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ABSTRACT

Objectives: To investigate the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% (Toa
Pharmaceutical Co., Ltd, Toyama, Japan) in patients
with external ocular infections caused by methicillin-
resistant Staphylococcus aureus (MRSA) or methicillin-
resistant Staphylococcus epidermidis (MRSE).
Design: A case series.

Setting: This study was a multicentre, open-label,
uncontrolled study in Japan approved as orphan drug
status.

Participants: Patients with MRSA or MRSE external
ocular infections unresponsive to the treatment of
fluoroquinolone eye drops.

Interventions: Vancomycin Ophthalmic Qintment 1%
was administered four times daily.

Primary and secondary outcome measures:

The subjective and objective clinical scores and bacterial
cultures were collected at days 0 (baseline), 3, 7 and 14.
The primary outcome was clinical response evaluation
(efficacy rate) determined as complete response, partial
response, no response and worsening. Secondary
outcome was the eradication of the bacteria. Safety was
assessed by adverse events including cases in which
neither MRSA nor MRSE was detected.

Results: Twenty-five cases with MRSA (20) or

MRSE (5) infections were enrolled. Of these 25 cases,
4 discontinued the treatment due to the negative
results for bacterial culture during screening or at
baseline. Of the 21 cases with conjunctivitis (14),
blepharitis (3), meibomitis (1), dacryocystitis

(2) or keratitis (1), 14 (66.7%) cases were evaluated as
being excellently (complete response, 2 cases)

or well (partial response, 12 cases) treated. The
eradication rates were 68.4% in MRSA (13 of 19 cases)
and 100% in MRSE (2 of 2 cases). Ten adverse events
occurred in 7 (28.0%) of 25 cases at the local
administration site.

Conclusions: Vancomycin Ophthalmic Ointment

1% was considered to be useful for the treatment of
intractable ocular MRSA/MRSE infections.

ARTICLE SUMMARY

Article focus

= Ophthalmic solution prepared by in-house pre-
scription from bulk powder with saline is
unstable and acidic.

m Since vancomycin exerts its actions time
dependently, an ophthalmic ointment with high
tissue retentivity is well suited for clinical use.

= The aim of this study was to examine the effects
of Vancomycin Ophthalmic Ointment 1% for the
treatment of external ocular methicillin-resistant
Staphylococcus aureus (MRSA) or methicillin-
resistant  Staphylococcus  epidermidis (MRSE)
infections.

Key messages

= Vancomycin Ophthalmic Ointment 1% is useful
for the treatment of external ocular MRSA or
MRSE infections.

Strengths and limitations of this study

= Although a randomised control trial is ideal, this
is an open-label, uncontrolled study.

m Due to strict inclusion criteria, the number of
patients enrolled is small. Most of the cases
were chronic and/or prolonged mild infections in
elderly patients.

INTRODUCTION

Methicillin-resistant Staphylococcus aureus
(MRSA) was first reported in 1960, the same
year that methicillin was developed,' and it is
still a bacteria that is frequently detected in hos-
pitals worldwide.? In the field of ophthalmology,
ocular infections such as dacryocystitis, conjunc-
tivitis and keratitis are often reported,g_7 and
infectious keratitis and endophthalmitis caused
by MRSA are increasing problems throughout
the world.®>'° Tn recent years, the number of
multidrug-resistant MRSA strains showing resist-

Sotozono C, Fukuda M, Ohishi M, et al. BMJ Open 2013;3:e001206. doi:10.1136/bmjopen-2012-001206 1


http://dx.doi.org/10.1136/bmjopen-2012-001206
http://dx.doi.org/10.1136/bmjopen-2012-001206
http://bmjopen.bmj.com

VCM ophthalmic ointment for MRSA or MRSE infections

ance to other antibiotics such as aminoglycosides, minocy-
clin and fluoroquinolones has been on the rise.'™"”
Staphylococcus epidermidis has developed the same bacterial
resistance as S awreus and has now been termed as
methicillin-resistant S epidermidis (MRSE). Moreover, previ-
ous reports have shown that MRSE can cause ophthalmic
infections and blindness.* '°

Vancomycin, a glycopeptide antibiotic, is known to be
effective for treating MRSA infections. Since its injection
formulation was first approved for the indication of
infectious disease due to Gram-positive bacteria in 1958
in the USA, vancomycin has become an approved anti-
biotic throughout the world and is highly valued particu-
larly for the treatment of MRSA infections.” '° In the
therapy of ocular infections, a topical application of
vancomycin solutions prepared by in-house prescription
is often used.'® '” However, vancomycin is unstable in an
aqueous solution. In addition, vancomycin solutions pre-
pared by in-house prescription using saline are acidic,
and the irritation of the solutions to tissues causes
patient compliance problems.'”

We first prepared vancomycin ophthalmic ointments
for the treatment of destructive MRSA Kkeratitis postla-
mellar keratoplasty and found that the infectious kerati-
tis healed dramatically.* '® Considering the fact that
vancomycin is a drug that exerts its actions time depend-
ently,'? an ophthalmic ointment with high tissue reten-
tivity, is well suited for clinical use. Indeed, vancomycin
ophthalmic ointments remained at least 3 h after admin-
istration in a 5-year-old boy with severe MRSA Kkeratitis. It
has been suggested that vancomycin ophthalmic oint-
ments remain longer on the ocular surface compared
with vancomycin solutions.'® However, those ointments
have proved to be difficult to prepare, and a commer-
cially made product with long-term stability that can be
distributed at an effective concentration to the site of an
infection has been in demand.

Vancomycin ~ Ophthalmic  Ointment 1%  (Toa
Pharmaceutical Co., Ltd, Toyama, Japan) was developed
for the treatment of MRSA/MRSE ocular infections.?’ In
2001, it was designated as an orphan drug for the treat-
ment of ‘ocular infections, such as blepharitis, conjunc-
tivitis and keratitis caused by MRSA and MRSE’ (Grant
No. 13-152, dated 23 April 2001). Thereafter, a phase 1
study confirmed the safety and tolerability of vancomycin
ophthalmic ointment in healthy adult volunteers. In this
study, we investigated the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% in patients with
external ocular infections caused by MRSA or MRSE.

MATERIALS AND METHODS

Study design

This study was a multicentre, open-label, uncontrolled
study approved as orphan drug status. The study protocol
was designed to evaluate the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% in patients with
MRSA or MRSE external ocular infections. The study

included a 3-day (or more) screening period with the
treatment of fluoroquinolone eye drops, and a 14-day
treatment period during which patients received
Vancomycin Ophthalmic Ointment 1% (four times daily;
figure 1). It was approved by the institutional review
board at each study site. The study was carried out in
accordance with the tenets set forth in the Declaration of
Helsinki and in compliance with the ‘Good Clinical
Practice (GCP)’ stipulated by the Ministry of Health,
Labour and Welfare of Japan. Written informed consent
was obtained from each patient at the respective institu-
tion before the initiation of the study protocol.

Screening and eligibility

The subjects involved in this study were patients with
external ocular infections caused by MRSA or MRSE
who were diagnosed with conjunctivitis, blepharitis, hor-
deolum, meibomitis, dacryocystitis and keratitis after
presentation at 1 of 20 medical institutions in Japan
between February 2006 and February 2007. Patient
inclusion and exclusion criteria are shown in box I.
Only the patients who met all of the inclusion criteria
were enrolled in this study.

Dosage regimen of the study drug

Vancomycin Ophthalmic Ointment 1% (containing
10 mg (potency) of vancomycin hydrochloride per
gram) was administered at a dose of around 1cm
(approximately 50 mg) four times (morning, noon,
evening and before bedtime) daily. The study treatment
was started in the morning. The maximum treatment
period was 14 days, and the treatment was terminated
before 14 days in cases with diminishing subjective and
objective findings of ocular infection.

Evaluation methods

Efficacy

The results of the bacteriological evaluation and clinical
symptom assessment at days 3, 7 and 14 after the study

Patiens with MRSA or MRSE
external ocular infections

Screening period

(3 days or more) l quinolone eye drops

Eligibility Determined Baseline (Day 0)

Treatment period l Vancomycin ophthalmicointment 1%

(14 days)
Clinical symptom assessment Day3, 7 and 14
and Bacteriological evaluation
Figure 1 Study design. External ocular infections caused by

methicillin-resistant Staphylococcus aureus or methicillin-resistant
Staphylococcus epidermidis and cases in which fluoroquinolone
eye drops showed no clinical effect were enrolled.
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Box 1 Inclusion/exclusion criteria.

Inclusion criteria*

» Age: 20 years or older and 90 years or younger (at the time
of informed consent)

» Ocular infections due to MRSA or MRSE including the fol-
lowing target diseases: conjunctivitis, blepharitis, hordeo-
lum, meibomianitis, dacryocystitis, keratitis and corneal
ulcer

» Patients whose symptoms did not improve after local treat-
ment with a fluoroquinolone antibacterial agent for the eyes
for 3 days or more

Exclusion criteria*

» Prior episode of
hydrochloride

» Prior episode of hypersensitivity to teicoplanin, peptide anti-
biotics or aminoglycoside antibiotics

» Patients who were on vancomycin hydrochloride or drugs
of the same class and with the same effect (arbekacin
sulfate and teicoplanin)

» Patients with a clinically significant disease of the auto-
immune, cardiovascular, haematological, nervous, endo-
crine, hepatic, renal or digestive system

» Pregnant women, women of childbearing potential and lac-
tating women

MRSA, methicillin-resistant  Staphylococcus — aureus;
methicillin-resistant Staphylococcus epidermidis.
* Pertains to study eyes, except where otherwise noted.

hypersensitivity to  vancomycin

MRSE,

treatment initiation, and at study treatment completion or
discontinuation, were evaluated and judged in comparison
with those at the study treatment initiation (day 0; base-
line). In cases with bilateral infection, either the severely
affected eye or the right eye was evaluated.

In the clinical symptom assessment, symptoms and
findings were scored according to the evaluation criteria,
and the course of clinical symptoms at screening, at day 0
(baseline) and at days 3, 7 and 14 after the study treat-
ment initiation, and study treatment completion or dis-
continuation were evaluated. Eye discharge, eye pain,
foreign body sensation, photophobia and lacrimation as
symptoms and redness (hyperaemia) and oedema (swel-
ling), swelling of the eyelid, lacrimal-sac fluid reflux and
keratitis as objective findings were classified into four
levels and recorded as follows: notably severe (+++),
3 points; marked (++), 2 points; obvious (+),1 point; and
none (—), 0 points.

In the bacteriological evaluation, samples for bacterial
culture and identification were collected with sterile
swabs from the eyes of patients at screening, at day 0
(baseline) and at days 3, 7 and 14 after the study treat-
ment initiation, and at study treatment completion or
discontinuation. These samples were inoculated into
aerobic media, and the antibiotic sensitivity of the iso-
lated bacterial strains was tested at the central laboratory
for microbial testing (Research Foundation for
Microbial Diseases of Osaka University). The effect

towards negative conversion at days 3, 7 and 14 was cal-
culated and evaluated.

The efficacy was determined as complete response (eradi-
cation of detected bacteria (estimated causative bacteria,
hereinafter referred to as ‘the bacteria’) within 4 days
and the disappearance of main symptoms within
1 week), partial response (1) eradication of the bacteria
within 1 week and the disappearance of main symptoms
within 2 weeks, (2) eradication of the bacteria within
4 days and a symptom score changed to >1/4 to <1/2
within 1 week or (3) no eradication of the bacteria but a
symptom score changed to <1/3 within 1 week), no
response (efficacy not corresponding to partial response
or better) and worsening (deterioration of the main
symptoms or symptom score compared with those at
baseline).

Safety evaluation

All adverse drug reactions (ADRs) were recorded, and
the frequency and incidence of the ADRs were then
evaluated.

Analysis methods

Efficacy

The main efficacy analysis population was defined as a
‘full analysis set (FAS)’ not including patients with major
GCP violations. Analyses in a ‘per protocol set (PPS)’,
the population meeting the protocol criteria, were also
performed. The results of the bacteriological evaluation
and clinical symptom assessment were classified into five
levels (complete response, partial response, no response,
worsening and indeterminate) and a frequency table
was then prepared. In addition, the percentage of
patients with complete response and a partial response
was calculated as an ‘efficacy rate’ that was evaluated by
a one-sample exact test (two-sided significance level of
0.05: null hypothesis, efficacy rate: 10%) based on a
binomial distribution. The 95% ClIs for the efficacy rates
were also calculated. In the bacteriological evaluation,
the percentages of patients with eradication of MRSA or
MRSE at the treatment completion or discontinuation
were calculated as eradication rates.

Safety

In a ‘safety population (SP)’, patients who received at
least one dose of the study drug and excluding those
with major GCP violations, the frequency (number of
patients with ADRs, number of ADRs and incidence)
was tabulated by a system organ. Causal relationship,
severity and outcomes in each ADR were judged by the
attending physician.

RESULTS

Disposition of patients

In regard to the analysis populations, 25 patients, not
including a patient with a major GCP violation, were
adopted to the SP. Of the 25 patients in the SP, 4 patients
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Table 1 Frequency tabulation of patient background characteristics: FAS, PPS and SP
Analysis population FAS PPS SP
ltem Number of patients (%) Number of patients (%) Number of patients (%)
Number of patients 21 (100.0) 18 (100.0) 25 (100.0)
Sex
Male 8 (38.1) 8 (44.4) 9 (36.0)
Female 13 (61.9) 10 (55.6) 16 (64.0)
Age (years)
20< to <40 1(4.8) 1 (5.6) 1 (4.0)
40< to <60 1(4.8) 1 (5.6) 2 (8.0)
60< to <75 7 (33.3) 6 (33.3) 8 (32.0)
75< to <90 12 (57.1) 10 (55.6) 14 (56.0)
Bacterial strain
MRSA 19 (90.5) 16 (88.9) 20 (80.0)
MRSE 2 (9.5) 2 (11.1) 5 (20.0)
Diagnosis (target disease)
Blepharitis 3(14.3) 3(16.7) 3(12.0)
Hordeolum 0 (0.0) 0 (0.0) 0 (0.0)
Meibomianitis 1(4.8) 1 (5.6) 1 (4.0)
Conjunctivitis 14 (66.7) 11 (61.1) 16 (64.0)
Dacryocystitis 2 (9.5) 2(11.1) 2 (8.0
Keratitis 1(4.8) 1(5.6) 3 (12.0)
Severity
Mild 19 (90.5) 16 (88.9) 21 (84.0)
Moderate 2 (9.5) 2 (11.1) 4 (16.0)
Severe 0 (0.0 0 (0.0) 0 (0.0

FAS, full analysis set; PPS, per protocol set; SP, safety population.

with treatment discontinuation due to negative results
for bacterial culture during screening or at baseline
were excluded, and 21 patients were included in the
FAS. Of the 21 patients adopted into the FAS, 3 patients
with protocol deviations were excluded and 18 patients
were included in the PPS (table 1). As to the demo-
graphic characteristics of the patients, the mean age was
72.1+14.0 years (hereinafter: mean+SD).

Efficacy

In the clinical response evaluation (efficacy rate) defined
as the primary endpoint, the efficacy rate was 66.7% in
both the FAS and PPS. It was significantly higher in both
populations as compared with the efficacy rate of 10%
specified in the null hypothesis (p<0.001). The 95% Cls
for the efficacy rate were 43-85.4% in the FAS and
41-86.7% in the PPS. In the evaluation by bacterial

strain, the efficacy rates for MRSA were 63.2% in the FAS
and 62.5% in the PPS. The efficacy rates for MRSE were
100% in both the FAS and PPS. In the evaluation by
disease, conjunctivitis was most frequent, and the efficacy
rates were 71.4% in the FAS and 72.7% in the PPS
(table 2). In the bacteriological evaluation, the eradica-
tion rates were 68.4% (13 of 19 cases) for MRSA and
100% (2 of 2 cases) for MRSE in the FAS (figure 2).

Safety

Ten ADRs occurred in seven (28%) patients, and all the
ADRs occurred at the local administration site. The
main ADRs were eyelid oedema in three (12%) patients
and conjunctival hyperaemia in three (12%) patients.
Eyelid oedema, increased eye discharge and swelling of
the face were moderate, and the other events such as
conjunctival hyperaemia, abnormal sensation in the eye

Table 2 Clinical response evaluation by disease (full analysis set, FAS)

Clinical response

Target Number of Complete Partial No Efficacy
disease patients response response response Worsening Indeterminate rate (%)
Conjunctivitis 14 2 (14.3%) 8 (57.1%) 3(214%) O 1(7.1%) 71.4
Blepharitis 3 0 2 (66.7%) 1(333%) O 0 66.7
Meibomianitis 1 0 1 100.0%) 0 0 0 100.0
Dacryocystitis 2 0 1 (50.0%) 1 (50.0%) 0 0 50.0
Keratitis 1 0 0 1(100.0%) O 0 0.0

Efficacy rate: (number of patients with ‘complete response’ or ‘partial response’/number of patients studied)x100.
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Figure 2 Bacteriological evaluation at 3, 7 and 14 days after
initiation of treatment.

and pruritus at the application site were mild. Treatment
was discontinued only in one patient with atopic derma-
titis who developed swelling of the face and bilateral
swelling of the eyelid. All the ADRs were confirmed to
have resolved after the study completion.

DISCUSSION
In recent reports on drug-susceptibility of detected bac-
teria in the field of ophthalmology, the resistance rates of
MRSA to ophthalmic antibiotics such as levofloxacin, cef-
menoxime and erythromycin have risen. In contrast, the
susceptibility rate of MRSA to vancomycin is reportedly
still 100%.2 ' '*'° Physicians in the clinical setting use
ophthalmic solutions prepared by in-house prescription
from bulk powder for injection, and their efficacy for
MRSA or MRSE ocular infections has been previously
reported.* '® '” Nonetheless, vancomycin for local ophthal-
mic use has yet to become available on the open market.

Since vancomycin exerts its actions time dependently,'”
an ophthalmic ointment with high tissue retentivity is
well suited for clinical use. Vancomycin Ophthalmic
Ointment 1% is a product with good stability achieved by
creating an ophthalmic ointment in which vancomycin is
dispersed in an oily base.>” ! This case series showed that
Vancomycin Ophthalmic Ointment 1% is useful for the
treatment of external ocular MRSA or MRSE infections.

In this study, the subjects were defined as patients in
whom MRSA or MRSE was detected in a bacterial test, and
moreover, whose symptoms did not improve after local
treatment with fluoroquinolone eye drops. Due to such
strict inclusion criteria, the number of patients enrolled is
small. It was difficult to obtain participants in whom
acutely severe infections occurred. In most of the hospitals
involved in this study, vancomycin solutions prepared by
in-house prescription had already been used for sight-
threatening severe infections such as severe MRSA kerati-
tis. Most of the cases in this study were chronic and/or pro-
longed mild infections in elderly patients.

Of the total 25 patients, 10 ADRs occurred in 7 (28%)
patients, and all the ADRs occurred at the local

administration site. The main ADRs were eyelid oedema in
three (12%) patients and conjunctival hyperaemia in three
(12%) patients. All of the ADRs were confirmed to have
resolved after the study completion. In terms of the sys-
temic distribution following the administration of vanco-
mycin ophthalmic ointment, plasma concentrations after
administration were below the detection limit in all subjects
in the phase I study. Vancomycin ophthalmic ointment was
presumably a product that would be quite unlikely to cause
systemic ADRs based on its pharmacokinetics.

The proportion of MRSA in conjunctival bacterial
flora is reportedly high in elderly individuals and in
patients with atopic dermatitis or neonates.***
Postoperative endophthalmitis or keratitis can occur in
these MRSA carriers, and the application of vancomycin
in conjunctival MRSA carriers might be effective in pre-
venting MRSA infections.

There has been concern about the growing resistance
of S awreus to vancomycin.?® Particular attention should
be paid to not facilitate the growth of bacterial resistance
to vancomycin. MRSA isolated from ocular infections is
often susceptible to chloramphenicol, fourth-generation
fluoroquinolones and other antibiotics.'® *® Thus, it is
preferable to use Vancomycin Ophthalmic Ointment
1% only for a short period of time and only for patients
who specifically require this new drug.
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