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Executive Summary:  

FDA Approved Indications, Level of Sedation and Bolded Monitoring, Warnings and Precautions
Fospropofol disodium (Lusedra®) is an intravenous sedative-hypnotic agent indicated for sedation in adult patients undergoing diagnostic or therapeutic procedures.  Fospropofol is a prodrug of the sedative agent, propofol.  The pharmacologic activity of fospropofol results from the liberation of propofol by alkaline phosphatase enzymes.  When fospropofol is administered via intravenous bolus, it produces a smooth and gradual rise and fall in therapeutic plasma propofol concentrations.  Subsequently, the result is a gradual, moderate increase in the depth of sedation.  On the other hand, bolus or rapid infusion of propofol produces a rapid increase in plasma propofol concentrations and a prompt increase in the depth of sedation.  Administration of fospropofol via the proposed dosing regimen sedates patients to a level that is appropriate for therapeutic and diagnostic procedures. However, because of the concern for oversedation with fospropofol, the labeling is similar to the labeling for propofol, indicating that “A person trained in the administration of general anesthesia and not involved in the conduct of the diagnostic/therapeutic procedure should manage patients with fospropofol.” In addition, “Sedated patients should be continuously monitored, and facilities for maintenance of a patent airway, providing artificial ventilation, administering supplemental oxygen, and instituting cardiovascular resuscitation must be immediately available. Patients should be continuously monitored during sedation and through the recovery process for early signs of hypotension, apnea, airway obstruction, and/or oxygen desaturation.”1 Because of the more gradual onset of the sedative effect observed with fospropofol, providers must be informed of this difference from propofol so unnecessary supplemental doses of fospropofol are avoided.

Efficacy, Dosing Summary and Safety
The safety and sedative efficacy of the recommended dosing regimen of fospropofol (including the modified regimen) was confirmed in two randomized, double-blind, controlled phase three studies performed in patients undergoing colonoscopy and flexible bronchoscopy and in one open label study in patients undergoing minor surgical procedures.2,3  In one study, a midazolam treatment arm was included as a reference therapy since midazolam is one of the most widely used agents for procedural sedation in the U.S. Although the outcomes between fospropofol and midazolam were comparable, the trial was not designed or intended to compare the efficacy of these agents. Prior to the administration of fospropofol in each of the clinical trials, a small dose of fentanyl was given to patients.

At this time, there are no studies comparing the safety and efficacy of fospropofol to other agents for procedural sedation making it difficult to conclude whether certain advantages or disadvantages of fospropofol exist in comparison to these other agents. In addition, there is no evidence to support the use of fospropofol for induction and maintenance of general anesthesia or for the induction and maintenance of sedation in mechanically ventilated patients in the intensive care unit.

The fospropofol dose titration regimen includes: 

• Administration of an initial IV bolus dose of 6.5 milligrams/kilogram (mg/kg) followed by supplemental doses of 1.6 mg/kg IV provided as needed, but no more frequently than at 4 minute (min) intervals, to achieve and maintain minimal to moderate sedation. 

• A modified dosing regimen, 75% of the standard dosing regimen, for patients ≥65 years (yrs) of age or who have severe systemic disease according to the American Society of Anesthesiologists (ASA P3/P4, see Appendix B for definition). A single dose reduction is applied for patients with multiple dose reduction criteria (e.g. those who are ≥65 years of age and have severe systemic disease). 

• Patients that weigh >90kg should be dosed as if they are 90kg and patients that weigh <60kg should be dosed as if they weigh 60kg. 

The precautions and warnings associated with fospropofol use include respiratory depression, hypoxemia, patient unresponsiveness to vigorous tactile or painful stimulation, and hypotension.  The most common adverse reactions reported in three controlled clinical trials included paresthesia, pruritus, hypotension, headache, nausea, and vomiting. Unlike other agents used during diagnostic or therapeutic procedures to produce sedation (e.g., midazolam, opioids), there are no known reversal agents for fospropofol.  No contraindications to use are noted by the manufacturer of fospropofol.  Potential drug-drug interactions are reported with concomitant use of fospropofol and cardiorespiratory depressants such as sedative-hypnotics and narcotic analgesics.  These drug-drug interactions could produce additive cardiorespiratory effects with co-administration.  

Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating fospropofol disodium injection for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1
Mechanism of Action

Fospropofol disodium is a water-soluble prodrug of propofol.  Following intravenous injection, fospropofol is completely metabolized by alkaline phosphatases to propofol, formaldehyde, and phosphate.1 Propofol liberated from fospropofol is further metabolized to several major metabolites, while formaldehyde is converted to formate by several enzyme systems.  Fospropofol is not a substrate of any CYP450 enzymes.1  

Pharmacokinetics

In clinical trials, the mean pharmacokinetic parameters in healthy subjects showed a dose-proportional (IV bolus dose range of 6mg/kg-18mg/kg) increase in area under the curve (AUC) of fospropofol from 19.2± 3.59 to 50.3± 8.4, respectively.  The total body clearance (CLp) of fospropofol was 0.280± 0.053 L/h/kg, and renal elimination was <0.02%, after a single 400mg intravenous dose. Approximately 65% of [14C]-fospropofol activity was detected in the urine within 48 hours.2 The elimination half-life (t1/2) of fospropofol was 0.81± 0.08 in healthy subjects and 0.88± 0.08 hours in patients.  Fospropofol and its active metabolite, propofol, are highly protein bound (~98%). The volume of distribution of fospropofol is 0.33 L/kg and of liberated propofol is 5.8 L/kg. In comparison to fospropofol, propofol (Divprivan®, others) is an intravenous sedative-hypnotic agent indicated for use in the induction and maintenance of anesthesia or sedation in mechanically ventilated patients in the intensive care unit and monitored anesthesia care (MAC) sedation. Propofol is lipophilic and is prepared as an oil–water emulsion.  It is available in 20-, 50-, or 100-mL vials containing 10 mL/mg propofol.  At sub-anesthesia induction doses (25-75 mcg/kg/min), propofol produces sedation and amnesia.  Intravenous injection of propofol has an onset of action of about 30-45 seconds (the time for one arm-brain circulation).  As with other rapidly acting intravenous anesthetic agents, the half-life of the blood-brain equilibration is approximately 1 to 3 minutes, accounting for the rate of induction of anesthesia. Propofol is metabolized rapidly in the liver by conjugation to glucuronide and sulfate to produce water-soluble compounds that are excreted by the kidney.  The pharmacokinetic parameters of propofol are altered by factors including weight, sex, age, and concomitant disease; cirrhosis or renal failure has no significant effect on pharmacokinetic profile. 
Table 1.  Comparison of the Pharmacokinetic Parameters for Fospropofol and Propofol from Fospropofol Administration1
	
	Fospropofol
	Propofol from Fospropofol

	Parameter
	Healthy (6mg/kg)
	Healthy (18mg/kg)
	Patient (6.5mg/kg)
	Healthy (6mg/kg)
	Healthy (18mg/kg)
	Patient (6.5mg/kg)

	Cmax (mcg/mL)
	78.7±15.4
	211±48.6
	--------
	1.08±0.33
	3.90±0.822
	--------

	Tmax (min)
	4
	2
	--------
	12
	8
	--------

	AUC0-∞
	19.2±3.59
	50.3±8.4
	19.0±7.2
	1.70±0.29
	5.67±1.28
	1.2±0.39

	CLp(L/h/kg)
	0.28±0.053
	0.32±0.058
	0.36±0.16
	1.95±0.34
	1.79±0.39
	3.2±0.92

	t1/2 (h)
	0.81±0.08
	0.81±0.09
	0.88±0.08
	2.06±0.77
	1.76±0.54
	1.13±0.28


FDA Approved Indication(s)
Fospropofol disodium injection is FDA approved for use as an intravenous sedative-hypnotic agent in adult patients undergoing diagnostic or therapeutic procedures for monitored anesthesia care (MAC) sedation.1

Potential Off-label Uses14
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

 
The use of fospropofol for sedation and anesthesia in the pediatric population is considered an off-label use.  In addition, fospropofol has not been studied for induction and maintenance of general anesthesia or for the induction and maintenance of sedation in mechanically ventilated patients in the intensive care unit. Because of the lack of evidence, fospropofol is not recommended for use in these settings despite the ongoing propofol shortage.

Current VA National Formulary Alternatives
Dexmedetomidine:
Formulary item (Restricted to criteria)

Midazolam:

Formulary item
Propofol:

Formulary item 

Dosage and Administration1
· Fospropofol should be administered intravenously as a bolus injection
· All patients undergoing sedation with fospropofol should receive supplemental oxygen 
· The level of sedation required for the procedure should be achieved by individualizing and titrating the dosage of fospropofol accordingly
· The standard dosing regimen for fospropofol (Standard Dosing Regimen for Sedation) should be followed in healthy adults aged 18 to <65 years old or those with mild systemic disease as categorized by the American Society of Anesthesiologists (ASA P1 or P2, see Appendix B for definition)
·  The dosing regimen for fospropofol that should be followed for adults who are ≥65 years old or those with severe systemic disease (ASA P3 or P4, see Appendix B for definition) is the Modified Dosing Regimen for Sedation in Patients ≥ 65 years or Those with Severe Systemic Disease 
· Supplemental doses of fospropofol should be given based on the sedation level required for the procedure and the patient's current sedation level, and no more frequently than every 4 minutes
· Patients should be able to demonstrate purposeful movement in response to verbal or light tactile stimulation before supplemental doses are administered
· Concomitant use of fospropofol and other sedative-hypnotics or narcotic analgesics have the potential to augment cardiorespiratory depression
· Most patients in clinical studies were administered 50 mcg fentanyl citrate IV as a premedication, five minutes before the initial dose of fospropofol 
Standard Dosing Regimen for Sedation1
The standard dosing regimen for fospropofol in healthy adults aged 18 to <65 years old, or those with mild systemic disease (ASA P1 or P2), is an initial IV bolus dose of 6.5 mg/kg.  Supplemental doses that are 25% of initial dose (1.6 mg/kg) may be administered intravenously as needed every four minutes to achieve the desired sedation level.  The lower and upper weight bound limits of 60 kg and 90 kg should be used for the dosage of fospropofol (e.g., An adult weighing <60 kg should be dosed as if they weigh 60 kg; an adult weighing in excess of 90 kg should be dosed as if they weigh 90 kg). It is important that no initial dosage exceed 16.5 mL (577.5 mg) and no supplemental dosage exceed 4 mL (140 mg).  Supplemental doses should be given no more frequently than every 4 minutes to achieve the desired level of sedation. Fospropofol should be administered intravenously as a bolus injection and an opioid premedication should be given five minutes before the initial dose of fospropofol. (See Table 2)
Table 2. Standard Dosing Regimen for Sedation (Adults 18 to ≥65 yrs of Age Who are Healthy or Have Mild Systemic Disease- ASA P1 or P2)1
	 
	Initial Dose
	Supplemental Dose

	Weight (kg)
	   mg                mL
	   mg               mL

	≤60
	   385               11
	   105               3

	61 to 63
	   402.5            11.5
	   105               3

	64 to 65
	   420               12
	   105               3

	66 to 68
	   437.5            12.5
	   105               3

	69 to 71
	   455                13
	   105               3

	72 to 74
	   472.5            13.5
	   122.5           3.5

	75 to 76
	   490                14
	   122.5           3.5

	77 to 79
	   507.5             14.5
	   122.5           3.5

	80 to 82
	   525                15
	   140               4

	83 to 84
	   542.5             15.5
	   140               4

	85 to 87
	   560                16
	   140               4

	88 to 89
	   577.5             16.5
	   140               4

	≥90
	   577.5             16.5
	   140               4


Modified Dosing Regimen for Sedation in Patients ≥ 65 years or Those with Severe Systemic Disease (ASA P3 or P4)

The initial and supplemental doses of fospropofol should be 75% of those used in the standard dosing regimen for adults ≥ 65 years of age or those with severe systemic disease (ASA P3 or P4).  Fospropofol should be administered intravenously as a bolus injection and an opioid premedication should be given five minutes before the initial dose of fospropofol. (See Table 3)
Table 3.   Modified Dosing Regimen for Sedation (Adults ≥65 yrs of Age or Those with Severe Systemic Disease- ASA P3 or P4)1
	 
	Initial Dose
	Supplemental Dose

	Weight (kg)
	   mg                 mL
	   mg               mL

	≤60
	   297.5             8.5
	    70                2

	61 to 62
	   297.5             8.5
	    70                2

	63 to 64
	   315                 9
	    87.5            2.5

	65 to 66
	   315                 9
	    87.5            2.5

	67 to 69
	   332.5             9.5
	    87.5            2.5

	70 to 73
	   350                10
	    87.5            2.5

	74 to 77
	   367.5             10.5
	    87.5            2.5

	78 to 80
	   385                11
	   105               3

	81 to 84
	   402.5             11.5
	   105               3

	85 to 87
	   420                12
	   105               3

	88 to 89
	   437.5             12.5
	   105               3

	≥90
	   437.5             12.5
	   105               3


Administration
Fospropofol should be administered through a secure, freely flowing, peripheral intravenous line.  Normal saline should be used to flush the line before and after administration.

Fospropofol is provided as a ready to use formulation and is intended for single use administration only.  Strict aseptic technique should be followed when preparing fospropofol for injection.  Immediately after vials are opened, fospropofol should be drawn into a sterile syringe and any unused portion should be discarded at the end of the procedure.  Visually inspect the product for particulate matter and discoloration prior to administration.  

Compatibility
Fospropofol should not be mixed with other fluids or drugs prior to administration.  Fospropofol is not physically compatible with meperidine or midazolam.  Other agents have not been adequately studied for compatibility information.
Fospropofol is compatible with the following fluids via Y-site administration:

· 0.9% Sodium Chloride Injection, USP
· 0.45% Sodium Chloride Injection, USP

· 5% Dextrose Injection, USP

· 5% Dextrose and 0.45% Sodium Chloride Injection, USP

· 5% Dextrose and 0.2% Sodium Chloride, USP
· Lactated Ringer’s Injection, USP

· Lactated Ringer’s and 5% Dextrose Injection, USP

· 5% Dextrose, 0.45% NaCl and 20 mEq KCl, USP
Efficacy 

Efficacy Measures

In clinical studies, the primary efficacy end point was sedation success, as defined by the Modified Observer's Assessment of Alertness/Sedation (MOAA/S) scores of ≤ 4 after administration of fospropofol (See Appendex C for description).  Sedation during initiation and maintenance phases were also evaluated.  Completion of the procedure without requiring administration of an alternative sedative medication or requiring mechanical/manual ventilation was included in the definition of sedation success.1,2 

Secondary end points included: treatment success, physician satisfaction, the proportion of patients willing to be retreated with fospropofol and who did not recall being awake during the procedure, the number of supplemental fospropofol doses, the proportion of patients requiring supplemental therapy with fentanyl,  the sedation level, the time to achieve sedation, and certain hospital discharge parameters.1,2 

Summary of Efficacy Findings2,3,5,6
To date, there have been five published clinical trials involving fospropofol. Four of the trials were designed to examine the safety and efficacy of fospropofol in patients undergoing colonoscopy (n=2, 1 dose-ranging)3,6, flexible bronchoscopy (n=1)2 and minor surgical procedures (n=1, open-label, single arm)5. In both of the colonoscopy studies, midazolam was included as a reference treatment since midazolam is one of the most widely used sedative agents in the U.S. Although the safety and efficacy of both agents was comparable in these studies, the trials were not designed to compare the efficacy of midazolam and fospropofol. The fifth trial is a comparison of the pharmacokinetics and pharmacodynamics of fospropofol vs. propofol.4 

In general, fospropofol was observed to provide adequate and better procedural sedation using the 6.5mg/kg dose vs. the 2mg/kg dose. In the flexible bronchoscopy study, patients receiving the 6.5 mg/kg dose required fewer supplemental doses of fospropofol and a reduced need for alternative sedative agents compared to the 2mg/kg dose. In all of the studies, a 50 mcg dose of fentanyl was administered prior to fospropofol. Supplemental doses of fospropofol or alternative agents (fentanyl and midazolam) were administered according to the study protocol.
At this time, there are no studies comparing the safety and efficacy of fospropofol to other agents for procedural sedation making it difficult to conclude whether certain advantages or disadvantages of fospropofol exist in comparison to these other agents. Furthermore, there are no published clinical trials investigating the use of fospropofol for induction and maintenance of general anesthesia or for the induction and maintenance of sedation in intubated, mechanically ventilated patients in the intensive care unit.

Table 4. Summary of Studies Involving Fospropofol for Procedural Sedation
	Clinical Trial
	Population
	Intervention/Endpoints
	Results
	ADEs/Comments

	Silvestri, et al2

R, DB

N=290 eligible, 256 R, 34 excl. undergoing flexible bronchoscopy

(Efficacy and Safety of Fos)


	Inclusion Cr:

Patients ≥ 18 years of age with ASA status of P1 to P4

Exclusion Cr:
Hypersensitivity to any anesthetic or opioid; Failure to meet non per os status; Abnormal, clinically significant ECG finding; Mallampati classification score of IV; Mallampati classification score of IIII and a thyromental distance of ≤4 cm; Difficult airway

	Intervention: IV fos 2 mg/kg or 6.5 mg/kg (2:3 ratio, respectively)

All patients received 50 mcg fentanyl prior to fos and O2 (4 L/min)

Topical lidocaine was used for cough suppression. One additional fentanyl dose was permitted for pain and alternative midazolam was available for those with sedation failure.
Primary Endpoint:

Sedation success, as defined by 3 consecutive MOAA/S scores of ≤ 4 and completion of the procedure not requiring additional sedative or mechanical/manual ventilation
Secondary Endpoints: Treatment success, patients willing to be retreated

	Primary Endpoint:
Sedation success rates were 88.7% (fos 6.5 mg/kg group) and 27.5% (fos 2 mg/kg group)

The fos 6.5 mg/kg group had a slightly longer median time to full alertness than the 2 mg/kg group.
A lower proportion of patients in the fos 6.5 mg/kg group required suppl therapy w/ analgesics and the use of alternative sedative medication.
Secondary Endpoints:

Treatment success (91.3% vs. 41.2%), willingness to be treated again (94.6% vs. 78.2%), and absence of procedural recall (83.3% vs. 55.4%) were significantly better with the fos 6.5 mg/kg group
	Adverse Effects

Parasthesias and pruritus (mild to moderate) were the most common adverse events, were transient and self-limiting

Hypoxemia (15.4% in 6.5 mg/group group and 12.6% in 2 mg/kg group) was the most common sedation-related adverse event
Limitations:

The study was not designed to compare fos with established sedative regimens (e.g. midazolam or opioids)

The single pre-procedure dose of fentanyl could have had an additive effect in combination with fos

	Cohen, et al3

R, DB, MC

N=312 (314 R) undergoing colonoscopy

(Efficacy and Safety of Fos)

*Midazolam used as reference therapy
	Inclusion Cr:
Scheduled to undergo colonoscopy with sedation that were ≥18 years old

Exclusion Cr:
History of allergy or hypersensitivity to any anesthetic agent, opioid or benzodiazepine; Any contraindication to the use of fentanyl or midazolam; Presence of a difficult airway or clinically significant abnormality in the 3-lead ECG at baseline

	Intervention: IV fos 2 mg/kg, fos 6.5 mg/kg, or mid 0.02 mg/kg (used as sensitivity reference or reference therapy) (2:3:1 ratio, respectively)

All patients received 50 mcg fentanyl prior to fos.  A max of 3 suppl doses (≥4 min apart) of fos (25% initial dose) or midazolam 1 mg were permitted.
Primary Endpoint:

Sedation success (defined as a score of 3 consecutive MOAA/S scores of ≤ 4 after administration of sedative medication and completing the procedure without requiring an alternative sedative medication and without requiring mechanical/manual ventilation)  

Secondary Endpoints:
Reduced need for opioids during procedure; Minimizing the patient’s memory of the procedure; Improvement of a patient’s overall experience; Number of analgesic and suppl doses admin; Cognitive assessments; Patient and physician level of satisfaction with the level of sedation; Time to sedation and depth of sedation

	Primary Endpoint

Sedation success was higher in the fos 6.5 mg/kg (87%) versus 2 mg/kg group (26%) and was 69% in the midazolam group. 
Secondary Endpoints
Patients in the 6.5 mg/kg group were also significantly less likely to recall being awake during the procedure than the 2 mg/kg group (51% vs.100%, respectively).  Patients in the fospropofol had similar memory retention (70% for 6.5 mg/kg and 82% for 2 mg/kg) compared with 41% in the midazolam group.  Mean physician satisfaction scores were higher in the 6.5 mg/kg fospropofol group (7.7) than the 2 mg/kg group (4.5)

	Adverse Effects
Most adverse events were mild to moderate in intensity. Paresthesias (68% vs. 60%) and pruritis (16% vs. 26%) in the fos 6.5 mg/kg and 2 mg/kg groups, respectively.
Limitations
Study not really designed to compare midazolam to fospropofol; midazolam was included as a sensitivity reference; Confounding effect of fentanyl on patient sedation



	Gan, et al5

OL, MC, uncontrolled-single arm

N=123 patients undergoing minor surgical procedures

(Efficacy and Safety of fos)
	Inclusion Cr:

ASA physical status I-IV and ≥ 18 years of age scheduled to undergo a minor surgical procedure with sedation.  Authorized procedures included arthroscopy, arteriovenous shunt placement, bunionectomy, dilatation and curettage (D & C), esophagogastroduodenoscopy (EGD), lithotripsy, transesophageal echocardiography (TEE).  
Exclusion Cr:  A history of allergy or hypersensitivity to any anesthetic agent, opioid, or benzodiazepine; a contraindication to the use of fentanyl or midazolam; presence of a difficult airway; the presence of a clinically significant abnormal ECG within one month prior to the start of the study.  

	Intervention: IV fos 6.5 mg/kg. Patients could receive up to 5 suppl doses of fos 1.63 mg/kg

All patients received 50 mcg fentanyl prior to fos.

Primary Endpoint:  Study endpoints included measures of sedation depth, requirement for supplemental sedative does, use of alternative sedatives, and the frequency and nature of treatment-emergent and sedative-related adverse events.


	Primary Endpoint:  The mean total of fentanyl administered per patient was 58.5 mcg (25-100mcg range).  The mean total dose of fos administered during the procedure was equivalent to a mean of 9.3 mg/kg dose.  Alternative sedative was administered to 4.9% of patients due to inadequate sedation.  Propofol was used in two patients as an alternative sedative.  5.7% of patients had a MOAA/S score of 0 or 1.    


	Adverse Events:

Treatment related AE's reported in 82.1% of patients.  Paresthesia (62.6%) and pruritus (27.6%) were the two most common AE's and were mild to moderate.  Sedation related events were hypoxemia (0.8%), hypotension (3.3%), and bradycardia (0.8%).  5.7% of patients required at least one type of airway assistance.  
Limitations:  Only one dosage of fospropofol was examined.  The dose of fentanyl could have had an additive effect in combo w/ fos. Propofol was used as an alt. sedative and could have skewed the results since fos is the prodrug to propofol and has potential to interfere with the PK analysis.

	Cohen, et al.6
R, DB, MC, dose-ranging

N=127 patients undergoing colonoscopy

(Efficacy and Safety of fos)

*Midazolam used as reference therapy


	Inclusion Cr:

Patients ≥ 18 years of age with an American Society of Anaesthesiologists (ASA) physical status of P1 to P4 undergoing elective colonoscopy.

Exclusion Cr:  An allergic reaction or hypersensitivity to any anesthetic agent, opiod, or benzo; any contraindication to fentanyl or midazolam; presence of a difficult airway; participation in an investigational drug study within the previous 30 days.
	Intervention: IV fos 2 mg/kg, 5 mg/kg, 6.5 mg/kg, 8 mg/kg, or Mid 0.02 mg/kg (used as a sensitivity reference or reference therapy)

All patients received 50 mcg fentanyl prior to fos.  
Primary Endpoint:  To evaluate the dose-response relationship of fos w/ sedation success in patients undergoing elective colonoscopy.

Secondary Endpoint:  Measures of sedation, recovery, memory retention, patient- and doctor-rated satisfaction, safety and tolerability
	Primary Endpoint:  
Sedation success was dose-dependent across fos treatment groups.  Fos 6.5 and 8 mg/kg was superior for sedation over the 2 and 5 mg/kg group (P≤0.001).  In the 6.5 mg/kg group, there were no recorded episodes of deep sedation.  In the 8 mg/kg, 25% of patients experienced deep sedation.  
Secondary Endpoint:  Patients in the fos 6.5 mg/kg group had the highest memory retention during recovery (mean= 99%); Patient satisfaction was the highest overall in the fos 6.5 mg/kg group, however the 8 mg/kg fos group had the highest doctor satisfaction ratings.  There were no serious AE's or deaths during the study.
	Adverse Events:   Fos was well tolerated by patients.  The majority of treatment AE's were mild or moderate. Paraesthesia was the most common AE.  Patients overall were more satisfied with adequate sedation and memory retention in the 6.5mg/kg fos group compared to reference group receiving midazolam therapy.
Limitations: The dose of fentanyl could have had an additive effect in combo w/ fos. Study was not designed or intended to compare mid to fos but mid was included as a reference therapy.  However, the authors made conclusions comparing the two.


Cr=criteria, DB=double-blind, Excl.=excluded, fos=fospropofol, MC=multicenter, mid=midazolam, OL=open-label, R=randomized, suppl=supplemental
For further details on the efficacy results of the clinical trials, refer to Appendix A. 

Table 5. Comparison of Commonly Used Medications for Sedation in Patients Undergoing Diagnostic or Therapeutic Procedures1, 12, 15, 16
	Parameter
	Fospropofol
	Propofol
	Midazolam
	Dexmedetomidine

	Approved Indication(s)
	MAC sedation in adults undergoing diagnostic or therapeutic procedures
	Induction and maintenance of general anesthesia or sedation in mechanically ventilated ICU patients and for MAC sedation
	Induction and maintanence of sedation, anxiolysis, amnesia
	Sedation of ICU patients, short-term for procedural sedation, and adjunct for general anesthesia

	Dose
	IV: 6.5 mg/kg
	IV:  100-150 mcg/kg for 3-5 minutes OR 0.5 mg/kg slow injection over 3-5 minutes.  (Initiation of adult monitored anesthesia care sedation)
	IV: 1-2 mg (adult endoscopic sedation)
	IV: loading dose of 1 mcg/kg over 10 minutes (adult procedural sedation)

	Supplemental Dose, Interval Frequency
	1.6 mg/kg no more than every 4 minutes as needed to achieve the desired sedation

	Rate increased by increments of 0.3-0.6 mg/kg/hr until desired sedation achieved; period of 5 min between adjustments 

	1 mg at 2 minute intervals
	0.2 to 1 mcg/kg/hr depending on desired sedation



	Co-Therapy, or Premedication
	Yes (narcotic and/or additional sedative)
	Yes (narcotic and/or additional sedative)
	Yes (narcotic and/or additional sedative)
	Yes (narcotic and/or additional sedative). Loading dose may not be needed if premed given

	Onset of Effect
	4-12 minutes
	30-45 seconds
	3-5 minutes
	10-15 minutes

	Duration of Effect
	5-18 minutes
	4-8 minutes
	15-80 minutes
	2-4 hours

	Reversal Agent
	None
	None
	Flumazenil
	None

	Contraindications
	Hypersensitivity to propofol or fospropofol


	Hypersensitivity propofol or to eggs, egg products, soybeans, or soy products

	Hypersensitivity to midazolam,

Acute narrow-angle and open-angle glaucoma
	No absolute contraindications

	Federal Control Schedule
	IV
	No schedule
	IV
	No schedule


ICU=intensive care unit, MAC=monitored anesthesia care
Additional Information from the FDA’s Review of Fospropofol7-10
· Certain populations of patients experienced a higher incidence of hypoxia and airway interventions compared to the overall population despite a 25% reduction in the dose of fospropofol. As a result, the FDA is requiring additional clinical trials be conducted in the following populations of patients to improve their risk/benefit profile with fospropofol:

· Geriatric patients

· Patients classified as ASA P3 or P4

· Patients weighing less than 60 kg

· The FDA is also requiring pediatric studies be conducted.

· Although use of the clinical sign “patient’s loss of purposeful movement to verbal or mild tactile stimulation” was used in clinical trials to guide against supplemental doses of fospropofol, the FDA reviewers felt this sign was not sensitive enough to predict hypoxia since patients who were able to purposefully respond, did exhibit hypoxemia on a pulse oximeter. As a result, additional signs for “depth of sedation” need to be investigated.

· Controlled substances staff commented that since fospropofol is water-soluble, orally bioavailable and can produces euphoria upon oral administration, the potential for abuse may be greater than for propofol.

Adverse Events (Safety Data)1
Sentinel Events, Deaths and Other Serious Adverse Events
At this time, no sentinel events, deaths or other serious adverse events have been reported with fospropofol.

Common Adverse Events
The most common adverse events noted in clinical trials were paresthesia and pruritus.   Paresthesias (burning, stinging, or tingling) and pruritus generally occurred in the perineal and perianal regions within 5 minutes after the initial dose of fospropofol.  Events were generally described as mild to moderate in intensity, transient, and self-limiting.   

Other Adverse Events
Adverse events from three clinical trials occurring in ≥ 2% of patients receiving standard or modified dosing regimen fospropofol are represented in Table 6.
Table 6. Common Adverse Reactions for Patients Receiving the Standard or Modified Dosing Regimen (Reactions Occurring at a Rate ≥2%)1
	Adverse Reaction
	Colonoscopy 

(n = 183)
	Minor Procedures 

(n = 123)
	Bronchoscopy 

(n = 149)

	Paresthesia
	74%
	63%
	52%

	Pruritus
	16%
	28%
	16%

	Hypoxemia
	2%
	1%
	11%

	Hypotension
	2%
	3%
	7%

	Headache
	1%
	2%
	1%

	Vomiting
	0%
	3%
	0%

	Nausea
	0%
	4%
	1%

	Procedural Pain
	0%
	0%
	2%


Tolerability
The most commonly reported reason for discontinuation was paresthesia and cough.  Patients receiving the standard or modified fospropofol dosing regimen experienced adverse reactions related to sedation at the following rates:  hypoxemia (20/455, 4%), hypotension (18/455, 4%), and apnea (1/455<1%).  Adverse reactions requiring intervention were observed at a higher rate in patients undergoing bronchoscopy compared with colonoscopy and minor surgical procedures.  In the colonoscopy studies, 3% of patients were classified as ASA P3 or P4.  In the study of minor surgical procedures, 19% of patients were classified as ASA P3 or P4.  In the broncoscopy study, 46% of patients were classified as ASA P3 or P4. 
Contraindications1
According to the manufacturer labeling, no contraindications are documented with fospropofol use.  Applicable contraindications to propofol include hypersensitivity to propofol and contraindication to general anesthesia or sedation.

Warnings and Precautions1
Monitoring
Fospropofol administration should only be managed by individuals not involved in the conduct of the therapeutic or diagnostic procedure and only by individuals experienced in the use of general anesthesia.  Patients that are sedated should be monitored continuously and must have services for maintenance of a patent airway, provision of artificial ventilation, supplemental oxygen administration, and cardiopulmonary resuscitation immediately available.  Patients should be monitored continuously for early signs of hypotension, apnea, airway obstruction, and oxygen desaturation during sedation and through the recovery process. There are no known agents capable of reversing the sedative effects of fospropofol or propofol.

Respiratory Effects

Loss of spontaneous respiration may occur with fospropofol.  In patients receiving the standard or modified dosing regimen, apnea was reported in less than 1% of patients and in 3% of patients treated with dosages greater than the recommended dose of fospropofol.  Supplemental oxygen is recommended in all patients receiving fospropofol.
Hypoxemia

Fospropofol can cause hypoxemia detectable by pulse oximetry.  Hypoxemia was reported in 4% of patients using the standard or modified dosing regimen and in 27% of patients using greater than the recommended dose.  Patients with retention of purposeful responsiveness after administration with fospropofol were also reported to have hypoxemia.  The use of supplemental oxygen in all patients and appropriate positioning of patients can reduce the risk of hypoxemia.  Hypoxemia management may require the use of airway assistance maneuvers.  Concomitantly administered fospropofol with sedative-hypnotic agents and narcotic analgesics should be monitored for additive cardiorespiratory effects.
Nervous System Effects

Administration of fospropofol may unintentionally cause patients to become unresponsive or minimally responsive to vigorous tactile or painful stimulation.  Among patients sedated with fospropofol for colonoscopy, 4% became unresponsive or minimally responsive to vigorous tactile or painful stimulation.  The incidence of patients sedated for bronchoscopy who became minimally responsive to vigorous tactile or painful stimulation was 16%.  The duration of minimal or complete unresponsiveness in colonoscopy ranged from 2 to 16 minutes and in bronchoscopy ranged from 2 to 20 minutes.
Hypotension

Hypotension was reported in 4% of patients using the standard or modified dosing regimen and in 6% of patients treated with greater than the recommended dose of fospropofol.  Increased risk of hypotension may occur in patients with compromised myocardial function, reduced vascular tone, or who have reduced intravascular volume.  Supplemental volume replacement fluids and secure intravenous access should be available during procedures with additional pharmacological management of hypotension available if necessary.
Specific Populations1
Pregnancy
Pregnancy Category B.  Animal studies have not revealed impaired fertility or harm to the fetus caused by fospropofol.  Fospropofol should only be used in pregnancy if clearly needed.  

Labor and Delivery 

Use in labor and delivery is not recommended, including use in Cesarean section deliveries.  It is known that propofol crosses the placenta and administration of fospropofol may be associated with neonatal respiratory and cardiovascular depression.

Nursing Mothers  

The use of fospropofol in mothers who are breast-feeding is not recommended. Propofol has been reported to be excreted in human milk, however, it is not known if fospropofol is excreted in human milk.  The effects of oral absorption of propofol or fospropofol are unknown.

Pediatric Use
Fospropofol is not recommended for use in patients younger than 18 years of age.  Safety and efficacy has not been evaluated in this patient population.
Geriatric Use  

The modified dosing regimen is recommended in patients greater than 65 years of age.  Hypoxemia was reported in patients greater than 75 years of age more frequently than patients between 65 and 74 years of age.
Patients with Renal Impairment
Dosage adjustments are not required in patients with mild to moderate renal insufficiency (CrCl ≥ 30 mL/min).  Limited data are available for patients with a CrCl < 30 mL/min. 

Patients with Hepatic Impairment
Caution is advised with the use of fospropofol in patients with hepatic impairment.  Fospropofol has not been adequately studied in this patient population.

Abuse Potential1
Fospropofol is a Schedule IV controlled substance.  Formal dependence and abuse potential studies have not been conducted with fospropofol.  Euphoria has been reported in a small number of patients who received fospropofol by oral or intravenous dosing.  
As part of the FDA review of fospropofol, consultation from the controlled substances staff (CSS) to explore its abuse potential was requested. The CSS consultant indicated that the use of fospropofol should be controlled under the controlled substances act (CSA) since it is water soluble, orally bioavailable and produces euphoria upon enteral administration (e.g., oral or duodenal). The CSS concluded that since fospropofol is absorbed after oral administration, their opinion was that it has a higher abuse potential than propofol.9 Currently, propofol is not controlled under the CSA but efforts are underway to reconsider it for controlled substance scheduling.10
Overdose1
Cardiorespiratory depression can result from fospropofol overdosing.  Fospropofol administration should be discontinued if overdosing occurs.  Cardiovascular depression may require intravascular volume replacement, elevation of lower extremities, and pharmacological management.  Manual or mechanical ventilation may be required with respiratory depression.  Fospropofol has two metabolites, formate and phosphate which may contribute to signs of toxicity.  Signs of formate toxicity are similar to those of methanol toxicity and are associated with anion gap metabolic acidosis.  Exposure to large amounts of phosphate could cause hypocalcemia with paresthesia, muscle spasms, and seizures.
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a standard for The Joint Commission (TJC), LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name fospropofol:  fosaprepitant, fosphenytoin, propofol
LA/SA for trade name Lusedra:  Lysteda™, Lutera™, Lucentis™
Drug Interactions1
Drug-Drug Interactions

Cardiorespiratory Depressants:  The concomitant use of cardiorespiratory depressants such as sedative-hypnotics and narcotic analgesics with fospropofol may result in additive cardiorespiratory effects.  No effect on plasma pharmacokinetics has been observed with analgesic premedication with fentanyl (1mcg/kg), morphine (0.1 mg/kg), midazolam (0.01mg/kg), or meperidine (0.75mg/kg).

Protein-bound Drugs:  Both fospropofol and propofol are highly protein bound (approximately 98%), primarily to albumin.  Fospropofol does not affect the binding of propofol to albumin.  The potential interaction of fospropofol with other highly protein-bound drugs has not been evaluated.

Hepatic Enzyme Metabolism:  The potential for fospropofol or propofol to inhibit or induce major cytochrome P450 enzymes is unknown.
Drug-Lab Interactions

No specific drug-lab interactions are noted.
Acquisition Costs
Table 7. Acquisition Costs

	Drug
	Supply
	Dose
	Cost($)/ Unit(mL)
	Cost($)/ Procedure*

	Propofol
	10mg/mL
	100-150 mcg/kg IV for 3-5 minutes OR 0.5 mg/kg slow injection over 3-5 minutes.  For maintenance:  25-75 mcg/kg/minute OR 10-20 mg incremental bolus doses. 
	0.06
	0.39

	Midazolam
	1mg/mL
	0.15-0.35 mg/kg IV then 0.05-0.3 mg/kg as needed
	0.23
	4.26

	
	5mg/mL
	
	0.76
	2.81

	Dexmedetomidine
	100mcg/mL
	1 mcg/kg IV over 10 minutes then 0.2-1 mcg/kg/hr
	22.07
	24.72

	Fospropofol
	35mg/mL
	297.5mg (8.5mL) to 577.5mg (16.5mL) initial dose based on weight/age followed by 140mg (4mL) supplemental doses.
	0.90
	18.9


*All calculations of cost per procedure are estimated based on a standard 70 kg patient.  Due to the difficulty in estimating the number of supplemental doses that will be required per procedure and between different procedures, the number of supplemental doses will be estimated based on clinical trial data.  Fospropofol cost is estimated based on the need for two supplemental doses as demonstrated in a clinical trial involving minor procedures and colonoscopy.5,6  Midazolam supplemental doses are based on 1mg dosing increments and one supplemental dose as demonstrated in clinical trials during colonoscopy.3,6 Supplemental dosing of dexmedetomidine is based on an average 0.6mcg/kg/hour supplemental dosing and an estimated average minor procedure time of one hour.5  Propofol dosing is estimated using the 0.5mg/kg initial dose and three supplemental doses of 10mg each as demonstrated in clinical data.11 The cost associated with pre-treatment with fentanyl, midazolam, or benzodiazepines is not included in the average cost per procedure.
Table 8. Purchases in VHA July 2010 to September 2010

	VA Generic
	MCK Strength
	Shelf Pack
	PKG Size
	Unit of Measure
	 Disp Units Total
	Total Units
	Total Dollars

	Dexmedetomidine
	200 mcg/2mL
	25
	2
	mL
	27,900
	558
	$584,059

	Fospropofol
	1050 mg/30
	8
	30
	mL
	20,400
	85
	$17,381

	Midazolam
	1 mg/mL
	10
	2
	mL
	133,560
	6,678
	$34,721

	Midazolam
	1 mg/mL
	10
	5
	mL
	218,250
	4,365
	$39,816

	Midazolam
	1 mg/mL
	10
	10
	mL
	38,300
	383
	$8,950

	Midazolam
	1 mg/mL
	25
	2
	mL
	1,862,700
	5,742
	$81,535

	Midazolam
	1 mg/mL
	25
	5
	mL
	21,375
	171
	$3,923

	Midazolam
	5 mg/mL
	10
	1
	mL
	7,550
	755
	$5,382

	Midazolam
	5 mg/mL
	10
	2
	mL
	12,180
	609
	$4,582

	Midazolam
	5 mg/mL
	10
	10
	mL
	113,400
	1,134
	$79,455

	Midazolam
	5 mg/mL
	25
	1
	mL
	500
	20
	$676

	Propofol
	10 mg/mL
	10
	100
	mL
	2,521,000
	2,521
	$121,662

	Propofol
	10 mg/mL
	25
	20
	mL
	731,000
	1,462
	$50,512

	Propofol
	10 mg/mL
	20
	50
	mL
	716,000
	716
	$37,361


How Supplied and Storage1
· 35 mg/mL (total 1,050 mg/30mL) vial

· Available as a single-use, aqueous, sterile, nonpyrogenic, colorless and clear solution in glass vials.

· Store at controlled room temperature 25ºC (77ºF) with excursions between 15º and 30ºC (59º and 86ºF) permitted.

Pharmacoeconomic Analysis
No pharmacoeconomic studies have been conducted or published at the time of the monograph.

Conclusions
Fospropofol is an intravenous sedative-hypnotic agent that is FDA-approved for monitored anesthesia care (MAC) sedation in adult patients undergoing diagnostic or therapeutic procedures.  Fospropofol is a prodrug of propofol with pharmacological activity resulting from the alkaline phosphatase-mediated liberation of propofol which is the active sedative agent.  The pharmacokinetic and pharmacodynamic activity of fospropofol exhibits a more gradual and measured onset of sedation than occurs with administration of propofol.  Because of this more gradual onset of sedative effect, providers must be informed of this difference from propofol so unnecessary supplemental doses of fospropofol are avoided.

Standard dosing regimen consists of administration of an initial IV bolus dose of 6.5 milligrams/kilogram (mg/kg) followed by supplemental doses of 1.6 mg/kg IV provided as needed, but no more frequently than at 4 minute (min) intervals, to achieve and maintain minimal to moderate sedation. For patients ≥65 years (yrs) of age or who have severe systemic disease according to the American Society of Anesthesiologists (ASA P3/P4) should follow a modified dosing regimen of 75% of the standard dosing regimen.  Dosing charts for fospropofol should be consulted to adequately determine weight based dosing.  Patients that weigh >90kg should be dosed as if they are 90kg and patients that weigh <60kg should be dosed as if they weigh 60kg. 

The safety and sedative efficacy of the recommended dosing regimen of fospropofol (including the modified regimen) was confirmed in two randomized, double-blind, controlled phase three studies performed in patients undergoing colonoscopy and flexible bronchoscopy and in one open label study in patients undergoing minor surgical procedures.2,3 In each of the trials, a small dose of fentanyl was given prior to the administration of fospropofol. In the colonoscopy study, a midazolam treatment arm was included as a reference therapy since midazolam is one of the most widely used agents for procedural sedation in the U.S. Although the outcomes between fospropofol and midazolam were comparable, the trial was not designed or intended to compare the efficacy of these agents. 
At this time, there are no studies comparing the safety and efficacy of fospropofol to other agents for procedural sedation making it difficult to conclude whether certain advantages or disadvantages of fospropofol exist in comparison to these other agents. Furthermore, there are no published clinical trials investigating the use of fospropofol for induction and maintenance of general anesthesia or for the induction and maintenance of sedation in intubated, mechanically ventilated patients in the intensive care unit.

Patients administered fospropofol should be monitored for potential loss of spontaneous respiration, hypoxemia, unresponsiveness or minimally responsiveness to vigorous tactile or painful stimulation, and hypotension.  Administration of fospropofol should only be managed by individuals not involved in the conduction of the therapeutic or diagnostic procedures and only by individuals experienced in the use of general anesthesia. Unlike midazolam, there are no available agents to reverse the effects of either fospropofol or propofol if such a need arises.
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Appendix A:  Clinical Trials

A literature search was performed on PubMed/Medline using the search terms <fospropofol > and <Lusedra>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.
Appendix Table 1

	Citation
	Cohen LB.  Clinical trial:  a dose-response study of fospropofol disodium for moderate sedation during colonoscopy.  Aliment Pharmacol Ther.  2008; 27:597-608.

	Study Goals
	To assess the efficacy and safety of fospropofol disodium in providing sedation in patients undergoing colonoscopy.

	Methods
	Study Design:  A randomized, double-blind, multicenter trial

Intervention:  Patients were randomized to one of four fospropofol treatment arms:  2, 5, 6.5, or 8 mg/kg.  The lowest fospropofol dose served as a surrogate for a placebo group.  A fifth treatment group served as a sensitivity reference for measurements of clinical benefit and safety received midazolam 0.02 mg/kg.  All patients received a dose of fentanyl prior to the study treatment.

Assessments:  
-Concomitant medication usage, Electrocardiogram (ECG) and weight were assessed at baseline.

-Vital signs, oxygen saturation, electrocardiography and adverse events were assessed at baseline and then continuously until full recovery.

-Sedation was assessed using the Modified Observer’s Assessment of Alertness/Sedation Scale (MOAA/S) one minute following pretreatment and at two minutes intervals thereafter.

-Patient/doctor satisfaction 

Primary endpoints:  Sedation success, defined as:  three consecutive MOAA/S scores of ≤4 after administration of sedative medication, completion of procedure without use of alternative sedative medications and no requirement for either manual or mechanical ventilation.

Secondary endpoints:  Time to sedation, number of doses of study medication and fentanyl, percentage of patients requiring alternative sedative medication, time to ready for discharge, MOAA/S scores over time, percentage of patients with mean MOAA/S score of 2-4 and 0-1 during the procedure, and patient and doctor-rated satisfaction with level of sedation and memory recall.

Data Analysis:  A modified intent-to-treat and per-protocol populations were evaluated with one safety population analysis.  Summary statistics were calculated for all endpoints.  The Fischer’s exact test was used to provide pairwise P-values between treatment groups.  Cochran-Armitage trend test was used to assess sedation success rate over the different fospropofol doses.  For categorical data, Fisher’s exact test was used to assess significant differences and Wilcoxon rank sum test was used to assess continuous variables.

	Criteria
	Inclusion criteria:  Male and female patients ≥ 18 years of age with an American Society of Anaesthesiologists (ASA) physical status of P1 to P4 undergoing elective colonoscopy.

Exclusion criteria:  A history of allergic reaction or hypersensitivity to any anesthetic agent, opiod, or benzodiazepine; any contraindication relative to the use of fentanyl or midazolam; the presence of a difficult airway as evidenced by a Mallampati Classification Score of 4, or a Mallampati Classification Score of 3 and a thyromental distance of ≤ 4 cm; participation in an investigational drug study within the previous 30 days.

	Results
	N= 127 patients from 16 sites

Demographics:  23 patients were ≥ 65 years of age or had an ASA of P4.

Efficacy:  Sedation success was dose-dependent across fospropofol treatment groups.  Fospropofol 6.5 and 8 mg/kg was superior for sedation than the 2mg/kg group.  In the 6.5 mg/kg group, there were no recorded episodes of deep sedation.  In the 8 mg/kg, 25% of patients experienced deep sedation.  

Parameters, n (%)

FP 2.0 (n=27)

FP 5.0 (n=26)

FP 6.5 (n=25)

FP 8.0 (n=23)

Midazolam (n=26)

Treatment-emergents AEs

22(82)

22(85)

24(96)

17(74)

16(62)

TRAEs

14(52)

19(73)

19(76)

10(44)

2(8)

      Paraesthesia

13(48)

15(58)

14(56)

7(30)

1(4)

      Pruritus

1(4)

3(12)

2(8)

3(13)

0

      Hypotension

0

1(4)

1(4)

0

0

      Hypoxemia

0

0

2(8)

0

0

      Abdominal pain

0

0

0

1(4)

0

AE-related d/c of procedure

0

0

0

0

1(4)

Sedation-related AE

0

1(4)

3(12)

0

0

      Hypotension

0

1(4)

1(4)

0

0

      Hypoxemia

0

0

2(8)

0

0

P-values not significant except where indicated: * P=0.002; ^ P<0.001.

Safety:  Fospropofol was safe and well tolerated by patients in this study.  The majority of treatment emergent adverse events were mild or moderate.  Paraesthesia was the most common adverse event and was transient and self-limiting.  Patients overall were more satisfied with the feeling of adequate sedation and memory retention in the 6.5mg/kg fospropofol group compared to reference group receiving midazolam therapy. 
Parameters, n (%)

FP 2.0 (n=27)

FP 5.0 (n=26)

FP 6.5 (n=25)

FP 8.0 (n=23)

Midazolam (n=26)

Treatment-emergents AEs

22(82)

22(85)

24(96)

17(74)

16(62)

TRAEs

14(52)

19(73)

19(76)

10(44)

2(8)

      Paraesthesia

13(48)

15(58)

14(56)

7(30)

1(4)

      Pruritus

1(4)

3(12)

2(8)

3(13)

0

      Hypotension

0

1(4)

1(4)

0

0

      Hypoxemia

0

0

2(8)

0

0

      Abdominal pain

0

0

0

1(4)

0

AE-related d/c of procedure

0

0

0

0

1(4)

Sedation-related AE

0

1(4)

3(12)

0

0

      Hypotension

0

1(4)

1(4)

0

0

      Hypoxemia

0

0

2(8)

0

0



	Conclusions
	The 6.5mg/kg dose of fospropofol provided a balance of efficacy and safety for patients undergoing colonoscopy.   This study demonstrates that administration of fospropofol provides a level of sedation that is safe and effective for patient undergoing colonoscopy.  In addition, the safety profile of fospropofol compares favorably with that of other sedatives such as midazolam.

	Critique
	Strengths:  Randomized, double-blind study design.  Four arms of the fospropofol group allowed for a more complete evaluation of efficacy and safety.  

Limitations: The pre-procedure dose of fentanyl could have had an additive effect in combination with fospropofol.   The study was not designed or intended to compare midazolam to fospropofol but rather, midazolam was included as a reference therapy.  However, the authors made conclusions comparing the fospropofol arms to the midazolam reference arm. 


Appendix Table 2

	Citation
	Gan TJ, Berry BD, Ekman EF et al.  Safety evaluation of fospropofol for sedation during minor surgical procedures.  Journal of Clinical Anesthesia.  2010; 22:260-267.

	Study Goals
	To assess the efficacy and safety of fospropofol disodium in providing sedation in patients undergoing minor surgical procedures.

	Methods
	Study Design:  Phase 3, multi-center, open-label, single-arm study

Intervention:  Patients received pretreatment with fentanyl 50mcg before receiving an initial dose of intravenous fospropofol 6.5mg/kg.  Each patient could receive up to 5 supplemental doses of fospropofol 1.63mg/kg to reach a Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score ≤4 to allow the start of the procedure and to maintain adequate sedation levels during the procedure.

Assessments:  

-The number and proportion of patients receiving alternative sedation medications  

-The number of supplemental doses of fospropofol needed

-Sedation levels (assessed using MOAA/S scale

-Assessment one minute prior and after pretreatment with fentanyl and every two minutes thereafter until the patient was fully alert ( three consecutive MOAA/S score of 5)

-The duration and percentage of time that patients were at each MOAA/S score

-Duration of the surgical procedure

-Continuous monitoring of electrocardiograph (ECG), oxygen saturation, and adverse events at baseline during the procedure and during recovery.

Primary endpoints:  Study endpoints included measures of sedation depth, requirement for supplemental sedative does, use of alternative sedatives, and the frequency and nature of treatment-emergent and sedative-related adverse events.

Data Analysis:  Data were summarized with mean, standard deviation (SD), median, minimum, and maximum values for continuous and ordinal data.  Summary statistics were reported.  The study had 85% power to detect a frequency of major airway assistance or serious adverse event.

	Criteria
	Inclusion criteria:  Male and female patients with ASA physical status I-IV and ≥ 18 years of age who were scheduled to undergo a minor surgical procedure with sedation.  Authorized procedures included arthroscopy, arteriovenous shunt placement, bunionectomy, dilatation and curettage (D & C), esophagogastroduodenoscopy (EGD), lithotripsy, transesophageal echocardiography (TEE).  Female patients were required to use a medically acceptable birth control method for at least one month prior to the procedure and to have a negative pregnancy test prior to fospropofol administration.
Exclusion criteria:  A history of allergy or hypersensitivity to any anesthetic agent, opioid, or benzodiazepine; a contraindication to the use of fentanyl or midazolam; presence of a difficult airway as evidence by a Mallampati Classification Score of 4, or Score of 3 with a thyromental distance ≤ 4cm; the presence of a clinically significant abnormal ECG within one month prior to the start of the study.  

	Results
	N=123 patients

Efficacy:  The mean total of fentanyl administered per patient was 58.5 mcg (25-100mcg range).  The mean total dose of fospropofol administered during the procedure was equivalent to a mean of 9.3 mg/kg dose.  Alternative sedative medication was administered to 4.9% of patients due to inadequate sedation.  Propofol was used in two patients as an alternative sedative.  5.7% of patients had a MOAA/S score of 0 or 1.  The median time spent at 0 or 1 was 4 minutes.  

Safety:  Treatment related adverse events were reported in 82.1% of patients.  Paresthesia (62.6%) and pruritus (27.6%) were the two most common adverse events and were mild to moderate.  Sedation related events were hypoxemia (0.8%), hypotension (3.3%), and bradycardia (0.8%).  5.7% of patients required at least one type of airway assistance.  No patients required manual or mechanical ventilation.

	Conclusions
	An initial dose of intravenous fospropofol 6.5mg/kg with supplemental doses was safe and well tolerated as moderate sedation for use in minor surgical procedures.  

	Critique
	Strengths: This was a phase 3, open label trial.  Multicenter.

Limitations:  This study only investigated one dosage of fospropofol.  The pre-procedure dose of fentanyl could have had an additive effect in combination with fospropofol.   The study was not designed to compare fospropofol with other sedatives such as midazolam regarding safety profiles.  Propofol was used as an alternative sedative which could have skewed the results since fospropfol is the prodrug to propofol and has the potential to interfere with the pharmacokinetic analysis.


Appendix Table 3

	Citation
	Silvestri GA, Vincent BD, Wahidi MM et al.  A phase 3, randomized, double-blind study to assess the efficacy and safety of fospropofol disodium injection for moderate sedation in patients undergoing flexible bronchoscopy.  Chest 2009; 135:41-47.

	Study Goals
	To determine the efficacy and safety of fospropofol in patients undergoing flexible bronchoscopy

	Methods
	Study Design: Phase 3, randomized, double-blind, dose-controlled

Intervention: Patients were randomly assigned to one of two treatment groups: fospropofol 2 mg/kg or fospropofol 6.5 mg/kg in a 2:3 ratio respectively. All patients received 50 mcg fentanyl prior to the first dose of fospropofol, as well as supplemental oxygen (4 L/min).  Topical lidocaine was administered for cough suppression.

Assessments:  Patients were monitored by ECG, pulse oximetry, and BP monitoring until the time they were discharged from the hospital.  Sedation was evaluated during an initiation and maintenance phase.  

Primary endpoints: Sedation success, as defined by 3 consecutive MOAA/S scores of ≤ 4 after fospropofol administration and completion of the procedure not requiring additional sedative or mechanical/manual ventilation, were the primary efficacy endpoints.

Secondary endpoints:  
     Treatment success, patients willing to be retreated

Data Analysis: 

     -Modified intent-to-treat population

     -Safety population

     -Fisher exact test used to compare two treatment groups

     -Based on previous data, the sample size gave >90% power to detect the differences in end points (primary and secondary) between the two dosing groups (alpha= 0.05)



	Criteria
	Inclusion criteria:  

     -Patients ≥ 18 years of age with ASA status of P1 to P4

     -Female patients had to have a negative pregnancy test result and have used an  acceptable method of birth control for ≥1 month prior to study beginning

Exclusion criteria:

     -Hypersensitivity to any anesthetic or opioid

     -Failure to meet non per os status

     -Abnormal, clinically significant ECG finding

     -Participation in another investigational drug study within the month prior to this study

     -Mallampati classification score of IV

     -Mallampati classification score of IIII and a thyromental distance of ≤4 cm

     -Difficult airway for any other reason, according to the clinician

	Results
	N= 290 patients were eligible and 256 were randomized

     (34 excluded)

Efficacy:
     -Sedation success rates were 88.7% (fospropofol 6.5 mg/kg group) and 27.5% (fospropofol 2 mg/kg group)

     -Treatment success (91.3% vs. 41.2%), willingness to be treated again (94.6% vs. 78.2%), and absence of procedural recall (83.3% vs. 55.4%) were significantly better with the fospropofol 6.5 mg/kg group

     -The fospropofol 6.5 mg/kg group had a slightly longer median time to full alertness than the 2 mg/kg group

     -A lower proportion of patients in the fospropofol 6.5 mg/kg group required supplemental therapy with analgesics and the use of alternative sedative medications compared

Safety:

     -Parasthesias and pruritus (mild to moderate) were the most common adverse events, were transient and self-limiting

     -Hypoxemia (15.4% in 6.5 mg/group group and 12.6% in 2 mg/kg group) was the most common sedation-related adverse event

	Conclusions
	Patients undergoing flexible bronchoscopy were provided safe and effective sedation with fospropofol

	Critique
	Strengths:  

     -This study was performed by pulmonologists without anesthesia supervision, outside of an ICU, and had an acceptable safety profile

Limitations:
     -The study was not designed to compare fospropofol with established sedative regimens (e.g. midazolam or opioids)

     -The single pre-procedure dose of fentanyl could have had an additive effect in combination with fospropofol


Appendix Table 4

	Citation
	Cohen L, Cattau E, Goetsch a, Shah A, Weber J, Rex D, Kline J.  A Randomized, Double-blind, Phase 3 Study of Fospropofol Disodium for Sedation During Colonoscopy.  J Clin Gastroenterol 2010; 44:345-353

	Study Goals
	To evaluate the safety and efficacy of IV fospropofol (6.5 mg/kg vs. 2 mg/kg) for moderate sedation in patients undergoing colonoscopy

	Methods
	Study Design:  Randomized, double-blind, multicenter (18 centers)

Intervention:

-Patients were assigned in a 2:3:1 ratio to receive an IV dose of either:

          Fospropofol 2 mg/kg

          Fospropofol 6.5 mg/kg

          Midazolam 0.02 mg/kg

-All patients received pretreatment with Fentanyl 50 mcg before the first dose of study sedative medication     

Assessments:   The Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) scale was used to assess the level of sedation (ranging from 0-nonresponsive to 5-alert).  Assessments were made 1 minute before pretreatment with fentanyl and every 2 minutes thereafter until the patient was fully alert after the colonoscopy.  

Primary endpoints: Sedation success (defined as a score of 3 consecutive MOAA/S scores of ≤ 4 after administration of sedative medication and completing the procedure without requiring an alternative sedative medication and without requiring mechanical/manual ventilation)  

Secondary endpoints: 

     -Completion of the procedure without use of alternative sedative medication and mechanical/manual ventilation

     -Reduced need for opioids/narcotics during the procedure

     -Minimizing the patient’s memory recall of the procedure

     -Improvement of a patient’s overall experience as measured by their willingness to be treated again

     -Number of analgesic doses administered

     -Number of supplemental doses of study medication administered

     -Cognitive assessments

     -Patient and physician level of satisfaction with the level of sedation

     -Time to sedation and depth of sedation

Data Analysis:  

Safety analyses (n=312)

Modified intent-to-treat analyses (n=312)

Per protocol analyses (n=302)

Per protocol:2 analyses (n=210)

     -Data were analyzed using SAS (Cary, N.C.)

     -The two-sided Fisher exact test was used for between group differences in the sedation success rate

     -The Fisher test was also used of assessed significant differences between the fospropofol groups to evaluate response rates, number of doses of sedative and analgesic, and use of alternative sedatives

     -The HVLT-R data and time-to-selected sedation events was evaluated using the Wilcoxon rank sum test

     -Statistical comparisons were based on 2-sides tests with alpha=0.05



	Criteria
	Inclusion criteria: 

     -Patients scheduled to undergo colonoscopy with sedation that were ≥18 years old

     -Female patients of childbearing potential were required to use a method of birth control for ≥1 month before drug administration and have a negative serum pregnancy test result before administration of the study drug

Exclusion criteria:  

     -History of allergy/hypersensitivity to any anesthetic agent, opioid or benzodiazepine

     -Any contraindication to the use of fentanyl or midazolam

     -Presence of a difficult airway (according to Mallampati Classification Score of 4, or a score of 3 and also a thyromental distance of ≤4 cm)

     -Presence of an abnormal, clinically significant abnormality in the 3-lead ECG at baseline, according to investigator

     -Participation in another investigational drug study within one month before the start of this study

	Results
	N=   314 patients were randomized and safety analyses performed on 312 patients 

Efficacy:  Sedation success was higher in the fospropofol 6.5 mg/kg (87%) versus 2 mg/kg group (26%) and was 69% in the midazolam group.  Patients in the 6.5 mg/kg group were also significantly less likely to recall being awake during the procedure than the 2 mg/kg group (51% vs.100%, respectively).  Patients in the fospropofol had similar memory retention (70% for 6.5 mg/kg and 82% for 2 mg/kg) compared with 41% in the midazolam group.  Mean physician satisfaction scores were higher in the 6.5 mg/kg fospropofol group (7.7) than the 2 mg/kg group (4.5).

Safety:  Most adverse events were mild to moderate in intensity.  The most common adverse events treated were paresthesias (68% vs. 60%) and pruritis (16% vs. 26%) in the fospropofol 6.5 mg/kg and 2 mg/kg groups, respectively.

	Conclusions
	A dosing regimen of fospropofol 6.5 mg/kg was well tolerated and effective for sedation during colonoscopy.  It was also associated with higher rates of sedation success, memory retention, and physician satisfaction than with a dosing regimen of fospropofol 2 mg/kg.

	Critique
	Strengths:  

  -Randomized, double-blind, multicenter design

  -Fospropofol efficacy examined over a scope of dosages which helps to determined dose dependent efficacy and safety.
Limitations:
  -Study not really designed to compare midazolam to fospropofol; midazolam was included as a sensitivity reference

  -Confounding effect of fentanyl on patient sedation




Appendix Table 5

	Citation
	Fechner J, Ihmsen H, Hatterscheid D, Jeleazcov C, Schiessl C, Vornov J, Schwilden H, Schuttler J.  Comparative Pharmacokinetics and Pharmacodynamics of the New Propofol Prodrug GPI 15715 and Propofol Emulsion.  Anesthesiology 2004; 101: 626-39

	Study Goals
	To directly compare the pharmacokinetics and pharmacodynamics of GPI 15715 with propofol emulsion in a crossover design in volunteers

	Methods
	Study Design:  A crossover design trial in healthy volunteers    

Intervention:  

     -In 2 separate sessions, nine healthy volunteers received: GPI 15715 and propofol emulsion as a target controlled infusions over one hour

     -Plasma concentrations of GPI 15715 and propofol were measured from arterial and venous blood samples up to 24 hours and pharmacokinetics were analyzed

     -Pharmacodynamic effect was measured by the median frequency of the power spectrum of the electroencephalogram and a sigmoid model with effect compartment was fitted to the data
Assessments:

     -Baseline values of blood pressure, heart rate and pulse oximetry were measured, a laboratory test and blood gases were also taken

     -An electrocardiogram was recorded at baseline

     -Blood samples (arterial and venous) were taken through indwelling catheters at numerous time intervals after drug administration

     -Before the administration of study drug, blood samples were collected for control comparison

Pharmacokinetic Modeling:

     For PropofolD (Diprivan® 10 mg/ml injectable emulsion) a standard three-compartment model was fitted to the data.  The concentrations of GPI 15715 and PropofolGPI were analyzed using two linked models, using two and three compartments, respectively.  The elimination of GPI 15715 from the central compartment was used as input for the central compartment of propofol.

Pharmacodynamic Modeling:
     The electroencephalogram was recorded starting 30 minutes before drug administration and was continued until the subject was alert.  Appropriate pharmacodynamic modeling, pharmacodynamic clinical signs, and hemodynamics were obtained throughout the study.

Data Analysis:
     -Satistica 6.0 (StatSoft Inc., Tulsa, OK) was used to perform statistical analysis

     -Unless stated otherwise, data are given as mean ± standard deviation (SD)

     -Student t test was used for paired samples to determine significant PK/PD differences between PropofolD and PropofolGPI
     -Wilcoxon matched-pairs test was used if the data were not normally distributed

	Criteria
	Inclusion criteria:

     - Healthy (as assessed by medical history and physical exam)

     -Male, volunteers 

     -18-45 years old

     -Non-smokers for ≥6 months prior to start of study

Exclusion criteria:

     -Body weight of >20% outside the normal range according to the Metropolitan Life Insurance Company Table 

     -Documented drug allergies

     -Alcohol, drug, or medication abuse

     -Recent use of a medication with a pronounced effect on the central nervous system

     -Medication altering the pharmacokinetics of the investigated drugs (enzyme inducing or inhibiting compounds)

     -Participation in an investigational drug study within one month prior to the start of this study



	Results
	N=9

Results

     -Propofol from GPI 15715 showed a different disposition function and larger volumes of distribution, compared with propofol emulsion

     -The propofol effect site concentration for half maximum effect was lower for GPI 15715 than for propofol emulsion (2.0±0.5 mcg/mL and 3.0±0.7 mcg/mL, respectively)

     -Propofol from GPI 15715 did not show a hysteresis between plasma concentration and effect 



	Conclusions
	Propofol from GPI 15715 showed different pharmacokinetics and pharmacodynamics, compared to propofol emulsion.  This was particularly true due to a higher potency with respect to concentration.  These differences may indicate an influence of the different formulations.

	Critique
	Strengths:

     -This is the first and only study directly comparing the pharmacokinetics and pharmacodynamics of GP 15715 and propofol emulsion

     -All subjects enrolled in the study completed all assessments in accordance with the protocol

Limitations:
     -Small number of study subjects

     -Results may not directly correlate plasma concentrations to effect.


APPENDIX B

American Society of Anesthesia Physical Status Classification System (ASA)

P1
A normal healthy patient

P2
A patient with mild systemic disease

P3
A patient with severe systemic disease

P4
A patient with severe systemic disease that is a constant threat to life

P5
A moribund patient who is not expected to survive without the operation

P6
A declared brain-dead patient whose organs are being removed for donor purpose

APPENDIX C
	Modified Observer’s Assessment of Alertness/Sedation Scale (2)

	Responsiveness
	Score

	 Agitated
	6

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

	 Lethargic response to name spoken in normal tone
	4

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

	 Responds only after mild prodding or shaking
	2

	 Does not respond to mild prodding or shaking
	1

	 Does not respond to deep stimulus
	0
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