover comparison of remifentani! and alfentan.
in 10 healthy male subjects. Part [1I was a single-dose study of remifentanil conducted in 10 healthy
female volunteers. The remifentanil infusion rate used in Part [1 (3mcg/kg/min) was also used in Part
I

Demographics: 30 healthy volunteers, ASA status I, male and female, aged 18-40 years

Anesthesia Protocol; Glycopyrrolate, 0.2mg (to prevent bradycardia) and pancuronium, 0.5mg (to
prevent muscle rigidity) were given | minute before opioid administration. Succinylcholine was
infused if muscle rigidity prevented adequate ventilation. Remifentanil (1-8mcg/kg/min) was infused
for up to 20 minutes and alfentanil (1500mcg/min) was infused for 10-16 minutes.

Results: Table of Primary PK/FD Results, All Subjects n=30, Mean1SD
1

Part n ICJI twr k..’ I 7‘ cre VC'.I V-Tj
PK/PD | (ng/mL) _{min) (mU/min/kg) (mLfkg; _(mL/g)
[ 10/8 16£16 | 1,411.2 3.042.4 3715 98119 349165
I-REMI 10110 2045 0.840.5 48123 3615 102428 280170
-ALF 10010 | 3481151 | 0.840.8 6.824.7 4.7 66120 416164
1l Female 107 1515° 1.2:1.0 2.6:11.6 4848 103131 3801243

* Evaluable subjects for PK analysis or P analysis.

3 Concentration required 1o produce hall mmdmal EEG 3ffect (ICsw) Two-sampie t-dest, p=0.4. Famale n=7 vs Males (Part | andt Il) n=28
’Hd-&mluhihEEGM(t.g . No differsnca between groups. * Sieeprass parameter {7), No difference betwesn groups

$ Cisarance (Cl) * Central Volume (V) ' Steady-state Volume (V) * €l and Vc were posltively corratated with total body weight, while Vss was
nol. Norwe of the parameders were significantly related to gender when adiusted for differsnces in weight

No serious adverse events or death< occurred during this study. i
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Report UCP/95/021

USA-216
USA-216
Pharmmacokinetic Study Summary
NDA # 20-630 Submission Date: 9/15/95 Volume:88-94

tnvestigator: Donald R. Stanski, MD.
Site: Stanford University Medical Center
Stanford, CA 94305

Single Dose:_ X _ . Multiple Dose:

Subjects: Normal: X. Patients: ___ Young:.___ Eldery:_ X .
Hepatic:_. Renal: ___.
Cross-Over. . Parallel: _X . N=150_ M=29 F=21

Subject Type: Middle-age and eldery volunteers

Subjects aged 40-65yrs were categorized as middle-aged and subjects >65yrs were categorized
as elderly

Age Group
Middle aged males (N=18) Elderty males (N=11) Middie aged females (N=8) | Elderly famales (N=13)
Age 513489 T2.544.3 539478 76.744.8
{yrs) 40-64 66-81 41-63 71-85
Weight 81.a:104 80.74126 66.7413.8 63.64102
{kg) 66-106 62-100 45-90 48-87

Treatment Summary

Remifentanil Infusion (Lot # CS-USA1008)

Infusion rate 3pg/kg/min until one or more of the {ollowing occurmed:

e« maximal slowing of the EEG (delta wave)

« infusion duraticn reached 20 minutes (60ug/kg)

« mean arerial pressure decreased >30% for >1min or hean rate decreaser, <50bpm for >1min

Sample Strateqy:

Arterial samples were collected prior to, duning, and after the infusion for analysis of remifentanil
and its metabelite GR80291.

]

EEG (speciral edge) was used as a measure of the pharmacodynamic effects of remifentanil.

Assay Method:

GC-High Resolution Mass Spectrometry-Selected Inn Monitoring

Sample Sensitivity Site %CV (GC Conc) QC Range
Remifentanil Blood 0.1 ngfmt 4 4% (5ng/ml) -8.7% (0.25ng/mi) 0.25-80ng/ml
GR90291 Blood ing/mL 3.9% (180ng/mi) - 11.0% (4.0ng/ml) | 4.0-180ng/m|

Labeling Claims From Study: The initial loading/maintenance infusion doses of remifentanil should

be reduced in elderly patients and then carefully titrated to the individual patient needs

t_rd

LB



Study 216 - Pharmacokinetic and Pharmacodynamic Study in Middle Age and
Elderly Volunteers

Conclusions: No gender differences in remifentanil clearance, steady-state distribution volume,
and half-lives were evident between middle age (40-65yrs) and elderly (>65yrs) subjects, but a
moderzte reduction in central compartment volume was noted in females compared to males.
The AUC, Cmax, and terminal t;,; of the principal metabolite, GR90291, was increased in
elderly subjects compared to middle-age subjects, and females had an increased AUC and Cmax
and reduced terminal t,; compared to males. Using EEG spectral edge, no gender differences
in remifentanil’s ECso and keO were observed, but the ECs and keO were lower in the elderiy
compared to the middle age subjects.

Integrated regression analysis of the data from this study and that from an identical study in
young healthy subjects showed that the pharmacokinetics and pharmacodynamics of
remifentanil change with age. Based on an overall assessment of the magnitude of the age-
related changes, it is recommended that the initial doses of remifentanil be reduced by 50% in
patients over 65 years of age and then carefully titrated to the individual patient need.

Investigators:

Purpose: 1) to charactenize the pharmacokinetic and pharmacodynamic (EEG) profile of
remifentarul and its primary metabolite (GR90291) in male and female subjects 40 years of age
and older, and 2) to conduct an integrated analysis of the effects of gender and age on the
pharmacokinetics and pharmacodynamics of remifentani! in subjects aged 20-85 yrs.

Study Design: Single-center, open-label, parallel study in middle-aged and elderly subjects

Demographics: 50 subjects - 26 middle aged (40-65yrs, 18 male/8 female) and 24 elderly
(>65yrs, 11 male/13 female)

Anesthesia Protocol:  Premedication: Glycopyrrolate, 0.2mg (for bradycardia) and
pancuronium, 0.5mg (for muscle rigidity) were given | minute prior to opioid adminisiration.
Induction/Maintenance: N/A. Other: Succinylcholine was infused if muscle ngidity prevented
adequate ventilation. Remifentanil (3mcg/kg/min) was infused for up to 15 min.

Results: Table 1. Pnncnple PK, PD and Safety Results, (N = 35) Values are Mean + SD

Subjects n' ECs | tuz Keor Y - V™ Ve
PK/PD | (ng/iml) {min) {mLfmin/kg) (mLikg) ml/h
MA Male 11110 1214 1.8:09 | 47445 3247 651136 206173
MA Fem 6/6 1648 161207 | 25420 3315 52127 187433
Eld Male n 813 28415 | 3.1216 3144 74126 196442
Eld Femn 11/1% 915 1.640.7 | 4.324.0 3016 54413 160134
Safety Middle Age Male | Middle Age Femaie | Elderly Male | Elderly Female
n=18 n=8 n=11 n*1}
Any Adverse Event 15 (83%) 8 (100%) 9 (82%) 13 (100%}

‘Emmhpxmumm
mammmm(ec,.pnom tip kel p=0.02, CL p=0 40, V¢ p=0.92, Vss p=0.I31)
* Campanson of males and females (ECy p=0.22, Ly keO p=0.09, CL p=0 81, Vc p=0.01, Vss p=0.13)

No senous adverse events or deaths occurred during this study.
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tion (ng/mi)

Remifentanil Co...¢

]
100.00
10.00 -
1.00 -
0.10 j‘
Ty T B T T
0 20 40 60 80 100 120
Time (min)



GR90291 Concentration (ng/ml)

100.00

10.00

1.00

Individual GR90291 Concentration-Time
Profiles for Elderly Subects

| .| I_l -

I I I ’ I
60 120 180 . 240

Time (min)

300




URA-216
Table 33

Individual Mormalized AUC™ Valwes vith Sumsary Statistics

Middle (40-653) Ridezly (> &5)

Ffamale Male Female Male

Sub). Age Sub). Age Buby. Age Subj . Age
Geo. Lixsan 2043.24 23123) .40 3924 74 3171.20
Arith. LSMean 28073 .42 234 40 4013.23 3274 .12
Madian 2740 .55 2379 &8 1992 67 3429 05
Hinimus 2450 .84 1%9@ 23 2919 .5¢ 1987134
Haxtimum 3804 52 3055 .00 5652.2¢ 4703 .82
Arith. Mean 28673 .42 2364 40 4013 .23 3276.12
5% CI (lower) 24137.35% 2162 .36 3441 .17 2668, 27
958 CI (upper) 330929 2%67.00 4583.09 388> .90
&0 471.29% 393 S0 %6 .09 049 .72
v 16 .40 16 64 22.3% 25 . %4
GeommtIlic Mean 2043 . 2¢ 2331 40 IN2¢6 .74 3171 .20
#5358 CI (lowver) 2466 93 2129 .0) 3420 .1y 2405 .1)
838 CI (upper} 3277.42 2353 .45 4503 .62 A86C .32
Mean of logs 7. 95 7.7% 8.28 9. 0¢
D of logs .15 0 18 0.22 0.27

Lsasan = Lease Square Mein, adjust for design imbalance if presant
CI = confidance interval
0 = Standard deviation
SCV = parcent coefficlent of varlation

Values normialized to a Imcg/kg remifentanll dose

BIOISTAT _CP- (D00000 USA UN\‘I!UWY_TM_HOMT.N 07/20/93



Table 54

Individual Mormalited Cmix Values with Summary Statistics

Ushk-216

Middle (40-45)

Rlcariy (> €9)

Feamile Hale Famile Male
Suby . Age sSubj. Age Subj. Age Subj. Age
Geq LSHean 25.52%% 18 1096 30.6333 20.581 ¢
Arith LSHean 25 6BA) 18 3447 311019 20.8220
Madlan 25 6410 19 0412 29.1029 19.7746
Minisum 21 6801 13 7002 24.155) 15. 4404
Haximum 29 %410 23 9%2% 45.4102 27.7487
Arith mean 25 §00) 180 3447 3l1.101% 20.9228
#3538 ClI (lover) 221 . 80%7 14 9093 27.0131 17.940)
5% CI (upper) 28 3706 1y 8002 153487 23.3024
D 3 1168 2 9864 §.55801 4.1458)
oV 12 130 16 279% 21 0316 19.9080
Geometric Mman 25 5258 g 1094 30 6339 20.561¢
954 CI (lower! 22 0011 14 6194 27.1427 17.8759
3% C1 (upper) 20 5758 1% 7347 34 5720 23 4500
Haan of logs 3 23?7 2 0964 J.az2l 3.0234
&D aof logs 0 1220 C 1671 0.1904 0.1957
L.3mman Laase SQuare Mean, adlust for deasign imbalance 1f present

-
Cl = confidance interval
= Standard deviation

| Tma

percent cowfficient of vaciation

Values normalized to a Imcg/kxg ramifentanil dose

BIOISTAT_CP (000000 UIA USAZ16)SUMGMARY _TAS_NORMMIT 3AS 07/20/93
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Table 31

individual Reaifantanil Vae (BL/kg) Values with Summary Statistics

USh-21¢

Middlae (40-65)

Eiderly (> &%)

Fanale Maie Famale Kale
ub). Age sSubj. Age Subj. Age Suby. Age
Jeo. LSMean 104 . 241 194.498 137.233 191 .440
Arith. L3Mean 1865.0863 206.093 160.419 195,300
Madian 195.377 190.675 157 . 687 184.21%
Minimum 139.550 135%5.355 i12.102 135,147
Maxlmmam 223.040 373,325 222.412 252.9%09
Arith. MHean 106.863 204.0%) 160.419 1¢5. 500
258 C1 {lower)} 151 .993 157.014 137.709 156.300
#5% CI (upper} 221.733 25%.17) 183.129 2u4 . 699
D 3).227 731.05% 33 805 €2.385
cv 17 782 35 . 447 21.073 21.680
Gwomatric Mean 184 243 196 . 498 157.23) 191 . 460
3% CI {lover) 151.353 159.518% 136.501 155,780
3% CI (upper) 224 .2717 242.056 181.073 215. 300
Marn aof logs 5.216 5.281 5.058 5.255%
&> of logs C.i87 ©.310 0.210 0.22)
Limean = Lasast Square Hean, adjust for design imbalance if presant

CI = confidance interval

£D = Standard deviation

YOV = parcant cosfficient of varia'ion

BIOIITAT ui'. (000000 . USA . USAZ16)SUMMARY TAB PK SAS 04/09/9%



Table 52

Individual Remifentanil CL (aL/min/kg) Valuws with Summary Statistics

UsA-216

Middle (40-65) Eloaarcly (> &5)

Female Hale Female Hale

Sub). Age Subj. Age Subj. Age subj .

Age

Oac. LSHaan
Arith. LiMean

Madian
Mnismun
Maimum

Arith. Mean
#5358 CI (lower)
#5358 CI (upper)
8D

cv

Geocastric Hean
#3% CI (lowver)
95% CI (upper)
Maan of logs
D of logs

32.2712 30 8504 29.4303
32.528C 31 5822 29.9085
30.4530 31 o070 28.6313
208.)449 22 1014 21.%581
38 . 4608 46 3441 36.0%24
32.52ec J1 5e23 29.9085
27.7294 26 5861 26 1413
37 .326¢ 36 5785 33.6757
4.572s T 4369 5.6076
14.0573 23 5477 18. 7492
32.2712 10 B504 29.4303
27.9621 26 5490 25.9241
37,2444 35 A487 33 . 4106

.44 3 429 3.382

0.11317 0.224 g.189%

30.

3.

29.

24

4.

30.
26.
4,

12.
30.

26
34.

2402

L1111

3y
L1872
8515

4669
9825
0312
L8756
7208

2482
7977
1429
3. 409
0.1

LaAmean
CI
3D

v

= Least Square Mean, adjust for desigh imbalance 1f present
= confidence interval

= Etandard deviation

= psrcent cosfficient of variation

SIO,STAT_CT:[000000,USA.USA216ISUHMARJ_TAB_PK SAS 04/09/95



Table 68

Overall Summary of Remifentanil individual Pharmacodynamic Parameters

Subject

EC50
(ng/mL)

Emax
(Hz)

EO
(Hz)

Gamma

Ke0
(min-1)

1172 Ke0 |
(min)




Table 62

USA-214¢

Individual Rasifentanil ECg, (Rg/ml) Values with Summary Statistics

Middle (40-65)

Rldarly (> 65}

Female Hale Female Hale
Subj). Age Subj. Age Sub). Age fub). Age
Gwo. LBMaan 14.1732 10.86801 8 .0452 9.0660
Arith. LSHean 15.6244 11.675% 9.1012 9.447%
Wadd an 12.307 12,4924 7.4319 $.2211
Minimum §.9947 5. 6459 3. 5027 4.8148
Marlmum 26.8905 17 _B64E 10.1612 12.2956
Arith. Hean 15 6244 12 .6759 $.1032 8.4475
958 CIl (lowar) 7.52) 4. 549% 5. 8928 5.0899
25% CI (uppar) 23.72587 14.08019%9 12.3099 10.9052
5D 77196 4.3698 4. 77462 2.6572
cv 49. 4076 37.4257 52.478¢ 31.4549
Geomatric Mean 14.1732 10.8801 8.0452 8.0468
#3% CI {(lower) 8.53918 a.1270 5.6662 5.121
234 CI {upper) 23.3749 14 . 5638 11.4230 11.0067
Hean of logs 2.651 2.367 2.085 2.088
8D of logs 0.477 0. 408 0.522 0.336
L3mean = Least Jquare Mean, adjust for design imbalance i1f present
Cl = confidance interval
8D = Standard deviation

ACY ™

pearcent coefficiant of variation

BICSSTAT_CP: {000000 UIA USA216)SUMMARY TAB_POD. SAS 04/09/95



Table &3

Indivichial Remifentznil "lar (Hz) Values with Summary Statistics

UAA-218

Middle (40-65) Rldaarly (> 65)
Famale Hala Famale Male

Buc). Age subj. Age Sub). Age 3ubj . Age -
Gao. LiMean 14.9157 17 2612 13 %650 14.9818
Arith. LSMaan 15.30%6 17 4094 14.2054 18 .708%
Madl an 14.2429 16 523% 14.1467 14 4028
Minimum 11.080826 13.8208 9.3675 10.8308
Maximam 22.0974 21.6167 19.4550C 24 .9477
Arith. Mean 15 3056 17. 4094 14.2854 15.7086
254 CI (lower) 11.1482 1% 6818 12.1794 10.66F1
958 CI (upper) 19 46231 19 137N 16,3915 20.7480
D 3.961¢6 2 4151 3.1349 5.448%
v 25.8833 13.8724 21.9446 34.6877
Gacmetric Mean 14.91%7 17 2612 13.9850 14.9810
54 CI (lowar) 115447 15. 6441 11.9998 11.0885
958 CI (upper) 19.2712 19. 0454 16.2522 20.2422
Meaan of logs 2. 702 Z.048 2.617 2.707
8D of logs 0.244 3.138 0.226 0.32%

LSnean = Least SqQuare Mean, adjust for design imbalance 1f present
Cl = confidence interval
fD = Standard deviation
ACY = percent <oefficient of variation

BIOSSTAT_CP: [C00000. USA USAZ1§ JSUCARY_TAB DD . SAS 04 /09/95%



Table 64

Indivicdual Ramifentanil P, (Hz) Values with gummary Statistics

USA-216

Middle (40-435) Rldasrly (> €3)

Famale Male Famale Male

aub). Age Sub). Age Sub). Age Sub). Age
Gec. LiMean 20.0470 12 .681% 20 . 8219 21._37e0
Arith. LSHean 20.94%7 22.83%8 20.8737 21.6208
¥Hadian 21.022% 22_759¢ 20.7372 21.5828
Minimue 17.3780 17.4090 17.80%94 16.5044
Maxlmaim 24 .0071 2¢€.9317 23.4945 26.5048
Arith. Msan 20.94%7 22._8398 20.84777 21.42008
5% CI (lowar) 168.598¢ 2C 91616 19.8112 18 3656
2583 CI (upper) 23. 3009 24 .08179 Z1.9442 24.8920
aD 2.2404 a TES53 1.5075 3.5204
cv 10. 6940 1:.1075 7.6039 14.3132
Oecamatric Hean 20.8470 2:.6019 20.8219 21.317488
838 CI {(lower) 10 5825 20.7285% 19.7705 10,3421
58 CI (upper} 23.387%4 24 . 0109 21.9282 24 9184
Mean of logs 1.037 3.122 3.03¢ J.os2
2D of logs 0.110 0.126 ©.077 0.166

Leaast Square HMean, adjust for dasign lmbalance if pressnt
confidance interval

Standard deviation

parcent cosafficiant of wvariation

0
-
ne s

BIOSITAT_CP: (000000 USA USAZ16]IUMMARY_TAB_PD SAS 04/09/9%
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Table 45

Indivicdual Remifentanil Gamma Values with Summacy 3tatistics

URA-216

Middlie (40-45)

Klde:ls (> 63)

Fenale Hale Female Male
sSuby . Age suby. Age Subj). Age Subj). Age
Geo. LSMean 2 4021 34351 3.1795 2 71404
Arith. LSHMean 2. 9094 4. 71717 q.20351 3.09072
Hedian 1.9392 2.7202 2.2148 2.7.47
Hindsas 1.1258 1.151% 1.3145 1.2048
Maxiwmum 5. 8291 15. 7445 3. 3787 5.8%68
Arith Mean 2.9094 4.7 4. 2851 3.0972
#5% CI (lover) 0.8019 1 50%3 1.6045 1.4077
#5% TI (upper) 5.0168 7.9261 6. 4650 4.5068
8D 2.0082 4 4850 3 9302 1.86106
v 69 0252 95 0886 3.1162 2.0019
Geometric Mean 2.4021 3. 4351 3.17%5 2.7684
#5% CI (lower) 1.1821 1.9344 1.9108 1.7240
5% CI {uppern’ 4._8405 €.1000 5.2691 4. 4454
woan of logs 0.876 1.234 1.1587 1.018
8D of logs 0 668 o.ac0d 0.752 0.512
LSmean = Laast Square Mean, adjust £Or design imbalance 1f present

Cl « confidance intervil

D =« Standard deviatlion

ACYV « parcent coefficient of variation

BIOISTAT_CP: [00NC00. USA USAZ16) SUMKARY _TAB_PD.BAS 04/0%/9%



USA-214
Table 8¢

Intividual Remifentanil Koo (min“l) Vslues cith summary statistics

e -~

Micile (40-65) Elaerly (> &€5)
Famale Kale Female Hale
Sub) Age Subj). Age Subh). Age Sub). Age
Gao. LSMean

Arith. LSkaan 0. 51302 0. 44694 039454 0.2914%
0.53689% 0.4510¢ 0.41096 0.20332
Mintesas 0.27690 0.18446 0.22169 0.11400
s h G.913%4% 0.59404 0.59530 C.43855
Arith. Mean 0.%150z 0. 14494 0.39654 0.2%149
$54 CI (lower) Q.30470 ¢, 3273) 0.31136 0.1%8313
938 CI (uppar) 0.72513 C. 56654 C.48191) C,.38¢E6
0 20042 0.16720 0.12709 0.10Q074
389137 37.40%4¢ 32.0492 34 . 5509

Gacmatric Maan
#5% CI {(lower)
858 CI (upper)
¥ean of logs
£ of logs

Least Square Maan, adjust for design imbilance if pressnt
confidence interval

Standard deviation

parcant ccefficlient of variation

cI

[ =

BICISTAT_CP: {ON0000 USA USAZLE) fUMMARY TAB_PD SAS 06/09/95
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Table €7

Individual Keo Half | fe Values with Summary Scatiatics

OSA-2146

Niddle (40-6€5) Tldarly (> €3)
Female Male Fansile Male
Subj. Age Suby. Age Subj. Age Subj. Age
-~
Geo. LSMean 1.44071 1.€6806 1.083932 2.54046
Arith. LSHesn 1.54833 1.01500 1.94348 2.77645
Hedian 1.30430 1.5393¢€ 1.68665 2.44656
Minisum C.85197 0.99872 1.16438 1.5805)
Maxismim 2.50250 3.15763 3.12664 5.87551
Arith. Mean 1.54833 1.281500 1.94348 2.77645
258 CI (lowar) 0.8€370 1.20870 1.47454 1.41658
958 CI ‘upper) 2.23295 2.42129 2. 41242 4.13631
j:3¢] 0.65238 0. 04754 0.6%803 1.47037
cv 42.1343 46 6965 15 . 9164 52 9586
Geometric Mean 1.44071 }.66806 1.83933 2.54046
958 CI {lower} 0.9337%¢ L 43529 1.46C63 1.71651
958 CI (upper) 2.22290 2.55246 2.31621 3. 75992
Hean of logs 6.36514 C.51166 0.60940 0.93235
50 of logs 0.41325 0.41987 D.34315 0.4239)
Limaan = Laass Square Mean, adjust Jur dasign imbalance if presant

Cl = confidencs interval

5D = Standard deviation

ACV = percant ccafficient of variation

BIOSSTAT CP.[000000 OSA USAZ16)SOMMARY_TAR KEOHL.SAS 07/21/9%



UCP/e5/021
USA-216

The following plot shows that clearance decreased with increasing age of subjects (p<0.0001).

Relstionship betwesn Remifentand!

Clearance (CL) and Subject Age
™
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The following plots show that remifentanil steady-state volume of distribution and central
compartment volume decrease with increasing subject age (p<0.0001)

Relationship between Remifentanil Stsady-State
Volume (Vss) and Subject Age
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A significant relationship between remifentani! pharmacodynamics and subject age was also
observed.  The following plots show s age-related decrease in spectral edge EC,, (p<0.000}),
equilibration rate constant keg (p<0.0014), and the equilibration half-life 1,, keQ (p<0.0001}

Relationship between Remifentani ECgg tor
Spectral Edge and Subject Age
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Relationthip between Remifentanil Equilibration Half-Life
(t172 keO) for Spectral Edge and Subject Age
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10.4. Context Sensitive Half-Time

The time for 2 50% reduction in the effect site and blood concentration of remifentanil following
a CACI-simulated infusion was deteiinined for the young (UCP/94/018), middle-age, and elderly
subjects Figures 28 and 29 show the context sensitive half-time based on the concentration of
drug ‘n the effect site and the blood, respectively, for the young, middle-age, and ciderly subjects
(see below). The context sensitive half-time in blood is consistent among the three age groups,
whereas an apparent increase in half-time with age is noted for concentration at the effect site

L3 Bood Concartration

Duratson of infusian i) Ouratton of infusion {rrirg

REMIREP \2 1LSA2YE DOC s



Study USA-219P (UCP/95/026)
Phamacokinetic Summary
NDA ¥ 20620 Submission Date: §/15/895 Volume 86/96
STUDY TYPE Pedalric Population

Investigator

Site
Single Dase. XXX . Muftiple Dose:
Subjects

Normal ___ Patients: XXX Young _ . Elderty. .
Impaired Mepatic __ Renal ____
Cross-Over ____ Parallel XXX N=23 M=16 ¥F=17

Subject Type Pediatric male and female patients

Age Group
2.0p = 712y
N 13 10
Gender maleffemale 7% o
Age (yTs) 37110 (26 9511 R(7-12)
Weiglit (kg) 15.2 £ 3.0 (11-21) 3344 125(57-58)

Treatment Summary

Treatment

Remifentanil, Zero Qrder IV tnfusion, Infused for 1 minute
Rate 5 pg/kg/min was administered to all patients

Lot # CS-USA10008

Sample Strategy

Astenal Blood Samples FPror to dosing, at the end of infusion (1min), and at 2, 3, 5, 10, 20, 30, 45, 60, 90,

120, 180 and 240 munutes after the start of the infusion

Assay Meihod

Remifentanil (blood/uine): GC-High Resolution Mass Spectrometry-Selected ton Monitoring

GR90291 (blood): GC with mass selective detection (GC-MSD)
& Sample Senstivity Site %CV (QC Conc) QC Range
Remulentanl Bload { 0 1 ag/ml 4 9% {BOng/mi) -10.6% (D.25ng/ml) 0. 25-80ngim|
GRS0291 Blood ng/mi L 3.3% (180na/ml} - 8 3% (4 Ong/ml) 4 0-180ng/ml

Labeung Clawns From Study The pharmacokinetics of remifentant were similar in children aged 2-6 and 7-

12 years old and consistent with previous studies in adults

o
I~



Study 219P - Pediatric Pharmacokinetic Study

Conclusions: The mean clearznce and volume of distribution of remifentani! were similar
between 2-6 year old and 7-12 year old patiers (55.7420.zmL/min/kg and 5501808mL/kg in
2-6 year olds and 37.6213.4mL/min‘kg and 3394217ml/kg in 7-12 year olds, respectively).
No differences were observed in elimination half-lives (19.7436.2 and 13.71£12.1 min in 2-6
and 7-12 year olds, respectively) between the two groups. AUCq, Cyax and elimination half-
" life for GR90291 were also similar between the two groups. Mean systolic and diastolic blood
pressure and heart rate showed 2 noticatle drop below baseline during and immediately
following remifentanil infusion but rapidly returned to baseline within 10-20 minutes.

Investigators:

Purpose: 1) to determine the pharmacokinetics of reriifentanil in pediatric patients; 2) to
evuluate the safety of remifentanil in these patients.

Study Design: Two-center, open-label, parzliel study in two age groups (2-6 years and 7-12
years) of pediatric patients Remifentanil was administered as an single dose intravenous
infusion over one minute.

Demographics: 23 patients (2-6 year olds:13; 7-12 vear olds:10), male and female, ASA
status I-III, scheduled for elective inpatient surgery. While the study was initially designed to
recruit 16 patients (8 patients per group), the protocol was amended to allow enrollment of
additional patients due to technical difficulties with sample analysis.

Anesthesia Protocoi: Premedication: Oral diazepam (0.1-0.2mg/kg), oral midazolam (0.3-
1mg/kg), intranasal midazolam (0.2-0.4mg/ky) cr intravenous midazolam (0.02-0.1mg/kg)
administerec within 75 min of induction of anesthesia, as necessary. Induction: Patients
receives halothane and nitrous oxide in oxygen or intravenous thiopental (50-300mg/kg) for
induction. Pancuronium or vecuronium (0.1mg/kg) were administered intravenously to
facilitate intubation. Following intubation, remifentanil (Spg/kg/min) was infused over one
minute, Maintenance: Isoflurane and nitrous oxide. Ventilation was adjusted to maintain a
PaCO, of 35-40ramHg and body temperature of 235°C.



Table of Principle PK and Safety Results, All Patients (N = 23)

Values are N (% Total} or Mean + SD

2-6 Year Olds _ 712 Year Olds
Pharmacokinetics o
Remifentanil N=8 N=5
L (mLiminvkg) 5573 £ 20.28 3763+ 13.38
Vde (Ml/kg) 550 + 808 339 + 217
hetiz (min} 19.72 + 36.19 13.71£ 1208
GROO291 N=11 N=8
AUC= (ng-mL/min) 740 + 220 1068 + 673
Com (Ng/mL) B8.14 + 1.89 9.54 + 4.07
Aeti2 {min) 90.46 + 25.93 106.6 £+ 48.75
Safety N=13 N=10
Any adverse event f {62%) 8 (80%)

Seven 2-6yr old patients and eight 7-17 yr old patients experienced mild/moderate adverse
events. One patient (three year old) experienced two serious adverse events post-operatively
(decreased post-operative brain stem function and a perforated duodenal ulcer) that were

unrelated to study drug.

bt
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Study USA-227 (UCP/95/025)
Phamacokinetic Summary

NDA # 20-630 Submission Date: 8/15/95 Volume 102-104
investigator
Site
Single Dose_ XXX . Muttiple Dose: _ .
Subjects:
MNofraal . Patients: XXX Young . Eldery:
Impaired Hepatic: . Renal__
Cross-Over: . Parallel: X000 N=24 M=8 F=16

Subject Type: Obese Males and Females, and Matched Controls

I Obese Control
N 12 12
Gender maie/female 48 4«8
Age (yrs) 38.2 482 (29-54) 383167 (30-53)
Weight (kg) 152 £ 30(11-21) 3344125 (17-58)_|

Treatrment Summary

Treatment

Remifentanil, Zerc Order IV Infusion, Infused for 1 minute.

Rate 10 pg/kg/min was administered to first 2 obese palients then dose was reduced to 7.5 pg/kg/min)

Lot # C3-USA10008

Sample Strategy

Arterial Blood Samples. Pnor 1o dosing, at the end of infusion {1minute), and at 2, 3, 4, 5, 7, 8, 10, 12, 13,
20, 25, 30, 40, 60, 90, 120, 180, 240, 300 and 360 minutes after the start of the infusion.

Assay Method
Remifentanil (blood/unne): GC-High Resolution Mass Spectrometry-Selected len Monitoring

GR90291 (blood): (GC with mass seleclive detection (GC-MSD)
Sample Sensitivity Site %CV (QC Conc) QC Range
Remifentanil Blood | 0.1 ng/mL 4. 8% (5ng/ml) -11.9% (0.25ng/mi) 0.25-8.ng/m!
GR90291 Bilood 1ngimL 4 8% (75ng/ml} - 10.1% (3.0ng/r1) 1.5-750g/ml |

Labeling Ciaims From Study TBW-corrected CL, Vs and V., were significantly differa.! in the obese patients
compared to the matched control patients; however, IBW-corrected CL, Vi and V., for the two groups were
similar Remifentanil should be dosed based on IBW rather than TBW in obese patients



Study 227 - Pharmacokinetics in Obese Patients

Conclusions: The mean clearance and volume of distribution (corrected for total body
weight, TBW) for remif=>ntanil were significantly different between obese and control patients
(27.7mL/minkg and 146ml/kg in obese patients and 42.4mL/min/kg and 217mlsag in
matched controls, respectively). Pharmacokinetic parameters showed better correlation with
ideal body weight (IBW) than TBW in obese patients, suggesting that dosing based on IBW
may be more appropriate in grossly obese patients. No differences were observed in
elimination half-lives (6.97-7.50 min) between the two groups. Dose-normalized AUC,, and
Ca.. for GR90291 were higher in obese patients than controls. Systolic and diastolic blood
pressure and heart rate showed a noticable drop below baseline during and immediately
following remifentanil infusion. Values rapidly returned to baseline in control patients but
showed a more gradual return to baseline in obese patients.

Investigators:

Purpose 1) to compare the pharmacokinetics of remifentanil in obese surgical patients to
control, non-obese surgical patients; 2) to evaluate the safety of remifentanil in thess patients.

Study Design: Single-center, open-label, parallel study in obese versus control patients.
Remifentani! was administered as an sinigle dose intravenous infusion over one minute.

Demographics: 24 patients (12 obese and 12 control patients), aged 29-54 years, male and
feinale, ASA status I-IT1, scheduled for elective inpatient surgery. Obese patients were defined
as >80% over ideal body weight (IBW), while contrel patients were defined as within 25% of
IBW Obese and control patients were matched for age, height, race, gender and ASA staius.

Anesthesia Protocol: Premedicaiion: Midazolam (0.5-3mg I'V) was administered within 2
hours prior to surgery, as necessary. Induction: Patients received intravenous thiopental (3-
Tmg/kg) for induction. Vecuronium (0.075-0.imgkg) was administered intravenously to
facilitate intubation. Following intubation, glycopyrrolate (up to J.5 mg) was administered
intravenously followed by remitentanil as a 1-minute infusion. Three obese patients received a
dose of 10mcg/kg remifentanil and the remaining patients received 7.5mcp/kg. Maintenance:
66% nitrous oxide in oxygen with supplementation with isoflurane as needed

Results: Table of Principle PK and Safety Results, All Patients (N = 24)

Obese Patients (N = 12} Contral Patients (N = 12)
Pharmacokinetics Mean t SD
Rernifentanii
CL (TBW) (mU/min/kg) 277272 424275
CL (IBW) {(mL/misvkg) 5642127 494492
Vu (TBW) imLfminkg) 146 ¢ 55 217 £ 66
Ve (IBW) (mliminfig) 294 ¢+ 99 257493
Aztiz (Min; 7.50 ¢ 1.39 6.97 ¢ 147
GR90291
Comas (ng/mL )’ 171232 191417
AUC, (ngemin/ml)’ 276 + 53 214 + 39
Safety N (% Totat) N=12 N=12
Any adverse event 10 (83%) 12 (100%)

" Normalized to a dose of 1 lig/kg
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Study USA-204 (UCR/94/026)
Phamacokinetic Summary

NDA # 20830 SMMD&I::MSN@ ~ Volume 117122
Investinators -
Sites:
Single Dose: . Muttiple Dose: JOOC
Nommal:___ Patients: XXX Young___. Eiderty ___
Impared  Hepatic___ Renai:_ |
Cross- Over_ | Parallel: )O0X N=118 M=79 F=39
Subject Type: Aduit Inpatients
PART I Investigator Investigator ]
Remifentand Alfentanit Remifentand ANertanil
Low (N=13) Mid (N=8) High(N=7) (N=3) |Low(N=5) Mid(N=11} High (N=7) _ (N=3)
Gender
MT) &7 53 43 21 50 o2 &1 an
Age |4541£13.7 4331176 393162 290+106] 324 +82 375+109 37413 237112
{yrs) 2165 1863 20-63 31.51 2140 2256 27183 22-46

Weight { 7512155 735199 741115 7681161{8421187 7851133 772194 856162
(g} 55100 614864 514932 59004 | 6541128 60-100 645931 80922

_?ARTII Remifentani Alfentani
Low {N=18) Mid (N=O} High (N=18) (N=16)
Gender
(M/F) 108 63 &N 30

Age | 3461868 4081119 40.1:+139 3892122
(yrs) 1555 2257 2363 23-60
Weight | 743118 8251119 7794140 7354160
(kg) | 468109 663977 545100 50963

Treatment Summary

Remifentand or Alfentand, Zero Order [V Infusion, Infused for 1 minute plus continuous infuslon:

Rate: Remifentani
1mcg/kg bolus + 0.0125meg/kg/min cont nuous infusion , 1meg/kg bolus + 0.025meg/kg/min continuays infusion, 1mcg/kg
m.o.o&mgmymhwmwwm.tmmmoo.mwmmm1mmm+
0.3mog/kg/min continuous infusion, 1meg/ig boius + 0.6megkg/min coninuous infuskon, tmocgfkg bolus + 1meg/kg/min
continuous infusion, 1Mcgkg bolus + 0.04meg/kg/min continuous infusion. 1mecg/kg bolus + 1meg/kg/min continiuous
infusion, 1mog/kg bolus + 0.04meg/kg/min continuous infusion, Tmcg/kg balus + 0.1meg/Kg/min continuous infusion, o
1mocgikg bolus + 0. 4meg/kg/min continuous nfusion

Alfentand
ﬂmmbdus00.5¢mglkgfmhwﬁm:shlusim.4&ncmbdus*mwm«uirmxshruion.awmogmc
bolus + 0.7Smcg/kg/min continuous infusion,

Lot # CSLSA10008 *

m -
Arterial Blood Samples: Before intubation, widr inchsion, every 30 minutes post skin incision, at skin closure, spontaneous
respiration and 10, 30, and 60 minutes post infusion,

Remifentand: GC-High Resolution Mass Spectiometry-Setected lon Monitoring
GROO2%: GC/Tandem Mass Specirometry
Affertanil. GC-High Resohstion Mass Spectrometry-Selecled lon Monitoring

Sample Sensitivity Site %CV (QC Conc) QC Range
Remifentand Blood 0.1 ng/ml Trangle  4.5% (5ng/mi) -10.8% (0 2ng/mv) ©0.2-80ng/m
GrS0291 Bicod 0.Sng/mL Oneida 4.8% (TSng/mi) -15.9% (3ng/mi) 1.5-7Sng/mi
Alfertanil 1ng/ml, Triangle 4 2% (2500ng/mi) - 9.4% (2 Sng/mi) 2 5-2500ng/mi

Labeiing Claums From Study The pharmacokinetics of remulentanil in general surgical pabents under nitrous oxide/orygen
anesthesia were the same as those in healthy conscious volunieers

L2 5



Study USA-204 Dose Finding and Comparative trial of Remifentanil vs Alfentanil for
Anesthesia Maintenance

Conclusions: Remifentanil was safely and effectively used in patients undergoing general
anesthesia with N,O 66%. The pharmacokinetics of remifentanil in general surgical patients
were the same as those in healthy conscious volunteers. Potency ratios for intubation and skin
incision based on the EC; values of remifentanil and alfentanil were 49:1 and 521,
respectively. However, because of the wide confidence intervals on the ECso’s these values
should be interpreted with caution. '

Investigators:

Purpose: 1) To compare the efficacy and safety of remifzatanil with alfentanil when used
with nitrous oxide for maintenance of anesthesia and Z) To determine a dose response and
blood concentration-response curve for remifentanil for intubation, skin incision, and skin
closure.

Study Design: The study was conducted in two parts. Part I was an open-label, active-
controlled, dose-escalation design; Part IA and Part IB were randomized, dou ble-blind,
parallel-group design; Part I was a randomized, double-blind, active controlle¢ paraliel-

group design.

Demographics: One-hundred eighteen patients were ersolled in this study. Fifty-seven
patients completed Part I, and 61 patients completed Part II (including one replacement
patient). No patients were withdrawn from the study.

Anesthesia Protocol: Premedication: None

Induction. Propofol (2 mg/kg) was administered to praduce loss of consciousness.
After LOC was obtained, the patient was ventilated with 66% nitrous oxide in
oxygen by mask. Vecuronium 0.07-0.08mg/kg was administered for tracheal
intubation. A bolus dose of study medication was administered over a 1-rminute
penod, immediately after which a continuous infusion was started at a rate
descnbed below:

T Study initial Bolus | Infusion Rate
Part No.Patients No.Patients Medication _(meglkg) {mcg/kgimin}
e 4 remifentanil 1 00125
4 remifentanil 1 0.025
1A B 5 5 remifentanil 1 0.05
1 1 aifentanil 40 0.5
5 6 remifeatanil . 01
2 2 alfentanil 40 1.0 ]
1, 1A 3 5 remifentanil 1 03
3 5 remifentanil 1 0.6 _
[ 4 2 remifentanil 1 1.0

i ~
» F
i



——

The following dose schedule was administered in Part 11 of the study:

i Dose Study Initia! Bolus Infusion Rate
Tier No.Patients Medicstion mog/kg mog/kg/min
1 18 remifentanil 1 Low (0.04)
2 9 remifertanil 1 Medium (0.1)
3 18 remifentanil 1 High (0.4)
4 15 alfentanil 40 0.75

Maintenance: Following tracheal intubation, anesthesia was continued with N;O 66% and
the study opioid. Rescue anesthetics (propofol or isoflurane) were allowed if necessary.

Results: Table 1. Principal PK and PD Results

Values are Mean + SD

Part{ Part ll
PK
Remifentanil - N =39 N=40
CL (mL/min/kg} 40.04 (13.40) 33.66 (7.98)
Vi (mifkg) 101 {70.0} 86.99 (54.0)
Vs (MLXQ) 395 (328) 227 (108)
Ag iz {min) 15,11 {11.24) 9.54 (5.46)
Combined Parts { and 1|
Alfentanil N=20
CL (mU/mirvkg) 7.21(3.37}
Vi {mlLXg) 164 (120)
Vi (MLskg) 722 (380)
Atz (Min) 108 (87.78)
I Investigator 2
~_PD Remifentanil (N<67) Alfentanil (N=19)
ECs0.iasancn (Ng/mL) 2.04 1
ECs55 momon (ng/mML) 1.50 86.71

No deaths occurred and no patient was withdrawn from the study. No patients had muscle
nigidity. Three patients, two remifentanil and one alfentanil, had serious adverse events.



USA-220
Pharmacokinetic Study Summary

MDA # 20-630 Submission Date: 9/15/95 Volume 155-158
tnvestigator;
Site:
Single Dose: . Multipte Dose: :
Subjects:  Nomai: . Patients:.__X . Young: X. Eldery: :
Hepalic: . Renal: ___
Cross-Over.___ . Pajallel: X. N=_183 M=83 F=1%7

Subject Type: ASA i-lll patients for elective inpatient or outpatient sumge

CACI Targeted Remifeatanll Concentration Group {ng/mi)

Category Placebo o5 1 1.5 2 4 [ 1% 2
{N=26) {N=25) (N=2%) (N=24) {N=28) (N=2%) (N=24) (N=28) (N=13)
Female 11(42%) 1M{4%) |~ 935%) 10(42%)} 12(43%) 10038%) 7(29%) 11039%) 2(15%)
Male 15(58%) 14{14%) 11(65%) 14{58%} 16(57%) 16(62%) 17(71%}) 17{61%} 11(85%)
Aga Mean | 3851126 | 3721118 W.T7L11S | 4358142 425413 399412 39.4213.1 4092128 35141315
%) Rangs 161} Q0540 __@1-81) (\865) {19-65) {2064 _{19-64 {(19-62) {(13-63)
Wt Mean T2.5417.1 82145 T2 15 T2.41129 | 7581149 7494151 7291133 T2A2182 69113 ¢
{kg) Range (44-109) (54.2-120) | (S1.4-107.3) | (52-104) 51-120.9) (51-112.9) (50-96€.3) (47 .4-105; 47.6-96 4)

Treatment Summary:

Remifentanil: Computer-assisied continuous infusion (CACI)

Target Remifentanil Concentrations: 0, 0.5, 1, 1.5, 2, 4, 8, 16, 32ng/mL

Lot # CS-USA1008

Sample Strateqy:

Biood Samples:
concentration was achieved, just prior to skin itsision, and 2 minutes after skin incision

Assay Method:

Remifentanil was assayed using GC-High Resolution Mass Spectrometry (Triangle Labs)
Assay sensilivity 0.1ng/ml; Interday CV = 2.4% (80ng/ml) - 8.2% (0.25ng/ml); QC range = 0.25-80ng/inl

Phammacodynamic Measuremenis:

Response to endotracheal intubation and skin incision were recorded

Pharmacokineiic/Phanmmacodynamic Analysis:

Anterial samples were _ollected at 5 minules after stable end-tidal isoflurane

Logistic repression analysis was used to delermine the concentration of remifentanil that produces a

50% reduction in isoflurane MAC for response to intubation and skin incision.

was estimated using the remilentanil infusion rate and steady-state concentration.

Remifentanil clearance

Labeling Claims From Study: Remifentanil and iscflurane show a synargistic interadion. The clearance
of remifentanil is not altered in the presence of isoflurane.

™~



Study USA-220 - Miaimum Alveolar Coacentration (MAC) Reduction
of Isoflurane with Remifentanil

Conclusions: A synergistic interaction was observed bwteen remifentanil and isoflurane for
responses to skin incision. A 50% reduction in the MAC of isoflurane was produced by a
remifentanil concentration of 1.37ng/ml. The maximum MAC reduction over the
concentrations studied (up to 32ng/mL) was 91%. The clearance of remifentanil was not
altered by isoflurane.

Investigator:

Purpose:. (1) To determine the end-tidal iscfiurane concentration which inhibits movement in
50% of patients (MAC) at steady-state remifentanil blood concentrations, and to quantitate
the maximum reduction of the MAC of isoflurane with remifentanil

Study Design: Two-center, open-label, randomized study

Demographics: 220 ASA I-III male and female patients, ages 18-65, scheduled for elective
inpatient or outpatien! surgery

Anesthesia Piotocol: Premedication: None. Induction: A computer assisted continuous
infusion (CACI) device was used to achieve a target remifentanil blood concentrations.
Patients were ventilated with oxygen/isoflurane to induce loss of consciousness (LOC).
Maintenance: The initial patient ir each treatment block received a targeted end-tidal
1so{lurane concentration up to the time of skin incision. For subsequent patients isoflurane
was adjusted based on the previous patient’s response to SKI using the Dixon Up/Down
method. The patient was observed for 60 seconds and the response to incision noted. Two
munutes after SKI the infission of remifentanil was stopped.

Koralts: Table of Principal Pharmacokinetic and Efficacy Results

-

Remifentanil Target Concentration Isoflurane %RMAC Cilearance
Group (ng/ml.} MAZ (%) Reduction {mL/min/kg)
0 1.30 -
0.5 1.16 10 MT7(7.7)
1 0.79 39 346 (8.9)
15 063 52 34.0(10.6)
2 0.54 59 34.2(7.2)
4 0.36 72 308 {6.2)
8 0.25 81 28.0(5.1)
16 0.17 87 34.5(10.4)
32 0.11 91 34.29 (9.4)

N |



Study USA-205 (GGN/94/008)
Pharmacokinetic Summary

NDA # 20-630 Submission Date: 8'15/95 Volume 123-126
rvesticator
She:”
Singie Dose: Muttiple Dose: 200X,
Subjects:
Normal | _ Patients: 00X Young', . Elderty. .,
Impaed Hepabec Renal: |
Cross-Over Paraliel: 00X, N=120 M=55 F=65

Subject Type: Male and Female Patients Scheduled for Elective Inpatiend Surgery

Remifentanid Treatment Group (Premed. sTemazepam) Remifentand Treaiment Group (Premed . =Piscebo}
A B C () £ A B Cc D E
N 12 1" 11 12 12 14 11 W2 12 13
Gender
{MT} 5 8 219 6% s 86 56 w7 6% &7
441111 S1180 464401 432101 484113 | 462103 S0x74 43+ 81 41116 440212
(yrs) 27-62 TG4 29-61 29-64 1965 2563 42-65 27-56 258 2159
Weight | 601952 6964148 664994 7141213 TA71145|7394107 641108 717116 691873 6871909
(kg) 46-75 51.4-102 5384 47.8-86 54-96 55-92 48.5-100  485-100 S$7-100 5588
Treatment Sunwnary
Treatment

Each patient was randomised to receive elther 20mg lemazepam or placebo as premedication together with one of the following

five remifertand dose regimens:

Rate: Zero Order [V Infusion, Infused for 1 mirkde plus continuous infusion

2meg/kg bolus + 0.05mog/kg/min continuous infusion (Treatmenl Group = A)
4mcg/kg bolus + 0. 1meg/Akgmin continuous infusion (Treatment Group = B)

6mog/kg bolus + 0.25meg/kg/min continuous infusion (Treatment Group = C)
Bmeg/kg bolus + 0.50meg/kg/min continuous infusion (Treatment Group = D)
10mcg/Kg bolus + 1.0megMg/min continuous infusion (Trestment Group = E)

Lot # CS-USA100Q7

Sample Stategy

Venous Blood Sampies’ Prnor 1o inducton {baseline), induction +2min, intubation, incision, termination of infusion, infusion
Lermination + 1min, Infusion termination + 2mdn, infuslon termination + 4min, infusion lgmination + Gmin and infusion termination

+ {Oman

Assay Method.

Remifentanil: HPLC with UV absorbance detecton .

Sampie Sensdrty Ste %CV (QC Conc) QC Range
Remilentand Venous Blood 1 hg/mL Glaxo 2 58% (160ng/mi) -6.$8% (3ng/mi) _ 3-160ng/mi

Labeling Claims From Study. Temazepam premedicaton nad no effect on the venous pharmacokinetcs of remifentand when
assessed by nonbnear mixed effects modelng However, temazepam was found to increase the svnsitivity of remiferdand by 2-3

fold for koss of conscousness

0



Study USA-205 (USA-P0S, GGN/94/008) Double-blind - Remifentanil with Pre-operative
Benzodiazepines

Conclusions: Loss of consciousniess (LOC) was achieved in some, but not all patients with
remifentanil boluses and continuous infusions from 4mcg/kg + 0.1mcg/kg/min to 10mcg/kg +
Imcg/kg/min. Remifentanil 6mcg/kg + 0.25mcg/kg/min or greater in combination with 0.5SMAC
isoflurane in oxygen provided stable anesthesia during intubation, skin incision and maintenance
Temazepam (20mg) premedication did not significantly affect responses to skin incision but

" increased the sensitivity 10 remifsntani! by approximately 2.5 fold for LOC. All patients
achieved adequate respiration and were extubated and responding to command within 13
minutes following remifentani! discontinuatian. Temazepam had no cffect on the
pharmacokinetics of remifentnail.

Investigators:

Purpose: To investigate-the effect of benzodiazepine premedication on induction, maintenance
and recovery from anesthesia with remifentanil.

Study Design: Double-blind, randomized study in patients having elective inpatient surgery.
Demographics: 120 patients, aged 19-65 years, ASA status [ and II, male and female

Anesthesia Protocol: Premedication: Temazepam 20mg or placebo. Induction: Paticats
received a bolus dose of remifentani! followed by a continuous infusion for five minutes to
assess LOC. Propofol and succinyicholine were then given and intubation performed.
Maintenance: 0.SMAC isoflurane plus remifentanil infusion, isoflurane adjusted to patient
need. Remifentanil doses: 2mcg/kg (bolus) + 0.05mcg/kg/min (infusion), 4mcg/kg +
0.lmcg/kg/min, 6mcg/kg + 0.25mcg/kg/min, 8mcg/kg + 0.Smeg/kg/mun and 10meg/ks, +
Imecg/kg/mun.

Results: Table 1. Principal PK and PD Parameters (N=88)
Values are Population Mean (Based upon venous blood sampling)

Premedication:; Placebo | Premedication: Temazepam
Remifentanit _
CL (mUmin/kg) 583 No Change
V, (mi/kg) 68 No Change
Ve (MKG) 983 No Change
ECw10c {(ng/mL) 23.4 8.60

All patients showed a rapid recovery of respiratory function followine discontinuation of the
remifentani! infusion. In the placebo groups 100% of patients achieved  equate respiration (>8
breaths/min) with 10 minutes of discontinuation of remifentanil infusion. In the temazepam
patients, the percentage of patients achieving adequate respication within 10 minutes decreased
with increasing remifentanil dose. The most common adverse events were bradycardia,
hypotension, muscle rigidity and nausea. Six serious adverse events were reported.




USA-226
Phamacokinetic Study Summary

HNDA # 20-630 Submission Date: 9/15/95 Volume 168/169
tnvestigator:
Site:
Single Dose: . Multiple Dose: X
Subjects: Nomal: ____. Patients: _X _ Young: X.
Elenty.___ .
Hepatic:___ . Renal: __.
Cross-Over . Parallel: X. N=55 M=34 F- 21

Subject Type: ASA I-Il patients scheduled for elective onhopedic arthroscopic surgery; age 18-50 years

Yarqet Propofol Concentration Group
Category 1 meg/ml 2 mceg/mi 4 megml
Gender Female 6 8 7
Male T 1S 9 10
AgQe- Years Mean MM24B5 3812017 375¢81
Range {19-49) (23-50) (23-50}
Waeight- Kg Mean 8231125 831161 BAT 4452
Range (57-104) (54-122) _(60-104}

Treatrment Summary:

Propofol: Computer-assisted continuous infusion (CACI) to a target concentration of 1, 2, or 4pug/mL
Remifentanil administered based on Dixon Up/Down Method (Lot # CS-USA10008)

Sample Strateqy:

Blood Samples: Arerial samples were collected immediately before intubation and skin incision, for
each response occurring after skin incision, and every 10min intraoperatively before each infusion rate
decrease.

Assay Method

Remifentanil was assayed using reversed phase HPLC with UV detection al Glaxo Research Institute
Interday QC %CV ranged from 8.6% (0.3ng/mL) to 4. 17% (160ng/mL); QC range = 0.3-160ng/m!

Propofol was assayed using HPLC at Triangle Laborinries (as a result of sample slability, no propofol

concentrations were evaluable)

Phamacodynamic Measurements:

Response to endotracheal intubation, skin incision, and intragperative stress

Pharmacokinetic/Phammacodynamic Analysis:

Logistic regression analysis was used to evaluate Lhe interaction between propofol and remifentanii for
ablating the response to intubation, skin incision, and intraoperative stress. Remifentanil clearance was
estimated using the remifentanil infusion rate and steady-state concentralion

Labeling Claims From Study: Remifentanil and propofol show a synergistic interaction  The clearance
of remifentanil is not altered n the presence ol propofol



Study USA-226 - Interaction of Remifentanil and Propofol During Intubation and Skin
Incision/Arthroscope Insertion for Orthopedic Outpatient Surgery

Conclusions: The combination of propofol and remifentanil showed a synergistic interaction.
Increasing doses of remifentanil from 0.0Smcg/kg/min to 0.2mcg/kg/min achieved four-fold
reductions in propofol requirements to blunt patiexnt response to trocar insertion and skin
incision. The clearance of remifentanil (25-3Sml/min/kg) was consistent with results from
previous studies and was not altered by the infusion of propofol.

Investipator:

Purpose: 1) to determine EDy/ECso of remifentanul for lack of response to intubation and skin
incision at three target propofol concentrations; and 2) to determine safety and efficacy for
analgesic infusion rates of remifentanil in the postanesthesia care unit setting.

Study Design: Formal study (Part 2): open iabel, randomized, parallel-group, controlled
study using the Dixon up/down method to determine remifentanil infusion rates.

Demographics: The safety population was 55 male and female patients (10 pilot patients, 45
patients in the randomized study) who were ages 18-50 years, ASA status UIl, and had elective
orthopedic arthroscopic surgery. Two patients withdrew from the study due to CACI pump
malfunction (one patient in part 1 and one in part 2 of the study).

Anesthesia Protocol: Premedication: None. Induction: Patients were randomized to receive
one of three target propofol concentrations. Afier a bolus dose of 2mg/kg, propofol was
administered by a computer assisted continuous infusion (CACI) device to obtain target
propofol concentrations of 1, 2, or 4ug/mL. Patients were assigned a starting remifentanil
infusion rate within each propofol group based on the Dixon up/down method. Maintenance.
After stabilization following intubation, the remifentanil infusion was discontinued for 1 minute,
then restarted at a lower infusion rate and maintained for at least 8 minutzs before skin incision.

Results: Table of Principal Efficacy and Pharmacokinctic Results

Values are Mean {sd)

b Target Propofol Concentration
lpg/ml. 2ug/ml 4pp/mL
ED,, (mcg/kg/min) Intubation 0.44 0.18 0.07
EC,, (ng/mL) Intubation 14.3 4.5 14
EDy; (mcg/kg/min) Incision 0.19 0.11 0.06
EC,, (ng/ml.) Incision 8.8 42 20
ECy (ng/mL) Intragperative Stress 10.9 57 2.3
Clearance (mL/min/kg) 25.5 (8.2) 34.2(10.9) 29.2 (6.6)




Report No. UCR/94/0G7
Protocol USA-203

USA-203
Pharmacokinetic Study Summary

NDA # 20-630 Submission Date 8/15/95 Volume 113-116
lnvestigator.
Site
Single Dose_ X Muftiple Dose __
Subjects: Nomal __ Patients _ X __ Young: X Elderty
Hepatic ____ Renal __
Cross-Over____ Paraltel X Nz47 M=28 F=19
Subject Type. Patients ASA i-li scheduled for elective inpatient surgery
Remffentanil Dose Group {mcgrkg)
2 3 4 . . s 0 1 E)
_{N=5) {N=5) [N=E) {N=S) {N=s) {N=5) {N=t) {N=$) {N=5)
Maie 2 {40%) “BO%) I~ XH60%) HGO%) 23I%) 4(80%) 360%) YETN) 3H6O%)
| _Femate 3 (50%) 1020%) 240%} 2(40%) 4(67%) 120%) 2(40%) 200%) 2({40%) _|
Age Mean 49.4110 6 5124128 244l 3781137 | 4782172 811) StE&tTS 50113 4221
) Range 3864) (3+63) 3352) Q154 2464 (3460} {45-6Y) P1-464
Wi Mean 70.6:219 75.4110.9 7381152 | 7432181 7 a67 8674105 TTAt1E7 8454117 669157
g9) Range (51915 {45888 | (505899 | (594977 | 673870 (68.9-06.8) G4681) | (05109 | w0479
Aftertanil Dose Group (meg/k
40 &0 0 100 120 160 200
{N=%) {N=$) {N=5) {N=€) {N=§) (N=€) {N=10)
Male 2 (40%; «80%) 2(40%) 4(67%) 3(40%} 4(80%) 8B0%)
Famaia 3 (50%} 1(20%) Mo0%} 2033%) 2(50%) 1020%) 4{40%)
Age Mean 372198 12 4124 5261139 | 4551127 525163 42418 406:138
)} Range {28-51} (22-52) {30-65) 2359 {48-83) {20-81) 20-85)
Wi Mean Tdt14.4 192193 66.940.7 192110 15.719.4 TO& 175 T6215.4
) Range (60.5-91) {70-93) G7380) | (934 (6485) | (471054 | (414989

Treatment Summary

Remifentanil, 2-munute IV Infusion at 2,
Lot # CS-USA10008

Alfentanit, 2-

Sample Strateqgy

Blood samples for remitentanil, its principle metaboliite GR90291, and a!
drug administration, 30 seconds after the end of the study drug infusion,
tntubation, at 3, 5, 10, 20, 30, 45, 60 munutes post endotracheal intubatio

Assay Methad

Remifentanil. GC-High Resolutio

n Mass Spectrometry-Selected lon Monitoring

3.4.5, 6 8, 10, 15, and 20ug/kg/min x 2 minutes

minute IV infusion at 40, 60, 80, 10C, 120, 160, and 200pg/kg/min x 2 minutes

fentanil were obtained prior to study
fmmediately pnor to endotracheal
n; and at skin incision.

GR90291. GC/Tandem Mass Spectrometry !
Altentanil GC-High Resolution Mass Specirometry-Seleqed lon Monitoring

| _Sample Sensitivity Site KCV (QC Conc} QC Range
Remifentanil Biood 0.1 ng/mi 2.4% (20ngimi) -10.9% (0.2ng/mi) 02-80ng/mi
GR90291 Biood 0.5ng/ml 7.7% (100ng/mi) -17.9% {2ng/mi) 16-75ngimi
Allentanil tng/ml 4.9% (500ng/mi) - 8.6% (Z5ngmi) 2.5-2500ng/mi -

Labeling Claims From Study Remitentan) produced synergistic, dese-relaled reductions in thiopentai
dosage requirements fpr loss of conscioutness Thiopental did not alter the pharmacokinetics of

remifentanil



Study USA-203 - Remifentanil vs Alfentanil for Anesthesia Induction

Conclusions: The EDsy and ECyo values for loss of consciousness (LOC) for remifentanil and
slfentanil were 12pg/kg and 169yug/kg, and S4ng/mL and 1012ng/mL, respectively. Both
remifentanil and alfentanil produced a high incidence of muscle rigidity at the doses required for
LOC. Remifentanil and alfentanil demonstrated a dose-relationship with the thiopental dose
required for LOC. The clearance and volume of distribution of remifentanil and alfentanil were
independent of patient demographics (weight, gender, age, ASA status) in this study and were
similar to values previously reported.

Investigators:

Purpose: (1) To compare R and A as primary anesthesia induction agents and (2) to establish a
dose-response curve for remifentanil in the induction of anesthesia.

Study Design: Two-cénter, randomized, double-blind, dose escalation study of remifentanil
and alfentanil in patients scheduled for elective inpatient surgery.

Demographics: 88 male and female patients, ages 18-65 years, ASA status I/I1.

Anesthesia Protocol: Premedication: None. Induction: Two-minute infusion of R (2, 3, 4, 5,
6, 8, 10, 15 or 20mcg/kg) or A (40, 60, 80, 100, 120, 160, or 200mcg/kg) after preoxygenation
and administration of D-tubocuranine. If no LOC occurred within 30 seconds after the infusion,
thiopental 2mg/kg/min was given until LOC. If LOC occurred with study drug alone, a
nasopharyngeal airway (NAT) was inserted. Responses to NAI were treated with thiopental.
Succinylcholine was given afier the study drug infusion and intubation was done 1 minute jater.
Maintenance: 66% nitrous oxide in oxygen and isoflurane.

Resulis: Principal Pharmacokinetic, Efficacy, and Safety Results

Parameter Remifentanil Alfentanil
EDgg LOC (rg/kg) 12 (9-22) 169 (122-434)
ECsg LCC (ng/mL) 54 (35-118) 1012 (712-9149)
Vi (L) 2.05 1.65

V; (L} 369 6.89

Viy (L) 7.48 18.3

CL (L/min) 2.46 0.415

CL; (L/min) 1.41 2.21

CL; (Umin) 0.380 0.781

The most comman adverse events were muscle rigidity, nausea, and vomiting. Muscle
rigidity was dose-related in both R and A groups. The median times to muscle rigidity were
1.0 to 5.0 min after starting the study opioid infusion. No serious adverse events or deaths
occurred during the study treatment penod.

ot



Study USA-207 {-3GN/93/006)

Phamacokinetic Summary
NDA # 20-630 Submission Date: 8/15/95 Volume 74/75

Investigator:
Site.

Single Dose:_ J00( . Muttiple Dose: .

Subjects:
Normal ___. Patients: XXX Young: . _ . Elderly._ _ .
Impaired Hepatic:____ Renal;___ .

Cross-Over, . Parallel: . N=1 M=1 F=4

Subject Type: Male and Female Patients Schedu'ed for Elective Cardiopulmonary Bypass Surgery

Remitentand (mca‘kg)
5

2
N 9 8
Gender male/female 12 62
Age (yrs) 551 6.3 (48-62) 60 1 6.93 (48-70)

Weight (kg), Males  |77.86 1 10.84 (68-98.4)| B0.85 ¢ 5.7 (73-90.5)
Weight (kg), Females 722+8.2(664-78) |69.25+ 15.2 (56.580

Treatment Summary

Tieatment

Remifentanil, Zero Order IV Infusion, Infused for 1 minute.

Rate: 2 pg/kg/min or 5 pg/kg/min remifentanil was administered over one minute to 8 patients prior to
bypass, during bypass and during rewarming.

Lot # CS-USA10007

Sample Strategy:

Anerial Blood Samples: Prior to dosing. at the end of infusion (1min}, and at 2, 3, 4, 5, 10, 15, 20, and 30,
minutes after the start of the infusion prior to bypass and during rewarming. During hypothermic bypass, an
addrtional sample was drawn at 40 minutes after the start of the infusion.

Assay Method:
Remifentani! (blood/urine): GC-High Resolution Mass Spectrometry-Selected lon Monitoring

GR90291 {blood): GC with mass selective deteclion (GC-MSD)
Sample Sensitivity Site %CV (QC Conc) QC Range
Remifentanil Blood | 0.1 ng/mL 4 6% (80ng/ml) -10.1% {0.25ng/m{) 0.25-80ng/m!
GR90291 Blood 0.5ng/mL 5.7% (75ng/ml) - 8.0% {1.Sng/ml) , 1.5-75ng/ml

Labeling Claims From Study. The clearance of remifentanil was reduced by approxamately 20% during
hypothermic cardiopulmonary bypass when compared to pre-bypass {(normothermic) values.

!




Stady USA-207 (USA-P07, GGN/93/006) - Pharmacokinetics in Cardiac Bypass Patients

Conclusions: The pharmacokinetics of remifentanil during hypothemmic cardiopulmonary
bypass (CPB) showed reduced clearance (20%) com to normothermic {pre-bypass) values.
This observation was consistent with the ects of hypothermia. Falls in arterial blood
pressure (14-25% from baseline) occurred during periods A (pre-bypass) and C (on bypass
normothermia). No clinically relevant changes in blood pressure occurred during hypothermic
bypass (Period B). There were no clinically relevant changes in heart rate at either the 2meg/kg
or Smcg/kg doses. Dose escalation was halted after the completion of the Smci/kg dose group
due to hypotension.

Investigators:

Purpose: 1) To evaluate the effect of cardiopulmonary bypass and/or hypothermia on the
pharmacokinetics of remifentanil and GR90291 (major metabolite). 2) To assess the
haemodynamic effects of remifentanil in patients undergoing coronary artery bypass graft
surgery. -

Studg Design: Two center, open-label, dose escalation study in patients undergoing eleciive
coronary artery bypass surgery.

Demographics: 17 male and female patients, ages 18-70 years

Anesthesia Protocol: Patients were given a standard anesthetic for CABG. Each received
three IV remifentanil boluses over one minute: 1) pre-bypass and at normothermia (Period A),
2) on bypass at hypothermia (28°C) (Period B) and 3) on bypass at normothermia (Period C).
Serial arterial blood samples were taken up to 40 minutes post-dosing. Four dose tiers of eight
patients each were plapned: 2mcg'kg, Smcg/kg, 10mcg/kg, 20mcg/kg. Escalation to the next
dose tier took place only if pre-defined safsty parameters (blood pressure <30% below baseline,
heart rate <45 beats/minute, or major safety issue, eg., ischemia) were not exceeded. The
2meg/kg and Smcg/kg dose tiers were the only dose tiers completed.

Results: Table 1. Principal Combined PK Parameters of 2 ug/kg and 5 ng/kg
Remifentanil

Values are Mean + SD

Prior to Bypass

During Bypass

During Rewarming

Pharmacokinetics N=16 N=14 N=10
Remifentanil
CL {mUmin/kg) 31.48 (13.39) 25.17 (9.09) 3479 (17.22)
Vi (mifkg) 60.59 (49.55) 86.27 {(113.9) 88.70 (96.32)
Ve (Mg} 176.6 {96.1) 328.8 (441 .4) 2461 (224.6)
A tiz {min) 6.43 (1.76) 11.86 (7.51) 7.23 (2.40)

Nausea and lymphopenia were the most commonly reported adverse events, however none were
assessed as drug related. Two patients experienced a serious adverse event (cardiac failure and
post-operative myocardial infarction). Both patients died, however, neither event was drug-
related. No patient was withdrawn from the study.
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GR90291 (ng/mL)
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USA-106
Tharmacokinetic Study Summary

MOA # 20-630 Submission Date: 9/15/95 Volume 69/70

Investigator:

Site:

Single Dose:_X Multiple Dose:

Subjects: Normal: X  Patients:___ Young: X Elderly:_
Hepatic. .~ Renal:

Crossover:_X _ Parallel: N=_26 M=_26_ F=_0_

Subject Type: Healthy Volunteers

N . 26
Gender: male/female 26/0
Age (yrs) 23.41 4.5 (19-35)
Weight (kg) 76.2 + 10.6 (45-97)
Treatment Summary

Remifentanil Zero Order IV Infusion: 0.2mcg/kg/min x 10min

Pilot Phase: Route 1 synthesis given on two separate occasions (n=6)
Comparative Phase: Routes 1 and 2 given in a crossover fashion (n=20)

Route 1 Lot #: A92L.559
Route 2 Lot #: A93L675

Sample Strategy:

Arterial blood samples were collected at baseline and at 2, 4, 6, 8, and 10 minutes during
remifentanil administration. After the infusion, samples were collected at 1, 2, 4, 6, 8, 10, 15, 20,
25, 30, 35, 40, 50, and 60 minutes.

1

Assay Method

GC-High Resolution Mass Spectrometry .

Sensitivity Site %CV (QC Conc) QC RKange
0.1 ng/ml Triangle 4.5% (80ng/mi) - 7.4% (0 25ng/mi) 0.25 - B0 ng/mi

Labeling Claims From Study:

The pharmacokinetics of remufentanil prepared by route 1 and route 2 sythesis were equivalent.

48



Study 106 - Remifentanil Route 1 and Route 2 Comparative Pharmacokinetics
Study

Conclusions: The geometric least squares mean ratio (and 90% confideaice intervals) fer

AUC,, 0.92 (0.88-0.95) and Cpyyx, 0.92 (0.86-0.98), were within the range of 0.80-1.2,

indicating that the pharmacokinetics of route 1 and route 2 remifentanil were equivalent
Changes in mean systolic blood pressures, diastolic blood pressures, heart rate, respiratory
rate and peripheral oxyhemoglobin saturaiion were similar berween route 1 and 2
remifentanil. The dose of remifentani} administered produced respiratory slowing (less than 8
breaths per minute) in conscious, unstimulated voluteers.

Investigators:

Purpose: 1) to determine if the pharmacokinetics of remifentanil manufactured using route 2
synthesis were equivalent to that of remifeatanil manufactured using route 1 synthesis.

Study Design: Open-la’t;el, randomized, two-period crossover study in 20 healthy, young,
male subjects. Subjects received a 0.2mcg/kg/min infusicn of route 1 (reference) or route 2
remifentanil over 10 minutes in a randomized fashion, with a 2-14 day washout penod
between treatments. The study also included a pilot phase (performed before the actual siudy,
in order to estimate intra-subject variability for calcuiation of sample size) in which six
subjects were administered route 1 remifentanil on two separate cceasions.

Demographics: 26 healthy male subjects, ages 19-35 years

Anesthesia Protocol: Remifentanil (route 1 and/or route 2 formulation) was administered to
conscious subjects as a 0.2mcg/kg/min intravenous infusion over ten minutes, via a syringe

pump.

Results: Tabhle of Principie PK and Safety Results, All Subjects (N = 20)
Values are N (% Total) or Geometric least squares means (95% confidence intervals)

Route 1 Remifentanil Rotte 2 Remifentanil P-Value

AUC. (ngemin/mL) 556 (53.7 - 51.5) 50.9 (49.1 - 52.8) 0.0017

Comex (NG/ML) 5.14 (4,87 - 5.43) 4.72 (4.45 - 4.99) 0.0335
CL (mUminfkg)' 36.4 (5.8) 39.9 (5.8) -
| Vde (miskg)’ 345 (45) 392 (93) -

I ty (min) 658 (6 31-6.87) 6.77 (6.47 - 7.08) 03544
Safety N=26 N=20 -
Any Adverse Event 25 (96%) 18 (80%) -

" Mean (SD)
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NDA #20-630

Divieion of Anesthetics, Critical Care and Addiction
Drug Precducts

REVIEW AND EVALUATION OF PHARMACOLOGY AND
TOXICOLOGY

Spopaor: Glaxo Wellcome Inc.

Irade Name: Ultiva™

"~

Genexic Name: remifentanil
Stnucture:
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PHARMACOLOGY STUDIES

GIB7084B, A SHORT-ACTING WU-OPIOID AGONIST: SIDE EFFECT
PROFILE IN THE MOUSE (NDA V3/pl00)

STUDY/REPORT NUMBER: WNP/89/026
STUDY SITE: unknown
GLP SPECIFICATIONS: unknown

SPECIER/NUMBER OF SUBJECTS/SEX: ¢ mice, CRH Glaxo-bred, 6 mice
per dose group. -

DOSES / ROUTE OF ADMINISTRATION: GI87084B (US40/157/3) was
administered by subcutaneous injection, 1,2 or 5 minutes prior to
determination of tail-flick latencies; 2 or 5 minutes prior to
measurement of respiratory rate or esophageal temperature. The
doses used were not stated although extrapolation from the graphs
sugyest the doses were 0.5, 1.0, 5, 10, 50, and 100 mg/kg in the
tests of respiratory depression and body temperature.

RESULTS:
Table 1
TAIL-FLICK LATENCY (ED,,=DOSE INCREASE LATENCY X2)

Pretreatment ED;, (95% confidence limits)
time (min) mg/kg s.c.
1 1.9 (1.3-2.9)
2 4.3 (3.1-5.8) R
5 12.2 (B.7-16.4)
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Table 2
EFFECTS ON RESPIRATORY RATE AND BODY TEMPERATURE
Pretreatment Respiration rate esophageal
time (min) ED,, (dose = -25%) temperature decrease
ED,, (dcse = -2°C)
mg/kg s.c. mg/kg s.c.
2 16.4 (9.5-31.9) 171.1(110-411)
(19.4 (1.6-370)i.v.]
5 37.9(22.1-100.8) 40.4(28.8-67.8)

The report did state that 2 of 6 dosed at 100 mg/kg i.v. died.

-

DISCUSSION:

The results indicate that GI87084B is a very short-acting
analgesic with respiratory depression evident at doses greatly
exceeding the effective analgesic dose by a factor of 3 to 4
fold. Lethality was observed at 100 mg/kg i.v.

QPIOID ACTIVITY AND SUPPRESSION OF OPIATE WITHDRAWAL
BY GI87084B (remifentanil)
(NDA V3/pl110)

STUDY/REPORT NUMBER: UPC/94/009

STUDY SITE:

GLFP SPECIFICATIONS: unknown

SPECIES/NUMBER COF SUBJECTS/SEX:

A: Opivid receptor, ‘H-etorphine, binding to rat, Sprague
Dawley, brain membranes. An in vitro test, number of
rats unknown.

B: Mouse vas deferens assay: in vitro test with
electrically stimulated vas deferens, number of mice
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unknowrn.

C: Mouse tail-flick assay: Male Swiss-Webster mice,
6-10/dose, subcutaneous administration.

D: Mouse hot-plate test: Male Swiss-Webster mice,
6-10/dose, subcutaneous administration.

E: Mouse paraphenylquinone abdominal stretching test:
Male Swiss-Webster mice, 6-10/dose, subcutaneous
administration.

F: Monkey single dose substitution test: Rhesus monkeys
(maccaca mulattal), 2.5-7.5 kg, 3 monkeys per group,
subcutaneous adminigtration.

METHODS, DOSES AND RESULTS:

A. Opiloid receptor, ‘H-etorphine, binding. Ti.» method was as
described by Medzihradsky, et al Life Sci. 34:2129-2138(1984).
The EC,, of GI87084B was 117 nM as compared with historical
values in this assay for fentanyl, 36.2 nM, and morphine, 23.6
nM.

B. The electrically evoked contractions of the mouse vas
deferens was inhibited by GI87084B with an ED,,=107 nM as
compared with historical values for fentanyl, 37 nM, and
morphine, 395 nM. The inhibition of contraction by GI87084B was
antagonized by the u-receptor antagonist naltrexone but not by k-
antagonist nor-binaltorphimine or d-antagonist ICI-174864.

C.D,E. The mouse tail-flick, hot-plate and paraphenylquinone
tests did not demonstrate any effects of GIB7084B when evaluated
20 mirutes after s.c. injections of 1, 10 or 30 mg/kg. However,
the classic p-opioid signs of Straub tail and increased
loc o motion were observed after GIB7084B administration but were
gone by the time of testing. These signs were prevented by
naloxone.

. The monkeys had been made morphine-dependent by repeated
injection of morphine for at least 3 months. On test days, 14 -
15 hours after the last morphine injection, the monkeys were
injected with GI87084B at 0.25 or 1.0 ug/kg, morphine at 3.0
mg/kg or saline and observed for withdrawal signs for the
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following 2.5 hours. The observers were blinded as to which
treatment the monkeys received. The withdrawal signs were
incompletely suppressed by GI87084B in a dose dependent manner.
The onset of suppression was immediate for both morphine and
GIB7084B.

DISCUSSION:

The effectiveness of GIB7084B as a u-agonist were evident in the
in vitro tests and the suppression of withdrawal in the monkeys,
and the signs, Straub tail etc., seen in the mice in the
analgesic tests. The lack of analgesic effects in the mice was
probably due to the very short duration of action of GI87084B in
vivo.

ANESTHETIC POTENCY OF REMIFENTANIL IN DOGS
STUDY/REPORT NUMBER: MAC 1
STUDY SITE:
GLP/QA SPECIFICATIONS: not stated, also without data tables,

SPECIES/NUMBER OF SUBJECTS/SEX:
Mongrel dogs, N=25, sex not stated, body weights 19.9 i+ 3.3kg.

PROCEDURE :

The dogs were divided into three treatment groups, all
anesthetized with 5% enflurane in O,, intubated and artificially
ventilated. Tail pinch was the stimuli used to judge depth of
anesthesia:

A. Tncremental infusion rates of GIB7084B at 0 055 to 5.5
wg/kg uin.

B. Constant infusion rate of 0.6 or 1.0 ug/kg/min for 6 to
8 hours. Enflurare minimal alveclar concentration

(EMAT) was measured before and at hourly intervals
after remifentanil administration. NAloxone was
injected at the end of the experiment.

C. Alternating infusions of ¢.5 and 1.0 upg/kg/min with MAC
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determined 30 minutes after each rate change. Heart
rate, mean arterxial pressure and blood sample for
remifentanil concentrations were taken during MAC
determination.

RESULTS :

EMAC was reduced up to 63% in a dose deperdent mannexr. The ED,
for EMAC reduction was calculated at 0.72ug/kg/min and
corresponding blood concentration was 9.2 ng/ml. Naloxone
prevented the MAC reduction by remifentanil. At constant
infusion rates, no evidence of tolerance development were
observed. The authors stated that the recovery was very rapid,
even after prolonged administration however, there was no data
presented.

Remifentanil decreased heart rate, as do other opioids, and this
was prevented by naloxone.

EFFECTS OF GI87084B (REMIFENTANIL HYDROCELOKRIDE) ON CEREBRAL
BLOOD FLOW, INTRACRANI2ZL PRESSURE AND ELECTROENCEPHALOGRAM
IN ANESTHETIZED DOGS (V3i/plél)

STUDY/REPORT NUMBER: UPC/%4/010
STUDY SITE:
GLP/QA SPECIFICATIONS: unknown

SPECIES/SEX: Male mongrel dogs, 22-31 kg, divided into four
treatment groups. All treatment groups were anesthetized and
maintained on 2% end-tidal isoflurane and 50% nitrous oxide in
oxygen through instrumentation. Neuromusculature blockade was
induced by vecuronium (0.01 wg/kg/hr, i.v.). Femoral veins and
arteries were cannulated on both sides and after a thoracotomy a
catheter was placed in the left atrium for cerebral blood flow
(CBF) measurements by injections of radiolabeled microsvheres.
After completicon of instrumentation the isoflurane was reduced to
1%, nitrous oxide remained at %50% in oxygen and the animals were
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allowed to =2quilibrate for one hour.

The CBF was measured four times for each dog using the
microspheres. The microspheres were suspended in saline and
injected at the end of the equilibrium period, at the end of each
of the two infusion rates and at the end of the 30 minute
recovery period.

The CBF volume (CBFV) was measured continuously by ultrasonic
probe placed on the left temporal bone. A burr hole was drillec
over the sagittal sinus and a catheter was inserted for blood
samples. A catheter was also placed in the lateral ventricle for
measurement of intracranial pressure. Five EEG electrode were
placed, one central, two occipital and two frontal.

Brain electrical activity was measured bilaterally and a squared
function of the electrical amplitude was determined within each
of four frequency bands (Hz): Alpha (8.1-12.0); beta (12.1 -
30.0); delta (0.5-3.0) and theta (3.1-8.0).

PROCEDURE:
Group
#1. N=4; saline infusion at 0.5 and 1.0 ml/kg/min. These
flow volumes were also used for drug administration.
#2. N=7; alfentanil infusion at 1.6 and 3.2 ug/kg/min.

#3. N=7; GIB7784B at ug/kg/min (lot #541/47/1). Cerebral
autcregulation was tested during the high dose infusion
by injection of phenylephrine, 4 ug/kg, 20 minutes
after the start of the higher infusion rates. CBFV was
measured prior the phenylephrine and at the peak
hypertensive response.

#4. N=4; GI87084B at ug/kg/min as with Group #3, but blood
pressure was maintained by infusion of phenylephrine, 8
to 20 pg/kg/min.

RESULTS :

Electyxoencephlagram:
The results of remifentanil alone (Group 3) were initial found to
be the same as those with remifentanil with phenylephrine (Group
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4) and the groups were combined in subsequent analysis. Both
remifenanil and alfentanil produced similar changes in the FEG
spectrum. The fraction of total activity increased significantly
in the alpha, delta and theta ranges and decreased in the beta
fraction. The drug differences were both significantly different
for saline controls, but not from each other. The principle
difference between remifenanil and alfentanil was the return of
EEG fractions to saline control levels during the 30 minute
recovery phase by the remifentanil group. The EEGs in the
alfentanil group remained outside the control values at all
frequencies throughout the 30 minutes recovery period.

The 50% spectral edge frequency was sicnificantly decreased by
both remifentanil and alfentanil, nearly immediately after the
start of infusion. However, only the remifentanil spectral edge
returned to control levels within the 30 minute recovery phase.

There were differences between high and low doses effects within
either the alfentanil or remifentanil groups at most EEG
fractions but they were not evaluated statistically

] ial I (1CP) :_Fl Velogity:
The effect of GIB7084B with or without phenylephrine was a drop
in ICPF mmHg pressure of 42% (-10mmHg) and 2%%, regpectively, at
the low dose and only 13% and 12% at the high dose. Alfentanil
reduced ICP 35% and 29% at che low and high doses respectively.
Of interest were the effec-s during the 30 minute recovery
period; In the remifentanil group an increased in the ICP of 21%
(5mmHg above baseline) was cbserved and 41% in the group with
rhenyleaphrine. The alfentanil group had ICP reduced only 1 mmHg
(-6% below baseline) and the saline controls were reduced 3 mmHg
during this time period.

The flow velocities were decreased at all time points and in all
treatment groups including saline. During both high and low dose
infusicns, the flow raLes (cm/sec) were reduced 34 to 45% in the
treated groups and 5% in the saline controls. During the
recovery period, the alfentanil group remained reduced (-26%),
while both remifentanil groups returned to within 7% of the
original control.
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Cerebral Blood Flow (CBF ml/100g/min):

Remifentanil, with and without phenylephrine (PE) and alfentanil
all reduced CBF in all brain areas measured, although this did
not reach statistical significance in the cerebellum in any
treatment group. There was not a dose-response relationship as
the changes during high dose infusion were always less than low
dose effects in all treatment groups. This was probably due to
the sequence of administration, for in all three treatment groups
the high dose always followed the low dose and physiological or
pharmacological tolerance could have developed. Alternatively,
the "low dose" may have produced the maximum effect.

The effects of remifentanil were very similar to alfentanil with
two exceptions: 1) no dose of alfentanil significantly decreased
CBF in the hypothalagus, brainstem or medulla although
remifentanil 4id at the low dose without PE and in the
hypothalamus with PE. 2) Remifentanil groups, with and without
PE, did not show any significant CBF changes during the recovery
phase while the CBF of the alfentanil group remained
significantly depressed in the cortex, hippocampus and caudate
during recovery.

Mean Arterial Pressure (MAP mmbg) and Heart Rate (HR):

MAP was significantly reduced in both the remifentanil group,
without PE, and the alfentanil group. During the recovery phase,
rhe remifentanil group rebounded, to greater than baseline, the
alfegntanil group did not rise to baseline values, but neither
were significantly different from baseline. The remifentanil
plus PE did not, by definition, show any significant change from
baseline MAP. This was true except for the last ten minutes of
recovery when this group had significantly higher MAP than
baseline.

The HR was significantly reduced in all treatment groups
throughout the treatment periods. Both remifentanil groups
demonstrated reversal during all three 10 minute measurements
during the recovery phase. The alfentanil group showed
significantly reduced HR during the initial tweo 10 minute
segments .,

DISCUSSION:

10
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The effects of remifentanil and alfentanil were very similar in
a1l parametevs measured, with the exception of the duration of
action. Remifenanil effects were greatly reduced or reversed
during the 30 minute recovery period after stopping of infusions.
The effects of alfentanil appeared to last longer and are merely
reduced during the recovery period.

The effects of both compounds were unrelated to dose. This may
reflect the order of presentation as the low dose always preceded
the high dose and this gave time for physiological and/or
pharmacologic tolerance development. The low dose may also have
produced the maximum effect, a pharmacological/physiclogical
"€loor® or “ceiling".

The EEG results demoastrated a drug induced shift of low
amplitude fast waves to high amplitude slow waves. The spectral
edge frequency was therefore decreased as activity in the beta
fraction decreased and activity in the delta fraction increased.

The decrease of intracranial pressure (ICP) was similar with both
remifentanil and alfentanil during infusion. However, during the
recovery phase, alfentanil effects were merely reduced to near
control values and remifentanil effects appeared to reverse,
producing an increased ICP. This was not reported as
statistically significant and was not mentioned in the report.
The grour receiving both phenylephrine (PE) and remifentanil
appeared to have an exacerbated increase in ICP and alsc were
significantly hypertensive in relation to baseline, during this
recovery phase.

T'.~ mean blood flow velocity in the middle cerebral artery was
reducad 35 to 45% during infusion in all treated groups. This
was statistically significant for remifentanil without PE and
alfentanil. The cerebral blood flow (CBF) was reduced in all
measured areas, in all treatment groups during the infusion
phases. The effects on systolic blood pressure, cerebral blood
fiow vzlocity and CBF was consistent with data in the literature
by Werner gt al 1991* with sufentanil. However, sufentanil was
reported not to change the ICP, as was cobserved with alfentanil
and remifentanil.

11
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*erner C, Hoffman WE, Baughman VL, Albrecht RF and Schulte J
"Effects of sufentanil on cevebral blood flow, cerebral
blood flow velocity, and metabolism in dogs" Anesth-Analg.
72(2): 177-81. 1991

BINDING OF GIB7084B (REMIFENTANIL) AND GL902S1A
TO VARIOUS MEMBRANE RECEPTORS AND ION CHANNELS

(4/200)
STUDY/REPCRT NUMBER: UPC/94/007
STUDY SITE:
SPECIES:
In vitro studies: cell cultures (PC-12 cells); rat (whole brain,
frontal cortex membranes, striatal membranes); Bovine cerebellar

membranes and guinea pig cerebellar membranes.

PROCEDURE: The measurement of various membrane receptors and ion
channels were performed with standard assay techniques and cell
or membrane preparations were standard for the specific assay.

The assays were performed with GIB7084B (remifentanil) and
GI90291A, the major metabolite of remifentanil. Both compounds
were tested at concentrations of 10°M, 10-'M and 10°°M.

RESULTS :

Neither remifentanil or GI90291 produced as much as 20%
inhibition of ligand binding at 10°°M to the following
receptor/ion channels:

Adenosine {ns) Alpha, (ne) Alpha,(ns)
Beta (ns) Dopamine (ns) GABA,

GABA, Histamine, Serotonin (ns)
Muscarinic (ns) Purinergic P,y K* (ATP-meod.)
K- (low cond.) K* (voltage dep) Na* site 1

Na® site 2

{ns) = non-specific for subtypes of receptor.



. ——

NDA #20-630

In contras:, both compounds were active on at least two of the
three opioid receptors:

Compound u-opioid Sigma-opioid kappa-opioid
receptor receptor recertor
EC,, ECs, ECs,
remifentanil 2.6 + 0.6 nNM 66 + 19 nM 6.1 + 0.5 uM
GR90291 1.4 + 0.48 uM 1.2 ¢+ 0.4 uM (<10% @ 12°%)
DISCUSSION:

The receptor binding of remifentanil and its primary metabolite,

6190291, were limited to the receptors of the opioid system, with

emphasis on the u-receptor. The sigma and kappa-opioid receptor

binding of remifentanil, GIB7084B, were relatively weak and the
sponsor states that the effects are of no practical significance.

OPIOID RECEPTOR SUBTYPE SELECTIVITY OF GI87084B

STUDY/REPORT NUMBER:

IN ISOLATED TISSUES

STUDY SITE: unknown

GLP/QA SPECIFICATIONS: unknown

COMPOUNDS: GIB70B4E,

{lot# U3S1/50/1);

UpC/92/001

(NDA 4/249)

remifentanil hydrochloride
Us41/4/1); GlB7084A, the oxalate salt (lot$# U391/20/3);

the fumarate salt and sufentanil

naloxone hydrochloride and fentanyl citrate

Alfentanil hydrochloride

SPECIES/TISSUE:

Guinea pig ileum:

{Alfenta™ from

(lots $#U391/48/1,
G1s7084C,

(G187771A) ;

rat and mouse vas deferens
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PROCEDURE :

Tissues were mountecd on tissue holders with tissue resting inside
platinum ring electrodes. The mounted segments were placed in
10cc tissue baths filled with Krebs Henseleit buffer at 37°C.

The ileum tissue was electrically stimulated by a Grass S88
Stimulator at 0.1 HZ with a supramaximal voltage at 0.5 msec
duration. Tissue contractions, electrically evoked, were
recorded on a Gould physioclogical recorder.

A concentration-response inhibition of electrically induced ileum
contractions was obtairned with different salts of Gl87084,
fentanyl, sufentanil and alferntanil.

Remifentanil, GIB70B4B, was also tested in both rat and mouse vas
deferens preparations. For Schild analysis two cumulative
concentration-response curves were generated. A control dose-
response curve was obtained with untreated tissue and then the
tissue was incubated with naloxone (10 - 100 uM) for one hour. A
second concentration-response curve was obtained with in the
presence of naloxone.

RESULTS :
The inhibitory effects of the opioid agcnists are presented in
the following table:

INHIBITION OF ELECTRICALLY INDUCED
CONTRACTION OF THE GUINEA PIG ILEUM

Compound guinea pig
ileum
ECSO - nM
T e =
GI87084A 3.6 + 0.2
(n=g!}
GIB7084B 2.4 + 0.6
{(n=27)
GI87084C 3.9 + 0.5
{(n=4)

14
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Compound guinea pig

ileum P
ECSQ - l’lM

featanyl 1.8 + 0.4
(n=14)

sufentanil approx. 3.0
{(n=4)

alfentanil 20.1 ¢+ 1.2
{n=8)

The concentration-response curves of GI8B7084B in both rat &nd
mouse vas deferens yielded inhibitory ED;, values of 387 + 44 nM
and 39.5 t 7.4 nM, ré&spectively. The naloxone antagonism of
GI87084B inhibitory effects was dose-related in the guinea-pig
ileum and mouse vas deferens. The dose-response shift to the
left in the ileum was somewhat incomplete as naloxone at greater
than 30 nM reduced the maximum responses to GIB7084B. 1In the rat
vas deferens preparation, GI87084B enhanced contraction when in
doses greater than 10 yM. Naloxone antagonism in the preparation
varied between no effect at 10 and 1000 nM to inhibition at 30
and 300 nM.

DISCUSSION:

Schild analysis of the GIB7084B data in both ileum and mouse vas
deferens produced pK,, negative log of antagonist dissociation
constant, of about 8.2. This is consis“ent with reported values
for u-opioid receptors(Takemori and Portogl.esz2, 1985). The
biphasic nature of GIB7084B responses in the rat vas deferens
preparation were not discussed extensively by the authors, and
since this was primarily an effect at very high doses, 1t may
have no physiological/toxicological effect.

The p-agonist activity of GIB7084B, remifentanil is comparable to
those of fentanyl, sufentanil and alfentanil.
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DEPENDENCE STULY ON GI87084B IN RHESUS MONKEYS
AND RATS (NDA -4/400)

STUDY/REPORT NUMBER: NTX/95/007

STUDY SITE:

GLP/QA SPECIFICATIONS: compliance statement NDA 4/401.

PROCEDURE: Five separate experiments:

Al. Qbservation of grnss behavior in Rhesus monkey
Five male and filve female Rhesus monkeys: gross behavioral
observation after; iv GIB7084B at 0.25, 1, 4, 8, and 60
ug/kg and sc at 8, 30, 45 and 67 gg/kg.

A2. Suppression test of morphine withdrawal signs in Rhesus
] ] ically g 3 13
A total of 17 monkeys were treated with saline, GI870B4B (45
or 60 pug/kg s.c.), or codeine (16 or 24 ug/xg s.c.). This
t:eatment was 19 hours after the last s.c. morphine dose and
che monkeys are displaying withdrawal signs.

A3 . : i e . -
GI87084B, pentazocine and saline were evaluated for self-
administration performance in 4 experienced monkeys. Two
naive monkeys were tested for self-administration of
GI87084E followed by saline.

A4. Qbgervation of gross behavior effects upon acute
\ming .
Thirteen male rats, 231 to 253 g, were used. Six received
saline, one at 60 ug/kg and 2 each at 4, 8, and 1% ug/kg.
They were observed prior to administration, immediately
after administration 0.25 hrs, 0.5, 1.0, 2.0, 3.0, and 4.0
hours after administration,

AS. Repeated infusion for phvsical dependence production in rats
L. Three day infusion - 7 male rats per group. GIB7084EB,

16
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remifentanil, at 8 or 15 ug/kg or saline at 2 cc/kg., every
10 minutes {432 infusions). Pentazocine at 4 mg/kg. hourly.
Thirty minutes after the last infusion, naloxone, 1 mg/kg,
was administered subcutaneocusly and the withdrawal signs
were observed for one hour.

2. Seven day infusion: 7 male rats per group. GIS87084B,
remifentanil, at 8 or 15 pg/kg or saline at 2 cc/kg, every
10 minutes {1008 infusions). Pentazocine at 4 mg/kg,
hourly.

RESULTS:

Al.

A2.

A3,

A4,

AS.

A si-gle dose of GI87084B produced ataxia, hypoactivity,
hyporeactivity, "prone position and asthenic positions in
monkey after 8 ug/kg i.v. and 45 and 60 ug/kg s.c. and some
respiratory deprnssion was also cobserved. One monkey at.
60ug 1.v. immediately post injection was supine and had
apnea. The animal recovered after administration of
naloxone at 0.6 mg/kg s.c..

GIB70%4B at 45 and 60 ug/kg and codeine at 16 and 24 mg/kg
suppressed morphine-withdrawal signs in monkeys. At the low
dose of both drugs, the suppression was rated as
"intermediate"” in 2 of 2 monkeys with each drug. The high
dose of each drug was graded as "marked" suppression.

The rate of self-administration of GIB7084B was greater than
saline in both experienced and naive monkeys. The vehicle
control saline average for a week was 1.6 to 5 lever-presses
per day while GI87084B administration produced high rates of
>700 to >1000.

GIB7084B was tested at 4, 8, 15, and 60 ug/kg, in rats. The
observations recorded behavioral depression at 1% and 60
pg/kg and muscle rigidity and respiratory depression was
1iso observed at these doses.

In the group of rats receiving GIB7084B every 10 minutes for

three days, the naloxone challenge produced only mild
withdrawal signs. In contrast, the rats receiving

17
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pentazocine demonstrated «lear withdrawal signs including
body weight loss.

In the 7-day infusion study with GI87084B at 8 and 15 ug/kg,
one subject in each dose grcuap died, possibly of mis-dosing.
Significant body weight loss was observed in the 15 ug/kg
group and in the pentazocine group.

DISCUSSION:

GI87084B produced opioid-like CNS depression and respiratory
depression in both rats and monkeys after acute administration.
This opioid characterization included reduction of morphine
withdrawal signs in the monkey and production of mild withdrawal
signs in the rat that were less than the pentazocine effects.
GIB7084B was also reinforcing in the self-administration test
with both experienced and naive monkeys.

EX-VIVO INTERACTION STUDY BETWEEN REMIFENTANIL AND
ATRACURIUM, MIVACURIUM, ECBOTHIOPHATE, ESMOLOL,
MIDAZOLAM, PHYSOSTIGMINE, AND NECSTIGMINE

(NDA V6/256)

STUDY/REPORT NUMBER: UTX/94/015

STUDY SITE: Glaxo Inc. Research Institute

GLP/QA SPECIFICATIONS: unknown

PROCEDURE :

The blood sample of a drug-free volunteer was used for in vitro
testing of the changes in t, of remifentanil in the presence of
common lntra-operative medications at clinically relevant

concentrations. The compouvnds were mixed in blood aliquots and
incubated at 37°C for various time intervals.

8
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RESULTS :

Atracurium, mivacurium, echothiophate, esmolol, Midazolam,
physostigmine, and neostigmine were tested. There was no
significant change from control, remifentanil alone, in the
presence of echothiophate, midazolam, physostigmine or
neostigmine. However, atacurium, mevacurium and esmolol changed
the t, by -22%, -10% and +10%, respeccively, with statistical
significance. A repeat of these mixtures produced the following
respective changes; -10%, -5% and -3%, also all statistically
significant. The in vitro t, for remifentanil was 1.18 hrs and
1.57 hrs on the repeat.

DISCUSSION:

The sponsor does not feel these changes are of biological or
pharmacological signTficance and this reviewer agrees as the
bioclogical t, is c¢nly 3 to 10 minutes in the clinic. This in
vitro test has limited value. The compound was referred to as
remifentanil an rno lot number was given and it is assumed this
was the hydrochloride salt (G187084B), the compound to be
marketed.

Remifenanil, GIB7084B, is a potent, ultra-short acting opiate.
The analgesic effects are typical of other opiates and
principally due to mu-agonist activity. The short t, of about €
minutes requires intravenous infusion to maintain analgesia and
sedation and allows for rapid titration of the depth of
anssthesia. When used with enflurane anesthesia in dogs, it
reduced the MAC by as much as 63%. Use during anesthesia
decreased intracranial pressure (ICP) similar to alfentanil but
during recovery the ICP rebounded to greater than control levels.

As an opiate, remifentanil produced withdrawal after repeated
administration, it suppresses respiration and withdrawal symptoms
in morphine dependant monkeys. The monkeys, drug naive and drug
experienced, will self-administer remifenanil.

As with other opioids, remifentanil produced some cardiac
depressant effects, decreased HR, LV dp/dt, systolic and
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diastolic BP, and this was naloxone reversible. However, no
direct effects were obsgerved in isolated tissue and in conscious
dogs it produced a dose-despendant hypertensive response.

The main metabolite, (GI50291, 1is the hydrolysis product by RBC
esterases. In vitro assays did not show hydrolysis by human
pseudo-, butyl-, or acetyl- cholinesterases or by carbonic
anhydrases I or II.

Remifentanil is a weak histamine releaser in vivo, but not in
vitro. Remifentanil and GIS®029%1 do not significantly bind to
non-opioid receptors. i.e. adrenergic, cholinergic, dopaminergic,
serotonergic, gabaminergic, adenos:ne or calcium channels.

and the reviews are included in appendix as noted:

appendix I
urC/93/011 Effects of GIB7084 3 (remifentanil) on the
electroencephalogram and systemic hemodynamics in
anesthetized dogs: Comparison of drug substance
synthesized via two different routes

appendix II
UMP/90/009 Antinociceptive activity of GI87084 in the
rat tail withdrawal assay

UAP/91/006 In vitro and in vivo opioid effects of
GR90291, the primary metabolite and degradation product
of G187084

UMP/90/011 Analgesic and cardiovascular effects of

GIB8708B4B 1n conscious dogs

UMP/90/007 Opiold effects of GIB7084B in isolated
tissues
UMP/88/002 Hemodynamic effects of GIB7084B in

anesthetized dogs
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UMP/S0/002 Hemodynamic effects of low dose infusion and
bolus doses of GIB7084B in anesthetized dogs

UAP/91/003 Assessment of the potential interaction of
GIB7GB4B with succinylcholine and hemodynamic effects
of prolonged GI87084B infusion in anesthetized dogs

UAP/91/004 Electroencephalographic and cardiovascular
effects of high doses of GIB87084B in anesthetized dogs

UMP/90,/010 Cardiovascular effects of GIB7084B in
urethane anesthetized rats

UMP/90/001 Effects of GI87084 1 on renal excretory
function im conscicus rats

UMP/90/006 Effects of GIB7084A, GIB7084B, GIB7084C on
histamine release in rats (in vivo) and human
peripheral mononuclear leukocytes (in vitro)

UMP/90/004 The effect of GI87084B in spontaneously
beating guinea pig atria and in rat anococcygeus muscle

UMP/90/005 Effects of GIB7084 3 on isolated rabbit
acrtic rings

UMP/90/003 Direct effects of GIB7084A and effects on H1
histamine and M2 muscarinic receptors in guinea pig
ileum longitudinal muscle

The following studies were read, but not formally reviewed.
However, selected data is presented in summaries:

UTX/93/060 Gl106769A (midazolam hydrochloride) : Acute
intravenous lethality study in Sprague Dawley rats 6/124
UTX/9:, 062 Gl106768X (thiopental sodium): Repeat acute intra
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venous toxicity study in Sprague Dawley rats 6/169

UTX/23/061 GIB7084B (opioid agonist), Gl106768X (thiopental
sodium) and Gl106769%A {(midazolam): Acute intravenous
lethality toxicity study in Sprague Dawley rats 6/211

1
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TOXICITY - ACUTE STUDIES

GI8B7084B (OPIOID AGONIST): ACUTE ORAL TOXICITY STUDY
IN RATS (UP AND DOWN PROCEDURE) (V34/pl176)

STUDY/REPORT NUMBER: UTX/93/034

STUDY SITE:

GLP/QA SFECIFICATIONS: In accordance V34/183,188,213

SPECIES/NUMBER OF SUBJECTS/SEX: Wistar rats 1/sex/dose and
S5/sex/single dose of 2000mg/kg of GI87084B.

DOSES/ROUTE OF ADMINISTRATION: Al) single cral doses by gavage.
Poses of 50, 65, 84.5, 200, 400, 800, 1600 and 2000 mg/kg in
pairs of rats and 2000mg/kg to 5/sex for Maximum Non-Lethal Dose
(MNLD} . Dose volume of 10 ml/kg and the pH of
solution/suspensions ranged for 4.6 to 5.0.

PROCEDURE: Animals were dosed once, observed for 12 days and
sacrificed and necropsy performed on day 15.

RESULTS: Nc deaths cccurred at any dose. LCecreased motor
activity was noted in 1/2 at 84.5, 400 and 800 mg/kg and 2/2 at
1700 and 2/2, 10/10 at 2000 mg/kg. The other signs of opioid
intoxication; prostration, rigid body, low carriage, impaired
righting reflex, all started within 15 minvt: to 4 hours post
dosing and were gone by 24 hours. Convulsioas were observed in
both animals at 1600 mg/kg.

Although the animals were necropsied, no data are presented and
in the text there is only the statement that no macroscopic
abnormalities were observed. The MNLD wculd exceed the 2000
mg/kg dose tested.
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DISCUSSION:

GI87084B appears to be very safe upon oral administration as no
deaths occurred at 2gm/kg and significant effects were not
observed below 400 mg/kg.

GI870848 (opioid agonist): Industrial toxicolegy evaluation
acute in tracheal inhalation toxicity study
in albino rats (V34/214)

STUDY/REPORT NUMBER: UTX/94/009

-

STUDY SITE:
GLP/QA SPECIFICATIONS: none cited

SPECIES/NUMEER OF SUBJECTS/SEX: rats, male; 4 groups of 4 =
additional group of 4 larger males for repeat of high dose.

DOSES/ROUTE OF ADMINISTRATION: 0, 2.5, 5 or 10 ug/kg GI87084B
aerosol into trachea of methoxyflurane anestnetized animals only.

PROCEDURE: The anesthetized rats each received one dose of
GI37084B were observed for symptoms and mortality. Due to
difficulties in the aerosol administration in small rats, 246 to
270 grams, the high dose was repeated with rats 311 to 357 gms.
At be erd of 14 days all survivors were euthanized and examined.

RESULTS:

The 2.5 ug/kg dose produced no mortalities or body rigidity. The
5 ug/kg dose produced 1/4 deaths shortly after dosing and the
remaining 3 rats had body rigidity but recovered from anesthesia
without obvious abnormalities.

At 10 ug/kg in the smaller rats. one died during administration
and 2 shortly thereatter. The fourth had body rigidity but
recovered. A repeat of this with the larger rats 1 died during
and a second shortly after. The remaining 2 rats developed
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hindlimb rigidity but appeared normal thereafter.

The deaths were all attributed to hypoxia from cessation of
breathing and no macroscopic lesions were seen upon necropsy.
The acute intratracheal LD,, was 8 ug/kg GI87084B and the safe
exposure limit was set at 1 ug/kg G187084B/M®.

DISCUSSION:
This was an internal safety determination for the synthesis
facilities.

The acute toxicity of remifentanil is characteristic of opioid
overdose with sedation, respiratory depression, c¢yanosis, body
rigidity, excess salivation and ccnvulsions as the primary
symptoms. In rats the oral LDy, is greater than 2 grams/kg;
intravenous, 17 mg/kg and bv aerosol inhalation, 8ug/kg. Mice
and dogs are more tolerant of iv administration with LDy, of 100
mg/kg and >80 mg/kg, respectively.

The focllowing studies were read but not formally reviewed,
although selected data is presented in summaries:

UTX/93/059 GIB7084B (opioid agonist): Acute intravenous
lethality study in Sprague Dawley rats 6/076

UDM/8%/008V2 Gl87084 blood concentrations in rats immediately
after intravenous administration of doses used in
LDS0O determination 48/026

The following studies were reviewed previously and the reviews
are included in appendix as noted:
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Appendix II
UMP/90/008 Direct myocardial effects of GIB7084B

UTX/90/002 GI87084B (opioid): Acute intravenous toxicity
study in the rat

UTX/90/003V2 GIB7C084B {(opioid agonist): Acute intravenocus
toxicity study in the dog
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TOXICITY
SUBCHRONIC / CHRONIC STUDIES

GIB7084B (opicid agonist): Pilot continuous intravenous
infusion toxicity study in rats
* (NDA V14/001)

STUDY/REPORT NUMBER: UTX/94/024

STUDY SITE:

GLP/QA SPECIFICATIONS: In concordance, V14/pg007.

SPECIES/NUMBER OF SUBJECTS/SEX:
Wistar rats. Control, saline injection, 10/sex; treated groups,
25/sex, (10/sex toxicity, 15/sex pharmacokinetics.

DOSES/ROUTE OF ADMINISTRATION: All rats had indwelling jugular
catheters: 1iv dosing escalated from 0.01 ug/kg/min GI87084B
(days 1,2 and 3); 0.05 ug/kg/min GIB7084B (days 4,5,6 and 7); 0.1
pg/kg/min GI187084B (days 8, 9 and 10); 0.5 ug/kg/qin GIB7084B
(days 11,12,13 and 14); 1.0 pg/kg/min GiB7084B (cays 15,16 aud
17) .

PROCEDURE :

The animal were observed twice daily and had food and water
available ad libitum. Saline infusion started approximately 3
days prior to test initiation. Food consumption was recorded
daily and body weight were taken at the start of each dose
escalation phase.
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Toxicokinetic samples were taken by cardiac puncture on days 1,
4, 8, 11 and i5 of testing after pentobarbital anesthesia and no
necropsy was done on these animal from the toxicokinetic group.

On day 18 the toxiclity groun was euthanized, bled for hematology
and clinical tests and necropsied. C(Organs were weighed and
microscopic examination of selected tissues was performed on all
animals.

RESULTS:

No compound related effects were observed in terminal bedy or
organ weights or any macro- or microscopic changes, according to
the investigators summary.

The body weights of the toxicity male subjects appeared to be
significantly different pre-test ({(V14/56), controls 4 to 9%
heavier than remifentanil animals, and during the treatment
phase, this difference remained, 3.3 to 4.3%, but lost
significance. The table of terminal body weights (V14/70)
indicates that, with the loss of an animal per treatment group,
the difference became statistically significant again with the
controls 8.4% heavier. Although the absolute crgan weights did
not differ between groups, except for a pituitary weight 16.6%
greater in controls, organ weights per body weight percentages
appeared significantly elevated in the treated group. i.e. left
and right adrenals, +29.4% and +29.85, and thyroid/parathyroids
by 25% and liver weights by 11%. The latter effect correalities
wizh rthe lack of remarkable macroscopic changes in the controls
(0/9) and the presences of macroscopic changes in the treated
group of males (2/9). The microscopic changes also appeared to
support a different effect with remifentanil. The macroscopic
and possibly microscopic taymic abnormalities were alsoc more
crevaient in both male and female treatment groups {(3/9 & 4/9},
than i:n the centrols (1/10 & 2/9).

The erfects were not severe, however nothing was noted by the
SpPONsSOoYr.
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DISCUSSION:

Although the sponsor does not consider any treatment related
effects are present, the elevated liver and adrenal weights /
body weight and accompanying increased macroc and microscopic
changes may indicate a compound induced change. The stress of
remifentanil administration to conscious animals could be the
foundation of the increased relative adrenal weights.

GIB7084B (OPIOID AGONIST): REPEAT PILOT CONTINUOUS
INTRAVENOUS INFUSION TOXICITY STUDY IN RATS
(NDA 14/280)

STUDY/REPORT NUMBER: UTX/94/033

STUDY SITE:

GLP/QA SPECIFICATIONS: Glaxo Research Institute did the
toxicokinetic analysis. In concordance, Vol.l4/pg 287.

SPECIES/NUMBER OF SUBJECTS/SEX:
Wistar rats. Control, saline injection, 10/sex; treated groups,
23/sex, {5/sex toxicity, 18/sex pharmacokinetics).

DOSES/ROUTE OF ADMINISTRATION: All rars had indwelling jugular
catheters: iv dosing escalated from 1 pg/kg/min GIB87084B (days 1
and 3); 5 pg/kg/min GIB7084B (days 3 and 4); 10 ug/kg/min
GIB7084B (days S5 through 8).

PROCEDURE :

The animal were observed twice daily and had food and water
available ad libitum. Saline infusion started approximately 3
days prior to test initiation. Food consumption was recorded
daily and body weight were taken at the start of each dose
escalation phase.
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Toxicokinetic sampies were taken from 3 animals/sex by cardiac
puncture on days 1, 3, 5 and B of testing after pentobarbital
anesthesia and no necropsy was done on these animal from the
toxicokinetlic group.

On day 9 the surviving toxicity group was euthanized, bled for
hematology and clinical tests and necropsied. Organs were
weighed and microscopic examination of selected tissues was
performed on all animals.

RESULTS :

The changes that appeared to difrer significantly between control
and treatment groups are presented in the following table:

-~

absolute weights wgt relative to BW
organ system I
d ? o ¢
—J AhnL
LF ADRENAL NS -8.8% P<.01 - NS -1% Pc.01 -19%
24%
RT ADRENAL NS + 9% | NS -18% NS +19% NS -12%
SPLEEN NS -26.5% P<.01 - NS -21% NS -16%
19%
LF KIDNEY P<.05 -19% P<.01 - P<.05 -13% NS -13%
19%
RT KIDNEY P<.05 -21% P<.01 - P<.05 -15% NS -14%
20%
PROSTATE P<.01 -44% P<.02 -39%
LF OVARY P« .01 - Pc.02 -31%
35%
RT OVARY NS 23% NS -19%
UTERUS/CERVIX Pe .05 - NS{p«<.1l}-

44d% 40%
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Clinical terminal
Chzmistry concentrations
d ?
Blood Glucose p<.001 p<.001
+55% +70%
Total protein p<.01 p<0.02 !}
+6.8% +11.9%
Alkaliire p<.001 p<.02
phosphatase -47.9% -46.4%
DISCUSSION: ~

The drug effects in this second pilot study were not severe and
were generally in the opposite direction from the trends in the
initial pilot study. i.e. reduced adrenal weights versus
increased weights in the initial pilot. This difference may alsc
reflect the increased doses of remifentanil. The increased dose
may also have induced a decreased kidrney weights and sex organs
in both sexes.

The clinical chemistry changes in blood glucose and alkaline
phosphatase were noted by the sponsor. The increase protein
content was not noted and none of the changes were explained in
context of drug administration.

GI87084B: TWO WEEK CONTINUOUS INTRAVENQUS INFUSION
TOXICITY STUDY IN RATS
(NDA 15/001)

STUDY/REPORT NUMBER: UTX/94/050
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STUDY SITE:

GLP/QA SPECIFICATIONS: In concordance at
and at Glaxo Research Institute for pharmacckinetic analysis (NDA
15/9) .

SPECIES/NUMBER COF SUBJECTS/SEX/DOSE:

Wistar rats, Crl(WI)BR. Control, saline injection, 15/sex;
treated groups: high dose (5 ug/kg/min), 21/sex, (15/sex
toxicity, 6/sex pharmacokinetics); Low and Medium doses (0.1 and
1.0 pug/kg/min), 16/sex (10/sex toxicity and 6/sex
pharmacokinetics). In the control and high dose toxicity groups
of 15/sex, 5/sex were treated for the 15 days and then observed
for 2 weeks post-treatment.

PROCEDURE :

All rats had indwelling jugular catheters implanted about three
weeks prior to study initiation. The infusion of sterile saline
started two days prior to the start of testing at the infusion
rate used for drug administration, 1 ml/kg/hour.

At initiation of testing, the animals were infused continuously
with saline or remifentanil at 0.1, 1.0 or S ug/kg/min, in volume
of 1 ml/kg/hour as calculated from body weights on days 1, 8 and
15. The pharmacokinetic blocod samples were collected by cardiac
puncture 4 hours after start of infusion on day 1 (3/sex})and
during infusion on day 15 (3/sex). No necropsy followed blood
collection.

Clinical Hematology screens evaluated the following parameters:

Red blood cell count, Hemoglobin, Hematocrit, Mean corpuscular
volume, Mean corpuscular hemoglobin, Mean corpuscular hsmoglobin
concentration, Platelet count, Prothrombin time, Activated
partial thromboplastin time, White blood cell count, Nucleated
red blood cell count, Corrected white blood cell count, Segmented
neutrophil count, Band neutrophil count, Lymphocyte count,
Monoccyte count, Eosinophil count, Basophil count.

Clinical Chemjigtry parameters measured were:

Glucose, Urea nitrogen, Creatinine, Total protein, Albumin,

.
to
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Globulin, Total bilirubin, Direct bilirubin, Indirect bilirubin,
Cholesterol, triglycerides, Total lipids

Aspartate aminotransferase, Alanine aminotransferase, Alkaline
phosphatase, Calcium, Inorganic phosphorus, Sodium, Potassium,
Chloride.

Clinical Jripalysis measured parameters were: Urine volume,

Specific gravity, Urine pH.

RESULTS:

Three male rats were found dead or euthanized during the study.
One high dose rat was found dezd on day 8 and probably died of
respiratory depression. One medium dose subject died on day 8
and one on day 26, both of systemic bacterial infections.

The test solutions were sampled before and after use and all
solutions did not reach the criteria of :20%. The only high dose
sclution not reaching criteria was found to contain only 62
percent of the desired concentraticn in the predosing solution,
but 84% postdosing sample. This was used in the dosing days 11-
14. Of the five solution failing pre or post dosing
concentration, no solution failed both pre and post.

Toxicokinetic analyses showed that blood concentrations of
GI87084 (at doses up to and including 5.0 HgGIB87084B/kg/minute
were all below lng/ml (the limit of quantification). The blood
levels of GR90291 were similar both between sexes and sampling
occasions (Days 1 and 15) and increased in an approximate
dose-related manner as shown below:
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Summary of Mean Blood Concentrations of GR90291 (ngGR90291X/ml)
Approximately Four Hours after Start of infusion on Days 1 and 15

Group Dosge? Sex Day 1 Day 15

1 0 M BOL (n=3) BQL (n-3)
0 F BQL (n=3) BQL (n=1)

2 0.1 M 4.18 (n=3) 1.88 (n=3)
0.1 F 2.13 (n=3) 1.36 (n=3}

3 1.0 M 16.2 {n=3) 18.9 (n=3)
1.0 F 15.4 (n=3) 27.9 (n=2)

4 5.0 M 176 (n=3) 87.9 (n=3)
5.0 3 77.3 (n=3) 70.8 (n=3)

“{ngGI870B4B/ka/min)

Cumulative exposures to (GI87084 could not be determined because
all blood concentrations of GI8708B4 were below the limit of
guantification. Cumulative exposures to GR90291 over the course
of the study, taking the duraticn of dosing as approximately 360
hours (15 days x 24 nhours), were as follows:

Cumulative Exposure to GR90291

Sex Dose Mean conc. Estimate total
(ugGlB7084 /kg/min) ng GR90291/ml* exposure

(h.ngGRU291/ml)
Male 0.1 3.03 1091
Jemale G.1 1.75% 630
Male 1.0 17.6 5336
Fema.e 1.¢ 21.7 7812
“__Mal& 5.0 132 47520
Female 5.0 74.1 26676

* Average ot blood concentrations Day 1 and Day 15
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The major behavioral changes during treatment were irregular
respiration in the high dose group. Remifentanil infusion did
not induce bodyweight changes at any dose in the ferale rats.
However, the high dose group of male rats was 7.5% lighter at one
week, 7.9% lighter at two weeks and 3.3% lighter after the first
week of non-treatment for the & recovering males. The bodyweight
gain decrease was significantly different the first week and the
total two week treatment segment. The differences in bodyweights
were less than 10% and the high dose group gained 35.6% less
durirg the two week treatment. Although statistically significant
these decreased weight gains probably have no bearing on the
acute use of remifentanil. The differences in bodyweight gains
reversed during recovery and at the end of two weeks, the
bodyweight gains were only an insignificant 6% less for the high
dose group. The food consumption of the groups paralleled the
bodyweight gains.

The results in Hematology screens aid not indicate any
significant treatment related changes at the end of the 15 days
of treatment. However, in the Clinical Chemistry screens, the
serum glucose levels were elevated on Day 16 with both the mid
and high dose groups. The effect was reversed in the recovery
animals after 2 weeks without remifentanil. The revarsal was not
only the lowering of the glucose level in the treated animals,
but glucose levels in the control group were higher than either
the controls at Day 16 or the high dose group. This requires
further clarification. The results are presented in the
following table:

Mean Serum Glucose {mg/dl)

que Day 16 Day 31
male female male female
0 99 (76-1130) 76 (55-123) 151 (133-164) | 133 {(109-165)
0.1 32 (74-112) 84 (67-113) - -
1.0 115 (95-137) 105° (B0-130) - -
5.0 141°(111-163) 117° (48-153) 128'(115-135) 129 (110-148)

. statistically significant *;187084B/kg/min
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The histology of the pancreas in the mid and high dose groups
indicated moderate to severe decreases in acinar cell zymogen
granules which are involved in proteolytic enzyme production
rather than insulin. The sponsor stated that the changes in
zymogen granule number were of no pathological significance as
they were not different from control after the two week recovery
in addition to the fact that the number cf granules shows
considerable variation 1n normal conditions. However, there was
no pancreas welghts reported and no suggestions as to what caused
the increased blood glucose and if this was related to any
decreased pancreatic insulin production or release.

Other Clinicil Chemistry parameters which after two week of
dosing were: Urea nitrogen, Creatinine, Total Protein,
cholesterol, sodium and potassium as presented in the following
table:

Sex | Day Dose [glu urea creat |T chol [ Na°* K
Nitro prot
d 1€ low l l I * | ! + l
¢ ' ! + + + + +
d med r ! ! i r + +
4 ] 1 + 1 ! + +
d hi T+ L * | * 1 1 * | 1
? t* ] + [ + + 1
o 31 hi L* i | t * + + *
? ! | * + | * 1 + | *

* significantly different from control

The Urinalysis did not demonstrate any treatment induced changes
in the parameters measured; urine volume, specific gravity or pH.

The absolute organ weights did not differ significantly to any
degree except for kKidney, lung and liver weights in the high dose
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males and the relative organ to body weight did not differ from
control groups. This indicates decreased organ weights merely
reflected the decreased body weights observed in the high dose
group males.

DISCUSSION:

The major treatment related changes appeared to be the increased
blood glucose levels, the decreased pancreatic ocinar cell
zymogen granules, decreased body weight and food consumption.

GIB7084B (opioid agonist): Pilot continuous intravenous
infusion toxicity study in dogs
(v21/001)

STUDY/REPORT NUMBER: UTX/94/052
STUDY SITE:
GLP/QA SPECIFICATIONS: accordance 21/16

SPECIES/NUMBER OF SUBJECTS/SEX: Beagle Dogs 4/sex in control and
treatment groups.

DOSES/ROUTE OF ADMINISTRATION: Escalacing dose by indwelling iv
catheter inserted 1 to 2 weeks prior to study initiation. On
days 1-2, 0.01 pg Gl87084B/kg/min; Days 4-7, 0.05 ug; Days 8-10,
0.1 pg; bay 11, 0.5 pug for 5 hours and severe clinical signs seen
and dose was reduced to 0.1 ug through Day 14; Days 15-18/19,
0.25 ug.

PROCEDURE:

The infusion pumps were set to deliver solutions at 1ml/kg/hour
and the control group received normal saline. The animals were
observed at least twice daily and an additionally at 30 minutes
and 1 hour after the start of a new concentration.

Clinical Hematology screens evaluated the following parameters:
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Red blood cell count, Hemoglobin, Hematocrit, Mean corpuscular
volume, Mecan corpuscular hemoglobin, Mean corpuscular hemoglobin
concentration, Platelet count, Prothrombin time, Activated
partial thromboplastin time, White blcod cell count, Nucleated
red blood cell count, Corrected white blood cell count, Segmented
neutropnil count, Band neutrophil count, Lymphocyte count,
Monocyte count, Eosinophil count, Basophil count.

Clinical Chemistry parameters measured were:

Glucose, Urea nitrogen, Creatinine, Total protein, Albumin,
Globulin, Total bilirubin, Direct bilirubin, Indirect bilirubin,
Cholesterol, Triglycerides, Total lipids,

Aspartate aminctransferase, Alanine aminotransferase, Alkaiine
phosphatase, Calcium, Iuorganic phosphorus, Sodium, Fotassium,
Chloride. ~

Clinjical Urinalysis measured parameters were: Urine volume,
Specific gravity, Urine pH.

RESULTS:

No animals died during the study and although about 50% of the
dogs had some interruption of the infusion due to mechanical
problems, all received 95% to 105% of the intended dose.

No significant changes were observed in the Clinical hematology,
Clinical Chemistry or Urinalysis screens. The absolute organ
weights did sometimes differ significantly, but when expressed as

percent body weight, there was no significant difference. The
results were used as a basis for the follewing study UTX/94/056.
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GIB87084B: TWO-WEEK CONTINUOUS INTRAVENOUS IN"USION
TOXICITY STUDY IN DOGS (V21,242)

STUDY/REPORT NUMBER: UTX/9%4/05¢

STUDY SITE:
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GLP/QA SPECIFICATIONS: concordance V21/249,263

SPECIES/NUMBER OF SUBJECTS/SEX:

Bewgle dogs, 6/sex in control and high dose groups, 4/sex in low
and mid dose groups. Two/sex were used as recovery groups from
both the control and high dose groups.

DOSES/ROUTE OF ADMINISTRATION:

Intravenous administration through indwelling jugular catheters
implanted 1 to 2 weeks prior to test initiation. The low dose
was 0.01 pg/kg/min GIB7084B, the mid dose 0.05 and the high dose
0.25 ug/kg/min GIB7084B. The control was sterile saline and the
infusion rate for all was 1 ml/kg/hour.

PROCEDURE : -

The animals were observed at least twice daily and
electrocardiograms were taken for each dog prior to initiation
and after at least 14 days of treatment. Blood samples were
taken for toxicokinetics 4 hours after the initiation of infusion
and while still infusing on day 15. Animals not designated as
recovery dogs were euthanized on days 16/17 and the recovery
animals on day 34.

Clinical Hematology screens evaluated the following parameters:
Red blcod cell count, Hemoglobin, Hematocrit, Mean corpuscular

volume, Mean corpuscular hemoglobin, Mean corpuscular hemoglebin
concentration, Platelet count, Prothrombin time, Activated
partial thromboplastin time, White blood cell count, Nucleated
red blood cell count, Corrected white blood cell count, Segmented
neutrophil count, Band neutrophil count, Lymphocyte count,
Monocyte count, Eosinophil count, Basophil count.

Clinical Chemistry parameters measured weie:

Glucose, Urea nitrogen, Creatinine, Total protein, Albumin,
Globulin, Total bilirubin, Direct bilirubin, Indirect bilirubin,
Cholestercl, Triglycerides, Total lipids,

Aspartate aminotransferase, Alanine aminotransferase, Alkaline
phosphatase, Calcium, Incorganic phosphorus, Sodium, Potassium,
Chloride. '

Clinical Uripnalysis measured parameters were: Urine volume,
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Specific gravity,

RESULTS :

The following three tables present the exposure of the dogs

Urine pH.

to

remifentanil (G187084B) and the major metabolite GR90291.

i Mean Blood Concentratio.s ngGl87084R3/ml
Sex Dose Day 1 Day 1%
(ugGlB87084/kg/min}

Male 0 BQL (N=6) BCL (N=6)
Female 0 0.12 BQL (N=6¢)
Male 0.0L BQL (N=4) BOL (N=4)
Female 0.01 BQL (N=4) BQL (N=4)
Male 0.05 0.19 (N=4) 0.36 (N=3)
Female 0.05 0.19 (N=4) 0.15 (N=4)
Male 0.25 1.20 (N=6)} 0.59 {(N=G}
Female 0.28 0.94 (N=6) 0.68 (N=6)

BQL - below quantification level

a n=1 other

5 dogs BQL
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Mean Blood Concentratiops ngGR90291x/ml
Sex Dose bay 1 Day 15
(ugGl87084/kg/min)
B Male o BQL (N=6) BQL (N=6)
Female C BOQL (N=6) BQL (N=6)
Male 0.01 0.70 (N=4) 1.49 (N=4)
Female 0.01 0.59 (N=4) 0.65 (N=4)
Male 0.05 3.19 (N=4) 6.38 {(N=4)
Female 0.05 3.48 (N=4) 3.13 (N=4)
Male 0.25 11.¢ {N=6) g.81 (N=6)
Female 0.25 13.5 (N=6) 14.5 (N=6)

BQL - below guantification level

Sex Dosge Mean concentration Estimate total exposure
GIB70£4B ng/mls (h.ng/ml)
(pg/kg/min)
l GI8T7084B GR90291 GIB870848B I GR90291
= - —— |
Male C.01 BQL 1.01 BOL 435.6
Female 0.01 BQL 0.62 BQL 245.5
Male 0.05 0.28 4.79 110.9 1896.8
Female 0.05 0.17 3.31 67.3 1310.8
Male D.25 0.90 10.21 356 .4 4043.2
Female D.25% 0.81 14.0 320.8 5544 .0

The bodyweight gains were less for the high dose animals and
significant weight loss occurred with both male and females in

rhe initial week.
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but only statistically significant for the males of the high dose
group, 0.25ug Gl87084B/kg/minute. The focd consumption was
parallel the weight profile. No significant differences from
control bodyweight gain were observed in the low and mid dose
groups.

Upon analysis of the EKG records, one veterinary cardiologist
detected T-wave reversal in 3 of the high dose dogs however, a
second cardiclogist found these changes in all groups and the
spensor concludes there is no difference induced by the compound.

No significant differences involving remifentanil! treatment were
obse rved in the Hematology screens either after dosing or in the
recuvery group.

In the Clinical Chemistry data, there was significant reduction
in Tetal blocd proteins in both mid and high dose males, but not
females. No elevated levels of glucose or cholesterol or changes
in ele.trolytes were observed in the treated gJroups.

The organ-to-body weights ratios suggested a greater relative
adrenal weight with both the low and high dose group males
although only the right adrenal ratio was statistically
significant. The difference was not evident in the females.

DISCUSSION:

The data shows very few effects attributable to the drug
treatment, except for some possible T-wave polarity reversal and
body weight loss. The sponsor concludes the NOEL is 0.01
ug/kg/min of GIB70B4B although the high dose was 1/20th, by body
weight, that used in rats.

GIB7084B: Bolus intrathecal maximum repeatable
dose {(MRD) toxicity study in dogs
(vig/o01)

STUDY/REPORT NUMBER: UTX/94/058
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STUDY SITE:
GLP/QA SPECIFICATIONS: 1In compliance V30/10,19 Batch 37126

SPECIES/NUMBER OF SUBJECTS/SEX: Beagle dogs, 2/sex/treatment
group.

DOSES/ROUTE OF ADMINISTRATION and PROCEDURE:

The dogs were implanted with intrathecal catheters at L3-4 and
the catheters exited in the dorsal neck region. Increasing bolus
doses, starting at 100 ug GIB7084B + 750 ug glycine and dcubled
daily until side effects, respiratory depression or seizures
occurred. The daily_intrathecal injections were given over a 20
to 40 second int<rval. All administrations were in the volume of
6.3 ml followed b 0.3 ml of saline to clear the catheters. A
glycine vehicle control was used and also a 0.9% Saline control.

When the maximum repeated dose (MRD) was ascertained the dogs
were infused daily with this dose for a minimum of 14 days. The
dogs were observed for overt evidence of hind limb dysfunction,
pain and analgesia was determined by skin twitch response
latencies. The heart and respiratory rates and blood pressure
measurements were recorded prior to daily administrations and 10
minutes post-administrations. On day 18, after two week of the
MRD, the animals were euthanized and tissue sections macroscopic
examined and preserved. The brain and section of spinal cord
were sent to the sponsor for processing. Blood and CSF samples
were also sent to sponsor for assay of GIB7084B. The measured
parameters on Days -3 and 18, were as follows:

Red blood cell count, Hemoglobin, Hematocric, Mean corpuscular
volume, Mean corpuscular hemoglobin, Mean corpuscular hemoglobin
concentration, Platelet count, White blood cell count, Nucleated
red blood cell count, Corrected white blood cell count, Segmented
neutrophil count, Band neutrophil count, Lymphocyte count,
Monocyte count, Eosinophil count, Bascphil count.

Clipical Chemistry:
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Glucose, Urea nitrogen, Creatinine, Total protein, Albumin,
Globulin, Total bzilirubin, Direct bilirubin, Indirect bilirubin,
Cholesterol, Triglycerides, Total lipids, Aspartate
aminotransferase, Alanine aminotransferase, Alkaline phosphatase,
Calcium, Inorganic phesphorus, Sodium, Potassium, Chloride.

RESULTS :

The adverse effects happened at 1600 ug GIB7084B when one dog
seized after administration. The maximum repeated dose was
determined to be 800 ug and this was repeated daily for 14 days.
No dogs cied due to administration of GI87084B and all solution
were within the +20% of intended dose.

Starting with the lowest dose used, 100ug, the twitch skin
response was comnpletely blocked by GI87084B and :this persisted
throughout the 18 study. The twitch response returned to normal
within 24 hours of each administration. The glycine solvent
group demonstrated an increased twitch latency, most prominent
days 13 and 17, and the saline control group demonstrated no
effect.

The remifentanil group demonstrated typical symptoms of pg-agonist
activation; sedation, suppression of motor activity, loss of
hindlimb welight bearing and loss the ability for coordinated limb
movement . This returned to normal within 24 hours. The heart
rate was reduced after injection. Depregsion of arcusal occurred
within 1.3 to 4.3 minutes of injection and reversed within 18 to
35 minutes.

The glycine group alsc demonstrated loss of hind limb
coordination with complete recovery within 24 hours. This group
also demonstrated agitation and exaggerated pain behavior when
touched lightly on caudal portion of the body. This started upon
each glycine injection, persisted for more than 10 minutes after
completion and returned to normal within 24 hours. This

agiration feollowing i1njection could have been due tc the glycine,

the pH -1t the glvcine solution (3.5), osmolarity of the soclution
or any combination. The saline group demonstrated no abnormal
beravier.  The heart rate increased both pre and post injection
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and pre-injection was probably anticipatory to the increased pain
response post injection. The post injectior response included
increased systolic, diastolic and mean blood pressures(V30/05) .

On Day 18, the mean CSF concentrations of GIB7084B were 16.2
ng/ml, range of 4.47 to 24.8 ng/ml, and exceeded the blood
concentrations of 22.3 to 32.1 ng/ml, mean of 27.8 ng/ml. This
was taken as indication that remifentanil is rapidly removed from
the CSF.

No GI8708423 was detected in the blovod or CSF of the saline
animals, however CSF of two dogs in the glycine control group did
have GI87084B concentrations of 3.14 and 436 ng/ml respectively ,
but none in the blood. Because similar CSF concentrations in the
remifentanil group resultzd in detectable blood levels, the
sponsor suggested the problem was in contamination of the samples
rather than a mistake in dosing of the glycine animals. The
increase in CSF protein concentration in dogs of the remifentanil
and glycine groups was attributed to contamination with
peripheral blocd. Histopathology of the spinal cords revealed
symptoms <f chronic meningeal inflammation but no group specific
changes.

No significant differences were evident in either the Clinical
Chemistry or Hematology screens. The CSF samples on Day -3 and
18 did not differ significantly although the small sample size of
2/sex, the mix of some samples with blood and the evidence of
sporadic meningeal inflammation did not make any comparison
realistic. There were no test-related changes in systolic,
diastolic or mean blood pressure over the 19 days of injection
(V30/361) .

DISCUSSION:

The Maximum Repeatable Dose (MRD) for bolus intrathecal
administration with glycine excipient was 8C0ug GI87084B. The
analgesic effects were evident at the lowest dose tested, 100ug
and sedation, muscle weakness and ataxia progressed with
increasing doses. No significant changes were evident in
hematology or clinical chemistry screens and all dogs were normal
in pain-response and awareness within 24 hours of administration.
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Glycine, 12 mg in 0.3 ml of 0.9% saline, was found to induce pain
respons2 and hyperalgesia. This was not seen when 0.8 mg of
GI87084B was in the solution an this probably is the result of u-
agonist activation inhibiting the pain sensation.

Microhemorrhages were reported to occur in the brains of dogs
treated with remifentanil. The hemorrhages were small, 20 to 200
microns, and could appear in any brain region although
Hippocampus, Caudate, Substantia Nigra, Cerebellum and
Thalamus/Hippocampus were the most affected sites. The following
table presents the data of the animals from the largest dose
group and both single and multiple administrations are combined:

DOGS WITH MICROHEMORRHAGES (6-8 studies)

Dose N N with N with
_;Eg/kg) hern.orrhages 2+ hemorrhages
0 49 S {10%) 1 (2%)
0.1-0.12 23 12 (52%) 10 (423%)

1 31 26 (84%) 18 (58%)

These effects prompted a Clinical Hold on the studies until the
sponsor submitted data which supported their contention that the
micrchemorrhages were due to the hypoxia produced by the
remifentanil induced respiratory depression. The request was for
both post- bolus and after prolionged infusion. The following
table summarizes those results:
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Dogs with Microhemorrhages - test studies

r---ggse N with N with
(mg/kg) hemorrhages 2+ hemorrhages
0 20 2 (10%) 1 (5%)
1 (UnVent)? 10 5 {50%) 4 (40%)
1 (V - bolus)? 5 0 0
0.2 (V - inf)? 5 1 {20%) o

! Unventilated *ventilated - bolus injection
' ventilated - infusion 20 ug/kg/min X 4 hours

The results were considered adequate by the pharmacologist group
from HFD-007, although this reviewer was not completely satisfied
due to the small numbers and lack of statistical significance.
The tissue slices were reviewed by CFSAN pathologists and they
agreed with the microhemorrhage designations ©f the sponsor.

The pharmacologists reviews are attached in appendix 1 and the
CFSAN pathologists in appendix TII.

The major alierations observed after chreonic administration of

remifentanil to rats were: reduced absolute and relative
epididymal weights at 2.5 mg/kg/day and sloughed epithelial cells
in epididymal tubules after 0.25, 1 and 3.5 mg/kg/day for four
weeks . In addition, continuous infusion of remifentanil to rats
lead to a reversible increase in serum glucose, upto 54%.

Cerebrovascular toxicity was observed in unventilated dogs but
not rats. In the control dogs of 8 studies (N=49), 10% were
observed with microhemorrhages and 2% with 2 or more. 1In the
remifentanil groups with 0.1 to 0.12 mg/kg (N=23}), the relative
percentages were 52% and 43%. This increased to 84% and 58%
after the dose of 1 mg/kg (N=31) and a Clinical Hold was imposed
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until the sponsor demonstrated that ventilation reduced the
hemorrhages to control levels. This was submitted and the
effects emphasize the need fcr ventilation when using this

compound.

The following studies were reviewed previously upon submission,
and the reviews are 1included in appendix as noted:

append:x II
UTX/90/G04

appendix I
UTX/%2/014

UTX/92/015

UTX/93/027

UTX/92/024

UTX/93/0C3

UTX/93/058V2

UTX/94/021

Urx/94/022

GI87084B (opicid): A two-week intravenous
toxicity study in the rat

-

GI87084B (opioid agonist): 4-Week intravenous
injection toxicity study in rats

GIB7084B (opioid agonist): 4-Week intravenous
injection toxicity study in dogs

G187084B (opioid agonist): Intravenous
maximum repeated dose (MRD) toxicity study in
dogs with Route 1 synthetic material

GI87084B (opioid agonist): Intravenous
maximum repeated dose (MRD) toxicity study in

dogs

(61870848 (opioid agonist): Repeat 4-week
intravenous injection toxicity study in dogs

Assessment of microhemorrhages in the brains
of deogs followlng administration of GIB7084B

{oplold agonist)

GIB7084B: Pilot acute bolus intravenous
toxicity study in non-ventilated male dogs

GI87084R (remifentanil hydrochloride), Gli
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UTX/94/020

UTX/94/047

UTX/94/049

Appendix I
Collection

Appendix III
CFSAN path

17877A (alfentanil hydrochloride): Acute
bolus intravenous toxicity study in
non-ventilated male dogs

GI87084B (remifentanil hydrochloride) and Gl1
17877A (alfentanil hydrochloride): 7-Day
polus intravenous toxicity study in
non-ventilated dogs

GIB7084B (opioid agonist): Acute bolus
intravenous toxicity study in ventilated male

dogs

GI87084B: Intravenous infusion toxicity study
in ventilate 1male dogs

of reviews of microhemorrhage studies.

ologists report of microhemorrhage studies.

The following s
although select

UDM/94 /028

UDM/90/003V2

UDM/92/083

tudies were read but not formally reviewed,
ed data is presented in summaries:

GIB87084B (opioid agonist): Two week continuous
intravenous infusion toxicity study in rats --
Drug Metabolism Report 48/016

Blood concentrations of GI87084B in male and
female rats after the fourteenth daily intravenous
dose of GIB7084B 48/34

GIB7084B {opioid agonist): A four-week intravenous
injection toxicit:y’ study in rats -- Drug
Metabolism Report 48/044
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SPECIAL TOXICITY
STUDIES

GI87084B (OPIOID AGONIST): ACUTE PERIVASCULAR
IRRITANCY STUDY IN MICE (V34/023)

STUDY/REFORT NUMBER: UTX/93/035

STUDY SITE: -~

GLP/QA SPECIFICATIONS: IN ACCORDANCE (V34/31)
SPECIES/NUMBER QOF SUBJECTS/SEX: Mice, 3/sex/dose

DOSES/ROUTE OF ADMINISTRATION: 0.5, 5, or 50 ug Gl87084R/ml; .03
ml/mouse; single subcutaneous injection into tail adjacent to
vein. Thiamyl sodium, 5%, as the positive control.

PROCEDURE: A single injection of GI87084B in sterile water and
5% dextrocse (D5W), the vehicle control was sterile water and DSW
and the positive control was Thyiamyl sodium in sterile water.
On the fourth day, the animals were euthanized and the tail
exam_ned macroscopically and microscopically.

RESULTS: No irritation signs, red or tan discolorations or red
depressions at the injection site, were seen in either vehicle
control or any GI87084B dose group. In the positive control,
discoloration was evident ir 2/3 male and depressed reddened
areas in 1/3 male and 3/3 female.

DISCUSSION: The use of D5W and instead of the HCl acidified
gly: ine-mannitol solvent makes this test of limited utility.
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GI87084B INJECTION IN VITRO HEMOLYSIS AND PLASMA
COMPATIBILITY TEST3 (V34/001) .

STUDY/REPORT NUMBER: WPT/90/107
STUDY SITE: Glaxo Research Ltd - Ware - Herts U.K.
GLP/QA SPECIFICATIONS: inspection V34/14.

SPECIES/NUMBER OF SUBJECTS/SEX: Human volunteer blood, 2 male/
2 female.

DOSES/ROUTE OF ADMINISTRATION: (I87084B for injection, 0.5mg/ml,
complete with mannitol, glycine, and HCl.

PROCEDURF: One ml blood + 1 ml GI87084E sclution, 1% saponin
solution was the positive control and saline was the n=zgative
control. The samples were incubated at 37°C for 45 minutes and
centrifuged at 1200g for 10 minutes. The hemoglobin content of
the supernatant was measured by spectrophotometer.

The plasma potassium levels were measured as sign of RBC membrane
leakage and for plasma compatibility; 1 ml of plasma + 1ml of
GI87084B solution were 1incubated at 37°C and examined for any
sigus of flocculation, precipitation or cocagulation.

RISULTS :

There was no significant difference in hemoglobir content of the
supernatants. Although the 16.8% increase in potassium levels
were statistically significant (P<(.01), the sponsor did not
think this was biologically significant and it did not compare to
the 1200% increase of the positive control. In the compatibility
test a slight precipitate formed but completely dissolved when
mixed with another 1ml sample of plasma.

DISCUSSION:

GI870684B has no hemeolytic potential and the chances of
precipitate formation in vivo is very slight.
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GI37084B (OPIOID AGONIST): ACUTE INTRA-ARTERIAL
IRRITANCY STUDY IN RABBITS (V34/124)

STUDY/REPORT NUMBER: UTX/7%0/C17

STUDY SITE:

GLP/QA SPECIFICATIONS: V34/131, 138

SPECIES/NUMBER OF SUBJECTS/SEX: Three groups of 2 ¢ rabbits.

DOSES/ROUTE OF ADMINISTRATICN: 0.5, 5 or S50 ug/ml, 1 ml/ear,
single intra-arterial administration.

PROCEDURE:

A single dose of GIB7084B was given into the left ear and a
single dose of gclvent was given in the right ear. Four days
later, the animals were euthanized and the ear tissue prepared
for histological examination.

RESULTS:
Behavioral depression was observed at the 50ug dose and some
hemorrhages were observed in both ears. The latter was

attributed to the injection stress and not compound related.

The macro- and microscoplc examinations of the ear tissue did not
demonstrate any intra-arterial irritation at doses to 50ug/ml of
GIB7084B in the rabbit.

DISCUSSION:
No intra-arterial irritation was observed at doses to 50ug/ml of
GI87084B in the rabbit.
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Hydrolysis

The rate of in vitro hydrolysis was determined in dog and human
blood. The t, was 56.7 and 65.4 minutes, respectively and very
short in the rat, 0.5 minutes. (V48/121)

The t, was twice as long in human plasma than in whole blood and
if the blood had been previously heated, the ty was like plasma.
This supports the idea that hemolysis is by esterases in the REBCs
not plasma. Remifentanil was not hydrolyzed by human
cholinesterase (pseudocholinesterase), butyrylcholinesterases,
acetylcholinesterase, carbonic anhydrases I or II. The
hydrolysis rate in human blood was not affected by the addition
of the main metabolite GR90291, however, addition of human serum
albumin did delay hydrolysis in serum. (V48/403).

-~

Protein-binding
In human and canine blood, protein-binding was found to be
concentration dependent:

Protein-Binding of Remifentanil in Blood
concentration Dog Human
ng/ml
¥GI870848B $GI87084B %¥CI90291

bound bound bound

1 40.4 92.2 100.0

10 32.4 84.8 98.2

10C¢ 34.2 B2.2 32.5

1000 25.0 86.4 46 .4

10000 23.4 66.6 3c.2
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Protein binding in human blood (V49/84; UDM/95/002

GI87084 average percent bound % bound to o-
ng/ml percent bound to albumin l-acid

(N=6) {N=2) glycoprotein

2 72 16 44

10 72 14 38

25 71 15 42

50 71 15 47

Remifentanil was not found to be irritating to the rabbits skin
or upon intra-arterial administration. Intravenous and
extravascular dose produced only slight irritation in the rabbit
and none in the mouse. While remifentanil did not cause
irritation to the rabbits eyes, it was absorbed.

Remifentanil did not cause hemolysis in humwan blood samples and
althoigh a slight precipitate formed, this was re-dissolved upon
addition of more blood.

The following studies were rev1ewed prevxously upon submission,
and the reviews are 1ncluded in appendix as noted:

appendix II
WPT/90/107 GIB70B4B injection: In vitro haemolysis and
plasma compatibility tests

UTX/90/006 G187084B (opioid): Acute intravenous
irritation study in the rabbit
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The following studies were read but not formally reviewed,
although selected data is presented in summaries:

UTX/93/012

UTX/93/050

UTX193/049

UTX/93/016

UDM/94/037

UDM/94/005

UDM/94 /030

UDM/94 /036

UDM/94/031

GI87084B (opioid agonist): Dermal sensitization
study in the guinea pig -- Buehler method 34/232

GIB7084B (opioid agonist): Acute dermal toxicity
study in rabbits 34/271

GI87084B (opioid agonist): Acute dermal irritation
study in rabbits 35/001

GIB7084B (opiocid agonist): Ocular irritation study
in rabbits 35/037

GIB87084B: Intravenous infusion toxicity study in
ventilated male dogs 48/177

GIB7084R (opioid agonist): Comparison of pharmaco
kinetics of route 1 material and route 2 material
administered by intravenous injection (0.05mg/kg)
to male beagle dogs 48/244

GI87084B (remifentanil hydrochloride), GI117877A
{alfentanil hydrochloride): Acute bolus

intravenous toxicity study in non-ventilated male
dogs -- Drug Metabolism Repcrt 48/289

Acute bolus intravenous toxicity study in
ventilated male dogs -- Drug Metabolism Report
48/304

GI87084B (remifentanil hydrochloride), Gl1 17877A
{alfentanil hydrochloride) : 7-Day bolus

intravenous toxicity study in non-ventilated dogs
-- Drug Metabolism Report 48/329
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MUTAGENICITY STUDIES

GIB87084B (OPIOID ARGONIST): SALMONELLA/MAMMALIAN MICROSOME
REVERSE MUTATIONAL ASSAY (LOT C1762/263/2) WITH
A CONFIRMATORY ASSAY (V46/060)

STUDY/REPORT NUMBER: UTX/92/021

-

STUDY SITE:

GLP/QA SPECIFICATIONS: V46/08,09

SPECIES: Salmonella typhimurium, Strains: TA1535, TAl537,
TAL538, TA98, TAl00. TA98 and TAl00 were tested in the presence
of pKM10l plasmid.

DOSES: S5, 10, 50, 100, 500, 100¢, 2500 and 5000 ug/plate, with
and without S$-9 Ifraction from Arochlor treated rat livers.

METHCODS: The method were as described by Ames et.al..., Mutation
Research 31:347-64(1975). The number of revertant colcnies were
determined after 48 to 72 hours of incubation with compounds at
379C,

«ESULTS:

All specimens had normal lawns and none had precipitate. The
relative cloning efficiency was from 88% to 114% with no dose
relaticnship and all positive controls, 2-NF, 2-AA, NaAz and
9-AAC, were active 1in creating mutant reversals.

No concentration of GIB7084B produced any significant increase in
revertant colonles over the respective solvent control.
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DISCUSSION:

GI87084B was non-toxic to 5000ug/plate and not mutagenic in the
Salmonella typhimurium Gene mutation assay.

GIB7084B (OPIOID AGONIST): L5178Y/TKt+ MOUSE LYMPHOMA IN
VITRO MAMMALIAN CELL MUTAGENESIS ASSAY (V46/218)

STUDY/REPORT NUMBER: UTX/94/048

STUDY SITE:

GLP/QA SPECIFICATIONS: V46/234

PROCEDURE:

L5178Y/TK' iwouse lymphoma were exposed to test solutions for four
hours both with and without S9, a post-mitochondrial enzyme
traction. The cells were then washed and incubated at 37°C for
14 days. The positive control mutagens were hycanthone and
cyclophosphamide.

The doses tested on the initial assay were from 382 ug
GIB7084B/ml to 1216 with S9 activation and 1175 to 4510 ‘g
GIB87084B/ml without S9. The assay was repeated and the dose
range was from 20 to 716 with S9 and 1734 to 5000 without S9.
These doses were calculated from analysis of the dosing solution
by the sponsor.

RESULTS :

In the initial testing, no increase in mutations were ~etected
without S9 activation and the relative total growth (RTG) of the
cell cultures was 70 to 45% without S9. With 89, mutation rates
increase about three-fold from the lowest dose tected, 382 ug
G187084B/ml to the sixth dose 852 ug GI87084B/ml. The RTG was 54%
to 13% of control. The three higher dose also resulted in
similar increases in mutation rate but the relative tocal growth
was below 10%. The mutations appeared more in the small colonies
than in the large ones. The positive controls produced 3 to 4-
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fold increases 1n mutations.

There was no dose-response relationship in the initial testing
and test was repeated,
mutation rate was observed in the non-activated group to the

22 months later.

highest dose of 5000 ug GI87084B/ml.

Again,

ne increased

Dose Relative Total Tetal Mutation
(ug GI870B4B/ml) Growth (%) Frequency {x10°°)
solvent control g7 93
solvent control 114 91
29 108 93
39 100 78
3 113 69 99
203 62 132
308 52 178%*
421 3 275%*
i 527 18 239*
H02 7 3490«
716 5 28771
cyclophosphamide 30 261:
@2ug/ml
cyclophosphamide 31 257+
@3pg/ml

*induced mutant frequency :7C x 10 ° over solvent contrel

Based on colony size,

types of mutations.

58

the mouse lymphoma assay can detect two
The large colony mutants,
a normal rate, are presumed to have small alteration of the

In the S9 activated groups,
there was a sicnificant dose-related increase in mutations as
counted by the Artek Automatic Colony Ccunter and presented in
the fcllowing table:

usually growing at
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thymidine kinase gene; pair substitutions, frame shifts or small
deletions. The small colony mutatants usually grow at a slower
rate and are cytogenetically abnormal with large alterations such
as chromosomal trans locations, rearrangements or very large
deletions.

The positive controls produced incrrased mutant frequencies
mainiy in the small colonies. GIB7084B produced increases in
both the large and small colonies and when the plates were
recounted manually, GIB7084B produced a very large number of very
small colonies, «<0.3 mm, that were not counted by the machine.
These results are presented in the following table:

Mutant Fregquencies x 10°¢
Dose =
(pg GIBT0B4B/ml)} Tlny Small Large Total
Colonies | Colonies | Colonies
o S . e ———— e e
solvent contrel 35 i3 585 127
solvent control 47 25 61 133
20 45 29 59 133
39 60 29 45 134
113 68 26 &8 l62
203 89 42 83 214
308 476 71 98 645
421 543 133 127 1203
527 1129 152 131 1412
602 1064 154 178 13944%
716 1452 149 123 17244
cyclophosphamide 343 144 103 580
@2ug/ml
cyclophosphamide 898 144 99 1141
@3ug/ml |

# RTG «10%

56



NDA #20-630

DISCUSSION:

The increase in tiny and small colonies indicates that GIB87084B
may be inducing large-scale chromosomal mutations. The sponsor,
suggests that this is drug-class

not the testing laboratory,

specific and stated that due to the inactivity of GI87084B in the
micronucleus assay and CHO/chromosomal aberration tests, that the
effect 1s specific to the mouse lymphoma test.

GIB70G84B: ASSAY FOR UNSCHEDULED DNA SYNTHESIS (UDS)IN RAT PRIMARY
HEPATOCYTE CULTURES OBTAINED FROM MALE CRL: (WL)BR WISTAR RATS
TREATED IN VIVO WITH A SINGLE INTRAVENOUS INJECTION

STUNY/REPORT NUMBER: UTX/94/05%

STUDY SITE:

GLP/QA SPECIFICATIONS:

(V47/078)

In accordance V47/87

SPECIES/NUMBER OF SUBJECTS/SEX: Male Wistar rats 4/dose

DOSES/ROUTE OF ADMINISTRATION: The doses were 1.6, 3.3 and 6.6
mg/kg by intr: nus injections of about 60 seconds duration in

the volume 1

Number of rats
Group ]
-4 hour 15-16 hour

vehicle control 4 4
DMN @ 10 mg/kg 4 -
DMN @ 15 mg/kg - 4
GIB7084B 1.6 mg/kg q 4
GI87084B 3.3 mg/kg 4 4
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[_ Number ¢f rats
Group
2-4 hour 15-1é hour
GI87084B 6.6 mg/kg 4 4

DMN = dimethylnitrosamine - positive control

PROCEDURE:

Primary hepatocytes were prepared from the livers extracted 2-4
hours post injection and 15-16 hours after injection. The
hepatocytes were attached to coverslips and cultured with
H-thymidine for 4 hours. The mono-layer cultures were then
washed of radioactivity and non-labeled thymidine was added for
18-19 hours and the cells were prepared for analysis of nuclear
labeling. -
The ceils wcre fixed to the coverslip, dipped into

emulsion and dried. The covered slides were stored for 8 days in
a light-tight box and the emulsions were then developed and
fixed. Under a microscope at 1500X power, the nuclear grains
were counted and from this number, the average number of grains
observed in three nuclear-sized areas cf the cytoplasm
(cytoplasmic count) was subtracted. The remainder, the net
nuclear grvain count, was averaged from the triplicate coverslips
(150 total nuclei) for each animal and averaged for each
treatment.

The UDS activity is not relative to the magnitude of DNA damage,
but is dependent upon the type of DNA damage and the available
mechanisms of repair. Some DNA repair occurs without
incorporation of new nucleic acids.

RESULTS :

All animals dosed with GI87084B stiffened and were deeply
anesthetized. The side-effects noted were increased salivaticn
at all doses, muscular twitching of one animal at the high dose
and convulsions in one at the mid-dose. The recovery time, from
loss to regaining of righting reflex, varied from S to 43 minutes
and averaged 8.2, 14.5 and 11.7 for the low, mid and high doses
respectively.
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Ranges of hepatocyte viability,
viability of attach-ad
was presented as both
of cells with NNG » 5

attachment efficiency and
cells were considered adegquate. The data
Mean Net Nuclear Grains (NNG) and percent
as presented in the following table:

Treatment 2-4 hour group 15-16 hour group
dOSe NNG %NNG)S NNG %NNG)S
Vehicle Control c.11 4.00 0.40 4 .33
GI870848B @ 1.6mg/kg 2.31 3.00 -0.09 3.00
GIB7084B @ 1.6mg/kg 0.09 2.78 0.21 5.17
3187084B @ 1.6mg/kg] -0.12 3.17 -0.27 2.83
dimethylnitrosamine 23.11 96.33 12.61 86 .05
NNG = mean Ner Muclear Grains
ENNG>5 = percent of cells with NNG>5S.
DISCUSSION:

There were no indications of increased unscheduled DNA synthesis
(repalr) when pretreated with GIB87084B. The positive control
induced very significant increases in DNA repair.

$99.99.999.099.99909.0000990909900090090809999490.690900600000006900000¢.
SUMMARY :

Remifentanil was not mutagenic :in the in vitro Salmonella
typhimurium gene mutation assay (Ames test), with or without S9
activation or CHO chromosome aberration test. In vive

microaucleus test and Unscheduled DNA Synthesis test were also
negarc.ve .

In the sensitive mouse lymphoma assay, remifentanil was a mutagen
in the presence ot the $9% activator and not without. The 59
liver microsome fraction could have altered the route
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remifentanil metabolism. The lack of any effects in other
mutagenic assays indicates that remifentanil has little mutagenic

potential.

$$.0.0000900000000000000000000000009060000000666.0006060000906.006.690006¢

The following studies were reviewed previously upon submission,
and the reviews are included in appendix as noted:

appendix 11
UTX/90/007

JTX/90/008

UTX/91/032v2

GI87084B (opicid): Evaluation in the
Salmonella typhimurium plate incorporation
mutagenesis assay in the presence and absence
of Aroclor induced rat liver S$-9

GI87084B {(opioid): Test for chemical
induction of chromosome aberrations using
monolayer cultures of Chinese hamster ovary
{CHO) cells with and without S$-9 metabolic
activation

GI87084B {opioid agonist): In vivo test for
chemical induction of micronucleated
polychromatic erythrocytes in mouse bone
marrow cells
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REPRODUCTIVE TOXICITY

EFFECTS OF GI87084B (REMIFENTANIL HYDROCHLORIDE) IN PREGNANT
RHESUS MONKEYS AT PLWRTURITION:
PHARMACOKINETICS, NEONATAL OUTCOME, AND MORPHOMETRIC ANALYSIS
OF NEONATES AFTER CHESANMTAN SECTION

{NDA 5/053)

STUDY/REPORT NUMBER: UPC/94,/011

-~

STUDY SITE:

GLP/QA SPECIFICATIONS: Within GLP regulation and audited by GRI
Quality Assurance Unit. (NDA 5/66; 5/85; 5/459)

SPECIES/NUMBER OF SUBJECTS/SEX:

Female Rhesus Macagques {(Macaca mulatta) Maternal-fetal test
procedures were initially to be done on 33 pregnant females. The
maternal subjects were 5 to 15 years of age and their body
weights were petween 6.1 and 9.7 kg.. The gestaticnal age was
estimated by ultrasonography and they were scheduled for
caesarean delivery on day 163 of the normal 166 day gestation.
However, due to an unacceptable rate of spontaneous deliveries
prior to term, 16/33, the operation was done on day 156 by
protocol chnange. The remaining 17 pregnant females were reduced
to 15 due to the death of one fetus prior to testing and cardiac
arrhythmia found in another after halothane anesthesia and prior
to remifentanil administration. The 10 remifentanil dams were
delivered 7 surviving infants and the 5 control dams delivered 4
gsurviving infants.

PROCEDURE :

The pregnant dams were preanesthetized with ketamine {10 mg/kg)
and ~ubsequently anesthetized with Halothane and nitrous oxide,
given ctropine and prepared for surgery. The dams were
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administered remifentanil by bolus injection of 30 ug/kg i.v.,
five minutes after Halothane was turned off - This was injected
quickly in the first two monkeys, but the one monkey died and
sul sequently bolus injections were given over a 60 sec period.
Neither fetus survived.

Immediately after remifentanil injection, the dams underwent
ventral midline abdominal incision and fundic uterotomy to expose
the fetus and umbilical cord. Mechanical respiratory support was
supplied as needed and arterial blood samples were obtained
immediately prior to remifentanil and 1, 2, 3, 5, 7, 15, 20, 30,
45, and 60 minutes after dosing. Arterial blood samples were
obtain from the umbilical cord 1, 3, 5, and 10 minutes post drug
administration.

The dams were only on-study, for data collection, the day of
surgery and they were released to the colony on the following
day. However, they were observed for one week for any possible
complications.

Each infant that survived the prenatal blood collection was
delivered immediately after the 10 minute blood collection and
resuscitation was attempted. Two of the fetuses, subject to high
volume sampling schedule, succumbed during blood collection and
the sampling procedure was modified. Two additional fetuses
aspirated amnictic fluid during blood sampling, prior to
umbilical severing. The remaining 11 infants were maintained in
the infant nursery and hand-reared until six mcnths of age.

These infants were tested in standard behavioral test batteries
four hours after delivery, on days 1 through 7 and day 17. They
were videotaped the first three nights and the tape was rated for
sleep-wake patterns and spontaneocus behavior by observers blind
to the treatment. Hematology was examined on days 4 and 11 and
morphometric measurements were taken weekly for the first 26
weeks.

The planned EEG and blood pressure measurement during surgery was
found to be impractical due to the need for aseptic conditions.

RESULTS :
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Dams

Nine of the ten remifentanil animal ceased breathing within
seconds of injection and the eight surviving dams required
mechanical assisted ventilation for 15 to 40 minutes (mean = 25
minutes). None of the control dams needed assisted ventilation.
The heart rate of the dames was also significantly suppressed;
15% immediately after administration, 20% after & minutes and 14%
after 10 minutes. At delivery, there was no statistically
significant difference in heart rate between treated and control.

Infants

The hematological variables were not different between
remifentanil treated and control animal in any measured on either
Day 4 and on Day 11: WBC, RBC, hemoglobin, hemocrit, Mean
Corpuscular Volume, Mean Corpuscular Hemoglobin and Mean
Corpuscular Hemoglobin concentration.

The intake of infant formula was less for the remifentanil group
than controls by 32% the first day, 22% the second, 11% the third
and 4.4 to 11% on days 4 through 7 post-birth. However, this
difference did not reach statistical significance.

Simian Apgar scores were taken only at the 10 minute time post
birth as resuscitation activities superseded earlier protocol
pianned readings. No significant difference was observed between
treatment groups.

Morphometric measurements were taken on a weekly basis and no
significant differences were observed between treatment groups in
deltas of crown to rump length or thigh circumference. The
skin-told thickness difference was statistically significant but
the study director concluded that this was of no biclogical
significance due to variation in examiner experience and the
practice of subcutaneous liquid injects to prevent overnight
dehydration during the first month of life.

The mean birth weight of the infants in the control group were
about 4% greater than the remifentanil group. Although this is
cf course nct treatment related, it does influence weight gain
and formula intake. The sponsor stateld that none of these
variable were significant at the p<0.05, however some tables
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indicate the difference is statistically significant.

On the second day, the remifentanil group had significantly fewer
motor abilities (p<0.01) and significantly less rooting behavior
(p<0.05) during the second night. It is conceivable that these
two behaviors are related as they both involve motor activity.
The mean Mctor ability scores were greater in the control group
for the initial 4 days and the Rooting behavior scores were less
in the remifentanil group on all nights videotaped, the initial
three nights.

The pharmacokinetic evaluations indicated that the fetal
{fumbilical) concentrations of remifentanil were approximately
one-half the maternal concentrations. However, the variability
was high and the peak fetal concentrations were observed in the
last sampling period and could have increased further. In some
cases the fetal concentration was as high as the maternal
concentration, or higher. (NDA 5/417)

DISCUSSION:

The behavioral testing was extensively examined and with 70+
variables examined, five statistically significant differences
did appear. However, none of the significant effects were found
on either previous or subsequent measurement and were considered
by sponsor to be due to chance occurrences without biological
significance. The reviewer definitely agrees in the cases of
Moroc response on the third day, and Nystagmus and General
Activity scores on day 17. The motor ability on the second day
and Rooting behavior on the second night were both significantly
iess for the remifentanil than the control group and this may
reflect a cransient effect of remifentanil.

As noted by the report author, the number of subjects in the
experimental groups were very small and this limited the power of
the statistical analysis.

In a subsequent analysis (UCP/95/043)cof maternal and umbilical
iood concentrations, the fetal levels were approximately 50% of
th2 maternal blood levels of remifentanil. However, the within
the range of values obtained, scme infants had umbilical
concCentrations as high and the maternal arterial blocod. The
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infant concentrations of the metabolite GI%0291 were about 71% of
the maternal level, but were as high as maternal levels in one of
5 pairs tested.

Segment I

Doses of 0.5, 0.75 and 1.0 mg/kg/day in rats: Males; GIB7084B at
all doses decreased testicular and epididymis weights and reduced
the Fertility Index. Females; slight increase in days of
cohabitation prior to impregnation and days of gestation.

Segment II -
In rats: 1, 2, 4 and 6 mg/kg/day of GI87084B; No fetal toxicity
was observed and no teratogenesis; no developmental impairments.

In rabbits: 0.1, 0.5 and 0.8 mg/kg/day or GI87084B; produced no
teratocgenic changes.

Segment IIT

In rats: 0.5, 1.5, 5.0 mg/kg/day of GIB7084B; No treatment
related effects were cobserved in the Fl1 generation development;
physical, reflexive and reproductive capacities.

In monkeys, the single bolus administration of remifentanil to
pregnant females at term in combination with anesthesia did not
seriously affect the neonates; Simian Apgar scores same 1in
treated as untreated but possibly some decreased weight gain and
motor behavior on the second day and decreased rooting behavior
on the second night.

§$0.9¢9990.99999900950999099999990.90098990000000090.99999.09090.09.9099994

The following studies were reviewed previously upon submission,
and the reviews are included in appendix II:

Appendix 11X

UTX/93/002V2 GIB7084B (opioid agonist): Second repeat
intravenous segment 1I developmental toxicity
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study in New Zealand White rabbits

UrX/91/029% Peri-natal and post-natal reproduction study
of GIB7084B administered intravenously to Crl:CD BR
VAF/Plus female rats {(segment 111 evaluation) -

Appendix I
UTX/91/027 Dosage-range study of GIB7084B administered
intravenously to Crl:CD (SD)BR VAF/Plus rats
(pilot study for segment . evaluation)

UTX/92/006 Fertility and ygeneral reproduction study of
GI8708B4B administered intravenously to Crl:CD
(SD)BR VAF7Plus male rats {(segment I evaluation)

UTX/91/028 Fertility and general reproduction study of
GIB87084B administered intravenously to Crl:CD (SD}BR
VAF/Plus female rats (segment I evaluation)

(includes postnatal "behavioral/functional" evaluation}

UTX/s1/017 Dosage-range developmental toxicity (embryo
feral toxicity and teratogenic potential) study of
G187084B administered intravenously to presumed
pregnant Crl:CD (¢ D)BR rats

UTX/91/018 Developmental toxicity (embryo-fetal toxicity
and teratogenic potential) study of GIB7084B
administered intravenously to Crl:CD (SD)BR presumed
pregnant rats

UTX/91/015 Dosage-range developmental toxicity {(embryo
fetal toxicity and teratogenic¢ potential) study of
GI87084B administered intravenously to presumed
pregnant New Zealand White rabbits

UTX/91/016 Developmental toxicity (embryo-fetal toxicity
and teratogenic potential} study of GIB7084B
administered intravenously to pregnant New Zealand
White rabbits
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UTX/91/029 Peri-natal and post-natal reproduction study
of GIB7084B administered intravenously to Crl:CD BR
VAF/Plus female rats {segment III evaluation)

UTX/91/027 Dosage-range study of GI87084B administered
intravenously to Crl:CD (SD)BR VAF/Plus rats (pilot
study for segment I evaluation)

UTx/92/006 Fertility and general reproduction study of
GI87084B administered intravenously to Crl:CD (SD)BR
VAF/Plus male rats (segment I evaluation)

UTX/91/028 Fertility and general reproduction study of
GI87084B administered intravenously to Crl:CD
(SD}BR VAF/Flus female rats (segment I evaluation)
{includes postnatal "behavioral/functional" evaluation)

UTX/91/017 Dosage-range developmental toxicity (embryo
fetal toxicity and teratogenic potential) study of
GIB87084B administered intravenously to presumed
pregnant Crl:CD (cD)BR rats

UTX/91/018 Developmental toxicity (embryo-fetal toxicity
and teratogenic potential) study of GIB7084B
administered intravenously to Crl:CD (SD)BR presumed
pregnant rats

UTX/91/015 Dosage-range <avelopmental toxicity (embyro
fetal toxicity and teratogenic potential) study of
GIB87084B administered intravenously to presumed
pregnant New Zealand White rabbits

UTx/91/016 Developmental toxicity (embryo-fetal toxicity
and teratogenic potential) study of GIB7084B

administered intravenously to pregnant New Zealand
White rabbits

3 .
|1!|l|.||.l|llll!I!.Il.tl.lllll!!'!ll'lll!lltlll!l!l
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The following studies were read but not formally reviewed. The
majority of the results were reported previouly in reviewed
studies and selected data is presented in summaries:

UDM/20/009V2 Developmental toxicity (embryo-fetal toxicity and
teratogenic potential) studies of GI87084B administered
intravenously tc Crl:CD(SD)BR rats -- Drug Metabolism
Report 48/061

UDM/90/014V2 Placental transfer of [3H]-GI87084 in Sprague

Dawley rats and New Zealand White rabbits 48/085
UDM/94/054 GI87084B: Milk transfer in rats 48/095

UDM/90/008V2 Dosage-range developmental toxicity {(embryo fetal
toxicity and teratogenic potential) studies of GI87084B
administered intravenously to New Zealand White rabbits

-- Drug Metabolism Report 48/170
UCP,/95/043 Maternal/fetal distribution of Gl87084 in rhesus
monkeys and effects on infant outcome 49/043
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PHARMACOKINETICS

ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION (ADME)

THE PHARMACOKINETIC AND PHARMACODYNAMIC INTERACTIONS OF
REMIFENTANIL IN A RAT EEG MODEL (V3/223)

STUDY/REPORT NUMBER: UCP/95/016

-

STUDY SITE:

GLP/QA SPECIFICATIONS: in compliance (3/224)
SPECIES/NUMBER OF SUBJECTS/SEX: Wistar rats/male/3 groups of 8

DOSES/ROUTE OF ADMINISTRATION: In right jugular vein infusion of
decreasing doses of remifentanil (Batch #US541/47/1, 50 to 2
ug/kg/min); GR90291 (Batch #C1809/206/1, 4 to 0.16 mg/kg/min) ;
saline (40 to 1.6 ul/min). The volume of injection was the
decreasing volume of the saline controls.

PROCEDURE.:

GR9C291 1s the major metabolite of remifentanil and it has in
vitro g-binding activity. This experiment was designed to
evaluate any in vivo opioid effects.

The rats had 7 EEG electrodes surgically implanted in the skull,
one week pricr to start of the experiment. One day prior to the
experiment, four indwelling polyethylene cannula were implanted
under light anesthesia; one in right femoral artery, one in right
femoral vein and two 1n right jugular vein. 1In all experiments,
medazolam was infused at 5.5 mg/kg/hr to prevent narcotic induced
seizures. Bolus doses ot vecuronium bromide 0.15 mg, were used
when muscle rigidity appeared ard the rats were then artificially
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ventilated with a rodent face mask until spontaneous breathing
returned. The arterial blood was sampled during 20 time poinis
after the start of opicid infusion, 0.1 ml, for pharmacokinetic
analysis.

Thirty minutes after the initiation of the medazolam,
remifentanil and GR90291 infusion were started at 50 and 4000
pg/kg/min, respectively. The first infusion dose lasted 30
minutes and for the following two hours, dose was decreasecd every
10 minutes. The last dose was 2 ug/kg/min of remifentanil and
160 ug/kg/min for GRS0291.

The arterial blood pH, pCO, and pQO, were monitored in the
spontaneocusly breathing rats, saline controls, and in ventilated
rats. -~

RESULTS :

Pharmacokinetic:

Because of the complex administration paradigm, it was not
possible to construct a compartmental pharmacokinetic model. The
results were limited to AUC and clearance measurements.

The AUC ratios of GRY029i:remifentanil ranged from 13.1 to 33.2
within the eight rats receiving remifentanil and the mean was
20.5 + 7.3. The AUC for the GK90291 group averaged 82.0 + 13.6
107 ug/ml/min and for the remifentanil group, 4.43 4+ 1.55
ug/ml/min.

Pharmacodynamic:

The amplitude of the delta frequency band was significantly
increased in the power spectrum compared to placebo, of both
remifentanil and its primary metabolite GR90291. The
concentration-EEG effect relationships of both remifentanil and
GR902391 were both characterized by the sigmoidal E_,,
pharmacodynamic model. The concentration range of remifentanil
covered the entire range of E, to E,, (109 uV) however GR90291
concentrations did not reach E,, and the authors assumed equal
intrinsic activity and fixed the E,, at the remifentanil level
for both compounds.
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The EC,, values for remifentanil and GR90291 were 9.4 + 2.6 ng/ml
and 103 t+ 25 upug/ml, respectively. The Hill factor was 2.2 + 0.8
for remifentanil and 2.5 + 1.0 for the metabolite. An
unexplained variable was the use of results for only 6/8B of the
rats in the GR90291 group f{or pharmacodynamic calculations.

The arterial blood pH, pCO, and pO, of the spontaneously breathing
rats, saline contreols, did not differ significantly from
ventilated rats. However, there was more spread of values in the
ventilated groups and some did have periods of respiratory
depression after the pump was turned off and acidosis and
decreased pQ, were visible on the graphics provided.

DISCUSSION: ~

The power spectrum shift to the delta range was observed with
both remifentanil and its metabolite, GRS0291. This was also an
EEG effect of both remifentanil and alfentanil in dogs as
presented in the above study UPC/94/010.

The GR90291 doses did not cover the E, to E,, in the
pharmacodynamic analysis and subsequently the remifentanil E_,
was used for both compounds. This leaves open the possibility
that there 1s bias in the calculations, but never-the-less, there
is a large difference in potency between remifentanil and its
tirst metabolite, GR90291. The difference may be less than the
10,000 fold stated by the sponsor in this study, but the
contribution of the metabolite to the opiocid effects of the
parent compound remaln minimal.

1999099999009 099099900909099000000090990009940890656000999999.6094.04

PHAFMACOKINETIC AND PHARMACODYNAMIC ASSESSMENT
OF GIB7084R (REMIFENTANIL HYDROCHLORIDE), GR90291A, AND
ALFENTANIL IN ANESTHETIZED DOGS(V4/001}
STUDY/REPORT NUMBER: UPC/94/016

STUDY SITE:
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GLP/QA SPECIFICATIONS: unknown

SPECIES/SEX:

Male mongrel dogs, 26-34 kg (N=11), randomly assigned to rotation
through four treatment groups with one week separation between
treatments.

PROCEDURE :

Group
#1. 5 minute infusion of remifentanil at 0.5 ug/kg/mi:.
#2. 5 minute infusion of GR90291A at 500 #g/kg/min,
#3. 5 minute infusion of alfentanil at 1.6 ug/kg/min.

#4. S5 minute infusion of saline (solvent).
On the first treatment day the dogs were anesthetized and
implanted with bilateral femoral vein and artery catheters which
were threaded subcutaneously to an exit through an incision in
the back of the neck. These catheters remained in place through-
out the four treatments.

Needle electrodes were placed in the skin over the scalp for EEG
measurement . Brain electrical activity was measured and delta
frequency (0.5-3.0) and the spectral edge were used as the EEG
variables. PaC0, was maintained at 35-40 mmHg and mean arterial
blood pressure (MAP} and heart-rate were measured continuously.

Arterial blood c..mples (Scc divided into four 1 cc vials with
citric acid) were obtained each minute, from 0 to 10 minutes,
each two minutes from 10 to 20 minutes and in some experiments at
30 minutes. The samples were frozen and sent to Glaxo for
analysis.

RESULTS:

Hemodynamic Effects:

Hemodynawic data was only collected in dogs 1-7 and EEG data was
unavailable for some dogs due to technical problems. The MAP was
stable during the saline treatment, a 5 mmHg increase by the end
of testing. Remifentanil produced a 52 : 16 mmHg decrease about
one minute after the peak blood level was measured at 5 minutes.
GR90291 produced a 5% t 19 mmHg drop in blood pressure at about
same time relationship. Alfentanil produced a 29 3+ 7 mmHg drop
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about 2 minutes after the peak blood level at S minutes.

The HR was reduced about 9 beats in control animals. The effects
of Remifentanil, GR90291 and alfentanil were -51, -72 and -35
beats/minute, respectively.

) K . /P i . £ £ :
EEG and plasma concentration data was obtained in 7 dogs infused
with remifentanil at 0.5 pg/kg/min for 5 minutes. Because data
from 4/7 dogs indicated a small but significant lag-time in the
cnset of measurable concentrations, an additional lag-time factor
was incorporated in the pharmacokinetic calculations.

The pharmacokinetic/pharmacodynamic data with GR90291 was
collected from 8 dogs dosed at 500 ug/kg/min. Alfentanil data at
1.6 ug/kg/min was evaluated in a total 9 dogs. The results are
presented 1in the following two tables for all three compounds.

Pharmacckinetic Parameters

Volume of Total Half-life
distribution at Clearance
compound steady-state cl £,
Var (ml/kg/min) {minutes)
(ml/kg) o

o

remifentanil 222 + 102 63 + 1B 5.7 + 0.7
GR90291 293 + 130 11 + 3.9 26 + 17
alfentanil 558 + 230 30 + 15 27 + 22

¢ mean + SD
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r
Pharmacodynamic Parameters
——— L
Delta Wave Spectral Xeo Keo
ECy, Edge Delta Spectral
Compound {ng/ml)® ECg, Wave Edge
{ng/ml)* (/min) (/min)
i ] *
remifentanil + 0.41 0.64 + 0.18 .29 + .38 213 ¢ .12
GR90291 4515 + 1876 2930 + 2415 1.8 + 1.8 1.7 ¢+ 2.4
alfentanil 7.7 % 4.3 5.0 + 2.5 .22 £ .10 .19 + .10

* mean ¢ SD
Keo = egquilibrium rate constant

The relative potencies was calculated by a computer program (PROC
MIXED, SAS version 6.0) and are presented in the following table:

Potency Ratios Based on EC,, Values

Remifentanil

alfentanil

Delta Wave Activity

Spectral Edge

DISCUSSION:

The data again demonstrates that the major metabolite of
remifentanil has only a small fraction of the activity of the
parent compound. In this case, the characteristic opioid EEG
effects of the metabolite, GR90921, reguired about 4500 times the
doge as did the parent compound and alfentanil required about B
times the dose.

The effects on the cardiovascular system suggest that the
difference between the parent and the metabolite may be less than
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4500X. The maxi-wm fall in systolic blood pressure was similar in
the same dogs, -52 and -59 mmHg, vrespectively, and the mean
maximum blood concentrations of remifentanil and GR90921 were
7.63 and 15,140 ng/ml, respectively, a difference of nearly
2000X. The difference remains sufficient to indicate that the
metabolite plays a very minor role in action of remifentanil,
either peripherally or in the central nervous system.

Remifentanil is rapidly metabolized to the carboxylic acid
GIS0291 (GR20291) and does not accumulate in any animal species
tested. The pharmacokinetics upon infusion in dog is liner
between 0.4ug/kg/min and 40ug/kg/min.

The elimination of GI8B7084B is primarily by by non-specific
esterases with about 18% occuring in muscle, liver, kidney,
blood, brain and lung. The muscle contributes 8% and the other
organs 0 to 3% of the total clearance.

Remifentanil related compounds were found to cross the placental
membrane in rats, rabbits and monkeys. In rabbit and monkeys the
fetal blcod concentrations averaged 40 to 50% of the maternal
levels and some reached the maternal level in the monkey
umbilical blood. Remifentanil related compounds are excreted in
the dams mild of lactating rats.

The following studies were reviewed previously upon submission,
and the reviews are included in appendix:

Appenrdix I1I
Url/B89/019V2 GI37084 blood concentrations in mice
immediately after intravenous administration of doses

used in LD50 determination

upM/89/031 Metabolism, distribution, and excretion of
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GI870842 in male mice

UDM/89/027V2 Blood concentrations of GIB7084B in beagle
dogs given a single dose of the compound

unM/89/029 Preliminary pharmacokinetics, metabolism, and
excretion of GI87084B in male beagle dogs

UDM/90/001 Estimation of protein binding of GIB7084E in
plasma of beagle dogs and humans

UDM/89/008V2 GIB7084 blood concentrations in rats
immediately after intravenous administration of doses
used in LD50 determination

UDM/S50/003V2 Blood concentrations of GI887084B in male and
female rats after the fourteenth deily intravenous dose
of GIB7084RB

UDM/B9/030D Metabolism, distribution, and excretion of
GIB7084B in male and female rats

UDM/89/033 Determination of the rates of ester
hydrolysis of the short-acting opioid GI87084 in rat,
dog, and human blood

Appendix I

UDM/90/014V2 Placental transfer of [3H]-Gis7084 in Sprague
Dawley rats and New Zealand White rabbits

The fcllowing studies were read or the data was presented and
reviewed in toxicity or reproductive studies and are not formally
reviewed again. However, selected data is presented in
summaries:

UDM/BS /030 Metabolism, distribution, and excretion of
GIB7084B in male and female rats 48/068
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UDM/89/033 Determination of the rates of ester hydrolysis of
the short-actiag opioid G187084 in rat, dog, and human blood
48/121
UDM/94 /053 GI87084B: Pharmacokinetics in pregnant New
Zealand White rabbits 48/131
UDM/94 /003 GIB7084B (opioid agonist}: Pharmacokinetics after
intravenous infusicn of 0.36 or 36.0 pg free base/kg/ min in
male beagle dogs 48/191
UDM/94 /029 GI87084B: Two-week continucous intravenous infusion
toxicity study in dogs -- Drug Metabolism Report 48/212
UDM/93/055 GIBs7084B (opioid agonist}: 4-Week intravenous
injection toxicity study in dogs -- Drug Metabolism
Report 48/350
UDM/93/054 G187984B (opiocid agonist}: Repeat 4-week intra
venous injection toxicity study in dogs -- Drug Metabolism
Report 48/377
UCP/94/016 Chemical and enzymatic hydrolysis of GI87084
48/401
UDM/94/001 Metabolism of GI8B7084B in beagle dogs 49/001
UDM/94 /004 GIB7084B (opiocid agonist}: Tissue clearance of
anesthetized male beagle dogs during intravenous infusion of
0.36 or 36.0pg free base/kg/min 49/018
UDM/52/083 GI87084B (opioid agonist): A four-week intravenous
injection toxicity study in rats -- Drug Metabolism Report
48/044

UDM/90/009V2 Developmental toxicity (embryo-fetal toxicity and
teratogenic potential) studies of GI87084B administered
intravenously to Crl:CD(SD)BR rats -- Drug Metabolism Report

48/061

UDM/ 94 /0S3 GIB7084B: Pharmacokinetics in pregnant New
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Zealand White rabbits 48/131
UDM/90/008V2 Dosage-range developméntal toxicity (embryo

fetal toxicity and teratogenic potential) studies of

GIB7084B administered intravenously to New Zealand White

rabbits -- Drug Metabolism Report 48/170
UDM/94 /037 GI87084B: Intravenous infusion toxicity study in
ventilated male dogs 48/177
UDM/94/003 GIB7084B (opioid agonist): Pharmacokinetics after
intravenous infusion of 0.36 or 35.0pg free base/kg/min in
male beagle dogs 48/191
UDM/95/002 GI87084B: Binding to human plasma proteins 49/084
UDM/90/007 Determination of the rate of hydrolysis of G187084
in human blood 49/099
UCP/95/018 Hydrolysis of remifentanil in pseudocholinesterase
deficient patient blood 49/106
UCP/95/r30 Remifentanil as a substrate for nonspecific
esterases preliminary report 48/259
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S UMMARY

o . HCI

REMIFENTANIL I
~ G 870848 K/\
OCH,

3-(4-methoxycarbonyl-4-[(1-oxopropy!)phenylamiro}-1-pipendine]
propanoic acid methyl ester, hydrochloride salt

mw 412.9

Pharmacology

Remifentanil is a potent 4-anilidopiperidine, selective for the
u-opioid recepteor and similar to other compounds of this class.
The fast hydrolysis of this compeound by blood and tissue
esterases provides an ultrashort duration of action and rapid
adjustment of blood levels by modification of the perfusion rate.
The rapid non-hepatic metabolism also provides for predictable
elimination in patients with compromised hepatic function. As
with others of this class, remifentanil (G187084) should reduce
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minimum alveolar concentration (MAC) for volatile anesthetics and
not cause histamine release.

Analgegia - u-opioid receptors

in vitro -

guinea pig ileum, rat and mouse vas deferens electrical
stimulation = blocked by remifentanil (GI87084) and fentanyl
and reversed in both by naloxone.

° opioid p-receptor etorphine binding, EC,, = 117 nM, fentanyl
= 36.2nM and morphine = 23.6 nM

. remifentanil and its primary metabolite (GR90291) are active
primarily at mu-opioid sites - Although GR90291 is only
1/1857 x as potent as remifentanil:

Compound p-opioid Sigma-opioid kappa-opioid
receptor receptor receptor
EC,, EC,, EC,,
remifentanil 2.6 + 0.6 nM 66 + 19 nM 6.1 + 0.5 uM
GR90Z91 1.4 + 0.48 uM 1.2 + 0.4 uM (<10% @ 10°5)

in vive -

] rat tail-flick assay - ED;, value comparable to alfentanil
ancd fentanyl and more than sufentanil with duration of
analgesia comparable to alfentanil and less than the otre.s.
Analgesia was naloxone reversible.

. mouse tail-flick assay - demonstrates short duration of
action, after subcutaneous administration the ED;; was 1.9
mg/kg @ 1 minute, 4.3 mg/kg at 2 minutes and 12.2 mg/kg at 5
minutes,

] Dog paw pinch - duration of analgesia = 10 minutes.
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Narcocic withdrawal symptoms in morphine-dependant monkeys
suppressed by GI&87084B and codeine.

GIB7084 1s self-administered in naive and experienced
monkeys

Other in vitro receptors / ion channels

L H, histamine receptors and M, cholinergic receptors in the
guinea pig ileum were only weakly effected by remifentanil.

L In isolated rabbit aorta rings, GI87084B did not have «,-
adrenergic or 5-HT receptor blocking activity or voltage
dependent Ca‘* channel blocking effects.

] GI87084B and GR90291 produced less than 20% inhibition at
10°°M on the following receptors/ion channels:
Adenosine (ns) Alpha, (ns} Alpha, (ns)
Beta (ns) Dopamine (ns) GABA,
CABA, (ns) Histamine, Serotonin
Muscarinic {(ns) Purinergic P,y K* (ATP-mod.)
K* (low cond.) K* (voltage dep) Na*® site 1

Na* site 2
(ns) = nou-specific for subtypes of receptor.

Cardiovascular

] In dogs, 0.038 to 0.113 ug/kg/min significantly reduced
heart rate, dp/dt, systolic and diastolic bleocod pressure.
The effecte were reversed by naloxone.

° In dogs i.v., remifentanil (0.5, 1.0 ug/kg/min),

remifentanil + phenylephrine tc maintain BP were compared
with alfentanil (1.6 and 3.2 ug/kg/min):

EEG: The 50% snectral edge was reduced by both compounds
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nearly immediately but only remifentanil animals returned to
control levels in the 30 minute recovery period.

Intracranial pressure (ICP) and flow velocity: both

compounds reduced ICP 30% to 40% during infusion, but during
recovery, ICP increased in remifentanil group, 21% alone and
41% in remifentanil group + phenylephrine. ICP of
alientanil group approached control levels. Flow velocity
in the middle cerebral artery was reduced in all groups and
during recovery, flow rate returned toward contreol in
remifentanil animals but remained reduced in alfentanil
animals.

Cerebral Blood Plcw (CBF): the reduction was similar with
both treatment except: 1) no dose of alfentanil
significant.y reduced CBF in the hypothalamus, brainstem or
medulla, while low dose remifentanil did and 2) remifentanil
groups returned to control during the recovery while CBF of
the alfentanil group remained depressed in the cortex,
hippocampus and caudate during recovery.

INTERACTIONS

succinylcholine - no interaction on potency or duration -
(dogs)

midazolam - rats: additive toxicity, but given when
recording EEG in both rats and dogs to stop cerebral
convulsions with remifentanil

thiopental - rats: additive toxicity
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Pharmacokinetics

Pharmacokinetic Parameters (aresthetized dogs)

Volume of Total Half-life |

distribution at Clearance
Compound Stea%J-SCate cl ty

s ml /kg/min) {minutes

(ml/kg) (m2/kg/ )

r N

remifentanil 222 + 102 63 + 18 5.7 + 0.7
GR90291 293 + 130 11 + 3.9 26 + 17
alfentanil 558 2 230 30 + 1% 27 + 21

* mean + SD

Pharmacodynamic Parameters (anesthetized dogs)

Delta Wave Spectral

ECq, Edge
Compound (ng/ml)* ECs,
(ng/ml)*
T

remifentanil D.64 + 0.18

GRS0291 2930 + 2415
alfentanil 5.0 ¢+ 2.5
* mean + SD
Potency Ratios Based on EC,, Values
[ . .
Remifentanil

Pharmacodynamic Measure :
GR902391 alfentanil

Delta Wave Activity

Spectral Edge 1:4251 1:7.7
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ADME Studies

The following structures are of remifentanil (GI87084B) and the
major metabolites:

G194219 B N o]
H,c/\(r’( PSKO,CH,
kN o
GI190291 \
OH
® Remifentanil is mainly metabolized to GI90291, the

hydrolysis product of blood and tissue esterases.
Humans = 100%; rats = 88%; mice = 91%; doos = 60%

. Other identified metabolite, GI94219, is <2% in all species,
when present.

] Remifentanil is highly protein-bound: 67 to 92% in human,
(16% albumin, 45% o-1-glycoproteins): 33% protein-bound in
dog

] Excretion mainly urinary; human = 100%

dog, rat, mice = 70-80%
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The following are points of interest in an ADME study in rats
{v48/68) :

L 92% of the radiocactivity was recovered, 70% in urine, 22% in
feces and 95% of this was recovered within 24 hours of
dosing.

L Radicolabel was detected in every tissue examined and kidney

and liver tissue had the highest concentrations at 30
minutes after injection.

. Principal metabolite, GR90291 the hydrolysis product,
accounted for akout 70% of the dose in the urine and 17% in
the feces. In rats as well as dog, the second measurable
metabolite GI94219, amounted to <2% of the dosc in urine and
<1% in feces. The parent compound, GI87084B, was <1% of the
dose excreted.

L There was no sex difference in metabolism or excretion.

ACUTE TOXICITY

The toxicity of remifenanil is characterictic of opioid over-dose
with sedation, respiratory depression, cyanosis, body rigidity,
excess salivation and convulsions are the primary symptoms.

LD,
* In rats: oral LD, >2000 mg/kg
t.v. = 17 mg/kg
aeroscl inhalation = 8pg/kg.
L In mice: i.v. = 100 mg/kg
L] In dogs: :.v. >80mg/kg
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Cerebrovascular

L4 brain microhemorrhages were found after acute doses as low
as 0.1 mg/kg and as high as 160 mg/kg to unventilated dogs.
However, bolus injections, 1 mg/kg, to ventilated,
anesthetized dogs resulted in no observed microhemorrhages.

Renal-Urirary
Urinary retention with g-agonists - reduced urinary sodium
excretion and increased osmolarity in rats like alfentanil.

chronic Toxicit

] reduced epididvmal weights in male rats after 4-weeks of 2.5
mg/kg/day of remifentanil. Sloughed epithelial cells in
epididymal tubules at 0.25, 1.0 and 2.5 mg/kg/day for 4-
weeks.

° increased blood glucose after 16 days of venous infusion at
(¢/) 1 and (o+%} S ug GI87084B/kg/min. There was alsoc a
significant reduction in zymogen granule count in pancreatic
acinar cells that was reversible.

. brain microhemorrhages were present in some dogs after
continuous dosing of GIB7084B at doses of 0.01 mg/kg and
higher. When anesthetized dogs were infused with
remifentanil at 20ug/kg/min for 4 hours. microhemorrhages in
unventilated controls {2/5) were greater than ventilated
remifentanil dogs (1/5).

The brain microchemorrhages were attributed to the hypoxic
conditions that remifentanil can produce as it suppresses
respiration. The microhemorrhages were very small and the
1dentification on the slides was verified by veterinary
pathologists at the FDA.
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Genetic Toxicology

Remifenanil was active in the in vitro mouse lymphoma test only
with S9 activation and was inactive in two other in vitro test
with and without activation and in both in vivo tests.

[ in vitro - Salmonella typhimurium, GI87084B was inactive
with or without S9 activation.

° in vitro - Chromosome aberration in CHO cells; GI87084B was
inactive with or without S9 activation.

[ in vitro - Mouse lymphoma cells, L5178Y/tks; GIB7084B
induced significant mutagenic activity on after $9
activation. Increases in small colonies was significant,
greater than positive control cyclophosphamide and was dose
related.

] ex vivo - Unscheduled DNA syntl.esis (UDS) in rat
hepatocytes; GI87084 inactive at doses to 5.6 mg/kg i.v.

. in vivo - Mouse micronucleus test; GI87084 did not induce an
increased number of micronuclei in polychromatic crythroids
after i.v. administration of B0, 100 or 120 mg/kg.

Reproductive Toxicology

Segment I - Reproductive performance and effects on fertility
Doses of 0.5, 0.75 and 1.0 mg/kg/day in rats: Males; GIB7084B at
all doses decreased testicular and epididymis weights and reduced
the Fertility Index. Females; slight increase in number of days
of cohabitation prior to impregnation and days of gestation,

Segment II - teratology

In rats: 1, 2, 4 and 6 mg/kg/day of GI87084B; No fetal toxicity
was observed and no teratogenesis; no developmental impairments.
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In rabbi 0.5 and 0.8 mg/kg/day of GI87084B; produced no
teratoge nges. -
Segment III - perinatal and postnatal developmert

In rats: No treatment related effects were observed in the Fl
generation growth or development; phy51ca1 reflexive and
reproductive capacities. -

Cesarean delivery, Rhesus monkey: remifentanil, 30pg/kg bolus in
anesthetized pregnant dams near term. Fast injection in first
two, but death of one changed bolus administration to 60 seconds.
Nine of 10 required intubation after injection and first Apgar
score was at 10 minutes and no differences were cbserved between
controls and neonates from remifentanil-treated dams. The mean
umbilical blood had ¥ the remifentanil concentration of maternal
blood.
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CONCLUSIONS

kemifentanil produces a potent antinociceptive effect of short
duration and does not accumulate in the body. It is selective
for the u-opioid receptor and does not induce histamine release.
The attendant effects, respiratory suppression, reduced heart-
rate and blood pressure, and sedation are characteristic of
opicids.

The induction of brain microhemorrhages in dogs was prevented Ly
adequate ventilation and did nct appear in rats. No specific
organ toxiclty was observed upon chronic administration. The
compound is mutagenic in only one of 5 test systems. Remifentanil
has no significantly~adverse effects on reproduction at doses
below maternal toxicity although after repeated administration,
male rats had decreased testicular and epididymal weight and
decreased fertility.

The main metabolite of remifentanil, the hydrolysic preduct
GR90291, has opioid effects only at doses 210 to 4500 times that
of the parent molecule and therefore no significant influence on
the pharmacology/toxicology effects.

The review of the effects of remifenanil HCl in animal studi :s
has provided no pharmacology/toxicology basis to prohibit its use
in humans and it is recommended for approval.

Ha

M. Geyer, III Ph.D.
r ‘))-'n
In concurrence: o g -7-#)5
Peer Leader: Anwar Goheer, Ph.D. date
cc

NDA #20-630
HFD-170/Div. File
HFD-170/HMGeyer
HFD-170/DMorgan
HFD-345%
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F/T by HMGeyer 04/29/96
WPH#remidone. 002
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To

Public Health Service

Memorandum

. December 20, 1995

Staff Pathologist
Diagnostic Patho)ogy Section, HFS-716

Remifentanil (Pathology Project Number PR-168): A Microslide
Review of Brain and Spinal Cord Sections From Five Dog
Studies (Glaxo Report Numbers UTX/93/003, UTX/94/022,
UTX/94/020, UTX/94/047 and UTX/94/049)

Harry Geyer, I1I, Ph.D., Pharmacologist
Pilot Drug Evaluation Staff

Office of Drug Evaluation II/CDER (HFD-OO?)/222£%7;ZZQZ/
Through: Chief, Pathology Branch, HFS-716

Leader, Diagnostic Pathology Section, HFS- -716_Y LR___*
REFERENCES: -
1. Memorandum dated November 22, 1994 from Harry

Geyer, I11, Ph.D., Pilot Drug Evaluation Staff
(HFD-007) to Ronald Moch, D.V.M., Chief, Pathology
Branch (HFS-716); subject: Remifentanil (GI87084B):
Request for Pathology Support to Drug Review.

2. Memorandum dated February 10, 1995 from Prem Dua,
D.V.M., Ph.D., Pathology Branch (HFS-716) to Harry
Geyer, III, Ph.D., Pilct Drug Evaluation Staff
(HFD~007); subject: Request for
Information/Microslides.

SUMMARY :

During a review of the Investigational New Drug IND
Remifentanil, a short-acting opioid, members of the Pilot
Drug Evaluation Staff (PDES) of the Office of Drug Evaluation
I1, Center for Drug Evaluation and Research were concerned
about hemorrhages occurring in the brains of dogs
administered Remifertanil intravenously. After the Pathology
Branch (PB) of the Office ¢f Scientific Analysis and Support
Center for Food Safety and .ppl‘ed Nutrition was contactzd
about this concern (Reference 1), the PB prepared a
memorandum to PDES requesting the relevant microslides and
pertinent information be obtained from the petitioner
(Reference 2). The PB subsequently received brain
microslides from five Glaxo studies along with two volumes of
data containing the toxicology and pathology reports from
these studies.
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The Pathology Branch has reviewed the brain and spinal cord
microslides submitted to the Agency by the petitioner as well
as the pertinent correcpondence an<i pathology/toxicology
reports.

Essentially, the PB agreed slide-by-slide with the
petitioner’s report on whether hemorrhages were present or
absent. The PB used strictly morphological terms to diagnose
a particular lesion (i.e., “perivascular or extravascular”
hemorrhage) whereas the petitioner’s report used the terms
artifactual hemorrhage or acute hemorrhage which is
acceptable nomenclature.

According to the PB, the major findings from these five
studies 1included: i

1) An increase in the incidence of non-ventilated
Remifentanil {(and Alfentanil) treated dogs with
brain hemorrhage when compared to the corresponding
control dogs;

2) The most affected brain level was BR2 (Hippocampus)
followed by BRO (Caudate Nucleus), BR4 (Substantia
Nigra), BRS (Cerebellum) and BR1 (Thalamus/
Hypothalamus) .

3) A reduction in the incidence of ventilated
Remifentanil-treated dogs with brain hemorrhage to
the incidence of control ventilated dogs with brain
hemorrhage.

That is, unventilated Remifentanil-treated dogs have a higher
incidence of hrain hemorrhage when compared to the
corresponding control groups of dogs with brain hemorrhage,
but ventilating the dogs did prevent this apparent test-
material related effect from occurring.

The PB has also recently reviewed data from two different HMG
CoA reductase inhibitor studies in dogs in which it was
reported that the test materials caused brain hemorrhage.
Hypoxia was speculated to be the mechanism causing
hemorrhages due to HMG CoA reductase inhibitors by the
submitting petitioner. but no definitive studies were
requested or performed to test the hypothesis. In the
attached pathology report, the PB offers its opinion on
possible mechanism(s) for the possibie etiology of these
hemorrhages.
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If we can he of further help, please contact me by phone at
202-205-4123 or e-mail at fahevm. f§an.fda.gov.

j '

~Zicf A

Fred A. Hines, D.V.M.

Toxicologic Pathologist

ATTACHMENT: PR-168 Pathology Report



Pathology Report
Remifentanii (Pathology Project Number PR-168):
A Microcslide Review of Brain and Spinal Cord
Sections From Five Dog Studies
{Glaxe Report Numbers UTX/93/003, UTX/94/022, UTX/94/020,

UTX/94/047 and UTX/94/049)

Pathology Project Officer : Fred A. Hines, D.V.M.

Date of Completion : December 20, 1995
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BACKGROUND INFORMATION:

Remifentanil is a short-acting opioid being developed by Glaxo, Inc. as an anesthetic in man. It
has analgesic and cardiovascular effects similar to the currently avaitable st.urt-acting opioid
Alfentanil, but Remifentanil has a plasma half-life even shorter than Alfentanil'.  As reported by
the sponsor, high dosages of Remifentanil to rats and dogs (up to 5.0 mg/kg in rats and up to 160
mg/kg in dogs) cause clinical signs of hypoxia and convulsions in both rats and dogs and “in
many of these animals, neuronal lesions characteristic of anoxia/ischemia and convulsions were
identified.... At lower doses, brain [lesions) were restricted to a few, minimal, microscopic
hemsrrhages in brain sections of some dogs. These hemorrhages were characteristic of those
produced by hypoxia ... Hemorrhages did not occur in brains of rats at any dose.™  Glaxo, Inc.
designed a series of studies to investigate a possible mechanism for these brain hemorrhages in
dogs. One study was a repeat of the study in which non-ventilated dogs were given Remifentanil
once a day intravenously at dose levels of 0, 0.01, 0.03 and 0.05 mg/kg/day (UTX/93/003) and
the remaining studies dealt with either comparing findings of Remifentanil to Alfentanil
(UTX/94/022 and LUTX/94/020) in non-ventilated dogs or comparing findings from giving
Remifentanil to non-ventilated versus ventilated dogs (UTX/94/047 and UTX/94/049). During
the review of these studies for an Investigational New Drug (IND _ the Pilot Drug
Evaluation Staff (PDES) of the Office of Drug Evaluation I}, Center for Drug Evaluation and
Rescarch was concemed about the reported Remifentanil-induced hemorrhages occurring in the
brains of dogs. After the Pathology Branch (PB) of the Division of General Scientific Support,
Office of Scientific Analysis and Support, Center for Food Safety and Applied Nutrition was
contacted about this concern’, the PB prepared a memorandum to PDES in which it was
suggested that additional information be obtained from the petitioner in order for the PB to
complete its review.! Subsequently, PDES requested Glaxo, Inc. to provide the information
requested by the PB. Glaxo, Inc. respondud to this request for further information and the PB
was provided a copy of two volumes of material containing texicology and pathology reports
from all five studis mentioned above. In addition, all available brain and spinal cord
microslides from all five studies of both male and female dogs from control and treated groups,
arranged by sex and dosage groups in increasing animal and/or accession numbers were
submitted to the Agency and subsequently sent to the PB.

This pathology report by the PB, CFSAN, presents the PB's findings from its review of the
petitioner's submission.

A D DS:

The brain and spinal cord sections from UTX/93/003, UTX/94/022, UTX/94/020, UTX/94/047
and UTX/94/049) were submitted in 14 slideboxes containing a total of 914 hematoxylir: and
eosin (H&E) slides which consisted usually of seven step sections through the brain and one
section of spinal cord for cach animal. Eacl: of these levels was identified on the slide as
foliows:



BRO = Slide | (Caudate Nucleus) BR4 = Slide 5 (Substantia Nigra)

BRI = Slide 2 (Thalamus/Hypothalamus) BRS = Slide 6 (Cerebellum)
BR2 = Slide 3 (Hippocampus) BR6 = Slide 7 (Pons/Brainstem)
BR3 = Slide 4 (Occipital Cortex) SC = Slide 8 (Spinal Cord) -

The test animals for all five studies were male or female (or both) purebred beagle dogs
obtained from

The Pathology Branch (PB) assigne< one in-house pathology petition-review number (PR-168)
to this review, but the findings were recorded into the PB's pathology software application
(Pathdata, Inc.) as five separate studies (i.c., 10168, 20168, 30168, 40168 and 50168). The
computer-generated tables from this software are attached to this pathology report.

Since Glaxo, Inc. had contracted the studies to , each study has a
designated Glaxo Report Number, a Glaxo Study Number, a anda“
Pathology Branch study number. The designated numbers of each study are as follows:

Glaxo Report No. Glaxo Study No. PB Pathdata No.
UTX/793/003 D13953 10168
UTX/94/022 40064 20168
UTX/94/020 40077 30168
UTX/94/047 40087 40168
UTX/94/049 40094 .. 50168

A brief synopsis in table format (title, objective. experimental design) of each study is provided
below:




UTX/93/003 *

GI87084B [Remifentanil] (Opioid Agonist). Repeat 4-Weck Intravenous Injection
Toxicity Study in Dogs (Glaxo Study Number D13953)

The purpose of this study was to evaluate the toxicity of Remifentanil when given to non-
ventilated male and female dogs at dose levels of 0, 0.01, 0.03 and 0.05 mg/kg once a day by
intravenous injection for four weeks.

Group [ Dose of Remifentanil Terminally Sacrificed Recovery Animals
# in mg/kg body
weight/day #ofo #of ¢ #of & #ol¥
I 0 4 4 2 2
2 0.01 . 4 4 0 0
3 0.03 4 4 0 0
4 0.05 4 4 2 2

* Pathology Branch's Petition Review PR-168; Pathdata No. 10168.

Rest of page left intentionally blank




UTX/94/022 *
GI87084B (Remifentanil Hydrochloride), GI117877A (Alfentanil Hydrochloride): Acute
Bolus Intiavenous Toxicitv Study in Non-Ventilated Male Dogs (Glaxo Study Number 40064)

The purpose of this study was to determine if microscopic brain hemotrhages (as seen in buth
male and female dogs of UTX/93/003) occur following a single intravenous dose of
Remifentanil or Alfentanil in inale dogs.

B Group ' Dose and Drug #of o

Phase 1

1 Control (sterile saline) 1

2 0.1 mg/kg Remifentanil -1

3 0.1 mg/kg Alfentanil 1
~ Phase 2

1 Control (sterile saline) 1

2 0.5 Remifentanil 1

3 0.5 Alfentanil 1
Phase 3

1 Control (sterile saline) 1

2 1.0 mg/kg Remifentanil |

3 1.0 mg/kg Alfentanil ]

* Pathology Branch's Petition Review PR-168; Pathdata No. 20168.

In the PB's pathology software system the above study was organized in such as way that the
three control dogs were placed in Group 1; the treated Remifentani! groups were designated
groups 12, 22, and 32 ({for phase 1, group 2; phase 2, group 2 and phase 3 group 2, respectively)
and the treated Alfentanil groups were designated 13, 23, and 33 (for phase |, group 3, phase 2,
group 3 and phase 3, group 3. respectively). That is:



Group Dose and Drug #ofd
1 Controls (sterile saline) 3
12 0.1 mg/kg Remifentanil 1

22 0.5 mg/kg/ Remifentanil 1

32 1.0 mg/kg Remifentani| . 1

13 0.1 mg/kg Alfentanil |

23 0.5 mg/kg Alfentanil 1

13 1.0 mg/kg Alfentanil I
UTX/94/020 *

G187084B (Remifentanil Hydrochloride), GI117877A (Alfentanil Hydrochloride:
7-Day Intravenous Toxicity Study in Non-Ventilated Dogs (Glaxo Study Number 40077)

The purpose of this study was to determine if microscopic brain hemorrhages occur in non-
ventilated dogs following seven consecutive daily intravenous doses of Remifentanil or
Alfentanil.

Group Dose and Drug #of o #of®
! Controls (sterile saline) 3 | 3
2 | mg/kg/day Remifentanil 3 3
3 0.1 mg/kg/day Alientanil 3 3
4 1.0 mg/kg/day Alfentanil 3 3

* Pathology Branch's Petition Review PR-168; Pathdata No. 30168.




UTX94/047 *

GI87084B [Remif=ntanil]: Acute Bolus Intravenous Toxicity Study in

Ventilated Male Dogs (Glaxo Study Number 40087)

The purpose of this study wac io determine if microscopic brain hemorrhages occur in
ventilated male dogs following a single intravenous dose of Remifentanil.

Group Dose Level [soflurane | Ventilation | #of &
i 1 mg/kg/day Remifentanil Yes Yes 5
2 Controls (sterile saline) Yes Yes 5
3 1 mg/kg/day Remifentanil Yes No 5
4 | mg/kg/day Remifentanil No No 5
5 Controls (sterile saline) No No 5
* Pathology Branch's Petition Review PR-168; Patlidata No. 40168.
UTX/94/049 *
GI87084B [Remifentanil]: Intravenous Infusion Toxicity Study in
Ventilated Male Dogs (Glaxo Study Number 40094).
The purpose of this study was to determine if microscopic brain hemorrhages occur in
ventilated male dogs following a 4-hour intravenous infusion of Remifentanil.
Group Dose Level / Dose Concentration | Isoflurane | Ventilation | #of o
1 20 ug/kg/minute Remifentanil / Yes Yes S
1,200 pg/mL
2 Controls (sterile saline) Yes Yes 5
3 Controls (sterile saline} No No 5

* Pathology Branch's Petition Review PR-168; Pathdata No. 50168.

TI1O E 1

The PB recognized two different morphologic types of hemorrhages in the brain and spinal cords
from the dogs of these studies. One type was a perivascular accumulation of erythrocytes within
the Virchow-Robin space. This type of hemorrhage was designated “perivascular” hemorrhage
(see Figures 1, 2 & 3).

O



Fig I: Perivuceler hemorhage Femele
Control $391 of Stedy UTX/93003 (396X)

Male Comtrol 5568 of Stedy UTXA1/00)
{nnxy

The second type of hemorrhage in the brain was foci of small hemorrhages (20 to 200 microns a’
the widest width) which consisted of closely-packed to scattered, sometimes misshaped
erythrocytes present extravasculasly in the gray ot white matter (Figures 3, 6, 7). This type of
hemorrhage was designated “extravascular” hemorrhage.

‘The petitioner's pathologist used the terms “artifactual” and “acute hemorrhage” which is
acceptable nomenclature. These terms were described quite well within the pathology report and
essentially, the artifactual hemorrhages were of two types: onc was the perivascular cuffing of
erythrocytes about a blood vessel (as depicted in Figure 1) and the second was the presence of
erythrocytes within the neuropil which was due to a putative mechanical disruption of tissues
(Figures 4,5 and 9).

I N iy P B I M R - Hoab Y
- : Figure 3. “Meochanical Disreption” in BRO of
Figure 4 “Mechsnical Detruption” in BR6 of Female o Y e bl
Comtrol $394 in Study UTX/93/003 (118X) her emtor 9““(2"'“” o imal TN of Study

Essentially, artifactual hemorrhage as defined by the petitioner's pathologist encompassed the
two morphologic terms of perivascular and extravascular used by the PB, i.e., all perivascular
hemorthage was considered artifactual and extravascular hemorrhage in areas of mechanical



disruption of tissues was also considered artifactual. The other type of hemorrhage defined by
the petitionet's pathologist was acute hemorrhage which was “focal extravascular smattering of
erythrocytes within the gray matter .... The size of the microhemorrhages varied but generally
were in the range of 20 to 200 microns in dimension. These foci were not <iosely associated
with a recognizable blood vessel.” All of the petitioner’s diagnoses of “acute™ hemorrhage
encompassed the PB's term of extravascular hemorrhage.

The PB noticed that in some of these foci of “extravascular” hemorrhage, the erythrocytes tended
to accumulate about a nidus of degenerating neurons or undetermined celiular components (see
Figures6 & 7).
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Figure 7: Perineuronal hemorrhage in BRI
section of Mid-dose Remifentanil animal
6942 of Study UTX/94/022 (596X).
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Figure 6: Hemorrhage about a nidus of
undetermined celiular debris in BRO section of
High-dose Alfentanil Animal 6950 of Study
UTX/94/022 (1172X).

Occasionally, brain sections were prepared so that both hemispheres were present on the
microslide. Figure 8 represents the subgross of all eight microslides submitted by the petitioner
for the female control animal 5591 of UTX/93/003 as well as the high-dose female animal 5603
for comparison. The object marker labels two slides for 5591 which shows multiple lesions
(slides 3 and 5). Figure 9 magnifies slide 5 of BR4 which shows the bilateraily-symmetrical
pattern of the perivascular hemorrhages in this portion of the brain.



Figure 8
Scanned images of the eight microslides from the brain and spinal cord sections from

the Female Control 5591 and High-dose Remifentanil Animal 5603 of Study UTX/23/003.
The 3 mm circles mark where a hemorrhagic lesion was present.

5603 5591




Figure 9: BR4 of Female Control 5591 of Study UTX/93/003. Circles indicate where perivascular
hemorrhages were present. Noie “mechanical disruption™ (arrowheads) which is not associated with arcas
where hemorrthages were seen.

ULTS: ~

The summary incidence of dogs with brain lesions as determined by the PB can be found on
Pathdata pages 2-5, 57-58 and 87-88 for studies 10168, 20168 and 30168, respectively. Selected
findings from those tables emphasizing the number of animals with either extravascular
hemorrhage or perivascular hemorrhage by level of brain examined and the distribution and
degree of severity of the two types of hemorrhage in the brain and spinal cord are summarized in
Tables 1 - 5. The following page will list abbreviations or definition of terms used in Tables 1 -
5.

Rest of page left intentionally blank
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Abbreviations used in the following Tables 1 through 5. - ..

BRO = Slide 1 = brain sectioned at about the level of the caudate nucleus.

BRI = Slide 2 = brain sectioned at about the level of the thalamus/hypothalamus.
BR2 = Slide 3 = brain sectioned at about the {evel of the hippocampus.

BR3 = Slide 4 = brain sectioned at about the level of the occipital cortex.

BR4 = Slide 5 = brain sectioned at about the level of the substantia nigra.

BR3 = Slide 6 = brain sectioned at about the level of the cerebellum,

BR6 = Slide 7 = brain sectioned at about the Jevel of the pons/brainstem.

SC = Slide 8 = spinal cord section

ANY = a merge of BRO through BR6, t.e., if any brain section BRO through BR6
was diagnosed with extravascular or perivascular hemorrhage, ANY
would represent the lesion was present in at least one brain sectior for any
particular dog.

P = Present

1 = Minimal degree of severity
2 = Mild degree of severity

3 = Moderate degree of severity
4 = Severe degree of severity

Alfen = Alfentanil

Remi = Remifentanil
Sac = sacrificed

SI = Summary incidence

11
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TABLE 2

Pathology Petition Review PR-168 {Pathdata Report 20168), Glaxo Report Number UTX/94/022

. Maie Dogs with EXTRAVASCULAR HEMORRHAGE

Remifentanil Groups (mg/kg)

Alfentanil Groups (mg/kg)

Male Controls 0.1 0.5

1.0

0.1

0.5

1.0

6943 | 6945 | 6946 6949 | | 6942

6948

6944

6953

BRO i

6950

1

BRI i l

BR2

BR3

BR4

BRS ] 1

BR6 l

ANY P P P P

SC I

1

i

Male Dogs with PERIVASCULAR HEMORRHAGE

BRO

BR1

BR2

BR3 !

BR4

BRS

BR6 1 1

ANY P P P

SC i 1

P

* See page 11 for a list of abbreviations used in Tables | - §.




TABLE 3

Pathology Petition Review PR-168 (Pathdsta Report 30168); Glaxo Report Number UTX/94/020

Male Dogs with EXTRAVASCULAR HEMORRHAGE

Level Group | Group 2 Group 3 Group 4
Male Controls st Img/kg Remi® sl .Img/kg Alfen SI Img/kg Alfen st
7148 | 7155 | 7189 7160 | 7164 | 7168 7146 | 7154 | 7163 749 | 181 | nsy
BRO | 1 ! | 1 1 '
BRI 2 i 1 1 1
BR2 2 2 I | 1
BR3 | I
BR4 ' i 2 1
BRS 2 1 t 1 2
BR6 l | ! I | I i 1
ANY | P p lan| e ] p p |3 | e p P (] P P P n
sC | o i T T I t |23 I 1 n
Male Dogs with PERIVASCULAR HEMORRHAGE
I | ! 1
b 1 1
BR2 I ! I I
BR3 . I
B8R4 | 1
BRS | | 1 1
BR6 r | i I
ANY | P P p s ]| p P P {an | p P P | ] p P P n
SC o3 or3 | 03

* See page 11 for a list of abbreviations used in Tables { - 5.




TABLE)

Pathology etition Review MR- 168 (Pathdata Report 30168); Glaxo Report Number UTX/94/020

Female Dags with EXTRAVASCULAR HEMORRHAGE

evel Group | Group 2 [ Group 3 Group 4
Female Controls St img/g Remi* St .Img/kg Alfen st 1mg/kg Alfen Si
"N 7185 7188 7873 | 178 | 7187 7170 | 7476 | 7183 T174 nim 7189
BRO 3 l i
BRI 2 ! i
BR2 2 1
BR3
BR4 2 1 1
BRS I ) i -
BR6 I 2 { ' t
ANY P i3 P 4L P P 373 i i3 id P P 3
SC t ! H 33 I 13 } ] ! 13 i 1 2/3

Female Dogs with PERTVASCULAR HEMORRHAGE

BRO 1 | 1

BRI I

BR2 [

BR3 1 ]

BR4

BRS 1

BRé6 | 1

ANY P P 3 P P 23 P 13 073

5C 0/3 | 173 1 1 2/3 1 1 213

* See Page |1 for a list of abbreviations used in Tables | - §.
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TABLE $
Pathology Petition Review PR-16§ (Paihdata Report 30168}, Giexo Report Number UTX/94/049
Make Dogs with EXTRAVASCULAR HEMORRHAGE
Group |. 20 ug/kg/min Remifentanil Group 2: Comrol (Sterfle Saline) Grup 3: Cantrols (Sterite Saline)
Isofkaranc + Ventilation Isoflursnc + Ventilation No lsofterane / No Ventilation
' AEERARAE IEEERERR] EEIRRE
A EAEARAE si AEAENEEE] sl 1111|717 [y
slslolols 'EERERERE BERREEREK)]
s stoft |7 REFEERERE si ls|als
BRO I
BRI 1
BR2
BR) .
BR4 1
BRS | 1 1] l 142 1
BR6 | t NN ~ 1 | 1 1
ANY | P ple]er s P Pl V3 P PP s
sc | | us I 1 us 1| B s
Male Dogs with PERIVASCULAR HEMORRHAGE
BRO FRE BE I
BRI 1|
BR2 i 2 1
BR3 ! 1 1
BR4 1 1 W
BR3S 1 1 |
BR6 1 I I
ANY plelr s plep vs PP plr s
sC b t ) s ! 1o 33 AR s
+ See Page 11 for a list of abbreviations used in Tables 1 - 5.




Non-Ventilated Dog Studies 10168, 20168 and 30168

The purpose of 10168 (UTX/93/003) was to evaluate the toxicity of Remifentanil when given to
non-ventilated male and female dogs at dose levels uf 0, 0.01, 0.03 and 0.05 mg/kg once a day
by intravenous injection for four weeks. As can be seen in Table 1, there was an increase in the
incidence of terminally-sacrificed treated male (but not female) dogs with either extravascular or
perivascular hemorrhage when compared to the corresponding control group of males.
Specifically, statistical significance of p< 0.05, as reported on page 16 of the Patadata Study
10168, was achieved at the foliowing levels:

Slide 1 or Caudate nucleus (BRO) for treated male dogs with extravascular hemorrhage

Slide 2 or Thalamus/Hypothalamus (BR 1) for treated male dogs with extravascular
hemorrhage

-

Slide 3 or Hippocampus (BR2) for treated male dogs with extravascular hemorrhage
Slide 5 or Substantia Nigra (BR4) for treated male dogs with extravascular hemorrhage
Slide 6 or Cerebellum (BRS) for treated male dogs with extravascular hemorrhage
Slide 8 or Spiral Cord (SC) for treated male dogs with perivascular hemorrhage

These findings suggest that the test material related effect is an increase in the incidence of
extravascular hemorrhage in the brain of the dogs of this study. According to the statistical
calculations, the most affect2d brain level was BR2, followed by BR3, BR4, BR5 and BRI1.

The statistical significance of the male treated dogs with perivascular hemorrhage in the spinal
cord was probably not of biologic significance since in the other studies the incidence of control
male dogs with spinal cord perivascular hemorrhage varied widely (range 0% - 60%).

In all sections, the location of the hemorrhagic lesions was predominantly in the gray matter.

Figure 10 represents an image of the two subgross microslides from the most affected male dog
with extravascular hemorrhage in the 10168 study (it is the mid-dose Remifentanil-treated male
animal 5574). The lesions have been marke.d with a 3mm object marker. The microslides
represent those from the BR2 (Slide 3 or Hippocampus area) BR4 (Slide S or the Substantia
Nigra area). The subgross depicts the number of lesions for the slide and the location of the
lesions. The lesions are predominantly in the gray matter and in the BR4 sections where both
hemispheres are present, there is a slight suggestion that the lesions may be bilaterally-
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symmetrical in the gray matter. This point can not be confirmed since part of the tissue has been
trimmed to accommodate the size of the slide which was common procedure for these studies).
Of the seven lesions marked in Figure 10 from the BR4 microslide, a typical one is presented in
Figurs 11. Figure 11 demonstrates just how small these lesions were - even in the most affected
animal of the scudy. The increase in the degree of severity was based on number of lesions

present - not an increase in the size of the lesions.

Figure 10: BR4 (top) and BRI (bottom) from Group 3
malie Animal 5574 receiving 0.03 mg/kg/day
Remifentanil from Study UTX/93/003. Circles indicate
where hemorthages were present {(most located in gray
matter). Also note that hemorrhages can not be seen by
gross examination of the tissues.
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et A
v

-4
TR

Figure 11: BR4 from Group 3 male Animal 5574
receiving 0.03 mg/kg/day Remifentanil from Study
UTX93/003 (1172X). Perineuronal hemorrhage
demonstrating typical size of the hemnorrhagic lesion.

" The peint being that future studies to determine mechanisms for brain hemorrhages in dogs should use
whole brain blocks and microsiides to prepare the brain sections.



Even in the [emales a test-material related effect can be seen in Table 1 when looking at the
population dynamics of the total incidence of extravascular hemorrhagic lesions among the
various brain levels (as distinct from the incidence of dogs with the lesion). That is, there are
more “hits” at the mid- and high-dose levels for both male and female on the study. _

The incidence of terminally-sacrificed female dogs with both extravascular and perivascular
hemorrhage was 100%. The bilaterally-symmetrical pattern of perivascular hemorrhages in the
gray matter was demonstrated previously (Figure 9, page 10) for the terminallv-sacrificed female
control 5591. In a previous pathology report generated by the PB in which dogs with brain
hemorrhage were evaluated, perivascular hemorrhages were designated “extravasation™ since
they could not be distinguished from the artifactua! seepage of blood from the cut end of a
vessel®. What persuaded the PB to change its nomenclature was the data from the female control
animal 5591 of study UTX/93/003 (Figures 8 and 9 on pages 9 and 10). It would be unhkcly
that such a pattern would occur as a result of artifactual processes.

One of the perivascular hemorrhages from the microslide represented in Figure 9 was
photographed at 596X and depicted in Figure 1 (page 7) .

The data from the recovery group of male dogs did not duplicate the results from the terminally-
sacrificed dogs, i.c., although there was no terminally-sacrificed male control dogs with
perivascular hemorrhage, both male recovery high-dose dogs had the lesion and the incidence of
recovery male control animals with any brain extravascular hemorrhage or spinal cord
extravascular hemorrhage was identical to the high-dose treated male dogs with any brain
extravascular hemorrhage or spinal cord extravascutar hemorrhage, i.c., Y2 or 50%.

The purpose of designing studies 20168 (UTX/94/022) and 30168 (UTX/94/020) was to
determine if microscopic brain hemorrhages occur following a single intravenous dose (20168)
or seven consecutive daily intravenous doses (30168) of Remifentanil and Alfentanil. Tabie 2
shows that similar lesions and incidence of lesions among the brain and spinal cord ievels was
similar in the Remifentanil and Alfentanil groups, but the difference from the control groups was
more apparent in study 30168 (Table 3). That is, as xpected, a test-material effect with
Remifentanil and Alfentanil is more pronounced in the study in which the treated animals
received daily intravenous doses for seven days than when dogs received a single intravenous
dose.

As with the 10168 study, lesions in the 20168 and 30168 studics are predominantly confined to
the gray matter and an increase in the degree of severity is due (o an increase in the number of
lesions per slide, not an increase in the size of the lesions.

* This opinion was also the one provided by the petitioner's consultant pathologist on the
present studies.
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Ventilated Dog Studies (40168 and 50168)

The purpose of these studies was to determine if microscopic brain hemorrhages occur in
ventilated male dogs after an acute intravenous bolus (40168) or following & 4-hour infusion of
Remifentanil (50168). The findings from Tables 4 and 5 indicate that both kinds of hemorrhage
are occurring in the ventilated Remifentanil groups (Group 1 of both 40168 and 50168);
however, they can not be distinguished from the hemorrhages occurring in the ventilated conirol
groups (see Figure 2, page 7 and Figure 12 for examples of control hemorrhages in these studies
and Figure 13 for a typical example of hemorrhage occurring in a Remifentanil-treated dog).
There was no pattern of lestons present among the brain sections of the ventilated Remifentanil-
treated groups which would indicate an exacerbation of the type of hemorrhages seen in the
ventilated control dogs.

P 22 T e L A
LRGN R NI I T s

R s "‘f"_ }s o -
Figure 12: BRS of Male Control 7653 of Study Figure 13: BRS of Remifentanil-treated Animal
UTX/94/047. Example of extravascular hemorrhage ina 7635 of Study UTX/94/047. Example of
Isoflurane + and ventilated control animal (1172X). extravascular (perineuronal) hemorrhage in an
Isoflurane + and ventilated Remifentanii-treated dog
(1172X).
DISCUSSION:

This pathology review is the second one within the past two years that the PB has been requested
1o evaluate the significance of brain hemorrhage occurring in dogs. The other pathology review
was with an HMG-CoA reductase inhibitor.® This review is similar to the previous HMG-CoA
reductase inhtbitor study in four aspects:

) the test-material related lesion occurred primarily in the g.cy matter.

2) the sponsor hypothesized hypoxia as the mechanism for causing the hemorrhages;
but a “efinitive study to confirm this hypothesis was not done.



3) the sponsor compared their HMG-CoA reductase inhibitor with one already on
the market (Lovastatin®) and the latter did produce the same lesions and

4) brain hemorrhages did not occur in other animal species tested.

Two maio: differences in this present review from the HMG-CoA reductase inhibitor study
review is that

1§ the dogs in the HMG-CoA reductase inhibitor study developed a spectrum of
lesions in the brain such as perivascular edema, neuropil edema, perivascular and
extracelluar hemorrhage, formation of fibrinous nlaques, polio- and leukomalacia
and necrotizing vasculitis;

2) the test material related lesion was shown to be bilaterally-symmetrical in the,
gray matter of a specific location (the piriform iobe).

In the present study, each individual hemorrhagic lesion could not be distinguished from sorhe
type of postmertem artifact. In the few instances when both hemispheres were present, a
bilaterally-symmetrical pattern of the hemorrhages may have been present in the gray matter.
This kind of distribution and location would discount the lesions being artifact; however, control
animals demonstrated this pattern as well as treated animals. When the hemosrhagic lesions
were present in an area of “mechanical disruption™, the petitioner's consultant pathologist
regarded the hemorrhage as artifact. An altemnative hypothesis to perivascular and extravascular
hemorrhage accurring in mechanically-disrupted tissue is that the tissue is weakened by the
presence of the hemorrhagic lesion and this predisposes the tissue to teaiing and fractures. That
is. the lesion is causing the disruption of the tissue and therefore the tearing may not be due to a
mechanical disruption.

The spinal cord hemorrhages in the dogs from the present study were almost invariably located
in the gray matter which implies the hemorrhages were real since the lesions were restricted to a
specific area. However, the summary incidence data from the spinal cord does not suggest a
test-material effect since control animals with extravascular hemorrhage in the spinal cord
occurred in similar numbers to treated animals with spinal cord hemorrhage or the incidence of
control animals with perivascular hemorrhage in the spinal cord varied widely (0 to 60%) among
the five studies,

Treatment with Isoflurane and ventilation to dogs did reduce the levels of brain hemorrhage to
contro! levels which would tend to support the sponsor's hypothesis that hypoxia may be a
contributing factor in the mechanism of brain hemorrhage in the dogs.
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Extravascular and perivascular hemorrhages were observed in brain sections of control dogs of
the present study, but perivascular hemorrhages predominated. In the treated Remifentanil (and
Alfentanil) dogs, extravascular hemorrhage predominated. it could not bz determined from
microscopic examination of these tissues whether the perivascular hemorrhage may have _
preceded the extravascular (or acute) hemorrhage, i.c., it cou'd not be determined with certainty ”
whether the test-material related iesions represented an exacerbation of cryptogenic (of unknown
etiology) perivascular hemorrhages as seen in the control animals or whether the test material
related lesion (extravascular hemorrhage) was due to a direct toxic effect on the vascular system
althougn the PB favors the former explanation as explained below.

With the HMG-CoA reductase inhibitor studies in mind as well as the present review, the PB
deduces that the laboratory beagle dog may have a pre-existing condition which manifests as
subtie hemorrhages in the brain and spinal cord of control dogs which has been interpreted as
artifact or lestons of little pathologic significance. These hemorrhages may instead signal a pre-
existing condition in control beagle dogs which is confounding results from toxicity studies since
an exacerbation of this pre-existing condition triggered by hypoxia may iead to a spectrum of
lesions such as locally-extensive hemorrhage ard necrosis, neuronal necrosis and leuko- or
poliomalacia. This hypothesis could explain the apparent species specificity of apparent test-
material related brain hemorrhagic effects in this study and in the HMG-CoA reductase inhibitor
studies, but the “pre-existing” condition needs to be elucidated before the biologtc significance
of these exacerbated lesions in treated dogs are fully known.

CONCLUSION:

Essentially, the PB agreed slide-by-slide with the petitioner's report on whether hemorrhages
were present or absent. The PB used strictly morphological terms to diagnose a particular lesion
(i.e., “perivascular or extravascular” hemorrhage) whereas the petitioner's report used the terms
artifactual hemorrhage or acute hemotrhage which is acceptable nomenclature.

According to the PB, the major findings from these five studies included

1) An increase in the incidence of non-ventilated Remifentanil (and Alfentanil)
treated dogs with brain hemorrhage when compared to the corresponding control
dogs:

2) The most affected brain level was BR2 (Hippocampus) followed by BRO

{Caudate Nucleus), BR4 (Substantia Nigra). BRS (Cerebetium) and BRI
{ Thalamus/ Hypothalamus).

1) A reduction in the incidence of ventilated Remifentanil-treated dogs with brain
hemorrhage to the incidence of control ventilated dogs with brain hemorrhage.



That is, unventilated Remifentanil-treated dogs have a higher incidence of brain hemorrhage
when compared to the corresponding control groups of dogs with brain hemorrhage, but
ventilating the dogs did prevent this apparent test-material related effect from occurring.

The PB has also recently reviewed data from two different HMG CoA reductase inhibitor studies
in dogs in which it was reported that the test materials caused brain hemorrhage. Hypoxia was
speculated to be the mechanism causing hemorrhages due to HMG CoA reductase inhibitors by
the submitting petitioner, but no definitive studies were requested or performed to test the
hypothesis. L
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heatth Service

Memorandum

February 10, 1995

Diagnostic Pathology Section
Pathology Branch/DGSS/OSAS/CFSAN (HFS-716)

Remifentanil (GI87084B): Request for Information/Microslides
(Pathology Project No. PR-168)

Harry Geyer, III, Ph.D., Pharmacologist
Pilot Drug Evaluation Staff

Office of Drug Evaluation II/CDER (HFD-007) 42/3é?7 é?
Through: Chief, Pathology Branch, HFS—?lG&jZE;7 .

Ref. Memorandum dated November 22, 1994 from

Dr. Harry Geyer, III, Pilot Drug Evaluation Staff (HFD-007) to
Dr. Ronald W. Moch, Pathology Branch ‘HFS-716); subject:
Request for Pathology Support to Drug Review

This is in response to your request (Ref.) for the Pathology
Support for review of slides and pathology data from different
dog studies with Remifentanil, an Investigationa. New Drug
(IND 34,847) that you are currently evaluating.

The materials you provided us, i.e., two volumes of data
submitted on 12/12/94 and the previous summary materials of
these studies, have been reviewed. The primary focus of our
review is to assess the basis for the microhemorrhages reported
in the brain and spinal cord of dogs in these studies. Please
request that the microslides and other relevant information
from the following studies be forwarded to your office for
forwarding to the Pathology Branch:

Glaxo Report Nos,:

UTX/93/003 Four-week Intravenous Injection
Toxicity Study in Dogs

UTX/94/022 Acute Bolus Intravencas Toxicity in
Non-Ventilated Male hogs

UTX/94/020 7-Day Bolus Intravenous Toxicity Study
irn Non-Ventilated Dous

UTX/94/047 Acute Bolus Intravenous Toxicity Study
in Ventilated Male Dogs

UTX/94 /049 Intravenous Infusion Toxicity Study in
Ventilated Male Dogs



Pac~ 2 - Harry Geyer, III, Ph.D.

The above listed studaies should provide a comparison of lesions
reported in the brain of dogs from both ventilated and non-
ventilated group animals as well as from a study dealing with
the recovery group animals and should suffice for assessing the
reported lesions. The following materials/information should
be obtained from the sponsor at this time:

1. All available brain and spinal cord microslides for each
study listed above (arranged by study number, animal
numbers and dosage groups). The slides should be
accompanied by a listing of gross and microscopic
observations, correlation of gross to microscopic lesions
and be provided in the order corresponding to the
arrangement of the slides for a designated study.

2. A glossary/description of the histopathologic terms used
in describing lesions in the brain and spinal cord.

3. Information on the examination of brains and spinal cord
including the scope of gross examination (external and cut
surfaces), method and location of tissue sampling, and
number of sections examined microscopically from each
animal. Was any perfusion technique used for tissue
preservation, e.g., whole body perfusion at time of
necropsy? If so, please provide details on the
methodology used.

4. The sponsor’s explanation of the possible eticlogy of the
observed hemorrhage.

%)}

Supporting references insofar as the etiology of the
hemorrhage.

6. The results of any further studies, e.g, the use of
electron microscopy to evaluate the observed hemorrhage.

7. Any additional information/material which might assist in
the evaluation and interpretation of these lesions.

Some of the information requested above is contained in the
volumes of the data already provided to us. It would expedite
our review if the applicable information is extracted by the
sponsor and submitted along with the microslides.

Once the requested materials are received by your Consumer
Safety Officer (CSO), please notify me and I will work with
your CSO to have the materials transferred to our office.



Page 3 - Harry Geyer, III, Ph.D.

Should you have any questions/comments as to the
information/materials requested in this memorandum, please
contact me via phone (202-205-4123) or via E. Mail
(PNDeVM.CFSAN.FDA.Gov.).

R

Prem N. Dua, D.V.M., Ph.D.

cc: HFS-700 (Falci)
HF5-71% (Moch, r/f)
HFS-716 (Dua, Hines!
HFS-716 (PB Central Files)
Prepared by: Prem N. Dua, DVM:2/7/95:205-4123
Reviewed by: CStevenson:205-4247 CHd z/e/9s
Cynthia Howard:205-4866 ik ZAWWS’

HFS5-716:PNDua:cms:Doc. No.
PR168B:RD:2/7/95:REDRAFTED:2/9/95:FT:2/10/95
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Statistical Review and Evaluation

NDA 20-63C Date of review: 16 Apnl 1996
By: Thomas Permutt

Name of drug: Ultiva (remifentanil)
Applicant: Glaxo Wellcome
Indication: Optoid analgesic component of anesthesia

Documents reviewed: volumes 2.1, 2.105-108, 15 September 1995
(received HFD-007 18 September 1995)
electroaic data sets
study summanes submitted electronically

Project marager: David M~ gan
Medical reviewer: Barbara Palmisano, M.D.

Introduction

Remifentanil 1s a new member of the fentanyl family of u-opioids. It is proposed for the
usual indications for these drugs, which are as an analgesic component of balanced anesthesia
and for monitored anesthesia care and nostoperative analgesia. Remifer--nil differs from
tertanyl and other fentanyl analogs 1n having a very rapid onset (but perhaps not more rapid
than alfentanil) and an extremely short duration of action.

As discussed in the medical officer’s review, the efficacy of remifentanil has been clearly
established in clinical trals, and there are no special staustical problems with respect to
efficacy. Also, the side effects appear to be typical of the class, and vary, along with the
desired effects, according to the dose. The radically different kinetics of remifentail,
however, make 1t difficult to speak in terms of “equivalent” doses. An important question
abou. the safety and utlity of remifentanil 1s therefore whether side effects are more common
or more severe than with similar drugs at therapeutic doses.

At the medical officer’s request, this statistical review focuses on the relative incidence, in
general anesthesia studies with an active comparator, of certain classic opioid side effects:
hypotension, bradycardia, muscie ngidity, nausea and vomiting, pruritus, and headacne.
Hypotension occurred about twice as often remifentanil as with alfentanil. Bradycardia and



muscle rigidity were substantially more common with remifentanil than with alfentanil in
one study. There were no clear differences between treatments in the other adverse effects.

All the tables in this review were made by the reviewer from the submission of electronic
data. The sponsor's conclusions were generally similar.

Overall rates of typical opioid adverse events

Labeling tvpically includes a table with the number of patents experiencing adverse events
expressed as a fraction of the total number exposed, often alongside simuar information for
comparators. Here is such a table for the typical opicid adverse events considered in this
review, for all conirolled studies in general anesthesia.

Remifentan:! Alfentanil
(N =1784) (N =522

Hypotension 420 (24%) 43 (8%)
Bradycardia 172 (10%) 33 (6%)
Muscle ngidity 195 (11%) 43 (8%)
{moderate or severe)
Nausea 863 (48%) 258 (49%)
Vomiting 369 (21%) 118 (23%)
Prunitus 7C (4%) 10 (2%)
Headache 45 (3%) 14 (3%)

On the whole, hypotension was about three times as common with rermfentanil as with
alfentanil, and bradycardia was nearly twice as common with reruifentanil as with alfentanil.

Such a table is probably the best way to present data on rare adverse events, espectally if they
are not believed to be strongly related to the dose. It is desirable to capture as many as
possible of such events to improve the reliability of the estimates of their frequency. The
present case is rather different. The adverse events considered are typical of opioid drugs;
they are not very rare; and their frequency is expected to depend strongly on the dose. Many
of the studies used remifentanil at doses higher than what is proposed as the recommended
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range. This companson of rates of adverse events may therefore not correspond closely t.»
what might be expected in clinical praciice consistent with the label recommendations.

The rest of this review will therefore focus on three relatively large tnals in which
remifentani] was used at or near the recommended doses and in which it was directly
compared to alfentanil.

Description of Studies

The three iarge, double-blind comparisons with alfentanil in general anesthesia are designated
as Studies 3CC1, 3C03, and 3008. The dosing regimes are rather complicated, and the dose (and
possibly the use of other agents) is of central importance in interpreting the rates of adverse
events. | therefore quote the sponsor’s descriptions of the studies in detail.

Study 3001

Study Design: A mulucenter, mulunanonal, randomized, double-blind, parallel group,
comparanve study of remifentanil and alfentanil for the maintenance of anesthesia using a balanced
anesthetc technique in patients undergoing major abdominal surgery.

Demographics: 234 patients aged 18-86 years, ASA I-I], male and female were treated. Most
patients were caucasian (97%). Fifty-one females and 65 males (116 total) were treated with
remifentani] and 47 females and 71 males (118 total) were treated with alfentanil,

Anesthesia Protocol: After premedication of oral midazolam (7.5mg) or oral diazepam (5-10mg),
induction was begun with either a bolus dose of remifentanil (1Imeg/kg) plus a continuous infusion
of 0.5meg/kg/min or a bolus dose of alfentani] (25mcg/kg) plus a continuous infusion of
Imcg/kg/min. Immediately following the bolus dose of study drug, propofol was administered
slowly (1Cmg every 10 seconds) until loss of consciousness occurred. Vecuronium (0.08-0.1mg/kg)
was gven to facihitate iniubation. Anesthesia was maintained with 66% nitrous oxide and 0.5% end-
udal 1sotlurans. Five minutes after intubarion, the study drug infusion was reduced by 50%.
Alferzanil was discontipued 15 minutes before the end of surgery by changing the alfentaml
maintenance infusion syringe to one containing placebo. Remifentanil treated pauents conunued to
recewve an analgesic infusion imtially set at 0.05meg/kg/min, but subsequently amended to
0.1mcg/kg/mun for the provision of post-operative analgesia during the immediate post-operative
period. Responses to surgical sumubt {(primarnily hemodynamic responses) were treated primanily
with bolus doses or rate increases of study drug.

Study 3003

Study Design: Randomized, multu<enter, parallel group double-blind study comparing
remifentan] and alfentani! during anesthesia for varicose vein surgery, knee arthrescopy or muluple
wisdom tooth extraction.



Demographics: A total of 201 patients (103 male and 98 female), aged 1865 vears, ASA status I1I
received treatment. The majonity of patients were Caucasian

Anesthesia Protocol: /nduction: Glycopyrrolate was given followed by oxygenation of the
panient. Remufentanil continuous infusion was started at 9.25meg/kg/min or alfentanil at
0.3mcg/kg/min with simultaneous bolus of Imcg/kg or 25meg/kg, respectively. Propofol 10mg
every 10 seconds was given untl LOC. Lsoflurane was started and vecuronium given for intubation.
Maintenance: Anesthesia was mantaned with 0.8% 1soflurane. Signs of light anesthesia (SBP/HR
increases, somatic or autonomic) were treated with bolus doses of remifentanil 1mcg/kg or
alfentanil 3mcg/kg and the infusion rate was doubled. Termination: Prior to end of surgery,
patents received 3 NSAID suppository for post-operative pain control. Isoflurane and study opioid
infusion discontinued at end of surgery and neuromuscular block was reversed. Recovery: Times to
response to verbal command, extubation, return of respiratory function and discharge were
recorded. Trieger Dot Tests and Digrt Symbol Subsutution Tests were idministered to assess
quality of recovery (baseline was measured prior to start of study drug).

Study 3C08

Study Design: Mulu<enter, randomized, double-blind, parallel group, acuve<ontrolied study for
laparoscopic outpatient procedures greater than 30 minutes. Patients received a bolus (Imcg/kg
rerfentanil or 20meg/kg alfentanil) followed by a continuous infusion (0.5meg/kg/min
remutentanil or 2meg/hg/men alfentanil)

Demographics: 223 in the safety population (222 female, 1| male): 23 were pilot patienis and the
remainder of the patients (200) were randomly assigned to either the remifentanil/propofo! regimen
{134) or the alfentamil/propofol regimen (66). Patients aged 18-51, ASA status I-IIl, male and female,
70% of which were Caucasian.

Anesthesia Protocol: Premedication: midazolam 1 mg. fnduction: Propofol bolus (2mg/kg)
followed by 150mcg/kg/min infusion, followed by study drug. A priming dose of vecuronium
(.21mg/kg) and addinional vecuronium (up to 0.1mg/kg) facilitated intubation. Maintenance: Five
minutes after trocar insertion, the propofol infusion was decreased to 75meg/kg/min and the opioid
intusion was decreased (0.25mcg.'kg/min for remifentanil or Imeg/kg/mn for alfentanil).
Altentami] was discontinued 18 minutes before the end of surgery. Remifentanil was discontinued at
the end of surgery. Five minutes before end of surgery, the propofol infusion was stopped and
patients were reversed with neosugmine (3.04-0.07mg/kg) and glycopyrrolate (0.01mg/kg).




Hypctension

study drug AE (%) exposed RR {95% C.1.)

3001 remi 42 (36%) 116 2.0 (1.3-3.2)
al 21 (18%) 118

3003 remi 8 (8%) 102 -
al 6 99

3008 remi 11 (7%) 157 0.9 (0.3-2.6)
al 5 (8%) 66

RR is the esumared relative risk. The confdence interval 15 the test-based
interval as caiculated by SAS Proc Freq.

Hypotension occurred twice as cften in the remifentanil as in the alfentanil group in Study
3001. It also occurred in 8% of patients in the remifentanil group in Study 3003 but not at all
in the alfentanil group. In the third study (3008) the rates were nearly equal for the two
treatments. Note the differences in protocol among the studies. In particular, the infusion
rate for alfentanil was twice that for remifentanil in Studies 3001 and 3003, but four times in
Study 30C8.

I have not calculated p-values for these comparisons. In general, I do not think significance
testing is useful for describing adverse-event data. The main difficulty is the interpretation of
negative results. It is not generally reasonable to suppose chat tests are sufficiently powerful
to detect any clinically meamingful effect. Therefore, a “nonsignificant” resul does not
reliably indicate the absence of a difference. There are also questions of multiplicity if the
studies are considered separately, and of poolability if they are taken together. Sull, it is
desirable to indicate the extent of uncertainty in the data I have done this by computing
confidence intervals for the relative risk. While there is considerable uncertainty about the
magnitude of the difference between remifentanil and alfentanil, there is little doubt about its
direction. On the whole, hypotension occurred more frequently with remifentanul than with
alfentanil.
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Bradycardia

study drug AF (%) exposed RR (95% C.1)

3001 remu 17 (15%) 116 2.2(1.0-4.7)
al 8 (79%) 118

3003 remi 7 /%) 102 0.8 (0.3-2.3)
al 8 (8%) 99

3008  remi 14 (9%) 157 0.6 (0.3-1.3)
al 10 (15%) 66

Study 3001, which showed a twofold relative risk of hypotension with remifentanil,
produced a similar result with respect to bradycardia. In Study 3003, where glycopyrrolate
was used, bradvcardia, unlike hypotension, was about equally common 1in the two groups. In
Study 3008 (fourfold rather than twofold ratio of infusion rates), the rate was somewhat
lower with remifentanil. No overall conclusion can be drawn, but it seems prudent to
observe that the incidence of bradycardia tnay be substantially higher with remifentanil than
with alfentani] under some condittons.

Muscle rigidity

The table includes occurrences of muscle rigidity classified as moderate or severe, not mild.

study drug AE (%) exposed RR (95% C.L)
3601 remi 12 (10%) 116 4.1(1.3-13)
al 3 (3%) 118
3003 remi 1(1%) 102 —
al 0 99
3008  remi v 157 —
al 0 66




Except for one case, moderate or severe muscle nigidity was seen in only one of the three

studies. In that one study (3001), it was four times as common in the remifentanil group.
Note that the doses of both remifentanil and alfentanil were lower in Study 30C3 than in
Study 3001, and that a priming dose of vecuronium (2 neuromuscular blocking agent) was

used in Study 3008.

Nausea, vomiting and pruritus

These common, dose-related opioid side effects were not seen more often with remifentanil
than with alfentanil in the comparative studies. Even in Study 3001, where hypotension,
bradycardia, and muscle rigidity were more common with remifentanil, the rates appear
comparable, or {for vomiting) perhaps slightly lower with remifentanil,

MNausea
study  drug AE (%) exposed RR (95% C.1)
3001 remi 55 (47%) 116 1.0 (0.7-1.3)
al 56 (47%) 118
3003 remt 19 (19%) 162 0.9 (0.5-1.5)
al 21 (21%) 99
3CC8  remi 81 (52%) 157 0.9 (0.7-1.1)
al 40 (61%) 66
Vomiting
study  drug AE (%) exposed RR (95% C.1.)
3001 remi 12 (10%) 116 0.6 (0.3-1.3)
al 19 (16%) 118
3003 remi 8 (8%) 102 1.3 (0.5-3.6)
al 6 (6%) 99
3008 remi 41 (26%) 157 0.7 (0.5-1.0)
al 25 (38%) 66




Prunrtus

study  drug AE (%) exposed RR (95% C.1)

3001 remi 1 (C.9%) 116 1.0 (0.06-16)
al 1 (0.8%) 118

3003 remu ¢ 102 —
al 0 99

3008 remi 4 (3%) 157 0.8 (0.2-4.5)
al 2 (3%) 66

Headache

study drug AE (%) exposed RR (95% C.1)

3001 remu 0 11& —
al 1 (0.8%) 118

3003 remi 7 (7%) 102 3.4 (0.8-14)
al 2 (2%) 99

3008 remi 2 (1%) 157 0.2 (0.05-0.96)
al 4 (6%) 66

Headache occurred rather more with remifentanil than with alfentanil in Study 3003, rather
less in Study 3008, and hardly at all in either group in Study 3001.




Conclusions and recommendations

The application is approvable from a statistical standpoint. The rates of certain adverse
events, which are typical of opioids and related to dose, appear higher in the overall data base
for general anesthesia with remifentanil than with alfentanil, its closest comparator. This
appears to be partly because remifentanil was used at higher doses =. earlier studies. At
recommended doses in direct comparisons with alfentaail, remifentanil still appears to
produce more hypotension, and more bradycardia and muscle rigidity under some
conditions.

T oS

Thomas Permurtt, Ph.D.
Mathematical Statistician
Acting Team Leader,
Division of Anesthetic, Critical Care
and Addicuon Drug Products
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Nancy B. Smith, Ph.D. v(\é*‘”fﬁ!ﬁ |

Acting Director, Division of Biometncs I
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DIVISION OF ANESTHETICS, ANALGESIC,CRITICAL CARE AND SCHEDULED

NDA :

REVIEW #

SUBMISSION TYPE

DRUG PRODUCTS,

630

HFD-170

DATE REVIEWED:

DOCUMENT DATE

Original 30-Jun- 95
AMENDMENT 15-5ep- 95
AMENDMENT 15-Jan- 96
AMENDMENT 17-May-96
AMENDMENT 11-Jun-%6

Review of Chemistry, Manufacturing, aad Controls

CDER DATE ASSIGNED DATE
3 -Jul-95 24 -Jul- 85
15-Sep-95 -Sep-95
16-Jan-96 <3-Jan-96
8-May-9¢ 10-May-96
11-Jun-96 12-Jun-9%6 (FAX)

NAME & ~DDRESS OF APPLICANT:

WG _PROLDU.T NAME
Proprietary:

Established:
Code_Name/§#:
Chem. Type/Ther.Class:

PHARMACOL. CATEGORY:

DOSAGE FORM:

STRENGTHS :

ROUTE OF ADMINISTRATION:

DISPENSED:

Glaxo Wellcome Company
Five Moore Drive

Research Triangle Park,N.C.
27709

ULTIVA (Remifentanil HCL) for
Injecticn

Remifentanil Hydrochloride
G187Q84R

18

Anesthetic/Analgesic

Lyophilized powder for
injection

5 mg/vial, 2 mg/vial, & 1 mg/ vial
Intravenous

Rx oTC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA AND WEIGHT:

1-(2-Methoxycarbonyl-ethyl)- 4-(phenyl-propicnyl-
amino}-pipendine-4-carboxylic acid methyl ester

hydrochlonde

Molecular Formula

Molecular Weight

4129

CO,CH,

N
cuf/\jr/ ,
C0H25N,04. HC °
N

H . HCI

coc,

-



RDA 20-630 page 2

SUPPORTING DO ENT

1. IND GLAXO, INC.
Five Moore Drive -
Research Triangle Park, N.C. 27709

This 1s the investigational new drug application
submitted by the applicant for this new drug application.

2. DMF
This company s pplies the gitass vials ( 10 mL,5 mL,
and 3 mL sizes)
3. DMFE

The alternate company that supplies the 3 mL and 10 mL
glass vials.

RELATED DOCUMENTS :

None



NDA 20-630 page 3
CONSULTS :
1. Microbioclogy Section : Sent: 01-Jan-96
Dr.Peter Cooney
Di . of Medical Imaging and
Radiopharmaceutical Drug Products
Status: In a report dated April 30,1996, our
microbiologist recommended approval of NDA 20-
630 for Ultiva {(Remifentanil for Injection)
2. Environmental Assessment Report: Sent: 27-Sept-95-

Ms. Nancy Sager
HFD-357

Status: In a reported dated April 15,1996, our
consultant indicated producticn of the drug
product had no significant impact on the gquality
of the human environment.

REMAREKS

Remifentanil Injection is a sterile, nonpyrogenic, preservative
-free, white lyophilized powder for intravenous administration
after reconstitution and dilution. There will be three
formulations strengths, 5 mg, 2 mg, and 1 mg of remifentanil base
per vial; which are reconsitituted with Sterile Water for
Injection USP or 5% Dextrose Injection USP to give a solution
of 1 mg/ml remifentan:il base. The product will be packaged in
Glass viales and stopperred with gray
bromobutyl rubber stoppers and secured with aluminum overseals.
The product 1s used for inducticn and maintenance of
anesthesia/analgesia and provides immediate onset of action.
Remitentanil has a short elimination half-life of less than 10
minutes because it 1s 1mmediately metabolized to its principal
metabolite, GRY0291X, by hydrolysis of the propanoic acid methyl
ester linkage, which is catalyzed by non-specific blood and

tlgsue esterases,

The drug substance, remifentanil hydrochloride, is manufactured
at Glaxo Operations UK Ltd., Montrose, United Kingdom. The
Josage form 15 manufactured by

The tliled unlabeled vials will be shipped to Glaxo
Weellooomee I Zebulon, North Carolina facility where the vials

wili b tabeled and  cartoned -



page 4
<{DA 20-630

REMABEE {continued}....

This applicati1dn was reviewed and the substance of the review is
found i1n the “Review Notes”. The initial doeficienciles are
listed on pages 55-58. These qu>stions were faxed to applicant
on April 15,1996, The applicant responded in an amendment dated
May 17,1996. A second set of deficiencies was faxed to the

applicant on May 7,1996 and a response dated June 11,1996 was
faxed to FDA.

The amendment dated Sept. 15,1996 contained an overall summary of
the new drug application. The amendwent dated Jan.15,1966
contained a correction with regard to a batch formulation, where
an amount of remifentanil in various strengths was referred to as
the hydrochiorice salt when this amount should have been reported
as the remitentanil free base.

We have recerved a satisfactory inspection report from our Office
of Compliance for all the sites that were inspected. The
snalytical methods to be validated have been sent to two
district laboratories, namely Atlanta and St. Louis.

CONCLUSTONS/RESOMMENDAT IONS :

The applicant has satisfactorily responded to our deficiencies
£

and f{rom « chemist viewpolnt, approval 1s recommended.

%ocwul". /{&«7/1

(47Uuanita Ross
~ Review Chemist

fﬂ Tllro(lcmkfs J(tf"'

Albinus D' Sa,Ph.D.
Acting Tear. Leader

CC:
Orig. NDA 20-030

v HEDR=-170/D1v. File

HFL-1170/0Rouns
HeD/ 170/ DMorgan
HEDBZ20/Dr, Y.Y. Chiu
F/T by: JRoss 3/5/50
Revised: 4/17/90

6H/5/96
Filename: WP/NDA 20-630
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MICROBIOLOGY REVIEW

NDA 20-630

ULTIVA (remifentanil)Injection

Submitted date January 29,

1996




APR 30 g

REVIEW TO HFD-170
OFFICE OF NEW DRUG CHEMISTRY
MICROBIOLOGY STAFF
p MICROBIOLOGIST'S REVIEW OF NDA

April 30, 1996

A, L. NDA 20-630 APPLICANT: (laxo Wellcome Inc
5 Moore Dnive
Research Triangle Park, NC 27709

2. PRODUCT NAMES: Remifentanil Hydrochlonide
Utiva™ for Injection
(GI87084B

3 DOSAGE FORM AND ROUTE OF ADMINISTRATION:
Ultiva™ (Remifentanil HCI) for Injection in strengths of | mg/vial, 2 mg/vial, §
mg/vial is a sterile, preservative-free, dry lyophilized powder for reconstitution It
15 administered by intravenous injection/infusion

4. METHODS OF STERILIZATION:
Aseptically filled and freeze-dried

5. PHARMACOLOGICAL CATEGORY:

i Induction and maintenance of general anesthesia in both the inpatient and
outpatient setting

2 Parenteral analgesic in post-operative and monitored setting.
3 Parenteral analgesic adjunct to local or regional anesthesia (monitored
anesthesia care).
B. 1. DATE OF INITIAL SUBMISSION: September 15, 1996
2. RELATED DOCUMENTS: IND
DMF
3. ASSIGNED FOR REVIEW: Februar- 2, 1666

C. REMARKS: The drug product Remifentantt for Injection and the primary pactage are
manufactured by The fiushed wvials are shipped
to Glaxo's Zebulon Fucility where secondary packaging and approval for release occurs.



Microbiology Review Page 2
NDA 20-630

Ultiva™ for [njection

{ilaxe Wellcome Ine

D. CONCLUSIONS: The NDA 20-630 for Ultiva™(Remifentanil for Injection) is
recommended for approval from the standpoint of microbiology Specific comments are provided

82 @ il

Fatricia 7 Hughes, Ph.D
Reviewing Microbiclogist

cc.  Original NDA 20-630 QRC Ll/’sc /74

HFD-160/Consult File
HFD-160/PFHughes
HFD-170/Division File
HFD-170/J. M. Ross

Drafted by P F Hughes/04/30/96
R/D initialed by P. Cooney/04/30/96
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ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT
FOR
NDA 20-630
ULTIVA® Injection
(remifentanil HCL)

1,2, and 5 mg Vials

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

Division of Anesthetic, Critical Care, and Addiction Drug Products
(HFD-170)



FINDING OF NO SIGNIFICANT IMPACT
NLA 20-630
ULTIVA® injection
(remifentanil HCL)

1,2, and 5 mg Vials

The National Environmental Policy Act of 1965 (NEPA) requires all Federal agencies to assess
the environmental impact of their actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product applications as an integral part of its
regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and Research has carefully
considered the potential environmental impact of this action and has concluded that this action
will not have a significant effect on the quality of the human environment and that an
environmental impact statement therefore will not be prepared.

In support of their new drug application for ULTIVA®, Glaxo Wellcome, Inc. has conducted a
number of environmental studies and prepared an abbreviated environmental assessment in
accordance with 21 CFR 25.31(b)(3) (attached) which evaluates the potential environmental
impacts of the manufacture of the product.

Remifentanil is a chemically synthesized drug which is administered intravenously at dosage
strength of 1, 2, and 5 mg for the induciion and maintenance of anesthesta and/or analgesia. The
bulk drug substance will be manufactured by Glaxo Operations (UK) Limited in Montrose
Scotland. The drug product (Remifentanil for Injection) will be manufactured and filled into vials
at the Filled wvials will be packaged at Glaxo Inc. in
Zebulon, North Carolina. The finished drug product will be used in hospitals throughout the
Umnited States.

Disposal of the drug may result from out of specification lots and discarding of unused or expired
product. Returned or out-of-specification drug substance and rejected or returned drug product
will be disposed via high temperature incineration either on site or 4i off-site facilities approved by
the respective governments. At U.S. hospitals, empty or pastislly empty packages will be
disposed according to hospital regulations.

The Center for Drug Evaluation and Research has concluded that the product can be
manufactured, used and disposed of without any expecied adverse environmental effects.
Precautions taken at the sites of manufacture of the bulk product and its final formulation are

2



expected to mipimize occupational exposures and environmental release. Adverse effects are not
anticipated upon endangered or threatened species or upon property listed in or eligible for listing
in the National Register of Historic Places.

]

/- -
jE ?% jﬁ% 8 rten ﬁ
Approv

Phillip G. Vincent, Ph.D
Environmental Scientist
Center for Drug Evaluation and Research

g{éﬁi% “*94)21*‘7175{—15 Sa—\/—/

Concurred

Nancy Sager

Team Leader

Environmental Assessment Team

Center for Drug Evaluation and Research

Attachments: Environmental Assessment
Matenal Safety Data Sheet (drug substance)



HFD-170/CSO copy to NDA 20-630
HFD-357/FONSI File 20630
HFD-357/Docket File 20-630
HFD-0 );5/1-‘01 COPY
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FREEDOM OF INFORMATION (FOI)
RELEASABLE ENVIRONMENTAL
ASSESSMENT

Remifentanil for injection NDA 02/17/95




ENVIRONMENTAL ASSESSMENT
Freedom of information (FOI) Releasable Copy

GLAXO INC.

Five Moore Drive
Research Triangle Park, NC 27709
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Remifentanil for Injection (5mg per vial, 2mg per vial, and 1mg per vial)
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1. DATE

January 10, 1995

2. APPLICANT
Glaxo Inc.
3. ADDRESS

Five Moore Drive
Research Triangle Park, NC 27709

4. DESCRIPTION OF THE PROPOSED ACTION
41. Description of Requested Approval

Glaxo Inc. is requesting approval to formulate, package, and market Remifentanil for
Injection for the induction and maintenance of anesthesia and/or analgesia. Each dosc of
Remifentanil for Injection will contain 5, 2, or I mg remifentanil hydrochloride drug
substance which will be filled into vials. The marketed product will be dispensed only on
order of a licensed physician.

4.2. Need for the Action

Remifentanil is a novel opioid analgesic that will be admiinistered intravenously for the
induction and maintenance of general anesthesia and/or analgesia. Remifentanil's immediate
onset of action and short-elimination half-life (less than 10 minutes) allows easy titration to
give the desired depth of anesthesia and/or analgesia and aiso minimizes the frequency or
severity of postoperative adverse effects.

Remifent>-i* therefore, is a novel agent that may provide a significant improvement over
existing - tics used in surgical anesthesia.

4.3. Locations where Products will be Produced

The drug substance, remifentanil hydrochloride, will be manufactured in bulk by Glaxo
Operations (UK) Limited in Montrose. Scotland. The drug product (Remifentaril for

Injection) will be manufactured and filled into vials at
Filled vials of Remifentanil for Injection will be packaged at Glaxo Inc. in

Zebulon, Nonh Carolina.

-




Drug Substance Manufacturing

Glaxo Operations (UK) Ltd.
10 Cobden Street

Montrose
Angus DD10 SE13
Scotland, United Kingdom

Glaxo Operations (UK) Limited's Montrose facility is located in Montrose, a small town in
northeast Scotland between the cities of Aberdeen and Dundec. The town is mainly
residential and commercial with a small amount of industry. Industries in the town include
agriculture, fishing and oil field supply services in addition to pharmaceutical manufacturing.
The facility itself is located adjacent to the North Sea at the mouth of the River South Esk.
The site covers 45 acres and is approximately one mile due east of the Montrose Basin. The
site is bounded to the east by the local beach and the North Sea, to the south by the estuary
of the South Esk river and to the north by residential, commercial and industrial properties.

Drug Product Manufacturing and Packaging

facility is located in the northemn portion of the City of

} approximately 140 miles equidistant from the cities

of Chicago and Detroit. The facility is approximately 1.7 miles northeast of the center of

and directly to the south of the . The

facility is located on land allocated for heavy industry. The site has a

total of approximately 810 hectares. The Sterile Products facility employs approximately
140 people. Normal production consists of two eight-hour shifts, five days per week.

Glaxo Inc.
1011 North Arendell Avenue
Zebulon, North Carolina 27597

Glaxo Inc.'s Zebulon, North Carolina facility is located about 25 miles east of Raleigh, North
Carolina. The Town covers two square miles and has an approximate population of 2839.
Other industries which are located in Zebulon include textile mills, metal finishers and a
plastics manufacturer. The site has a total of 224 acres. The Zebulon facility employs
approximately 750 people. Normal production consists of two ten-hour shifts, four days
per week.

4.4, Sites of Product Use

Remifentanil for Injection will be prescribed for use in hospitals throughout the United
States.




4.5, Sites of Disposal

Product that is introduced into the patient will be excreted in the urine and feces and
distributed into wastewater treatment systems throughout the United States

Retumned product disposal will occur at high-temperature commercial incincerator facilities
that are permitted to dispose of such wastes by appropriate local, state and federal
regulatory agencies. Currently, disposal of return product is contracted to:

holds permit number 1280-0021, issued on July 29,
1986 by the South Carolina Department of Health and Environmental Control (DHEC). The
permit has an expiration date of March 31, 1991. DHEC confirms that
applied for a permit renewal as required and is operating under the existing
permit until DHEC issues a new permit.

An alternative solid waste incineration facility under consideration for the disposal of
returned product is:

bolds air permit number 5896R7 issued June 18, 1994 by the
North Carolina Depariment of Environment, Health and Natural Resources (DEHNR). The
permit has an expiration date of July 1, 1996. Rejected drug substance and drug product
produced at manufacturing sites is disposed of via high temperature incineration either on
site or at off-site facilities approved by the respective governments for this purpose.
Information on incineration facilities used to destroy rejects can be found in Section 6.

5. IDENTIFICATION OF CHEMICAL SUBSTANCES

The chr mical substances that are the subject of the proposed action can be divided into five
categonies: (1) drug substance, (2) drug substance impurities and degradation products, (3)
drug product excipicnts, (4) drug substance and drug product manufacturing waste products,
and (5) packaging materials and package disposal waste products. Information on the
chemical substances identified in each of the categories is discussed in Sections 5.1 through
55. .

51. Drug Substance Information

Approved Names remifentanil hydrochlonde
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Chemical Name

Code Name«

Structural Formuls

Molecular Formula
Molecular Weight

CAS Number

4
3-{4-Mecthoxycarbonyl-4-[(I-oxopropyl)phenylamino)-

1-piperidine]propanoic acid methyl ester, hydrochloride
sale

GI87084B

o
/\’(" ~CHa Che
CH
3
0
HER
_ k,lk O/cHs

C20H2 3N205~HCI
41291

13539-07-2
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5.2. Drug Substance Impurities and Degradation Products

A confidential list of impurities and degredants has been supplied to FDA.

5.3. Drug Product Excipients
A confidential list of impurities and degredants has been supplied to FDA.
5.4. Manufacturing Waste Products

Drug substance manufacturing wastes are those materials that can potentially be released
during the manufacture of the drug substance or intermediates. Manufacturing wastes
include a number of substances typically found in a pharmaceutical manufacturing facility,
such as organic solvents, alcohols, and reagents as well as the drug substance and its
intermediates. A confidentia! list of the chemicals used during the manufacture of
remnifentanil hydrochloride which could potentially become manufacturing waste products
has been supplied to FDA. )

5.5. Packaging Materials

The following matenals will be used in packaging of the drug substance:

polyethylene bags
cardboard boxes
polypropylene drums , oo

These packaging matenals will enter the waste stream subsequent to manufacture of the drug
product.

The following materials will be used in packaging the drug product:

Glass vials Plastic trays
Aluminum caps Rubber stoppers
Shrink wrap

These packaging materials will enter the waste stream as a result of product use and when
rejected or expired matenals are returned. Information on chemical names, CAS numbers and
ch=mical structures is not available for these widely used commercial packaging matenials.

6. INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

site manufactures remifentanil hydrochloride for use at the
facility where the material is filled i~to vials. These will then be packaged at Glaxo

Inc. in Z=bulon.
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The drug substance and other substances associated with its manufacturs can potentially
enter the environment from four main sources: (1) the sites associated with the manufacture
of the drug substance, remifentanil hydrochloride, or its intermediates; (2) the sites
associated with the manufacture and packaging of the drug product, (3) the sites of use by
patients; and (4) waste disposal sites for discarded or rejected product and packaging
materials. Sections 6.1 through 6.5 discuss potential emissions from each of these sources.

6.1. Introductions Of Substances From Drug Substance Production

The substances expected to be emitted, emission controls, and compliance with relevant
environmental and occupational laws for the drug substance manufactuning site is discussed
below.

6.1.1. Substances Expected to be Emitted

The requested approval could potentially result in emissions to the environment from sites
of production of starting materials, reagents and excipients used in the manufacture of the
drug substance and the drug product. A confidential list of these materials nas been supplied
to the FDA.

6.1.2. Controls on Emissions

Montrose

Aqueous effluent generated in the remifentanil hydrochloride production areas is collected in
any of four wooden vats. The contents are individually recirculated, brought into the
required pH range with sodium hydroxide or hydrochloric acid, sampled and tested.

Pretreated wastewater is discharged to the tidal storage tank which collects all other process
effluent streams from the site. Discharges of blended effluent are made into the estuary of
the River South Esk one hour after high water to ensure maximum dilution and dispersion.
There is no release of process was.ewater into the storm water drainage system.

Two general purpose incinerators are used to dispose of waste solvents and aqueous streams
produced during the manufacture of remifentanil hydrochloride. These incinerators operate
undzr Her Majesty's Industrial Pollution Inspectorate (HMIPI) authorization number
IPC/069/1993 which is valid until 8 September 1997.

Al air emissions from the product finishing suite pass threugh prefilters and HEPA fiiters.
There are no un-site facilities for the disposal of solid wastes. Filter bags, HEPA filters, and
filter aid materials used in the process and’or contaminated with trace amounts of

remifentanil are bulked for disposal by high temperature incineration at the following licensed
off-site facility:
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Non-chemical wastes {e.g., used fiberboard kegs, general refuse) are also incinerated. ‘L he
authorization number for this facility, issued by HMIPI is IPC/068/93. The authonzation is
valid until 30 September 1997.

A liquid waste stream is sent for disposal by high temperature incineration off-site. The
address of the facility used is:

The authorization number for this facility, issued by HMIP, is AG82525. The authonzation
is valid until 31 July 1997.

6.1.3. Regulatory Controls and Compliance
This Section contains discussions of environmenta! regulatory requirements associated with

the production of remifentanil hydrochloride and compliance with the requirements.
Summaries of wastewater, air, solid waste and occupational requirements are included below.

Montrose

Table 1 contaics a list of environmental regulations applicable to the Montrose
manufactunng site.

11



Table 1. Overview of Environmental and Occupational Laws Applicable to
the Glaxo Operations (UK) Ltd., Montrose Facility

WASTEWATER Water Act (1989)

DISCHARGES Control of Pollution Act (1974)
Environmental Protection Act (1990)

AIR EMISSIONS Health and Safety at Work Act (1974)
Environmental Protection Act (1990)

COLLECTED WASTE Control of Pollution Act (1974)

Control of Pollution (Special Waste) Regulations (1980)
Control of Pollution (Special Waste) Amendment Regulations
(1988)

Environmental Protection Act (1990)

OCCUPATIONAL Health and Safety at Work Act (1974)
Control of Substances Hazasroous to Health Regulations
{1988)

Up until the implementation of the Environmental Protection Act (1990) in Scotland in
April, 1992, legislation controlled pollution to each medium separately (i.e., emissions to
atmosphere, discharges to controlled waters and disposal of waste to licensed disposal sites).
Part ] of the Act and its subsequent regulations include the concept of Integrated Pollution
Control (IPC) and is being implemented in a phased manner to replace the existing
registration procedure.

The process for the manufacture of remifentanil hydrochloride has been authorized under the
terms of the Environmental Protecticn Act (1990) since October 1994.

Discharges of effluent to the River South Esk comes under the jurisdiction of the local Tay
River Purification Board (TRPB). The Water Act (1989), Control of Pollution Act (1974),
and the Environmental Protection Act (1990) allow the discharge of effluent under the
conditions of a consent, which specifies limits on the quantty and quality of the effluent

Disposal of rolid wastes from the Montrose site is controlied by the local authorities under
the Control of Pollution Act 1974 and, subsequently, the Control of Pollution (Special
Waste) Regulations 1980, the Control ~f Pollution (Special Waste) Amendment Regulations
1988 and the Environruental Protection Act 1990. Under the legislation, the transporter and
waste disposer are required to hold a relevant license and to operate their practices within the
conditions of the license with ail partics invoived in the transport and disposal chain
demonstrating a Duty of Care.

Solid waste from the site is collected and transported to the local municipal waste incinerator
in Dundee, which is operated by the local authority. Control of the transport and disposal
operations is exercised by Angus District Council and Dundee City Councii. Each
consignment of waste is notified to the authority and annual returns are presented to the
local council officers.

Emissions to atmosphere are controlled by the Environmental Protection Act 1990. In

addition, emissions in the workplace are controlled by the Health and Safety at Work Act
(1974) and the subordinate Control of Substances Hazardous to Health Regulations (1988).
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These are enforced by the Health and Safety Executive. Occupational emissions are assessed
to ensure that exposure to substances hazardous to health are controlied and comply at Jeast
with the provisions of the Health and Safety at Work Act (1974) and its supperting
regulations.

5.1.4. Effect of Requested Approval on Coinpliance

Remifentanil bydrochloride was manufacture¢ at the Glaxo Montrose facility in short
campaigns during 1993 and 1994. Monitoring data collected during the manufacture of
remifentanil hydrochloride indicated that the facility was in compliance with applicable
requirements. Therefore, the requested approval is not anticipated to have any impact on
the compliance status of the facility.

6.2, Introductions Of Substances From Drug Product Manufacturing and
Packaging

The substances expected to be emitted, emission controls, and compliance with relevant
environmental and occupational laws associated with the production and initial packaging of
Remifentanil for Injection are discussed telow. Controls and compliance at the Glaxo Inc.
facility are not discussed because the only emission that will result from the final packaging
is a small amount of solid waste.

6.2.1. Substances Expected to be Emitted

The requested approval could potentially result in emissions to, the environment from sites
of production of starting materials, reagents and excipients used in the manufacture of the
drug product. A confidential list of these materials bas been supplied to the FDA.

6.2.2. Controls on Emissions

At the The Upjohn Company facility, aqueous waste streams resulting from the cherm:cal
processes will be disposed of to the municipal sewer for biological treatment at the City of
Kalamazoo Water Reclamatiop Plant.

The process to manufacture Remifentanil for Injection does not use volatile organic
compounds. Isopropyl alcohol is used during preparation and testing of filtration
equipment. Particulate emissions are controlled by a wet dynamic precipitator or HEPA

filtration in the aseptic manufactuning facility.

Off-specification solid materials (¢.g., defective vials ) will be incinerated on-site. The on-site
incinerator is currently being operated as a Resource Conservation Recovery Act (RCRA)
interim status treatment storage and disposal facility under permit # MIDO00820381 in
compliance with 40 CFR 264, Subpart 0 requirements

6.2.3. Regulatory Controls and Compliance
This section contains discussions of environmental regulatory requirements associated with

the production of Remifentanil for Injection and compliance with the requirements.
Surmmaries of wastewater, air, solid waste and occupational requirements are included.
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Emissions of substances into the environment from the The Upjohn Company production
facility from all media (air, water and solid waste) are controlled by either the United States
Environmental Protection Agency (EPA) Regulations or by more restrictive Michigan
Department of Environment, Health and Natural Resources (MDEHNR) regulations.

Wastewater discharges from production facility are
regulated under the Ciean Water Act. The wastewater is discharged to the

sanitary sewer system for biological treatment. A discharge permit in the form of a
Industrial Control Document (ICD) was issued in response to Federal and State requirements
governing the City of Industnal Pretreatment Program (IPP).

Air emissions at the facility are regulated under the Ciean Air Act. s
operating under an Air Consent Judgment issued by MDEHNR, Air Quality Division and
dated March 15, 1991, Under this judgment all VOC emitting processes must have controls
constituting Lowest Achievable Emission Rate (LAER). The sterile injectable operations
were authorized by air permit #923-92 in September 1994.

The on-site incinerator is currently being operated as a Resource Conservation Recovery
Act (RCRA) interim status treatment storage and disposal facility under permit #
MID000820381 in compliance with 40 CFR 264, Subpart O requirements.

A hazardous waste permit application has been submitted to the Waste Management
Division of MDEHNR in Lansing, Michigan under RCRA Part B/Act 64 . The facility also
operates under Michigan State air permit #242-80 (issued July 15, 1980), which was revised
to incorporate the Act 64 rcqulrcrm nts and approved on May 26, 1993.

There are no specific permit requirements for the generation and disposal of solid waste.
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- has comprehensive programs and practices in place addressing ali
applicable OSHA requirements. In the case of occupational emissions, compliance with the
general regulations is required and no specific permits are issued. Occupational emissions are
controlled by cither the United States Occupational Safety and Health Administration
(OSHA) or the Michigan Department of Labor. In some cases, regulations are specifically
applied to the facility via a permit. In other cases, compliance with only the general
regulations is required.

6.2.4, Effect of Requested Approval on Compliance

It is not anticipated that the manufacture of Remifentani] for Injection will have any
detrimental impact on the current compliance status of the

site. None of the compounds expected to be emitted are specifically regulated
for the facility.

No emissions except solid waste will result from the packaging process at Zebulon.

6.3. Statement of Compliance

By signing this Environmental Assessment report, Glaxo states that it is in comphance, or on
an enforceable schedule to be in compliance, with all environmental laws and regulations
applicable to the production of remifentanil hydrochloride or Remifentanil for Injection at its
Montrose and Zebulon facilities, respectively.

6.4. Introductions From Product Use

Except for the drug substance, remifentanil bydrochloride, all components of Remifentanil
for Injection are food or pharmaceutical grade substances that are not specifically regulated
under any environmental legislation or regulations, and are discharged into the environment
from a wide range of sources. Therefore, only remifentanil hydrochloride is considered in
this discussion.

Administered remifentanil hydrochloride and its metabolites will enter the environment
primarily through wastewater treatment facilities. The Maximum Expected Emitted
Concentration (MEEC) of remifentanil hydrochloride from product use is estimated to be

5.3x10-7 mg/L (PMA, 1991). This estimate is based on a fifth year production estimate of
26.8 kg of drug substance needed to formulate 13.5 million injections.

26.8 kg 1 year 1 day-person 1 1000000 mg
X X X b3
year 365 days 568 Wers 246 mil. persons kg

MEEC =

MEEC = 5.3x10~7 mg/L
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6.5. Introductions From Product Disposal

It is estimated that there will be no emission to the environment from product disposal. All
preduct in the United States that is returned is disposed of by high-temperature incineration
at an off-site facility operated by a contract waste disposal firm. All of the drug substance,
excipients, and packaging materials are destroyed in the incineration process.

The contractor used to transport and dispose of returned pharmaceuticals is:

holds permit number 1280-0021, issued on July 29,
1986 by the South Carolina Department of Health and Environmental Control (DHEC). The
permit has an expiration date of March 31, 1951. DHEC confirms that Chambers Medical
Techinologies, Inc. applied for a permit renewal as required and is operating under the existing
permit until DHEC issues a new permit.
An alternative solid waste incineration facility under consideration for the disposal of

returned product is:

1

holds air permit number 5896R7 issued June 18, 1994 by the
North Carolina Department of Environment, Health and Natural Resources (DEHNR). The
permit bas an expiration date of July 1, 1996

7. FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT
Not applicable to this class of drug for geaeral anesthesia/anajgesia.
8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES

Not applicable to this class of druy for general anesthesia/analgesia.
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9, USE OF RESOURCES AND ENERGY

Not applicable to this class of drug for general anesthesia/analgesia.

10. MITIGATION MEASURES

Not applicable to this class of drug for general anesthesia/analgesia.
11. ALTERNATIVES TO THE PROPOSED ACTION
Not applicable to this class of drug for general anesthesia.

12. LIST OF PREPARERS

Alan R. Beckham

-Environmental Engineer, Glaxo ., 1994 - present
-Environmental Scientist, Glaxochemn Ltd, 1987 - 1994
-Scientific Officer, Glaxo Operations (UK) Ltd, 1981 - 1987
- Bachelor of Science in Microbiology

University of Newcastle upon Tyne, 1980

Sandra J. Birckhead

-Environmental Engineer, Glaxo Inc., 1992 - present ., |

-Environmenta! Supzrvisor, North Carolina Division of Environmental Management
1985-1992 ‘

-Environmental Specialist, North Carolina Division of Environmental Management
1980-85

-Bachelor of Arts in Biology
University of North Carolina - Greensboro, 1979
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13. CERTIFICATION

The undersigned official certifies that the information presented is true, accurate, and

complete to the best of the knowledge of Glaxo Inc.

PN 1) FeBeway 17, 1995

Thomas F. Cecich Date

Vice President, Safety & Environmental Affairs
Glaxo Inc.

Five Moore Drive

Research Triangle Park, NC 27709
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- APPENDIX 1

SUBSTANCE INFORMATION SHEET

19



MATERIAL SAFETY DATA SHEET

GI87084B
RESBARCH COMPOUND

Glaxo Inc. Emergency Contact:
Five Moore Drive Environmenal Safety
Research Triangle Park, NC 27709 (919) 248-2100

(919) 248-270v (24 hour contact)
Revision Date: 07/18/94
SECTION I -- General Information
Chemical Name 3-[4-Methoxycarbonyl-4-[ (1-oxopropyl}phenylaming)~1-piperidine)

propanoic acid, methyl ester, bydrochloride

Chemical Family: Piperidine derivative
Agent Name/Synonyma: GI87084B; Remifentanil
Malecular Weight: 412.92
Motecular Formula: C20H28N205.HC1

SECTION I -- Hazardous Ingrecients / [dentity Information

Hazardous Components % Glaso Limis OSHA Liriu

GIST084B " 100.00 1.0 mcg/m3 Hot .
15 min TWA Eatablished
(STEL) (PEL)

SECTION II] -- Physical / Chemical Characteristics

Boitng Point: Not Applicable (powder)

Vapor Pressere (mm Mp): Not Applicable (powder)

Vupor Density {air = 1)’ Not Applicabie {powder)

Specific Gravity (Hz0 = 1) Not Applicable {powder)

Mehing Poins: Melts with decomposition at 205 degrees C

Evaporaton Raie: Not Applicahle (powder)

Solwbiliny- Soluble {»~10%) in water

Apprarance & Ocdor, = White puwder; Odorless

ACGIH Lnju

, Not

Eatablished
(TLV}

Disclaimar: The information borein costaingd is believed 10 be actursie besed o0 informauon curreally sviiisble. Gloo Inc. sesumer no liablny
resulting From use or reliance therein. Any derermination a3 10 the sultabliity of te product for any particular purpose, lu sefe use o disposal shal! be
he responstbility of (ve utet. Gikto Iac. makes NG EXPRESS AND NO IMPLIED WARRANTIES OF MEACHANTABILITY OR FITNESS FOR ANY

PARTICULAR PURFOSE OR OTHERWISE WITH REJARD TO SUCH PRODUCT.
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GISTOMB
RESEARCH COMPOUND

Page 2

SECTION IV -- Fire & Explosion Hazard Data

Flath Poim (test method)

LEL:

UEL:

Extinguhhing Modls:

Special Fire Fighting Procedures:

Unusual Fire & Explotion Hazards:

Not Applicable (powder)

Unknown

Unknown

Water Spray, Foam, Multi-purpose Dry Chemical.

Wear full protective clothing and self-contsined breathing apparatus.

As with any organic powder, there is potential for explosion when
suspended in air in high concentrations as a fine dust.

SECTION V -- Reactivity Data

Subituy:

Hazardous Polymerization:
Conditions to Avoid:
tacompatbliliy {(mat’ly w avold):

Hazardous Decomposhion Producs:

Stable

NA

Extreme heat - material partially decomposes above 100 degrees C.
No known incompatibilities

Thermal decomposition products can include toxic and/or corrosive
vapor consisting of chlorides and nitrogen oxides.

SECTION V1 -- Health Hazard Data

Glazo Oczupadonal Expoture Linils

Pharmacologc Activity

For GI870B84B, the Glaxo estimated safe working level is a short-term
{15 min) exposure limit (STEL) of 1.0 mcg/m3.

GIB70842 is a potent, ultra short-acting narcotic analgesic of the
fentanyl-like opioid class. Opioid analgesics are central nervous
system depressants, When used medically for or during anesthesia,
these compounds cause depression or arrest of respiration (sloved or
stopped breathing)., If respiratory support is not provided, death
may result. Also, slowed heart rate, raised or lowered blood
pressure, and muscular rigidity may occur. At lower doses, opiold
analgesics may cause mental confusion, nausea, dizxiness and
paresthesias {a sensation of numbness or tingling). This class of
campounds is capable of producing euphoria (a feeling of well-being
or elation), as well as psychological and physical dependence
(addiction). It should be assumed that absorption by any route may
result in thesn effects.
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GITI84B Page 3
RESHARCH COMPOUND )

SECTION VI -- Heglth Hazar . Data (Continued)

Signi wad Sympioms of Occupstonal Exposure

There is limited experience with GIB7084B in the occupational
setting. However, it is likely tbat exposure could produce any ot
the effects described under "Pharmacologic Activity®™ (see page 2)
including #lowed or atopped breathing, slowed heart rate, and raised
or lowered blood pressure.

Occupational Health Huzards

Skin: GISTO084E does not cause skin irritation or allergic reactions of the
akin in standard tests.

Eye Conlact: GI87084B is not irritating to the eyes.

GIB7084E can be zbsorbed by any route of exposure including through
the skin, eyes, and by inhalation. It is ralatively poorly absorbed
following ingestion. GIB7084B should be handled in 2 manner that
preventa exposure by any route because of its pharmacological

potency.
Mecica! Cond'ilons Aggraveted by Exposure

Unknown. .
Toalcity Duta

Acute Taaicity: GIB7084B is a potent oploid analgesic of the fentanyl class. It is
intended for medical use as an analgesic/anesthetic in patients
undergoing surgery. Acute exposure may result in any of the
pharmacological effects of this class of medications including slowed
heart rate, slowed or stopped breathing, muscular rigidity, tremors,
salivation, urination, body jerks, convulsions, and death (see
"Pharmacologic Activity®, p.2).

Chionic Taxiciy. In reproductive toxicology studies, repeated treatment of male rats
with high doses of GIB70R{B resulted in effects similar to those
caused by other fentanyl-like narcotics. These included decreased
male fertility, decreased aperm counts, and shrinkage of the
epididymides, These effects occurred only in animals trestea over a
four week period with daily doses greater than the level causing loss
of consciousness. Male reproductive effects were reversible, except
in animals receiving extraordinarily high doses of GIB70848.
GIBI084B caused formation of extra ribs, a birth defect, in standard

- tests with pregnant rabbits. Extremely high doses of GIB7034B also
increased the number of fetal deaths in the few pregnant rabbits
surviving treatment. Very high repeated doses caused subtle changes
in the brain structure of dogs. These effects 2re bolieved to relate
to depressed respiration, oxygen deprivation, and convulsions rather
than digect toxicity of GIB7084B to the brain.
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GIT7084B
RESHARCH COMPOUND

Page 4

SECTION VI -- Health Hazard Data (Continued)

Genosoxicity

Emergency and Firnt Al Procedures

Eyes

Skin:

tnhaludon:

Ingestion:

Noter To Physician:

Based on studies in bacteria, animals, and celi cultures, there is o
indication that GIE70848 causes mutations (heritable changes in
genetic material) or chromosome breakage.

Flush thoroughly with large amounts of water. Obtain medical
attention.

Remove contaminated clothing. Wash all affected areas thoroughly
with soap and water. Obtain medical attention.

If breathing is difficult or ceases, give oxygen or cardicpulmonary
resuscitation. Remove to fresh air. Obtain medical attention.

Rinse mouth with water if conscious {awake). Do not give water {f
unconstious. Although GIB7084B is not well sbsorbed after ingestion,
overexposure may lead to cessation of breathing. Artificial
vespiration or mechanical ventilation may be required. Obtaia
medical attention,

An opioid antagunist, such as naloxone, as well as resuscitative
equipment, including oxygen, may be necessary to treat overdosage.
GIB7084B produces narcosis rapidly, but the duration for this

‘activity is short (about 10 min.). Therefore, aupportive treatment

for overexposure should be provided lmmediately:; prolonged treatment
will probably not be needed.

SECTION VI -- Precautions for Safe Handling and Use

Spil! end Leak Procedures:

Wasie Disposal Methe' -

Handling wnd Siorage Precautions:

Full protective equipment must be worn where there is potential for
skin exposure or dust inhalation. Refer to Section VIII for more
detailed guidance. Saturate spill area with water, unleas material
must be salvaged. Absord liquid with paper towels or other absurbent
material and package WHILE STILL WET in labsled, sealed container for
disposal. If material must be salvaged, collect spillage by tarefully
sveeping or vacuuming with HEPA filtered vacuum and place in labeled,
sealed container for reuse. Wash spill area {(floor and other contact
surfaces) with a suitable cleaning solvent, like socap and water,
unless other standard operating procedures supercede these
racommendations.

Incinerate at an approved facility in accordance with federal, atate,
and local regulations,

Use handling and storage practices that will minimize the generation
of dust.
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GIS 70848

RESEARCH COMPOUND

Page 5

SECTION VIII -- Control Measures

Vestllaton:

Respiratory Prosesction:

Eye Prowecuon:

Clothing’

Gloves:

Wort Pracuces.

Provide local exhaust ventilation system at the acurce of dust
generation.

Respiratory protective equipment must be worn when workers are
potentially exposed to airborne dust. The respirator should be
certified by NIOSH for dusts with a PEL <0.05 mg/m3. The minimumm
respiratory protection used should be a powered air purifying or
supplied-air respirator that provides full head covering.

Suitable eye protection should be used to prevent dust contact.

It should be assumed that this compound can be absorbed through the
skin. All skin contact ahould be avoided through proper protective
clothing.

It should be assumed that this compound can be abaorbed through the
skin. Protective gloves must be worn at all times to avoid skin
contact.

Workers should wash hands or potentially exposed skin when leaving
the work area. dorkers exposed to dust should change clothes and
shower at the end of the work assignment. Special care should be
taken to ensure that contaminated clothing, equipment, and work
surfaces are properly cleaned or disposed of aftar nuse. (See Section

.VII, Spill & Leak Procedures.)

*+¢ End of MSDS ***
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