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Abstract
Objective—To conduct a therapeutic exploratory clinical trial comparing clinical outcomes of
treatment with topical natamycin vs topical voriconazole for fungal keratitis.

Methods—The multicenter, double-masked, clinical trial included 120 patients with fungal
keratitis at Aravind Eye Hospital in India who were randomized to receive either topical
natamycin or topical voriconazole and either had repeated scraping of the epithelium or not.

Main Outcome Measures—The primary outcome was best spectacle-corrected visual acuity
(BSCVA) at 3 months. Other outcomes included scar size, perforations, and a sub-analysis of
BSCVA at 3 months in patients with an enrollment visual acuity of 20/40 to 20/400.

Results—Compared with those who received natamycin, voriconazole-treated patients had an
approximately 1-line improvement in BSCVA at 3 months after adjusting for scraping in a
multivariate regression model but the difference was not statistically significant (P=.29). Scar size
at 3 months was slightly greater with voriconazole after adjusting for scraping (P=.48). Corneal
perforations in the voriconazole group (10 of 60 patients) were not significantly different than in
the natamycin-treated group (9 of 60 patients) (P>.99). Scraping was associated with worse
BSCVA at 3 months after adjusting for drug (P=.06). Patients with baseline BSCVA of 20/40 to
20/400 showed a trend toward a 2-line improvement in visual acuity with voriconazole (P=.07).

Conclusions—Overall, there were no significant differences in visual acuity, scar size, and
perforations between voriconazole- and natamycin-treated patients. There was a trend toward
scraping being associated with worse outcomes.
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Application to Clinical Practice—The benefit seen with voriconazole in the subgroup of
patients with baseline visual acuity of 20/40 to 20/400 needs to be validated in a confirmatory
clinical trial.

Trial Registration—clinicaltrials.gov Identifier: NCT00557362

Infectious keratitis is a leading cause of monocular blindness worldwide.1 In some settings,
as many as 50% of all corneal ulcers are due to fungal infection.2 Various centers have
reported that an increasing proportion of infectious keratitis is caused by fungus.3–6

Treatment of fungal keratitis is generally more difficult than that of bacterial ulcers, and
resulting visual impairment is, on average, more severe.7

Historically, fungal keratitis has been endemic in warmer climates such as India and has
been relatively uncommon in temperate regions of the United States. For example, in
settings such as South India as many as 50% of infectious ulcers are fungal,2 while they
make up approximately 8% of infectious ulcers seen at the Proctor Foundation at the
University of California, San Francisco, prior to 2005.8 In 2006, there was an epidemic of
contact lens–related keratitis due to Fusarium species in the United States and Asia, and this
outbreak heightened concern about how to best care for these patients.3,9,10 Although the
peak of the epidemic has subsided, questions regarding the best way to care for patients with
fungal keratitis remain.

There has been only a single published randomized trial of antifungal therapy for mycotic
keratitis,11 and no new ocular antifungal medications have been approved by the Food and
Drug Administration since natamycin was approved in the 1960s. The triazole voriconazole
is active against both filamentous fungi and Candida species and has recently become the
treatment of choice for systemic diseases such as pulmonary aspergillosis.12 Aspergillus
species and other filamentous fungi are common pathogens in fungal keratitis, and use of
topical ophthalmic preparations of voriconazole has been described in numerous case reports
in the ophthalmic literature.13–25 However, there has been no systematic attempt to
determine whether it is more or less effective clinically than the commercially available
natamycin. Although there are suggestions in vitro and in vivo that particular fungi respond
better to one agent or another, there is little data available for physicians to make an
informed, evidence-based decision on choice of antifungal agent. The superior in vitro
susceptibility profile and increased penetration of voriconazole compared with natamycin
could be an advantage, particularly for corneal ulcers deep in the stroma.24,26–29 In vitro
results and case reports may be hypothesis-generating but they are insufficient to answer the
question of which drug should be used in patients with fungal keratitis.

We conducted an exploratory therapeutic randomized clinical trial to (1) compare the
efficacy of topical natamycin with topical voriconazole, with and without repeat scraping of
the epithelium, and (2) to assess for a significant difference in adverse events, in particular,
corneal perforations.

METHODS
DESIGN

This study was a randomized, double-masked, clinical trial of patients with fungal corneal
ulcers. Institutional review board approval was obtained at the University of California, San
Francisco, Dartmouth Medical School, and Aravind Eye Hospital. All patients who
presented with a corneal ulcer had corneal scraping, which is the standard of care at Aravind
Eye Hospital. If fungal elements were present on the corneal scraping, patients were eligible
for enrollment. All patients provided written, informed consent for their study participation.
Complete inclusion and exclusion criteria are listed in Figure 1. A target enrollment of 120
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patients was chosen because this sample size was deemed sufficient to detect a 3-line
difference in 3-month visual acuity between the 2 drugs. Specifically, we estimated that 60
patients per arm would provide at least 80% power to detect a 0.3 logMAR effect size
(approximately 3 Snellen lines) between the 2 study arms, assuming a residual SD of 0.53 in
the 3-month BSCVA (after correcting for enrollment BSCVA, assuming a correlation
coefficient of 0.65 between enrollment and 3-month BSCVA), a dropout rate of 15%, and a
2-tailed α of .05.

INTERVENTION
All patients with a corneal ulcer presenting to Aravind Eye Hospital’s cornea clinics in
Madurai and in Pondicherry, India, had corneal scrapings using a Kimura spatula for Gram
stain and potassium hydroxide wet mount and had cultures plated on blood, chocolate, and
potato dextrose agar. Aravind Eye Hospital is both a primary and tertiary care eye hospital
in South India with a well-established cornea subspecialty clinic. If all inclusion criteria and
no exclusion criteria were met, the patient was enrolled in the study. Patients were block-
randomized in groups of 4 (using the statistical package R; http://www.r-project.org) by T.P.
to receive topical natamycin, 5% (Alcon, Fort Worth, Texas), or topical voriconazole, 1%
(Pfizer, reconstituted by AuroLab, Madurai, India), with or without repeated scraping of the
corneal epithelium at 1 and 2 weeks after enrollment. The antifungal medications were
applied topically to the cornea every hour while awake for 1 week, and then every 2 hours
while awake until 3 weeks after enrollment. Further continuation was at the discretion of the
physician. According to the standard of care at Aravind Eye Hospital, patients were
hospitalized from presentation for at least 1 week, with medications given by the ward
nurse. Patients randomized to the repeated scraping arm had their epithelium scraped by an
ophthalmologist so that the defect was at least as large as the underlying infiltrate at 1 and 2
weeks following enrollment. Following discharge, patients were scheduled for follow-up 3
months after enrollment unless it was deemed medically necessary to see them earlier.

Natamycin is delivered via suspension, while voriconazole is in solution. Double-masking of
treatment assignment was achieved by dispensing the medications in identical opaque
bottles and by having the ward nurses wipe any white residue from the patient’s eye prior to
study assessment. In addition, patients were no longer receiving treatment at 3 months, the
time that the primary outcome of final visual acuity was measured. Only the biostatisticians
responsible for the randomization coding and the study pharmacist were unmasked.

ASSESSMENTS
Assessments of best spectacle-corrected visual acuity (BSCVA) and clinical characteristics
(infiltrate/scar size, epithelial defect size) were performed at enrollment, 3 weeks, and 3
months. Visual acuity measurements were performed according to a protocol adapted from
the Age Related Eye Disease Study (AREDS 1999) using a tumbling E chart at 4 m and
logMAR visual acuity. Acuities worse than 1.6 logMAR (approximate Snellen equivalent,
20/800) were recorded as counting fingers, 1.7; hand motion, 1.8; light perception, 1.9; and
no light perception, 2.0, as in the Herpetic Eye Disease Study.30 A Haag-Streit 900 slitlamp
biomicroscope (Haag-Streit AG, Koeniz, Switzerland) was used to assess the size of the
infiltrate/scar and epithelial defect at study visits, and ocular adverse events such as corneal
perforation. Infiltrate/scar size and epithelial defect size were measured according to a
protocol adapted from the Herpetic Eye Disease Study. In brief, the longest dimension was
measured, followed by the longest perpendicular to the first measurement. As in the
Herpetic Eye Disease Study, no differentiation was made between infiltrate and scar when
measuring infiltrate/scar size. Re-epithelialization was defined as an epithelial defect of less
than 0.5 mm with administration of fluorescein.
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STATISTICAL ANALYSIS
Baseline characteristics were compared between the natamycin and voriconazole groups
using the t test for continuous variables and Fisher exact test for categorical variables. The
primary efficacy endpoint was BSCVA at 3 months in the study eye, using a linear
regression model with 3-month logMAR BSCVA as the outcome variable and treatment arm
(voriconazole vs natamycin) and enrollment logMAR BSCVA and scraping (yes or no) as
covariates. In addition, we tested for an interaction between drug and scraping. Other
prespecified endpoints included BSCVA at 3 weeks, adjusting for enrollment BSCVA, and
infiltrate/scar size at 3 weeks and 3 months, adjusting for enrollment infiltrate/scar size. For
analysis, infiltrate/scar size was characterized by the geometric mean of the longest
dimension and the longest perpendicular. Huber robust regression was conducted to test the
robustness of the model. The time to re-epithelialization was compared between the
voriconazole and natamycin groups using the Cox proportional hazards model, adjusting for
baseline epithelial defect size. Efficacy endpoints were analyzed on an intent-to-treat basis
for all randomized patients enrolled in the study. The primary analysis included the actual 3-
month data when available and last observation carried forward for missing values. For
patients who had a corneal transplant after enrollment, a visual acuity of 1.9 logMAR (light
perception) was assigned for all posttransplant visual acuities, and the infiltrate/scar size
prior to the transplant was carried forward for postoperative measurements. Sensitivity
analyses were also performed in which we separately (1) assigned surgical patients the value
1.7 instead of 1.9, (2) assigned patients with perforation (but no surgery) the value 1.7 or 1.9
(instead of using last observation carried forward), (3) analyzed only patients with complete
follow-up, or (4) used multiple imputation (recursive random partitioning-based hot deck
method).31 Safety assessments included comparing the incidence of ocular and nonocular
adverse events, including corneal perforations, by Fisher exact test. STATA 9.2 (Stata
Corporation, College Park, Texas) or R 2.6.1 for MacIntosh (R Foundation for Statistical
Computing; http://www.r-project.org) was used to conduct all statistical analyses.

RESULTS
Two hundred eighty-nine patients with a corneal ulcer and fungal elements seen on a smear
were assessed for eligibility during the enrollment period from November 27, 2007, to May
12, 2008, and 169 patients were excluded (Figure 1). The most common reasons for
exclusion were having an overlying epithelial defect of less than 0.5 mm, impending
perforation, visual acuity worse than 20/200 in the fellow eye, living a long distance from
the hospital, and unwillingness to participate. One hundred twenty patients with filamentous
fungus on corneal scrapings were enrolled; 60 were randomized to natamycin and 60 to
voriconazole. For each drug, 30 patients were randomized to repeated epithelial scraping
during the course of ulcer treatment and 30 were randomized to no scraping. One hundred
seven patients (89%) were followed up at 3 months (Figure 2). Enrollment characteristics
for the 120 patients including enrollment BSCVA, infiltrate/scar size, and distribution of
organisms were not significantly different between the study arms (Table 1). The enrollment
BSCVA and infiltrate/scar size in the patients who did not complete the study were not
significantly different between the 2 study arms and did not differ significantly from patients
who had complete follow-up.

Visual acuity improved in both the natamycin- and voriconazole-treated patients. At
baseline, the mean (SD) BSCVA in the natamycin group was 0.91 (0.63) log-MAR
(approximate Snellen equivalent, 20/160). The voriconazole group had a mean (SD) baseline
BSCVA of 0.95 (0.65) logMAR (approximate Snellen equivalent, 20/200). At 3 weeks, the
natamycin group had a mean (SD) BSCVA of 0.73 (0.72) logMAR (approximate Snellen
equivalent, 20/100). At 3 months, the BSCVA had improved to a mean (SD) of 0.69 (0.80)
logMAR (approximate Snellen equivalent, 20/100). For the voriconazole-treated group, the
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mean (SD) 3-week BSCVA was 0.73 (0.75) logMAR (approximate Snellen equivalent,
20/100). By 3 months, the voriconazole group exhibited greater improvement, with a mean
(SD) BSCVA of 0.63 (0.76) logMAR (Snellen equivalent, 20/80).

Multiple linear regression model showed that, compared with natamycin treatment,
voriconazole treatment was estimated to have 0.043 lower (just under one-half line better)
logMAR acuity at 3 weeks (95% CI, −0.18 to 0.09; P =.53), adjusting for enrollment
BSCVA and scraping. For the primary analysis (including all 120 patients), multiple linear
regression estimated that patients who had voriconazole treatment had 0.098 better logMAR
acuity (nearly 1-line benefit) at 3 months (95% CI, −0.28 to 0.083; P=.29). Patients with
repeated scraping of the epithelium were estimated to have 0.17 log-MAR worsening
(slightly more than a 1.5-line loss) of vision at 3 months (Table 2), although this was not
statistically significant. The effect of repeated scraping with voriconazole use was
approximately 1 line worse (0.10 logMAR) BSCVA at 3 months, and with natamycin was
2½ lines worse (0.25 logMAR) but the difference was not statistically significant (P=.44).
Figure 3 plots the relationship between baseline and 3-month BSCVA for all patients. A
subset of our patients (n=78) had hard contact lens overrefraction at 3 months but this was
not a prespecified primary outcome. The correlation between contact lens visual acuity and
BSCVA at 3 months was 0.99 in this subset of patients.

Similar linear regression models were used to predict 3-week and 3-month infiltrate/scar
size using enrollment infiltrate/scar size, treatment arm, and scraping as covariates. At 3
weeks, voriconazole treatment was associated with 0.058 mm larger infiltrate/scar size
diameter (95% CI, 0.3 mm smaller to 0.42 mm larger; P=.75) compared with the natamycin
group. At 3 months, voriconazole treatment was associated with 0.17 mm larger infiltrate/
scar size diameter (95% CI, 0.20 mm smaller to 0.53 mm larger; P=.37) compared with the
natamycin group. Repeated scraping of the epithelium was associated with a 0.13-mm
increase in 3-month infiltrate/scar size, although this result was not statistically significant
(95% CI, −0.23 to 0.49; P=.49). The interaction between drug and scraping was not
significant (P=.44). Figure 4 shows that the baseline and 3-month geometric mean of the
infiltrate/scar size are highly associated.

We also conducted tests to ensure that our linear regression model was valid given the
distribution of our data. Results were comparable using Huber robust regression, showing
similar coefficients, P values, and standard errors. Each of the 4 sensitivity analyses yielded
results consistent with the primary analysis.

Time to re-epithelialization was not significantly different between the voriconazole- and
natamycin-treated patients, with voriconazole associated with a hazard ratio of −0.05 (95%
CI, −0.13 to 0.14; P=.61).

No systemic adverse events occurred in this study. There were 9 corneal perforations in the
natamycin group and 10 in the voriconazole group. Eight patients had corneal
transplantation in the voriconazole group and 7 in the natamycin group.

An exploratory post hoc analysis was conducted on the subset of patients who had an
enrollment BSCVA of 20/40 to 20/400, which means that they could read at least some
letters on the eye chart and that there was room for improvement. In these 55 patients,
voriconazole-treated patients were estimated to have a 0.24 logMAR improvement
(approximately 2-line benefit) in 3-month BSCVA (95% CI, −0.01 to 0.49; P=.07), while
patients with scraping were estimated to have a more than 2-line worsening of final visual
acuity (Table 3). Neither estimate was statistically significant.
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COMMENT
In this study of fungal keratitis, the primary analysis showed no significant difference in
final visual acuity with voriconazole topical treatment compared with natamycin. A
subanalysis of patients who were able to read at least some letters on the eye chart at
enrollment (visual acuity, 20/40 to 20/400) demonstrated a trend toward a 2-line benefit with
voriconazole treatment. There was no difference in final infiltrate/scar size, time to re-
epithelialization, or adverse events between the 2 treatment groups. There was a trend
toward scraping being associated with worse clinical outcomes in all of the analyses.

Repeat scraping of the epithelium during the course of treatment has been considered
advantageous but this has never been studied in human corneas. Natamycin poorly
penetrates an intact epithelium, while voriconazole is thought to have superior permeability
through the epithelium.24,27,29 A recent survey of cornea specialists found that, in treating
fungal keratitis, more practitioners rescrape with natamycin than with voriconazole.32 We
were unable to demonstrate that scraping improved outcomes of natamycin-treated fungal
ulcers. In fact, scraping was associated with a 1-line worse BSCVA at 3 months with
voriconazole and 2.5-lines worse BSCVA with natamycin, although this interaction was not
statistically significant. Given our failure to demonstrate a benefit to corneal scraping in the
treatment of fungal keratitis and the fact that scraping nearly reached statistical significance
in its association with poor outcomes, the present study does not support this intervention
beyond its utility in obtaining a microbiologic sample for culture.

Topical and oral voriconazole are being increasingly used in clinical practice for the
treatment of fungal corneal ulcers, though the superiority of these agents compared with
natamycin has not been established.* In addition to good penetration of topical voriconazole
into the anterior chamber, in vitro antifungal susceptibility testing favors voriconazole over
natamycin.22,26,28,29 Topical voriconazole is only available through compounding
pharmacies because it is not currently commercially available. If paying out of pocket, the
costs of the 2 drugs are comparable (natamycin [Natacyn] ophthalmic suspension,
$196.88/15 mL and voriconazole, 1%, compounded ophthalmic solution, $150.00/10 mL,
prices courtesy of Leiter’s Pharmacy, San Jose, California). Insurance may cover the cost of
natamycin given that it is approved by the Food and Drug Administration drug for treating
fungal keratitis, whereas voriconazole is off-label. Overall, we did not find voriconazole to
be superior to natamycin in terms of clinical outcomes or adverse events but a subgroup
analysis found a trend toward improved outcomes with voriconazole.

We did not investigate the use of oral voriconazole for fungal keratitis. Voriconazole can be
given orally and has good systemic penetration into the eye.24 It offers broad-spectrum
coverage while avoiding the cost and adverse effects of intravenous antifungal treatment
with agents such as amphotericin B. However, because oral voriconazole is expensive and
can have systemic adverse effects, its routine use would need to be addressed in a clinical
trial with appropriate cost-effectiveness analyses.

This study has many strengths. It was prospective, had a large sample size, and was double-
masked. Follow-up and compliance with study treatments were excellent. Limitations
include enrollment of patients across the full range of acuity, which may have compromised
our ability to truly compare the efficacy of the drugs. In addition, the fact that voriconazole
is a solution and natamycin a suspension raises some concern for unmasking, but we took
every precaution to maintain masking including using opaque bottles and having ward
nurses wipe off any residue prior to study assessments. In addition, our primary outcome of

*References 13, 15, 17, 19, 20, 24, 25, 33, 34.
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visual acuity at 3 months was measured by refractionists unaware of the treatment
assignment and after completion of antifungal therapy, making it even more difficult for
them to know the study arm.

Visual acuity may be the most important outcome from a patient standpoint, and we chose it
as our primary outcome. Time to re-epithelialization has been used in other studies of
corneal ulcers but we did not think it was the optimal primary outcome for this study
because one of our interventions was epithelial debridement, and because the epithelium can
heal despite an active underlying corneal infiltrate in fungal keratitis, in contrast to most
bacterial corneal ulcers. Contact lenses are not practical for many patients in India, so
BSCVA was the outcome that best represented final vision. There are some limitations
inherent to using BSCVA as an outcome. Little information is gained from including
patients with large infiltrates that cover the pupil, for whom there is little reasonable chance
of gaining acuity better than 20/400. Also, eyes with ulcers with better than 20/40 visual
acuity have little room for improvement. For this reason, we believe that the subgroup of
patients with an enrollment visual acuity of 20/40 to 20/400 is a reasonable acuity group to
analyze. Other clinical trials, including those on age-related macular degeneration, often
have inclusion criteria excluding patients with baseline visual acuities that are very good or
very poor.35,36 We found a nearly statistically significant 2-line benefit in 3-month visual
acuity with voriconazole in the subgroup of patients with baseline visual acuity of 20/40 to
20/400 but this was an exploratory outcome. It will be important for this finding to be
reproduced in a confirmatory therapeutic trial of patients who start with visual acuity in this
range. Although voriconazole is increasingly used in clinical practice to treat fungal keratitis
on the basis of in vitro and anecdotal results in patients, clinical trials are necessary to
provide a rigorous evidence basis to help guide treatment.
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Figure 1.
Inclusion and exclusion criteria. All inclusion criteria must be met to participate in the study.
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Figure 2.
CONSORT flowchart. LOCF indicates last observation carried forward.
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Figure 3.
Relationship between baseline and 3-month best spectacle-corrected visual acuity (BSCVA).
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Figure 4.
Relationship between baseline and 3-month geometric mean infiltrate/scar size.
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Table 2

Multiple Linear Regression Predicting 3-Month logMAR BSCVA (n = 120)

Covariate Coefficient (95% CI) P Value

Enrollment BSCVA (logMAR) 0.92 (0.78 to 1.06) 3.001

Voriconazole (vs natamycin) −0.098 (−0.28 to 0.083) .29

Scraping 0.17 (−0.007 to 0.35) .06

Abbreviations: BSCVA, best spectacle-corrected visual acuity; CI, confidence interval.
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Table 3

Multiple Linear Regression Predicting 3-Month logMAR BSCVA in Patients With Enrollment Vision of
20/40 to 20/400 (n = 55)

Covariate Coefficient (95% CI) P Value

Enrollment BSCVA (logMAR) 0.25 (−0.28 to 0.77) .37

Voriconazole (vs natamycin) −0.24 (−0.49 to 0.01) .07

Scraping 0.23 (−0.02 to 0.48) .08

Abbreviations: BSCVA, best spectacle-corrected visual acuity; CI, confidence interval.
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