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Clinical Efficacy of Oral Ganciclovir for Prophylaxis and
Treatment of Recurrent Herpes Simplex Keratitis
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Background: Herpes simplex keratitis (HSK) caused by herpes simplex virus 1 (HSV-1), which has high recurrent rate and incidence
of severe vision loss, is the leading cause of infectious blindness in the world. The aim was to explore the clinical efficacy of oral
ganciclovir (GCV) in the prevention of recurrent HSK.

Methods: A multicenter, prospective, randomized, single-blind, and controlled clinical trial was conducted from April 2010 to June 2013.
One hundred seventy-three patients (173 eyes involved) who were diagnosed as recurrent HSK definitely, including stromal keratitis and
corneal endotheliitis, were divided into three groups randomly: negative control (placebo) group was topically administered with 0.15%
GCV ophthalmic gel, 4 times per day and 0.1% fluorometholone eye drops, 3 times per day until resolution of HSK; positive control
acyclovir (ACV) group was topically adopted the same ophthalmic gel and eye drops and additionally received oral ACV 400 mg 5 times
a day for 10 weeks and followed by 400 mg 2 times per day for 6 months; test GCV group was topically adopted the same treatment as
negative control group and additionally received oral GCV 1000 mg 3 times per day for 8 weeks. The symptoms and signs were evaluated
before and after the therapy 1% week, 2" week and then followed up every 2 weeks until recovery. Furthermore, we followed up recurrence
of HSK for every 3 months after recovery and then assessed the cure time, recurrent rate and adverse reactions.

Results: One hundred and seventy-three patients were followed up 7-48 months (mean 32.1 £ 12.3 months), but 34 patients were
failed to follow-up. The cure time was 12.1 + 4.3, 11.9 + 4.0 weeks in negative control (placebo) group and positive control ACV group
respectively (P = 0.991), which was longer than that in test GCV group (8.6 £ 2.8 weeks) and there was a significant difference between
test GCV group and negative control (placebo) group or positive control ACV group (P = 0.000). Furthermore, the recurrent rate was
higher in negative control (placebo) group (47.3%) than that in positive control group ACV (26.7%) and test GCV group (17.2%), and
there was a great significant difference among the three groups (P = 0.007), but there was no significant difference between positive
control ACV group and test GCV group (P = 0.358). In addition, there was no obvious adverse reaction expect neutropenia (only one
patient in test GCV group).

Conclusion: Short-term oral GCV could cure recurrent HSK and endotheliitis, shorten the course, reduce recurrent rate of HSK and
have confirmed safety.
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inhibits the HSV-1 replication and development of HSK,
topical drugs cannot completely clear HSV-1 that resides
in eyes or trigeminal ganglia. Once immune function is
disordered, HSV-1 will reactivate to cause recurrence of
HSK. Thus, the key point of prophylaxis of recurrent HSK
is systemic antiviral therapy and regulating the immune

INTRODUCTION

Herpes simplex keratitis (HSK)) caused by herpes simplex
virus [(HSV-1), which has high recurrent rate and incidence
of severe vision loss, is the leading cause of infectious
blindness in the world.!'?

Many studies have indicated that HSV establishes a latent
infection in the trigeminal or other sensory ganglia, and
recurrent viral shedding can lead to disease of one or both
eyes.’! Although topical therapy with antiviral drugs
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resistant to the virus. Multicenter, randomized, double-blind
controlled clinical trials suggested®® that there was no
significant difference of efficacy in the treatment of herpes
stromal keratitis between oral acyclovir (ACV) therapy and
placebo therapy, but further studies®'>! found that long-term
and low doses of oral ACV played a role in the prevention of
recurrent HSK and oral herpes. However, ganciclovir (GCV)
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exhibited higher antiviral activity, longer half-life, and lower
drug resistance rate than ACV.[117]

We conducted a prospective, multicenter, randomized,
single-blind, controlled study to access the efficacy of oral
GCV in the treatment of recurrent HSK, and further observe
the efficacy and safety of oral GCV in the prevention of
recurrent HSK, aiming at seeking for a potent and specific
antiviral agent for patients with recurrent HSK.

MEeTHODS
Subjects

With reference of stromal keratitis (subdivided into
necrotizing stromal keratitis, immune stromal keratitis) and
endotheliitis in four main categories proposed by Holland
et al.,!" patients who were diagnosed with recurrent HSK
in Departments of Ophthalmology, EYE and ENT Hospital
of Fudan University, Hangzhou First People’s Hospital,
and Nanjing First People’s Hospital from April 2010 to
December 2013 were recruited in this study.

Diagnostic criterion

The HSK was diagnosed by examination of corneal scrapings
and determination of HSV DNA in collected tears using
real-time polymerase chain reaction (RT-PCR) assay based
on classification system—four main categories of HSK
proposed by Holland et al.['¥

Groups

Patients were divided into three groups using random
number table method. The negative control (placebo)
group was topically administered with 0.15% GCV
gel (one drop each time, 4 times per day, dripped into
conjunctival sac of the eye) and 0.1% fluorometholone
eye drops (1 drop each time, 3 times a day, dripped into
conjunctival sac of the eye) until complete recovery.!"” The
positive control ACV group was topically administered
with the therapy identical to the negative control (placebo)
group, combined with oral ACV (400 mg each time, 5 times
per day, for 10 weeks)?" followed by oral ACV at a dose
of 400 mg given twice a day for lasting 6 months.['*!*]
The test GCV group was topically administered with the
therapy identical to the negative control (placebo) group,
in combination with oral GCV (1000 mg each time, 3 times
per day for 8 weeks).2!-23

Inclusion criteria and exclusion criteria

Patients recruited in this study were not adopting any drug
or systemic antiviral drugs or had stopped antiviral drugs for
at least 1 week, and was strictly prohibited from adopting
other antiviral drugs during this trial, they had no other
eye problems and had normal kidney functions (creatinine
clearance rate >70 ml/min). Patients were excluded in
the study if they were pregnant or breast-feeding, or had
severe heart, lung, liver, kidney dysfunctions or histories
of diabetes and malignant tumors. Patients recruited in the
study signed an informed consent approved by the Ethics
Committee of EYE and ENT Hospital of Fudan University.

Patients failed to keep scheduled follow-up or adopted other
drugs that might impact the efficacy assessment during the
study were not selected for analysis of efficacy. Patients who
developed severe adverse reactions were also excluded for
statistical analysis of efficacy, but included in the statistical
analysis of adverse reactions.

Clinical observation and assessment parameters
Patients were asked about histories of eye conditions and
systemic diseases, followed up before treatment and 1 week,
2 week, 4 week, 6 week and 8 week after treatment, and
subsequently followed up every 2 weeks until complete
recovery. Patients were examined eyesight and eye pressure.
The anterior segment was carefully examined using a slit
lamp to determine drug’s efficacy. During follow-up, all
subjects were asked about whether any discomfort occurred
during therapy. All patients orally administered with drugs
underwent routine blood and urine examinations as well as
liver and kidney function examinations to monitor adverse
reactions of drugs. For cytopenia, a reduction in leukocytes
was defined as the count of leukocytes <3.0 x 10%/L (excluding
subjects with lower levels before treatment), and the count of
leukocytes <1.0 x 10°/L was regarded as a severe reduction in
leukocytes; a reduction in platelets was defined as the count
of platelets <5.0 x 10%/L (excluding subjects with lower levels
before treatment), and the count of platelets <2.0 x 10%/L was
regarded as a severe reduction in platelets.

Follow-up and recurrence of herpes simplex keratitis
After recovery, patients had a follow-up!'? every 3 months
for 3-5 years to assess the recurrence of HSK. If any
recurrence of HSK was reported by the patient or observed
during follow-up, the diagnosis was made by re-examination
of corneal scraping and determination of HSV DNA in
collected tears using RT-PCR.

Statistical analysis

All data were statistically analyzed using SPSS 15.0 for
Windows (SPSS Inc., IL, USA). The data for age, follow-
up time and course time were shown as mean + standard
deviation (SD). The patients’ ages among three groups
were compared using analysis of variance (ANOVA), and a
comparison between two groups was performed using least
significant difference #-test. The recovery periods among
three groups were compared using nonparametric rank-sum
test (Kruskal-Wallis), and a comparison between two groups
was performed using Student-Newman-Keuls test. The
differences in sex, eye, HSK type and the number of cases
with recurrent HSK among three groups were compared
using Pearson chi-square test. The HSK-free durations
among three groups were compared using survival curve
analysis (Kaplan-Meier Log Rank). A value of P <0.05 was
considered as statistically significant.

ResuLts

General data
A total of 173 cases (173 eyes involved) were included in
this study, with 58 cases in the placebo group, 55 cases in
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the positive control ACV group and 60 cases in the test
GCYV group. The mean follow-up was 32.1 £+ 12.3 months
(range: 7-48 months). No significant differences were
observed in age, sex, eye, HSK classification among three
groups [Table 1].

Course of herpes simplex keratitis

The course was defined as the time of topical application
until no improvement of the symptoms and signs. The mean
course of all groups were 10.9 + 4.1 weeks. The mean course
of HSK in the test GCV group was 8.6 + 2.8 weeks, which
were significantly shorter than the placebo group (12.1+4.3
weeks) and the ACV group (11.9 £+ 4.0 weeks), and the
differences between placebo group or positive control ACV
group vs. test GCV group were statistically significant (all
P =0.000). But there was no significant difference between
placebo and positive control ACV groups (P =0.991).

Recurrence of herpes simplex keratitis

There were six cases lost in the placebo group,
15 cases in the ACV group and 13 cases in the GCV
group respectively during follow-up. There was no
statistical significance in the dropout rate among three
groups (x*> = 4.029, P = 0.133). After recovery, there
were 26 (47.3%) patients with HSK recurrence during
follow-up in the placebo group, 16 (26.7%) in the ACV
group and 10 (17.2%) in the GCV group respectively. The
symptoms and signs could be cured after treatment. There
was statistically significant difference in recurrence rate
among three groups (x> = 14.056, P = 0.007) [Table 2].
The recurrence rate in the GCV group was significantly
lower than that in the placebo group (¥* = 12.102,
P = 0.002), but no statistically significant difference

Table 1: General data and follow-up in three groups

ltems Placeho ACV GCV Sum P

n 55 60 58 173 0.810

Age (mean + SD, 55.1 +14.7 554+ 12.5 56.1 +12.5 55.5+13.7 0.286
years)

Sex (male:female)  29:26 38:22 43:15 110:63  0.061

Eye (right:left) 32:23 25:35 27:31 84:89  0.195

Stromal keratitis: ~ 36:19 45:15 46:12 127:46  0.131
endothelial

keratitis (n/n))

Mean follow-up 304+ 11.6 31.8 £ 13.1 34.1 £12.0 32.1+12.3 0.334
time (mean +
SD, months)

ACV: Acyclovir; GCV: Ganciclovir.

Table 2: Comparison of recurrence in three groups (n)

Conditions Placebo ACV  GCV Chi- P
group  group group square

No recurrence 23 29 35 14.056  0.007*

Recurrence 26 16 10

Lost to follow-up 6 15 13

*Placebo versus ACV (3> = 6.726, P = 0.035); Placebo versus GCV
(* = 12.102, P = 0.002); ACV versus GCV (> = 2.057, P = 0.358).
ACV: Acyclovir; GCV: Ganciclovir.

was observed between the GCV group and the ACV
group (> =2.057, P=0.358). The recurrence rate in the
ACV group was statistically lower compared with the
placebo group (¥*> = 6.726, P = 0.035).

According to the survival curve analysis [Figure 1], there
was statistically significant difference in recurrent time of
HSK among three groups (y* = 11.712, P = 0.003). During
the 12-month follow-up, the cumulative proportion surviving
at the time was 84.0% in the placebo group, 78.0% in the
ACYV group and 89.0% in the GCV group, and 71.1%, 71.0%
and 79.3%, during the 18-month follow-up respectively. The
cumulative proportion surviving at the time during the full
follow-up was 43.4%, 62.9% and 76.4% respectively. The
GCYV group had significantly higher cumulative proportion
than the placebo group (y* = 11.445, P = 0.001), but there
was no statistically significant difference between the GCV
group and the ACV group (x> =2.399, P=0.121). Also, no
statistically significant difference was observed between the
placebo group and the ACV group (> =3.209, P=0.073).

Adverse reactions of test drug

No adverse reactions were found in the placebo group. In the
ACYV group, 1 patient individually discontinued treatment
and withdrew from the study 3 months after treatment due
to abnormal liver function, and one patient felt painful in the
liver area 1 month after treatment although no abnormality
was found by routine blood, urine examinations and liver,
kidney examinations. However, the patient requested
to discontinue the study. In the GCV group, one patient
wanted to stop treatment and withdraw from the study due
to reduction of granulocytes 1 month after treatment. There
was no statistically significant difference among three groups
(*=1.871,P=0.392).

Discussion

Recently, the incidence of HSK has been on the rise
and getting worse.!"! Multicenter studies showed that the
incidence of HSK increased up to 31.5/10°.* Most of them
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Figure 1: Survival curve analysis in three groups. Data on patients
who did not have a recurrence were censored at the time of the last
study visit.
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were recurrent patients, with an incidence of 18.3/10°. There
is fewer statistical data about HSK in developing countries.
However, the prevalence rate and incidence in developing
countries are higher compared with developed countries.
And people in developing countries tend to develop HSK
at an earlier age, especially in the young population. Most
patients have recurrent and prolonged HSK, which makes
it tricky for healthcare providers. In China, besides ocular
injury, HSK is the biggest cause for corneal perforation.!!!

Studies have demonstrated that stromal keratitis is an
important high-risk factor for recurrence of HSK.['22 The
recurrent HSV-1 infection is often manifested by stromal
keratitis and even ulcerative keratitis. The inflammation
induced by keratocyte-mediated immune response results in
corneal neovascularization, edema, tissue damage, corneal
opacity and ultimately causes blindness.['!*]

In addition, a study has showed that half of HSK impacts the
morphology and function of corneal endothelial cells; after
recovery, the reduction of the density of endothelial cells in the
affected eye increases faster, and the recurrence of HSK is more
likely to cause irreversible damage in the corneal endothelial cells.
126l ACV is an effective measure for HSK. However, evidence has
showed that drug resistance of HSV-1 to ACV is an important
factor for increased recurrent HSK.?” Corneal blindness caused
by HSK has been the biggest cause for keratoplasty.”® The
recurrence of HSK after keratoplasty substantially increases
the risk of immunological rejection, which reduces the success
possibility of keratoplasty. Therefore, how to effectively prevent
and treat recurrent HSK is of great concern for the healthcare
providers in the field of ophthalmology.

GCV selectively inhibits replication of HSV through
multiple processes and makes the host immune system
prevent the virus from invasion, thereby repairing
damaged tissue or mitigating the condition to prevent the
development of clinical symptoms. The concentration of
active ingredient (GCV triphosphate) in infected cells is
100 times more than that in normal cells, so it can effectively
treat HSK. GCV is activated at least 5 times faster than ACV.
Moreover, GCV activity in infected cells is at least 60 times
stronger than ACV, and maintains at an active concentration
for a long time. Few clinical studies reported drug resistance
associated with GCV. It is also sensitive to mutant strains
induced by other drugs such as foscarnet sodium, ACV and
bromethylene deoxyuridine.!'*!”? GCV has become one of
the drugs that have the broadest spectrum and most powerful
antiviral effect for DNA-containing virus.

This study aimed at assessing clinical significance of GCV
in the prevention and treatment of recurrent stromal keratitis
and endotheliitis. Patients included in the study had recurrent
HSK presented by stromal keratitis and endotheliitis. They
had substantial visual impairment and had high risk for
recurrence, so oral antiviral drugs to reduce the recurrence
rate of HSK was of protective significance.!!!12:29-31]

In this study, no statistically significant difference was
observed in the course between the placebo group and the

ACYV group, showing that oral ACV had no benefit for the
treatment of HSK, which was consistent with previous
studies.[*! However, it was noteworthy that the course in the
GCYV group (oral GCV plus tropical application to the eye)
was significantly shorter compared with the placebo group and
the ACV group, suggesting that short-term oral GCV was of
great significance in the treatment of recurrent stromal keratitis
and endotheliitis, and might shorten the course of the disease.

The recurrence rate in the ACV group (26.7%) was
significantly lower than that in the placebo group (47.3%),
indicated that long-term low-dose oral ACV had effect in the
prevention of recurrent HSK. This result was consistent with
previous studies.”1>32 The recurrence rate of the GCV group
was lower than that of the placebo, but similar to that of the
ACYV group, indicating that GCV had clinical potential in
the prevention of recurrent HSK, almost the same as ACV.

According to the survival curve analysis, the cumulative
proportions surviving at time substantially decreased in three
groups within 12-month follow-up, and slowly and steadily
decreased in the subsequent follow-up, suggesting that the
recurrence of HSK peaked at the first 12-month follow-up,
which was consistent with previous study.'? The GCV group
had a higher cumulative proportion than the placebo group,
but no significant difference from the ACV group, which was
consistent with the comparison of recurrence rate. However,
the ACV group had a higher cumulative proportion than the
placebo group, but with no statistical significance, which
might be associated with long follow-up, poor compliance
and high dropout rate in the study, due to consideration of time
distribution and missing data in the survival curve analysis.

The dropout rate was similar between the GCV group and the
ACYV group, which was higher than the placebo group, showing
that patients with oral systemic drugs should be subjected to
better compliance, besides, education and communication to
patients was necessary to release their concerns toward therapy.
The adverse reactions occurred in individual cases in both
GCYV group and ACV group, indicating that attention should
be attached to the safety during clinical service.

Above all, this study suggested that short-term high-dose
oral GCV could shorten the course of recurrent stromal
keratitis and endotheliitis. It also substantially reduced the
recurrence rate of HSK, which was similar to long-term low
doses of ACV.
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