ISAVUCONAZONIUM  (CresembaTM; Astellas Pharma US, Inc)

Description1,2,3
Isavuconazonium sulfate is a prodrug that is hydrolyzed via plasma esterases to the active agent, isavuconazole. Isavuconazole is an azole antifungal agent that is approved for use in patients aged 18 years and older for the treatment of invasive aspergillosis and mucormycosis.1    Isavuconazole inhibits the enzyme lanosterol 14-alpha-demethylase, resulting in inhibition of ergosterol synthesis, ultimately leading to weakening of the fungal cell membrane and organism death. 

Indications for Use1,2
Isavuconazonium is FDA-labeled for the management of invasive aspergillosis and invasive mucormycosis in patients 18 years of age and older.  

Microbiology1, 2,3
Generally, isavuconazole has an in vitro spectrum of activity that closely resembles that of posaconazole (Table 1). Cross-resistance occurs amongst the mould-active azole antifungals in some, but not all, reports of Aspergillus and Mucorales. Isavuconazole displays low MIC values against Cryptococcus, Histoplasma, Blastomyces, and Coccidiodes. Similar to voriconazole, isavuconazole displays minimal activity against Scedosporium prolificans, variable activity against S. apiospermum, and poor activity against Fusarium spp. Isavuconazole MIC values against Aspergillus species are generally comparable to those of voriconazole and 2-4 higher than those of posaconazole (with the exception of A. niger, where isavuconazole MICs were higher than those for voriconazole and posaconazole). Isavuconazole MIC values against Mucorales are generally 2- to 4- fold greater relative to posaconazole. However, several caveats must be kept in mind when interpreting the above data. First, there are no interpretive clinical breakpoints for isavuconazole and moulds. Secondly, there are no data to inform the clinical significance of MIC differences for moulds between posaconazole, voriconazole, and isavuconazole. Finally, the pharmacokinetic and pharmacodynamics properties significantly differ amongst the agents, prohibiting a direct comparison based solely on MIC values. 

Table 1: Comparison of antifungal spectrums of activity
	Antifungal Agent
	Candida albicans
	Candida glabrata
	Histoplasma, Blastomyces
	Aspergillus
	Mucorales

	Isavuconazole
	+
	+/-
	In vitro
	+
	+/-

	Posaconazole
	+
	+/-
	In vitro
	+
	+/-

	Voriconazole
	+
	+/-
	In vitro
	+
	-

	Echinocandins
	+
	+
	-
	+
	-

	Amphotericin B
	+
	+
	+
	+
	+



Pharmacokinetics1,2
Table 2: Pharmacokinetic parameters of isavuconazole
	
	Oral 
	Intravenous

	Absorption 
	98%
	-

	Time to peak
	2-3 hours
	1 hour

	Half-life
	80- 130 hours

	Volume of Distribution
	~ 450 L
Although not studied, CSF levels are likely to be low.

	Protein Binding
	> 99%

	Metabolism 
	3A4, 3A5 and UGT

	Disposition - prodrug
	Insignificant concentrations of the prodrug or cleavage product (both inactive) are seen in plasma after oral administration, and the prodrug is detectable for < 30 minutes after end of intravenous infusion.   

	Excretion
	45% feces, 45% urine (as inactive metabolites). Renal excretion of active isavuconazole is minimal (<1%). Not removed by dialysis. 



Adverse Reactions1
The most common adverse reactions associated with the use of isavuconazole include gastrointestinal-related side effects, headache, and elevated liver laboratory tests. There are reports of infusion-related reactions (hypotension, dyspnea, chills, dizziness, paresthesia, and hypoesthesia) with isavuconazole, which are postulated to be due to particles of isavuconazole being cleaved from the prodrug. To prevent such reactions, it is important to adhere to the “Miscellaneous Safety Concerns” noted in Table 4.1 Ocular side effects and photosensitivity associated with voriconazole have been reported significantly less with isavuconazole. Moreover, use of isavuconazole is associated with a dose-dependent reduction in the QT interval (mean 13.1 and 24.6 msec decrease for maintenance and loading doses, respectively), setting it apart from other azole antifungal agents. Hepatic adverse drug reactions associated with use of this agent are generally reversible and did not require discontinuation in clinical trials. More serious adverse reactions such as hepatitis, cholestasis, or hepatic failure have been reported in patients with serious underlying medical conditions. LFTs should be evaluated during the course of isavuconazole treatment. 

Drug Interactions 1,2
Isavuconazole is a sensitive substrate of CYP3A4, a moderate inhibitor of CYP3A4, and a mild inhibitor of P-gp and OCT2. In limited study thus far, isavuconazole has exhibited lower inhibitory potency than voriconazole but similar inhibitor potency to posaconazole. For example, isavuconazole increases the AUC of tacrolimus and sirolimus by ~2-3 fold, while voriconazole co-administration results in a 3- to 10- fold increase in tacrolimus AUC and up to an 11-fold increase in sirolimus AUC. As such, an initial 50% decrease in tacrolimus/sirolimus dosages may be considered with isavuconazole initiation (depending on the current troughs and goals), but intensive concentration monitoring of tacrolimus/sirolimus is recommended. Concomitant administration of 3A4 inhibitors and/or inducers as well as substrates of P-gp may alter plasma concentration of isavuconazole.  As with all azole antifungals, a comprehensive review of potential interactions should take place at the initiation and discontinuation of isavuconazole (and other agents which may impact isavuconazole levels). 

Table 3: Notable isavuconazole drug interactions 1,2
	Concomitant Medication(s)
	Recommendation
	Additional Information

	Potent 3A4/5 inhibitors (e.g.,  lopinavir/ritonavir)
	Contraindicated or use with extreme caution and monitor levels
	Coadministration with ketoconazole and lopinavir/ritonavir resulted in a 5-fold  and 96% increase in isavuconazole exposure, respectively. 

	Potent 3A4/5 inducers (e.g., rifampin, carbamazepine, St. John’s Wort, long acting barbiturates)
	Contraindicated 
	Coadministration with rifampin resulted in a 97% decrease in isavuconazole exposure

	Mild-Moderate 3A4/5 inhibitors/substrates (e.g., sirolimus, tacrolimus, midazolam, cyclosporine, atorvastatin) 
	Use with Caution and monitor concentrations of substrate
	Potential for increased exposure of interacting medication



Table  4: Medication Safety1
	REMS (Risk Evaluation Mitigation Strategy) 
	None

	Pregnancy Category
	C

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	No ISMP documented concerns.  Potential for LASA errors with other azole antifungals (e.g., itraconazole, voriconazole).  

	Hazardous Risk Assessment
	Not hazardous

	Extravasation Potential
	Low

	Latex
	No

	Do Not Crush
	Capsules should be swallowed whole:  do not crush, dissolve or open. 

	Electronic Health Record Safety Assessment
	Drug should be formatted in MiChart as such (example):
Isavuconazonium 168 mg capsule (equivalent to 100 mg isavuconazole)

Include alerts for contraindicated drug-drug interactions (e.g., strong 3A4/5 inhibitors and inducers).

	Miscellaneous Safety Concerns
	No bolus injections; administer with infusion set and inline filter in 250 ml over one hour.   Diluted drug should NOT be vigorously shaken and should NOT be delivered via pneumatic tube.  

	Contraindications
	See Drug Interactions section for more details on DDI contraindications
Familial short QT syndrome



Clinical Trial Study Results
Invasive Aspergillus- See Table 7 4
A randomized, double-blind, non-inferiority active controlled trial was conducted to evaluate the safety and efficacy of isavuconazole vs. voriconazole for the primary treatment of invasive fungal infections caused by Aspergillus or other filamentous fungi. Patients were randomized to either isavuconazole (n=258) or voriconazole (n=258). Endpoints for this study were all-cause mortality through day 42 and overall response success at end-of-treatment. All-cause mortality was 19% in the isavuconazole arm compared to 20% in the voriconazole arm. Overall response at end-of-treatment was 35% in the isavuconazole arm and 36% in the voriconazole arm. Drug-related adverse events were reported in 42% of patients on isavuconazole, and 60% of patients on voriconazole (p<0.001). Specifically, treatment with isavuconazole was associated with lower frequency of hepatobiliary disorders, eye disorders, and skin or subcutanous tissue disorders. Day 14 isavuconazole trough plasma concentrations ranged from 813 ng/mL to 9,953 ng/mL, with a mean of 3,354 ng/mL (SD 1,816 ng/mL). This trial demonstrated that isavuconazole is non-inferior to voriconazole for the treatment of invasive mould infection (primarily aspergillosis).

Invasive mucormycosis - See Table 7 5
In an open-label, non-comparative, multicenter trial, isavuconazole was evaluated for the treatment of invasive mucormycosis. Of 37 patients with invasive mucormycosis, 86% had proven disease and 14% had probable disease. 21 patients had not received prior antifungal therapy, 11 had refractory disease, and 5 were intolerant to prior therapy. All-cause mortality at day 42 was 37.8% overall, with mortality rates of 33.3%, 45.5%, and 40% in patients with primary, refractory, and intolerant infection, respectively. 

Dosage and Administration1
Intravenous
Loading Dose:  372 mg IV infused over one hour q8h x 6 doses (48 hours)
Maintenance Dose:  372 mg IV infused over one hour qDAY (administer 12-24 hours after last loading dose).
Oral  
Loading Dose:  372 mg (2 x 186 mg capsules) PO q8h x 6 doses (48 hours)
Maintenance Dose:  372 mg (2 x 186 mg capsules) PO qDAY (administer 12-24 hours after last loading dose).

*372mg of isavuconazonium sulfate is equal to 200mg of isavuconazole

Special Populations
Renal Impairment:  No dosage adjustment necessary (mild, moderate, severe, ESRD)
Hepatic Impairments:  No dosage adjustment in mild-moderate (Child-Pugh A, B) impairment; no data in severe hepatic impairment (Child-Pugh C); assess risk versus benefit. Monitoring of isavuconazole levels is recommended.
Dosing in the Elderly:  No dosage adjustments required .
Pediatrics: Safety and efficacy in pediatrics has not been established. 

Table 5: Availability and Cost (treatment of invasive aspergillosis)
	
	UMHS Cost/Dosage Form
	Usual Dose
	UMHS Loading Dose Cost
	UMHS Maintenance Dose Cost per day

	Isavuconazonium 186 mg capsule

	$53
	372 mg q8 hours  x 48 hours, then 372 mg daily
	$636 (2 days)
	$106

	Isavuconazonium 372 mg injection
	$180
	372 mg q8 hours  x 48 hours, then 372 mg daily
	$1080 (2 days)
	$180

	Posaconazole 300 mg tablet
	$164
	300 mg q12 hours X 24 hours, then 300 mg daily
	$328 (1 day)
	$164

	Posaconazole 300 mg injection
	$325
	300 mg q12 hours X 24 hours, then 300 mg daily
	$650 (1 day)
	$325

	Voriconazole 200 mg tablet
	$14
	6 mg/kg q12 hours x 24 hours, then 4 mg/kg q12 hours
	70kg: ~$60 (1 day) 
	70kg: $30-40

	Voriconazole 200 mg injection 
	$60
	6 mg/kg q12 hours x 24 hours, then 4 mg/kg q12 hours
	70kg: ~252 (1 day)
	70kg: ~$170


 
Table 6: Managed Care Plan Acceptance
	
	BCN
	HAP
	BCBS
	State of Michigan Medicaid
	UM Rx Drug Plan

	Isavuconazonium (Cresemba™) oral 
	Tier 2, QL
	NC
	Tier 2, QL
	Tier 2, PA
	Tier 2

	Posaconazole suspension
Posaconazole tablets
	Tier 2
Tier 2
	Tier 3, QL
Tier 3, QL
	Tier 2, QL
Tier 2, QL
	Tier 2, PA
Tier 2, PA
	Tier 2
Tier 2

	Voriconazole oral (generic)
Voriconazole (Vfend™)
	Tier 1 
NC
	Tier 1, PA
NC
	Tier 1
NC
	Tier 1, PA 
Tier 2, PA
	Tier 1
Tier 3


Tier 1 = lowest copay for plan; Tier 2 = second lowest copay; PA = prior authorization; NF = non-formulary; QL = Quantity Limits;
NC = not covered; N/A – not addressed

Recommendations
Isavuconazole is a new azole antifungal agent with similar spectrum of activity and side-effect profile to posaconazole. There are several unique characterstics to isavuconazole (compared to either/both voriconazole and posaconazole):
· Isavuconazole and voriconazole, but not posaconazole, are FDA-approved for the treatment of invasive aspergillosis. 
· Unlike posaconazole and voriconazole, isavuconazole is water-soluble and thus does not require solubilization by cyclodextrin for an intravenous formulation. There are potential nephrotoxicity concerns with cyclodextrin in patients with pre-existing renal impairment. However, there is no strong clinical evidence suggesting an increased risk of worsening renal function with IV voriconazole use.6  
· Azole antifungals have been associated with QT prolongation. Per package inserts, the mean maximum increase in QTc interval in healthy volunteers given voriconazole was <10 msec and the mean interval change in healthy volunteers given posaconazole was -5 msec. Isavuconazole is associated with dose-dependent decreases in QTc interval. As such, isavuconazole may be preferred in some patients experiencing issues with QTc prolongation (>500 msec) with other azoles. 
· Isavuconazole and posaconazole are associated with significantly less visual disturbances, hallucinations, and photosensitivity. Isavuconazole is also associated with fewer hepatobiliary adverse effects than voriconazole (9% vs. 16%, respectively, in aspergillosis trial). As such, isavuconazole may be an option in patients intolerant to voriconazole. Of note, visual disturbances and hallucinations with voriconazole are usually transient (associated with loading dose) and/or associated with supra-therapeutic levels (>5,500 ng/mL). 
· Unlike posaconazole and voriconazole, there are no currently defined therapeutic target levels associated with toxicity or success with isavuconazole. 
· Isavuconazole is not indicated for the treatment of invasive candidiasis and candidemia, and use is not recommended at this time. 
Based on the above presented data, we recommend the addition of isavuconazole to the UMHS formulary as a Tier 1 restricted antimicrobial agent, requiring Antimicrobial Stewardship Team approval prior to initiation. Recommended criteria for approval are as follows: 

· Treatment of aspergillosis: in patients intolerant to voriconazole (preferred over posaconazole), specifically in regards to hepatotoxicity and QT prolongation. In regards to visual disturbances and hallucinations, continuation of voriconazole therapy is usually feasible with appropriate adjustment of dosing.
· Treatment of mucormycosis: 
· Step-down therapy: After clinical improvement with Liposomal Amphotericin B 
· Salvage therapy: In patients unable to tolerate Liposomal Amphotericin B due to severe adverse effects. Isavuconazole is variably active against Mucorales, and Liposomal Amphotericin B is first-line therapy for treatment of these infections. 
Although no data is available to inform therapeutic target levels or levels associated with toxicity, therapeutic drug monitoring is recommended to ensure that patients are absorbing drug. Troughs < 1,000 ng/mL may warrant a dose increase, depending on the patient's clinical response to therapy. Due to the long half-life of isavuconazole, steady-state levels would not be expected for at least two weeks into therapy. 

The safety and efficacy of isavuconazole has not been established in patients < 18 years of age. 
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	Title Table 7: Clinical trials with isavuconazole 4,5

	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion/ Comments 

	SECURE

Maertens, et al. 

Isavuconazole vs. voriconazole for invasive mold disease (Aspergillus and other filamentous fungi)

Funded by Astellas Pharma, Basilea Pharmaceutica International
	R, DB, MC

Phase III

Pts with suspected invasive mold disease, stratified by geographical region, allogeneic HSCT, active malignant disease

Maximum treatment duration 84 days

No TDM

Non-inferiority with a 10% margin
	Isavuconazole 200 mg IV TID x 2 days, then 200 mg IV or PO daily (n = 258)

Voriconazole 6mg/kg  IV BID on day 1, then 4mg/kg IV BID on day 2, then 4mg/kg IV BID or 200 mg PO BID (n = 258)

Treatment: 

(200mg isavuconazole = 372mg isavuconazonium)
	Primary endpoint: All-cause mortality from first dose of the study drug to day 42 in ITT population

Secondary endpoints:
Overall response at end of treatment in mITT population
All-cause mortality from first dose to day 84
Overall, clinical, mycological, radiological responses on days 42, 84, and end of treatment
Safety and tolerability

Populations
ITT: Pts who received at least one dose of the drug
mITT: ITT patients with proven or probable invasive mold disease
myITT: subset of mITT with proven or probable invasive aspergillosis
Safety: included all patients who received first dose of study drug 

Inclusion criteria: ≥18 yo, meeting criteria for proven, probable, or possible invasive mold disease
Exclusion criteria: hepatic dysfunction, moderate-severe renal dysfunction
	Overall, ~35% of patients grew Aspergillus and ~50% were galactomannan positive only. 

ITT population
All-cause mortality from first dose to day 42: 19% (n=48)  with isavuconazole vs. 20% for voriconazole (n=52); treatment difference of -1.0% (95% CI -7.8-5.7)

Day 84 all-cause mortality: isavuconazole 29% (n=75) vs. voriconazole 31% (n=80); -1.4% (95% CI -9.2-6.3)

mITT population
Day 42 all-cause mortality: isavuconazole 20% (n=28) vs. voriconazole 23% (n=30); -2.6% (95% CI -12.2-6.9)

Day 84 all-cause mortality: isavuconazole 30% (n=43) vs. voriconazole 37% (n=48); -5.5% (95% CI -16.1-5.1)

myITT population (
Day 42 all-cause mortality: isavuconazole 19% (n=23) vs. voriconazole 22% (n=24); -2.7% (95% CI -12.9-7.5)

Day 84 all-cause mortality: isavuconazole 28% (n=35) vs. voriconazole 36% (n=39); -5.7% (95% CI -17.1-5.6)

DRC-assessed response mITT population
Success at EOT: isavuconazole 35% (n=50) vs. voriconazole 36% (n=47); 1.6% (95% CI -9.3-12.6)

Complete success at EOT: isavuconazole 12% (n=17) vs. voriconazole 10% (n=13)
	Treatment emergent adverse event: isavuconazole 96% (n=247) vs. voriconazole 98% (n=255), p = 0.122

Drug-related adverse events: isavuconazole 42% (n=109) vs. voriconazole 60% (n=155), p<0.001)

All treatment-emergent adverse events similar except for the following (isavuconazole vs. voriconazole):

Skin/subcutaneous tissue disorders: 33% vs. 42%, p = 0.037 

Eye disorders: 15% vs. 27%, p=0.002

Hepatobiliary disorders: 9% vs. 16%, p = 0.016
Breakdown of individual hepatobiliary disorders:
Hyperbilirubinaemia: 
2% vs 4%
Abnormal hepatic function: 2% vs 3%
Jaundice: <1% vs 2%
Cholestasis: <1% vs 2%
	Isavuconazole was non-inferior to voriconazole for the treatment of suspected invasive mold infections

Isavuconazole had less study-drug related adverse events than treatment with voriconazole, with specifically less frequency of hepatobiliary disorders, eye disorders, and skin/subcutaneous tissue disorders. 


	VITAL 

Marty, et al. (Abstract)

Isavuconazole for proven/
probable IM


	OL, MC

Both primary treatment and salvage treatment in pts intolerant to or failing prior therapy

Treatment up to 180 days
	Isavuconazole 200 mg PO or IV TID x 2 days, then 200mg PO or IV QD (n= 37,  21 without prior therapy, 5 with intolerance to prior therapy, and 11 with refractory disease)

	Primary endpoint: overall response at the end of treatment based on clinical, mycological and radiological criteria

Secondary endpoints: 
All-cause mortality at days 42, 84, 120, 180
Safety

Inclusion criteria: ≥18 yo, meeting criteria for proven/probable IFD
Exclusion criteria: hepatic dysfunction, moderate-severe renal dysfunction
	Success at end of treatment 31.4%. 

All-cause mortality through day 42: 37.8% 
· Primary therapy 33.3%; refractory 45.5%; intolerant 40%



	Treatment-emergent adverse events reported in 35.1% (n=13) 

Most common adverse events: 
Vomiting, diarrhea, nausea, pyrexia
	In this open-label, non-comparative study with a heterogenous patient population, mortality rates were similar to that seen with historical data with amphotericin and posaconazole salvage studies. 

No new safety issues with isavuconazole were identified from this study.  


Abbreviations: DB, double-blind; DRC, data review committee; EOT, end of therapy; HSCT, hematopoietic stem cell transplant; IFD, invasive fungal disease; IM, invasive mucormycosis; MC, multicenter; OL, open label; R, randomized; OL, open label




