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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 posaconazole delayed-release tablets and 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.

Pharmacology1          
Posaconazole is an azole antifungal.  

FDA Approved Indication(s)1
Posaconazole delayed-release tablets and injection are indicated for the prophylaxis of invasive Aspergillus and Candida infections in severely immunocompromised patients. This population included hematopoietic stem cell transplant (HSCT) recipients with graft-versus-host disease (GVHD) or those with hematologic malignancies with prolonged neutropenia from chemotherapy.
Potential Off-label Uses1-4
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).
Of note, posaconazole oral suspension (200mg orally three times daily) was approved in 2006 for the prophylaxis of invasive Aspergillus and Candida infections in severely immunocompromised patients.  In 2009, it also gained FDA approval for the treatment of oropharyngeal candidiasis including cases refractory to itraconazole and/or fluconazole.  In addition, the IDSA guidelines have recommended posaconazole oral suspension as therapeutic options in several fungal guidelines including treatment of treatment of invasive aspergillosis infections, allergic bronchopulmonary aspergillosis,  salvage consolidation therapy in meningeal cryptococcosis relapse, and pulmonary cryptococcosis in nonimmunosuppressed patients. 
Current VA National Formulary Alternatives

Oral formulary alternatives include itraconazole and fluconazole (Candida only) 
IV formulary alternatives include amphotericin B, amphotericin B lipid, micafungin and fluconazole (Candida only). 
Dosage and Administration1
Delayed-release tablet [available in 100 mg tablets]: 
Posaconazole delayed-release tablet should be taken as loading dose of 300 mg twice daily on the first day followed by a maintenance dose of 300 mg once a day, starting on the second day. Duration of therapy is based on recovery from neutropenia or immunosuppression. The tablet should be swallowed whole and not divided, crushed, or chewed. 
Administration: Posaconazole delayed-release tablets were studied without regard to meals; however, the prescribing information recommends co-administration with a meal to optimize plasma concentrations.

According to the prescribing information, patients should receive posaconazole delayed-release tablets if patients can’t take oral suspension with a full meal for FDA approved prophylaxis indication.  Posaconazole delayed-release tablets provider higher plasma drug exposures than oral suspension under fasted conditions.   

NOTE: Delayed-release tablets should not be used interchangeably with the oral suspension due to the differences in the dosing of each formulation.   

Injection [available in 300 mg per 16.7 mL (18 mg per mL)]:
Posaconazole injection should be administered intravenously as a loading dose of 300 mg twice daily on the first day followed by a maintenance dose of 300 mg once a day, starting on the second day. Duration of therapy is based on recovery from neutropenia or immunosuppression.

Administration: Posaconazole should be administered via a central venous line over approximately 90 minutes. If a central venous line is not available, posaconazole injection may be administered via a peripheral venous catheter only as a single dose in advance of placement of central venous access. When administered via a peripheral venous catheter, the infusion should be administered over 30 minutes.  In clinical trials, multiple peripheral infusions resulted in infusion site reactions.  

Refer to prescribing information regarding preparation, intravenous line compatibility and more details on administration.

Pharmacokinetics/Efficacy
Posaconazole delayed-release tablet5-7
Posaconazole delayed-release tablets received FDA approval based upon pharmacokinetic and safety studies.    
The pivotal trial is a 2-part pharmacokinetic study (Phase 1B/3) that evaluated posaconazole delayed release tablets as antifungal prophylaxis in patients at high risk for invasive fungal infection.  The patient populations were hematopoietic stem cell transplant (HSCT) recipients with graft-versus-host disease (GVHD) or those with hematologic malignancies (i.e. acute myelogenous leukemia (AML) or myelodysplasia (MDS)) with prolonged neutropenia from chemotherapy.  The primary pharmacokinetic endpoint was steady state predicted average posaconazole concentration (pCavg) with lower and upper exposure target limits of ≥500 and <3,750 ng/ml, respectively.   A more extensive pharmacokinetic analysis was conducted in sub-set of population (i.e. 50 patients that received 300mg once daily with loading dose on first day).  Overall, demographics included 62% male, mean age of 51 years (range 19-78 years, 17% of patients were ≥65 years of age), 93% white.  Disease state included with 54% AML, 3% MDS, and 43% HSCT recipients. Posaconazole therapy was given for a median duration of 28 days.   The pharmacokinetic of delayed-release tablets in patients receiving 300mg once daily with loading dose of 300mg twice daily on first day are reported in Table 1 and 2. 
Table 1. Frequency Distribution of Predicted Steady State Cavg 
	pCavg (ng/ml) 
	N = 186 

	<500 ng/ml 
	1 (0.5) 

	≥500 ng/ml and <2,500 ng/ml 
	151 (81) 

	≥2,500 ng/ml and <3,750 ng/ml 
	27 (15) 

	≥3,750 ng/ml 
	7 (4) 


Table 2. Mean steady-state pharmacokinetic parameters in sub-set of population
	Disease state
	N
	AUC (ng*hr/mL)
	Cav (mg/L)
	Cmax (mg/L)
	Cmin (mg/L)
	Tmax (hr)

	All patients 
	50
	37,900
	1.58
	2.09
	1.31
	4

	HSCT
	17
	44,800
	1.87
	2.39
	1.54
	4.1

	AML/MDS
	33
	33,300
	1.44
	1.93
	1.19
	2.2


 AUC= area under the plasma concentration-time curve; Cav= average concentration at steady-state; Cmax = maximum observed concentration; Cmin = trough concentration; Tmax = time to maximum observed concentration 
Posaconazole Oral Suspension1 

In comparison, refer to Table 3 for the pCavg concentrations of posaconazole oral suspension in neutropenic patients who were receiving cytotoxic chemotherapy for AML MDS) or hematopoietic stem cell transplant (HSCT) recipients with GVHD.  The lower Cvag was associated with increased failure.  
Table 3: Cavg in Prophylaxis Trials  

	
	Prophylaxis in AML/MDS
	Prophylaxis in GVHD

	
	Cavg (ng/L)
	Treatment Failure (%)
	Cavg (ng/L)
	Treatment Failure (%)

	Quartile 1
	90-322
	54.7
	22-557
	44.4

	Quartile 2
	322-490
	37.0
	557-915
	20.6

	Quartile 3
	490-734
	46.8
	915-1563
	17.5

	Quartile 4 
	734-2200
	27.8
	1563-3650
	17.5


Posaconazole Injection8,9 
Posaconazole injection received FDA approval based upon pharmacokinetic and safety studies.    
The pivotal trial is a 2-part pharmacokinetic study (Phase 1B/3) that evaluated posaconazole injection as antifungal prophylaxis in patients at high risk for invasive fungal infection.  The patient populations were hematopoietic stem cell transplant (HSCT) recipients with graft-versus-host disease (GVHD) or those with hematologic malignancies (i.e. acute myelogenous leukemia (AML) or myelodysplasia (MDS)) with prolonged neutropenia from chemotherapy.  Patients received posaconazole IV loading dose of 300mg twice dialy on day 1 followed by 4-13 days of posaconazole IV 300 mg every day, then (if tolerated) posaconazole oral suspension 400 mg twice daily or 200 mg three times daily for up to 23 days (28 days total treatment).  A subset of 49 patients was considered pharmacokinetic-evaluable with ≥10 days of IV dosing. The primary pharmacokinetic endpoints were steady state predicted average posaconazole concentration (Cavg) with desired concentrations between ≥500 and <2,500 ng/ml and trough levels (Cmin).  Overall, demographics included 55% male, mean age of 51 years (range 18-82 years, 19% of patients were ≥65 years of age), 95% white.  Posaconazole injection was given for a median duration of 9 days. Ninety-four percent of sub-set of IV patients (46/49) achieved Cavg ≥500 ng/mL and ≤2500 ng/mL. The pharmacokinetics of posaconazole injection in the sub-set patients receiving ≥ 10 days of IV dosing (regimen of 300mg once daily with loading dose of 300mg twice daily on first day) are reported in Table 4.
Table 4: Pharmacokinetic parameters of posaconazole injection in patients following administration of 300 mg once daily for 10 or 14 days with loading dose of 300mg twice daily on day 1
	Day
	N
	AUC (ng*hr/mL)
	Cav (mg/L)
	Cmax (mg/L)
	Cmin (mg/L)
	Tmax (hr)

	10 or 14
	49
	36,100
	1.5
	3.28
	1.09
	1.5


AUC= area under the plasma concentration-time curve; Cav= average concentration at steady-state; Cmax = maximum observed concentration; Cmin = trough concentration; Tmax = time to maximum observed concentration 

Adverse Events (Safety Data)1
Delayed-release tablets: The safety of posaconazole 300mg delayed-release tablets administered once daily with loading dose on day 1 has been evaluated in 210 patients enrolled in a non-comparative pharmacokinetic and safety trial.  The most frequent reported adverse effects reported with posaconazole delayed-release tablets were diarrhea (29%), pyrexia (28%), nausea (27%) and hypoglycemia (22%). The most common adverse effects causing discontinuation of medication was nausea (2%). 

Injection: The safety of posaconazole injection has been assessed in 268 patients a non-comparative pharmacokinetic and safety trial. The most frequently reported adverse reactions with an onset during the posaconazole intravenous infusion were diarrhea (32%), hypokalemia (22%), pyrexia (21%), and nausea (19%). In clinical trials, multiple peripheral infusions given through the same vein were associated with thrombophlebitis (60% incidence). 
Deaths and Other Serious Adverse Events

Posaconazole delayed-release tablet and injection package insert does not address deaths and other serious adverse events that are deemed related to posaconazole.
Contraindications1
· Known hypersensitivity to posaconazole, other azoles, or any other component of the product

· Concomitant use with sirolimus, CYP3A4 substrates (pimozide, quinidine) that prolong the QTc interval, HMG-CoA reductase inhibitors metabolized through CYP3A4 (atorvastatin, lovastatin, and simvastatin), and ergot alkaloids (ergotamine and dihydroergotamine)
Warnings and Precautions1
· Posaconazole may increase the concentration of cyclosporine and tacrolimus. Frequent monitoring of cyclosporine and tacrolimus blood trough concentrations during and at discontinuation of posaconazole should be performed. 
· Posaconazole has been associated with prolongation of QTc interval and cases of Torsades de Pointes (TdP). Avoid co-administration with drugs known to prolong the QTc interval.  Administer with caution in patients with potentially proarrhythmic conditions.  
· Elevations of LFTs may occur with posaconazole therapy. Liver function tests should be evaluated at the start of and during therapy. Discontinuation should be considered if patient develops clinical signs and symptoms consistent with liver disease attributable to posaconazole. 
· Posaconazole injection should be avoided in patients with moderate or severe renal impairment (eGFR <50 mL/min) due to accumulation of the intravenous vehicle.  Due to potential variability in exposure of posaconazole delayed-release tablets, patients with severe renal impairment should be monitored closely for breakthrough fungal infections.
· Posaconazole may prolong the effects of benzodiazepines. Patients on concomitant therapy with posaconazole and benzodiazepines should be closely monitored for adverse effects due to this drug interaction. 
Special Populations for Adult Population1
Pregnancy:  Pregnancy category C; given the lack adequate and well-controlled studies in pregnant women, the use of posaconazole should be considered in this population only if the benefits outweigh the risks  
Nursing Mothers:  although posaconazole is excreted in milk of lactating rats, it is not known whether it is excreted in human milk. The decision to continue or discontinue the drug in a nursing mother should be made based on risk versus benefit. 
Geriatric Use: The pharmacokinetic and safety profile of posaconazole delayed-release tablets is comparable in young and elderly patients, therefore, no dosage adjustments are recommended in geriatric patients.
Renal Impairment: 
· Delayed-release tablets:  In patients with severe renal dysfunction (CrCL <20 mL/min), closely monitor for breakthrough infection is recommended. 

· Injection: Avoid in patients with moderate or severe renal impairment (eGFR < 50 mL/min) due to accumulation of the intravenous vehicle, Betadex Sulfobutyl Ether Sodium (unless an assessment of the benefit/risk justifies use of posaconazole injection).  If used in moderate or severe renal impairment, serum creatinine levels should be closely monitored and if increases occur, consideration should be given to changing to oral therapy.  

Hepatic Impairment: 
· Delayed-release tablets:  No dosage adjustment is necessary in patients with mild to severe hepatic impairment (Child-Pugh Class A, B, or C).
· Injection:  No dosage adjustment is necessary in patients with mild to severe hepatic impairment (Child-Pugh Class A, B, or C).

Weight: Patients weighing greater than 120 kg may have lower posaconazole plasma drug exposure; therefore, closely monitoring for antifungal failure is necessary in this population.
Drug Interactions1
· Posaconazole is primarily metabolized via UDP glucoronidation and is a substrate of p-glycoprotein efflux. Plasma concentrations of posaconazole may be affected by inhibitors or inducers of these metabolic pathways; coadministration of inducers should be generally avoided unless benefit outweighs the risk. 
· Posaconazole is also a strong inhibitor of CYP3A4. Substrates of this enzyme system may have increased plasma concentrations when administered with posaconazole. Refer to Contraindication and Warning Section of monograph as well as, prescribing information for additional information.
· Posaconazole delayed-release tablets were studied with coadministration of medications that affect gastric pH (antacid, ranitidine, esomeprazole), and motility (metoclopramide). Unlike posaconazole oral suspension, pharmacokinetics of delayed-release tablets were not clinically impacted by coadministration of these agents.   
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First Databank
	ISMP
	Clinical Judgment

	Posaconazole 100mg tab, IV solution
	None
	None
	None
	Pantoprazole tab and IV solution, 
Pramipexole, 
Posaconazole suspension

	Noxafil 100mg tab, IV solution
	Minoxidi
	None
	None
	Noroxin, 
Noxafil suspension, 
Norflex injection solution


Please refer to PBM MedSafe newsletter published in August 2014 addressing potential errors due to posaconazole’s various dosage formulations and differing dosage regimens.  

Acquisition Costs
Refer to VA pricing sources for updated information.

Conclusions

Posaconazole delayed-release tablets and injection have received FDA approval for the prophylaxis of invasive Aspergillus and Candida infections in severely immunocompromised patients.  All dosage formulations of posaconazole have warnings/precautions regarding potential for significant drug-interactions, arrhythmias/QTc prolongation, and hepatic toxicity (i.e, elevated liver function tests).  Of note, the dosage regimen of both the delayed-release tablets and injection include a loading dose of 300mg twice daily on first day followed by 300mg once daily.  In comparison, the dosage regimen for posaconazole oral suspension is 200mg orally three times a day (i.e., no loading dose) for the prophylaxis of invasive Aspergillus and Candida infections in severely immunocompromised patients. Intravenous posaconazole should be avoided in patients with moderate or severe renal impairment (eGFR <50 mL/min) due to accumulation of the intravenous vehicle, Betadex Sulfobutyl Ether Sodium.  Unlike the oral suspension, the delayed-release tablet formulation avoids interactions with medications that affect gastric pH and motility such as anti-acids, proton pump inhibitors, histamine H2 antagonists, and metoclopramide. 
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