[image: ]LETERMOVIR  
(PrevymisTM; Merck & Co., Inc.)


Description
Letermovir is a first-in-class antiviral agent with selective activity against cytomegalovirus (CMV). Letermovir targets the viral terminase complex subunit, encoded by UL56, preventing both viral DNA cleavage and virion maturation. More specifically, letermovir affects the production of proper unit length genomes and interferes with the packaging of DNA into the viral capsid. 

Indications for Use
Letermovir is FDA-labeled for the prophylaxis of CMV infection and disease in adult (≥18 years of age) CMV-seropositive recipients of an allogeneic hematopoietic stem cell transplant. 

Microbiology
Letermovir has selective activity against CMV. The median EC50 value of letermovir against a collection of clinical CMV isolates in a cell-culture model of infection was 2.1 nM (range = 0.7 nM to 6.1 nM, n = 74). Notably, letermovir does not have any in vitro activity against herpes simplex virus, adenovirus, and Epstein–Barr virus. Mutations in UL56 have been associated with reduced susceptibility to letermovir. Specifically, in cell culture, mutations occurring between amino acid positions 231 and 369 appear to have significantly higher EC50 values (13-to 5,870-fold higher). In a phase III study, DNA sequence analysis was performed on samples collected from 28 patients who received letermovir and experienced prophylaxis failure. Two of these 28 patients were found to have an associated mutation leading to letermovir resistance. The frequency at which resistance develops during use of letermovir for prophylaxis is still not well understood. Further, cross resistance with DNA polymerase inhibitors (cidofovir, foscarnet, and ganciclovir) is unlikely to occur given letermovir’s unique mechanism of action, although limited data investigating the activity of letermovir in this setting are available.  

Table 1: Comparison of clinically significant antiviral spectrums of activity
	Antiviral Agent
	CMV
	HSV
	Adenovirus
	BK  virus
	EBV

	Letermovir
	+
	-
	-
	-
	-

	Acyclovir
	-
	+
	-
	-
	+a

	Ganciclovir
	+
	+
	-
	-
	-

	Foscarnet
	+
	+
	-
	-
	-

	Cidofovir 
	+
	+
	+
	+
	-


ainhibits permissive EBV infection through inhibition of EBV DNA polymerase but has no effect on latent infection

Pharmacokinetics

Table 2 highlights key pharmacokinetic parameters of letermovir. The oral bioavailability ranges from 35%-94%. In healthy volunteers, the bioavailability of letermovir at an oral dose range of 240-480 mg without concomitant administration of cyclosporine was 94%. In HSCT recipients, the oral bioavailability of letermovir at a dose of 480 mg daily was 35% and at a dose of 240 mg daily (with concomitant administration of cyclosporine) was 85%. The median time to maximum concentration was 45 minutes to 2.25 hours. Letermovir is highly protein bound, 99% is found bound to human plasma proteins in vitro. The in vitro blood-to-plasma ratio is 0.56. Letermovir is a minor substrate of UGT1A1/1A3. Following a single oral dose, 93% of the drug was recovered in the feces and <2% was recovered in the urine. 

Table 2: Pharmacokinetic parameters of letermovir
	Dose 
	Cmax
	AUC
(ng*hr/mL)
	Vd
(L)
	T1/2
(hr)

	Healthy Volunteers

	480 mg PO once daily
	13, 000
	71, 500
	-
	-

	480 mg PO IV daily
	-
	-
	-
	12

	HSCT Recipients 

	480 mg PO once daily
	-
	34, 400
	-
	-

	480 IV once daily
	-
	100, 000
	45.5
	-

	240 mg PO once daily with cyclosporine
	-
	60, 800
	-
	-

	240 mg IV once daily with cyclosporine
	
	70, 300
	
	




Adverse Reactions

In the phase II and phase III clinical trials, letermovir was well tolerated with gastrointestinal disorders (diarrhea, nausea, vomiting) being the most commonly experienced adverse effects. Notably, patients who received letermovir did not experience an increase in significant hematologic or renal toxicities compared to those who received placebo. Additionally, of the patients enrolled prior to engraftment, incidence and time to engraftment did not differ significantly between the two groups (overall median time to engraftment 19 days in letermovir group vs 18 days in placebo group). Letermovir does not prolong the QTc to any clinically relevant extent. Table 3 outlines the most common adverse events occurring in patients who received letermovir.

Table 3. Common adverse events experienced by patients who received letermovir
	Adverse Event
	Letermovir (n=373)
	Placebo (n=192)

	Nausea 
	27%
	23%

	Diarrhea
	26%
	24%

	Vomiting
	19%
	14%

	Peripheral edema
	14%
	9%

	Cough
	14%
	10%

	Headache
	14%
	9%

	Fatigue
	13%
	11%

	Abdominal pain
	12%
	9%

	Any cardiac adverse event
	13%
	6%

	Tachycardia
	4%
	2%

	Atrial fibrillation
	3%
	1%




Drug Interactions

In vitro results indicate that letermovir is a substrate of drug metabolizing enzymes CYP3A, CYP2D6, UGT1A1, and UGT1A3, and transporters OATP1B1/3 and P-gp. Oxidative metabolism is considered to be a minor elimination pathway based on in vivo human data. Inhibitors of OATP1B1/3 may result in increases in letermovir plasma concentrations. Changes in letermovir plasma concentrations due to inhibition of P-gp or UGTs are not anticipated to be clinically relevant. Letermovir is a moderate inhibitor of CYP3A and is an inhibitor of OATP1B1/3 transporters. Letermovir is a reversible inhibitor of CYP2C8 in vitro. Based on studies evaluating the effect of concomitant administration of letermovir and voriconazole, letermovir appears to be an inducer of CYP2C9 and CYP2C19.

Serious warnings/contraindications:

Letermovir is contraindicated in patients receiving pimozide or ergot alkaloids. Concomitant administration of Letermovir in patients receiving pimozide may result in increased concentrations of pimozide due to inhibition of cytochrome P450 3A (CYP3A) by letermovir, which may lead to QT prolongation and torsades de pointes. Concomitant administration of letermovir in patients receiving ergot alkaloids may result in increased concentrations of ergot alkaloids (ergotamine and dihydroergotamine) due to inhibition of CYP3A by letermovir, which may lead to ergotism. Letermovir is contraindicated with pitavastatin and simvastatin when co-administered with cyclosporine. Concomitant administration of letermovir in combination with cyclosporine may result in significantly increased pitavastatin or simvastatin concentrations, which may lead to myopathy or rhabdomyolysis. 

Table 3: Notable letermovir drug interactions
	Concomitant Medication(s)
	Effect
	Recommendation

	Warfarin
	Decreased warfarin
	Monitor INR

	Phenytoin
	Decreased phenytoin
	Monitor phenytoin levels

	Voriconazole 
	Decreased voriconazole
	Monitor voriconazole levels

	Rifampin
	Decreased letermovir
	Concomitant use is not recommended

	Atorvastatin
	Increased atorvastatin
	Do not exceed atorvastatin dose of 20 mg daily

	Cyclosporine
	Increased cyclosporine and increased letermovir
	Decrease dose of letermovir to 240 mg daily

	Sirolimus, tacrolimus
	Increased sirolimus and tacrolimus
	Monitor levels frequently 

	CYP3A Substrates
	Increased substrate 
	Monitor closely or adjust substrate as you would in the presence of a moderate inhibitor



Medication Safety

	REMS (Risk Evaluation Mitigation Strategy) 
	None

	Pregnancy Category
	Not established. No adequate human data are available to establish whether letermovir poses a risk to pregnancy outcomes. In animal reproduction studies, embryo-fetal developmental toxicity (including fetal malformations) was observed in rats during the period of organogenesis at letermovir exposures (AUC) 11 times higher than human exposure at the recommended human dose (RHD). In rabbits, no embryo-fetal developmental toxicity was noted at exposures that were not maternally toxic (up to letermovir exposures 2 times higher than human exposure at the RHD).

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	No ISMP documented concerns. 

	Hazardous Risk Assessment
	Not hazardous

	Extravasation Potential
	Low

	Latex
	No

	Do Not Crush
	Tablets should be swallowed whole:  do not crush. 

	Electronic Health Record Safety Assessment
	Drug should be formatted in MiChart as such (example):
Letermovir 480 mg tablet 

Letermovir 240 mg tablet (concomitant administration of cyclosporine)

	Miscellaneous Safety Concerns
	Tablets may be administered with our without food. 

The intravenous formulation should be administered by a peripheral catheter or central venous line at a constant rate over 1 hour. It should not be administered as a bolus injection. The vial and diluted drug should NOT be vigorously shaken and should NOT be delivered via pneumatic tube.  

Letermovir injection is compatible with the following IV bags and infusion set materials:

IV Bags Materials:
Polyvinyl chloride (PVC), ethylene vinyl acetate (EVA) and polyolefin (polypropylene and polyethylene)

Infusion Sets Materials:
PVC, polyethylene (PE), polybutadiene (PBD), silicone rubber (SR), styrene–butadiene copolymer (SBC), styrene-butadiene-styrene copolymer (SBS), polystyrene (PS)

Plasticizers:
Diethylhexyl phthalate (DEHP), tris (2-ethylhexyl) trimellitate (TOTM), benzyl butyl phthalate (BBP)

Catheters:
Radiopaque polyurethane

	Contraindications
	See Drug Interactions section. 



Efficacy – Summary from Phase III Clinical Trial

A phase III, multicenter, randomized, placebo-controlled trial was conducted to evaluate the efficacy of letermovir 480 mg daily administered orally or intravenously (240 mg daily was administered to patients receiving concomitant cyclosporine given drug-drug interactions) for the prevention of clinically significant CMV infection in CMV-seropositive allogeneic stem-cell transplant recipients. Patients enrolled in this trial could have been initiated on study drug both pre- and post-engraftment for 14 weeks following transplant. Patients who received letermovir had statistically significantly lower rates of clinically significant CMV infection compared to placebo at 24 weeks post-transplant (37.5% vs. 60.6%, p<0.001). See table 4 below for more details.

[image: ]

Dosage and Administration

	Generala
	480 mg PO or IV once daily

	Concomitant administration of cyclosporine
	240 mg PO or IV once daily


aSee dosing in patients with renal impairment below.

Dosing in Special Populations

Renal Impairment:  Letermovir AUC was 1.9 and 1.4-fold higher in patients with moderate (eGFR greater than or equal to 30 to 59 ml/min/1.73m2) and severe (eGFR less than 30 ml/min/1.73m2) renal impairment. However, no dose adjustments are recommended for patients with a creatinine clearance greater than 10 ml/min. In patients with a creatinine clearance of 10 ml/min or less or in patients on hemodialysis, letermovir is not recommended. In patients with creatinine clearance less than 50 mL/min, accumulation of the intravenous vehicle, hydroxypropyl betadex, may occur. Closely monitor serum creatinine levels in these patients.
Hepatic Impairment:  Letermovir AUC was 1.6 and 3.8-fold higher in patients with moderate (Child-Pugh Class B) and severe (Child-Pugh Class C) hepatic impairment, respectively. However, no dosage adjustments are recommended.
Dosing in the Elderly:  No dosage adjustments required.
Pediatrics: The pharmacokinetics, safety, and efficacy of letermovir have not been established in patients less than 18 years of age.  

Availability and Cost

	
	UMHS Cost/Dosage Form
	Usual Dose 
(prophylaxis)
	UMHS Anticipated Inpatient Cost (~10 days)

	Letermovir 240 mg injection

	$261.63
	240 mg IV once daily
	$2616.30

	Letermovir 480 mg injection

	$261.63
	480 mg IV once daily
	$2616.30

	Letermovir 240 mg tablet

	$188.96
	240 mg PO once daily
	$1889.60

	Letermovir 480 mg tablet

	$188.96
	480 mg PO once daily
	$1889.60

	Ganciclovir
	$58.56/
500 mg vial
	350 mg IV once daily (5 mg/kg; 70 kg)
	$409.92

	Valganciclovir
	$15.40/
450 mg tablet
	900 mg PO once daily
	$308

	Foscarnet
	$370/ 
250 mL bottle
	6300 mg IV once daily (90 mg/kg; 70 kg)
	$3885


 
Recommendations

Based on the presented data above, we recommend the addition of letermovir to the UMHS formulary as a Tier 1 restricted antimicrobial agent. Recommended criteria for approval are as follows: 

Pre-approved Criteria for Use:

· Prophylaxis in CMV-seropositive allogeneic HSCT recipients with at least one of the following risk factors:
· Cord blood transplant recipient 
· Receipt of a T-cell depleting agent: alemtuzumab, thymoglobulin, ATG
· Acute GVHD requiring ≥1 mg/kg/day of steroids within the first 100 days following transplant unless valganciclovir is deemed appropriate 
· Letermovir should be initiated no earlier than Day +10 following transplant and should be continued for 3 months following initiation. 
· [bookmark: _GoBack]Outpatient insurance coverage for letermovir should be verified. 
All other uses will require approval and consultation by transplant infectious diseases. 

Prepared by:	Twisha Patel, PharmD
		Oryan Henig, MD
		Daniel Kaul, MD




	Title Table 4: Phase III Clinical Trial: Letermovir vs. Placebo

	Study Design
	Study Population
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety

	Letermovir Prophylaxis for Cytomegalovirus in Hematopoietic-Cell Transplantation

Marty FM, et al. 

Funded by Merck & Co.
	R, DB, MC, PC

Phase III


	Inclusion:
CMV-seropositive, had an undetectable level of CMV DNA in plasma within 5 days before randomization, and could start taking the trial regimen by day 28 after transplantation

High risk:
having a related donor with at least one mismatch at one of the specified three HLA gene loci (HLA-A, B, or DR); having an unrelated donor with at least one mismatch at one of the specified four HLA gene loci (HLA-A, B, C, and DRB1); having a haploidentical donor; the use of umbilical cord blood as the stem-cell source; the use of ex vivo T-cell–depleted grafts; and having graft-versus-host disease (GVHD) of grade 2 or greater that led to the use of 1 mg or more of prednisone (or its equivalent) per kilogram of body weight per day.
	Randomized 2:1

Letermovir 480 mg IV/PO per day (or 240 mg per day in patients taking cyclosporine)

Vs.

Placebo

Continued through week 14 after transplantation  
	Primary Endpoint: 
proportion of patients with clinically significant CMV infection through week 24 after transplantation among patients without detectable CMV DNA at randomization 

Secondary Endpoints:
proportion of patients with clinically significant CMV infection through week 14 and the time to clinically significant CMV infection in the primary efficacy population


	495 patients received study drug and met inclusion criteria (325 in the letermovir arm and 170 in the placebo arm)

Primary Endpoint:
percentage of patients in whom clinically significant CMV infection developed or who were imputed as having a primary end-point event by week 24 after transplantation was significantly lower among letermovir recipients, 122 of 325 [37.5%], than among placebo recipients, 103 of 170 [60.6%], (difference of −23.5% (95% confidence interval [CI], −32.5 to −14.6; P<0.001)

Secondary Endpoints:
significantly fewer patients in the primary efficacy population had clinically significant CMV infection or were imputed as having a primary end-point event among letermovir recipients, 62 of 325 patients [19.1%], than among placebo recipients, 85 of 170 [50.0%], (difference of −31.3% (95% CI, −39.9 to −22.6; P<0.001)
	Vomiting was reported in 18.5% of the patients who received letermovir and in 13.5% of those who received placebo; edema in 14.5% and 9.4%, respectively; dyspnea in 8.0% and 3.1%; myalgia in 5.1% and 1.6%; atrial fibrillation or flutter in 4.6% and 1.0%; and alanine aminotransferase levels of more than 5 times the upper limit of the normal range in 3.5% and 1.6%


MC, multicenter; R, randomized; DB, double-blind, PC, placebo-controlled 
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