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Executive Summary:  

· Ganciclovir ophthalmic gel 0.15% was approved by the FDA in September 2009 for the treatment of acute herpetic keratitis (dendritic ulcers).
· The results of three pooled phase II studies and one phase III trials demonstrated similar cure rates of ganciclovir ophthalmic gel 0.15% compared to acyclovir ophthalmic ointment 3% at day 7.  Ganciclovir ophthalmic gel 0.15% demonstrated non-inferiority compared to acyclovir ophthalmic ointment 3%.  Of note, acyclovir ophthalmic ointiment is not commercially available in the United States and there are no head-to-head clinical trials of ganciclovir ophthalmic gel compared to trifluridine 1% ophthalmic solution for the treatment of acute herpetic keratitis.  
· The most common adverse events reported in trials included blurred vision (59%) and eye irritation (18%).  No death or serious adverse events were reported in the four major clinical trials.
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 ganciclovir ophthalmic gel 0.15% 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/Pharmacokinetics

Ganciclovir is activated to ganciclovir triphosphate by viral and cellular thymidine kinases (TK).  This active metabolite then inhibits DNA replication by competitive inhibition and direct incorporation into viral DNA resulting in chain termination.  Ganciclovir has activity against Epstein-Barr virus, cytomegalovirus (CMV), adenovirus, herpes zoster and herpes simplex virus (HSV) types 1 and 2.
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Ganciclovir ophthalmic gel has minimal systemic absorption with the total daily topical dose approximately 0.04% and 0.1% of oral and intravenous ganciclovir doses, respectively.1  Due to minimal systemic exposure systemic pharmacokinetics will not be discussed.   
FDA Approved Indication(s) and Off-label Uses

Ganciclovir ophthalmic gel 0.15% is FDA approved for the treatment of acute herpetic keratitis (dendritic ulcers).1
Current VA National Formulary Alternatives

Trifluridine 1% ophthalmic solution  
Dosage and Administration

The recommended dosing for ganciclovir ophthalmic gel 0.15% is instillation of 1 drop into affected eye(s) 5 times a day while awake until healing of corneal ulcer, followed by 1 drop three times a day for 7 days.1  The recommended maximum dose for this medication is 1 drop 5 times a day.1  Due to minimal systemic absorption, no renal or hepatic adjustment is necessary.    
Efficacy 
In 1995, ganciclovir ophthalmic gel 0.15% was approved for use in France for treatment of acute herpetic keratitis.  Over 30 other countries also have approval for this indication.3  The clinical trials to support the approvals in these other countries were conducted between 1990 and 1994 in Europe, Africa and Asia.  The manufacturer also utilized these same trials to support the NDA in the US.  All of these studies compared ganciclovir ophthalmic gel to acyclovir ophthalmic ointment 3%, which is not available in the US but is widely used outside of the U.S. for herpetic keratitis.4  The study design of the trials when published in the literature utilized the primary endpoint of time to healing of ulcer.  The trial results as published in literature are reported in the Appendix: Clinical Trials.  
For the approval by the FDA, the manufacturer utilized three previously conducted phase II trials and one phase III trial to support the safety and efficacy of ganciclovir ophthalmic gel.3  The efficacy analyses was limited to patients with dendritic ulcers.  It is important to note that the primary efficacy endpoint used by the FDA for the review of the NDA was cure rate (healed ulcers) at day 7.  Secondary endpoints utilized by the FDA for the phase III trial included recovery rate, number of relapses and end-of-study efficacy.  For the remainder of the efficacy section of monograph, the results were reported as the endpoints utilized by the FDA (ie, primary endpoint of cure rate at 7 days).  
The three phase II trials were multicenter, randomized, controlled, single-blind, parallel group that compared ganciclovir ophthalmic gel 0.15%, ganciclovir ophthalmic gel 0.05% and acyclovir ophthalmic ointment 3% for the treatment of superficial corneal herpes.3  One of these trials did not include a ganciclovir ophthalmic gel 0.05% arm.  Two of these trials were published in the English literature and are summarized in Appendix: Clinical Trials.  For the FDA review, the results for these three phase II trials were reported as pooled analyses (Table 1).  The total number of patients in the intent-to-treat population in the combined trials were 211 (ganciclovir ophthalmic gel 0.15% = 77; ganciclovir ophthalmic gel 0.05% = 57; acyclovir ophthalmic ointment 3% = 77).  Cure rates at day 7 for the patients in the unspecified group that the FDA reported were similar for ganciclovir ophthalmic gel (0.15% and 0.05%) and acyclovir ophthalmic ointment 3% (Table 1).   

Table 1: Pooled Phase II Studies:  Cure Rate at Day 7 (Dendritic Ulcers)
	Treatment
	n/N (%)
	95% CI

	Ganciclovir ophthalmic gel 0.15%
	41/57 (72)
	60% - 84%

	Ganciclovir ophthalmic gel 0.05%
	29/41 (71)
	57% - 85%

	Acyclovir ophthalmic ointment 3%
	34/49 (69)
	56% - 82%

	Difference between ACV 3% and GV 0.15%
	2.5%
	-15.6% - 20.9%


ACV = acyclovir ophthalmic ointment, GV = ganciclovir ophthalmic gel    
The phase III trial was a multicenter, randomized, controlled, open-label, parallel group that compared ganciclovir ophthalmic gel 0.15% and acyclovir ophthalmic ointment 3% for the treatment of superficial corneal ulcers (dendritic and geographic).3  This study included 164 patients in the intent-to-treat population (ganciclovir ophthalmic gel 0.15% = 84, acyclovir ophthalmic ointment = 80).   Cure rates at day 7 for treatment of dendritic ulcers in the unspecfied group that the FDA reported were similar for ganciclovir ophthalmic gel 0.15% and acyclovir ophthalmic ointment 3% (Table 2).  Thus, ganciclovir ophthalmic gel demonstrated non-inferiority to acyclovir ophthalmic ointment 3% by meeting the non-inferiority margin of 10%.  Secondary endpoints in the intent-to-treat population are reported in Table 3. 
Table 2: Phase III Study:  Cure Rate at Day 7 (Dendritic Ulcers)

	Treatment
	n/N (%)
	95% CI

	Ganciclovir ophthalmic gel    0.15%
	55/71 (77)
	68.0% - 87.0%

	Acyclovir ophthalmic ointment 3%
	48/67 (72)
	64.2% - 85.0%

	Difference
	5.8%
	-9.6% - 18.3%


Table 3: Phase III Study:  Secondary Endpoints (Dendritic Ulcers)
	Endpoint
	Ganciclovir ophthalmic gel 0.15%
	Acyclovir ophthalmic ointment3%
	p-value

	Recovery rate
	88.73%
	91.04%
	0.65

	Number of relapses
	2
	2
	NA

	efficacy at end-of-study
	67.6%
	71.7%
	NA


NA = not available
Summary of efficacy findings 

· The results from the three pooled phase II and one phase three clinical studies demonstrated similar cure rates of ganciclovir ophthalmic gel 0.15% and acyclovir ophthalmic ointment 3% at day 7.
· The phase III study demonstrated non-inferiority of ganciclovir ophthalmic gel 0.15% compared to acyclovir ophthalmic ointment 3%.
Adverse Events (Safety Data)

Adverse events were evaluated from 161 patients receiving ganciclovir ophthalmic gel 0.15% and 157 ganciclovir ophthalmic gel 0.05%.3  The average duration of therapy was 11.5 days and 9.1 days, respectively.  The combined common adverse events are presented in the Table 4.  In the phase III clinical trial, 2/71 (2.8%) of ganciclovir 0.15%-treated and 1/67 (1.5%) of acyclovir 3%-treated patients discontinued participation in the trial due to adverse events. 
Table 4: Pooled Adverse Events3 
	Adverse Event
	Ganciclovir ophthalmic gel    0.015% & 0.05%

(n = 218)
	Acyclovir ophthalmic ointment 3%

(n = 167)

	Ocular

	Vision blurred
	129 (59.2%)
	112 (71.3%)

	Eye irritation
	39 (17.9%)
	55 (46.2%)

	Punctate keratitis
	11 (5.0%)
	19 (11.4%)

	Conjunctival hyperemia
	10 (4.6%)
	6 (3.6%)

	Erythema of eyelid
	5 (2.3%)
	4 (2.4%)

	Corneal disorder
	1 (0.5%)
	1 (0.6%)

	Eye pain
	1 (0.5%)
	1 (0.6%)

	Dry eye
	1 (0.5%)
	0 (0%)

	Lacrimation increased
	1 (0.5%)
	0 (0%)

	Foreign body sensation
	1 (0.5%)
	0 (0%)

	Non-ocular

	Dysgeusia
	0 (0%)
	1 (0.6%)

	Headache
	0 (0%)
	1 (0.6%)


p-values not provided
Deaths and Other Serious Adverse Events (Sentinel Events)

No deaths or nonfatal serious adverse events were reported in the four clinical trials (three phase II and one Phase III).3 
Common Adverse Events

The most common adverse events reported in trials included blurred vision (59%) and eye irritation (18%).3
Other Adverse Events

None. 
Tolerability

Refer to Table 4.
Postmarketing Experience

Ganciclovir ophthalmic gel has been available in over 30 countries outside the U.S.  It appears that no actions relating to its safety have been taken or case reports of adverse reactions found in the literature.3
Precautions/Contraindications

Precautions1
Ganciclovir ophthalmic gel 0.15% is for topical ophthalmic use only.   Contacts should not be worn if patients have signs and symptoms of herpetic keratitis or while using ganciclovir ophthalmic gel 0.15%.1
Pregnancy1
Pregnancy Category C. 
Lactation1
No information available
Contraindications

None.
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of the Joint Commission standard, 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, Clinical Judgment, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name ganciclovir: acyclovir, valacyclovir, valganciclovir
LA/SA for trade name Zirgan™: Zofran™
Drug Interactions

Drug-Drug and Drug-Lab Interactions

None reported.
Acquisition Costs
Table 5: Cost Comparison of Ophthalmic Preparations of Ganciclovir and Trifluridine
	Drug
	Dosage Regimen
	Dosage Unit
	Cost/Treatment Course($)

	Ganciclovir ophthalmic gel 0.15%
	1 drop 5 times a day until healing of corneal ulcer, then 1 drop 3 times a day X 7 days
	5 g
	$127.48*

	Trifluridine 1% ophthalmic solution5
	1 drop Q2h while awake (max 9 drops/day) until healing of ulcer, then 1 drop Q4h while awake (min 5 drops/day) X 7 days
	7.5 ml
	$39.20


*Open market price as of 5/3/10; FSS price pending

Pharmacoeconomic Analysis

No Pharmacoeconomic analysis is available. 
Conclusions

Ganciclovir ophthalmic gel 0.15% is a new dosage form recently approved by the FDA for the treatment of acute herpetic keratitis (dendritic ulcers).  Three previously conducted phase II trials and one phase III trial supported the safety and efficacy of ganciclovir ophthalmic gel 0.15% compared to acyclovir ophthalmic ointment 3%.  Of note, acyclovir ophthalmic ointment 3% is not commercially available in the U.S and no head-to-head clinical trials comparing ganciclovir ophthalmic gel 0.15% to trifluridine (the U.S. alternative) have been conducted.  Expert opinion suggests that ganciclovir gel may have a role in the treatment of large herpetic ulcers, ulcers that are refractory to trifluridine or require prolonged topical therapy and in persons who are allergic to trifluridine or physically unable to apply the drops every two hours while awake. The most common adverse effects of ganciclovir ophthalmic gel are blurred vision and eye irritation.  
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (1950 to December 2009) using the search terms ganciclovir ophthalmic gel and Zirgan. The search was limited to studies performed in humans and published in English language. References of review articles were searched for relevant clinical trials.  Sirion Therapeutics was also contacted for any data on file.   All randomized controlled trials published in peer-reviewed journals were included.  

	Citation/

Design
	Population
	Intervention
	Efficacy Results
	Safety Results
	Comments

	Hoh et al4 (1996)

Randomized, comparative, multicenter study
	≥ 18 years old with dendritic corneal ulceration < 7 days (n = 46)
Exclusion: hypersensitivity to GV/ACV, immunosuppression, antiviral or steroid use within 14 days, stroma
 corneal involvement or keratouveitis and females of child bearing age
	GV 0.15% or ACV 5 times a day until ulcer healed followed by three times a day X 3 days
	· Day 14 Outcomes
GV 0.15%
ACV

p-value

Outcome

N =24 

N =22 

Mean Ulcer Size (mm)

All healed
0.15
0.332

	· Adverse events similar between two groups
· Most common adverse event: mild to moderate blurring 
	· Two patients from GV group withdrawn due to nonhealed ulcer at day10 and development of new ulcer
· At 14 days, two patients in ACV not completely healed

· Predominately male population
· GV group significantly younger

· Small study size 

	Colin et al2 (1997)
Randomized, comparative, multicenter clinical study in Africa 
(Phase II Trial)
	≥ 12 years old with either dendritic keratitis or geographic ulceration as first episode with onset within 14 days or recurrence within 7 days (n = 67)
Exclusion: hypersensitivity to GV/ACV, pregnant, breast feeding, immunosuppressed, antiviral therapy in past 14 days, severe stromal corneal involvement, keratouveitis, or conjunctival or corneal bacterial superinfection 
	GV 0.05% or GV 0.15% or ACV 5 times a day until ulcer healed followed by three times a day X 7 days
	· Only 59 pts included in per protocol analysis
GV 0.05%
GV 0.15%
ACV

p-value

Outcome

N =21 

N =20 

N =18 

Healing, n(%)

17(81)

17(85)

13(72)

0.66

Healing time, (days)*

7

7

10

0.31

Premature D/C, n (%)

5(24)

3(15)

6(33)

0.44

*median
	· No difference in blurred vision or superficial punctate keratitis
· Significantly more stinging/burning with ACV vs 0.15% GV (10/22 vs 4/23; p = 0.05) 
	· Strict exclusion criteria
· Objective fluorescein criteria used for ulcer healing

· Overall GV tolerated better than ACV

· Small study size

	Colin et al2 (1997)

Randomized, comparative, multicenter clinical study in Africa 
(Phase II Trial)
	≥ 18 years old with either dendritic keratitis or geographic ulceration as first episode with onset within 14 days or recurrence within 7 days (n = 37)
Exclusion: hypersensitivity to GV/ACV, pregnant, breast feeding, immunosuppressed, antiviral therapy in past 14 days, severe stromal corneal involvement, keratouveitis, or conjunctival or corneal bacterial superinfection
	GV 0.15% or ACV 5 times a day until ulcer healed followed by three times a day X 7 days
	· Only 35 pts included in per protocol analysis
GV 0.15%
ACV

p-value

Outcome

N =18 

N =17 

 

Healing, n(%)

15(83)

12(71)

0.44

Healing time, (days)*

6

7

0.0558

Premature D/C, n (%)

2(11)

7(41)

0.06

*median
	· More patients in ACV group with blurring lasting > 5 minutes 

· Significantly more stinging/burning with ACV vs GV (9/18 vs 3/19; p = 0.045)
	· Strict exclusion criteria
· Objective fluorescein criteria used for ulcer healing

· Overall GV tolerated better than ACV

· Small study size


ACV = acyclovir ointment 3%; D/C = discontinuations; GV = ganciclovir ophthalmic gel; ITT = intent-to-treat
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