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symptoms of allergic ocular diseases.

allergic ocular diseases.

What is already known about this topic? Leukotriene receptor antagonists (LTRAs) are recommended for use in asthma and allergic
rhinitis. No previous systematic review has specifically reviewed the available evidence to assess the effects of LTRAs on the

What does this article add to our knowledge? In adults with seasonal allergic conjunctivitis, montelukast is more effective than
placebo and less effective than oral antihistamines. High-quality clinical trials are needed to investigate the effect of LTRAs in other

How does this study impact current management guidelines? The systematic review highlights that LTRAs can be considered in the
medical management of adult seasonal allergic conjunctivitis, either alone or in combination with oral antihistamines.

BACKGROUND: Allergic eye diseases are common and cause
significant morbidity. Leukotrienes are implicated in the
pathogenesis of seasonal and perennial allergic conjunctivitis
(AC), commonly seen in conjunction with allergic rhinitis, and
in vernal keratoconjunctivitis and atopic keratoconjunctivitis.
OBJECTIVES: To assess the available evidence for an effect of
leukotriene receptor antagonists (LTRAs) on the ocular symp-
toms of allergic eye diseases.

METHODS: Selected studies, identified with systematic review
search methods, were single/double-blind, randomized,
controlled trials that compared LTRAs with other common
treatments.

RESULTS: Eighteen trials, using the LTRA montelukast (in
AC only), were identified. Six studies were suitable for meta-
analysis, in patients with seasonal AC [treated over a 2-week
period, symptoms scored 0 (mild) to 3 (severe)]. These trials
were at low risk of bias without significant heterogeneity. Six
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trials were analyzed and showed that montelukast improved
patients’ ocular symptoms to a greater extent than placebo,
with a difference in mean change-from-baseline score of —0.10
(95% CI, —0.14 to —0.07; P < .00001). Three trials compared
montelukast with oral antihistamine. The difference in mean
change-from-baseline score was 0.08 (95% CI, 0.02 to 0.14;

P = .007), in favor of antihistamines. Two trials compared
montelukast and oral antihistamine with placebo. The difference
in mean change-from-baseline score was —0.30 (95% CI, —0.38
to —0.21; P < .00001), in favor of combination treatment.
CONCLUSIONS: In seasonal AC LTRAs are more efficacious
than placebo but less efficacious than oral antihistamines in
adult patients. Clinical trials should be conducted to determine
whether combination treatment with LTRA and oral antihista-
mine has a synergistic effect. Further research is required to
clarify the role of LTRAs in other allergic eye diseases. © 2012
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol: In Practice 2013;1:65-74)

Key words: Leukotriene antagonists; Montelukast; Review; Meta-
analysis; Allergic conjunctivitis; Allergic rhinitis; Eye diseases

Allergic eye discases are common and cause significant
morbidity."* IgE-mediated allergic conjunctivitis (AC) accounts
for most allergic eye disease and is generally seen in conjunction
with allergic rhinitis (AR), to the extent that the combined
condition is often referred to as allergic rhinoconjunctivitis
(ARC). Other important (albeit less common) allergic ocular
diseases are vernal keratoconjunctivitis (VKC)® and atopic kera-
toconjunctivitis (AKC).4

The ocular symptoms of ARC, which are frequently under-
reported,5 include itch, watering, discomfort, and redness of the
conjunctivae.”® The ocular symptoms are experienced more
frequently in seasonal disease than in perennial disease, although
in a survey of Navy recruits with AR, nearly one-half of patients
with perennial allergic rhinitis (PAR) also experienced ocular
symptoms.” Symptoms of ARC can lead to a significant im-
pairment of social functioning and quality of life.”

VKC is a disease of childhood, usually presenting between the
ages of 5 and 15 years. It affects boys more frequently (4:1) and is
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Abbreviations used
AC- Allergic conjunctivitis
AKC- Allergic keratoconjunctivitis
AR- Allergic rhinitis
ARC- Allergic rhinoconjunctivitis
ARIA- Allergic Rhinitis and its Impact on Asthma
LTRA- Leukotriene receptor antagonist
PAC- Perennial allergic conjunctivitis
PAR- Perennial allergic rhinitis
RQLQ- Rhinoconjunctivitis Quality of Life Questionnaire
SAC- Seasonal allergic rhinitis
SAR- Seasonal allergic conjunctivitis
VKC- Vernal keratoconjunctivitis

more common in African and Asian countries. Patients may have
a personal history of atopy.” Clinical features include itchy,
watery eyes with a stringy exudate and photophobia. Vision may
be blurred, and sight can be threatened by epithelial erosion and
plaque formation over the cornea (and later scarring). The disease
may be asymmetrical in terms of severity and usually remits
between 2 and 10 years from onset."”

AKC in contrast is a disease of atopic adults. Patients expe-
rience persistent irritation of the eyes with mucoid discharge,
photophobia, and blurring. Most patients have eyelid and peri-
orbital eczema and/or asthma. Coexistent lid-margin infection is
common, often as a result of staphylococcal infection.* Vision
may be threatened by corneal involvement and other complica-
tions such as retinal detachment."*

The Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines recommend the use of an oral or topical ocular anti-
histamine, an ocular mast cell stabilizer, or topical saline to
manage AC.” The ocular symptoms of VKC and AKC are
treated in a similar way, although in most cases ocular cortico-
steroids, with their significant side effect profile, or immune
modulators, may also be required to suppress inflammation and
to prevent corneal involvement leading to visual impairment.>*

The cysteinyl leukotrienes are lipid mediators synthesized
from arachidonic acid within a number of inflammatory cells,
including mast cells, basophils, and eosinophils. The drugs
montelukast, zafirlukast, and pranlukast block the leukotriene
receptor cysteinyl leukotriene receptor 1.'° Mast cells, eosino-
phils, and leukotrienes themselves are implicated in the patho-
genesis of AC, VKC, and AKC, as well as allergic thinitis.>!! In
VKC and AKC T-helper cells are also likely to play a funda-
mental role.">*®# Leukotriene receptor antagonists (LTRAs) are
included as a possible treatment for the nasal symptoms of ARC
in the ARIA guidelines. To date they have not been used
routinely in VKC or AKC.

Three meta-analyses have assessed the effect of LTRAs in
ARC.">" The review by Rodrigo and Yanez'? is the only one to
have considered the effects of LTRAs specifically on ocular
symptoms [in seasonal allergic rhinitis (SAR) only]. Since this
most recent meta-analysis in 2006 there have been several other
trials published that compared LTRAs with placebo or other
treatments that have included ocular symptoms as an
outcome.' > A clear need remains therefore to ascertain the
degree of positive effect, if any, that LTRAs may have on the
symptoms of allergic eye disease. This has been addressed in the
present systematic review and meta-analysis.
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METHODS
Study retrieval and selection

The predefined criteria for selecting studies are shown in
Table I. The following databases were searched systematically:
CENTRAL (Cochrane Central Register of Controlled Trials),
Medline, PubMed, Embase, Google Scholar, Web of Science
(citation index); Open SIGLE (citation index for grey litera-
ture), National Technical Information Service, International
Standard Randomized Controlled Trial Number register
scheme, ClinicalTrials.gov, and pharmaceutical trial registers
(as available). Full details of all search strategies and search
terms used are available from the authors on request.

Searches were conducted between December 12, 2010, and
March 2, 2011, with no restriction of language or publication
date. The bibliographies of retrieved review articles and selected
studies were reviewed. Study authors/organizations were con-
tacted by email for further details if necessary. Translation
services were not available; therefore, foreign language studies
were excluded if contacting authors was unsuccessful. In one
instance an author provided a database of their raw data for an
unpublished study (T. Guerrera, email communication, May and
June 2011).*® The a priori research protocol for this systematic
review was unregistered.

Data extraction and risk of bias assessment

Searches, data collection, and data analysis were performed by
one author (J.G.). Data from each article were extracted onto
a prepiloted paper data collection form. Summary statistics were
estimated from bar charts in 2 studies.***

An assessment of the risk of bias within each study was made
by assessing 8 prespecified domains, following the methodology
of Cochrane Collaboration.”® Risk-of-bias tables for each study
were generated from these data and were used to make an overall
assessment of the risk of bias specifically for ocular symptoms as
an outcome, at both the individual study level and across studies
(high, low, unclear risk). Information necessary to make these
assessments was extracted from the study paper and by con-
tacting the authors with individualized questionnaires that con-
tained open-ended questions.

Data analysis

Data suitable for meta-analysis were entered into the software
package, RevMan version 5.1 (Review Manager; Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2011). The multicenter studies presented change-from-baseline
symptom scores. Given the greater relative contribution of these
studies, a decision was reached to exclude from the meta-analyses
any studies that had 7o# reported change-from-baseline scores, to
allow use of a standardized mean difference. Those remaining
studies suitable for meta-analysis had all in fact used the same
scale for their symptom scoring, making it possible to use the
mean difference in change-from-baseline scores rather than
a standardized mean difference. The mean difference is preferable
in that it can be related directly back to the symptom scale used
when interpreting effect size.

Data measured at 2 weeks were used because this was the
most common time point for outcome measurement in the
studies suitable for meta-analysis. Sensitivity analyses were
performed to incorporate different outcome timings and doses
and were planned to be performed in the event of significant
heterogeneity and for studies at high or unclear risk of bias. The
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TABLE I. Criteria for selecting studies for inclusion in the systematic review

Disease and type of study Participants

Exclusion criteria

Intervention Outcome(s)

Allergic conjunctivitis
(or allergic
rhinoconjunctivitis):
single/double-blind

Adults (>16 y); children
(<16 y); community or
hospital setting

Symptoms of perennial or

Other ocular diseases that
cause similar symptoms
to AC, for example,
AKC; VKC; nasal

LTRA alone or in
combination with other

Change in ocular
(conjunctival)

randomized controlled
trails

Vernal
keratoconjunctivitis:
single/double-blind
randomized controlled
trials

Atopic
keratoconjunctivitis:
single/double-blind
randomized controlled
trials

seasonal ARC or AC,
as defined by the ARTA
guidelines (or similar)
and a positive skin
prick test and/or
specific IgE to a likely
culprit allergen

Children (<16 y); hospital

or community setting;
clinical diagnosis based
on typical symptoms

Adults (>16 y); hospital

or community setting;
diagnosis based on
clinical symptoms,
including a personal or
family history of atopic
dermatitis and/or
asthma

polyposis; chronic
rhinosinusitis
(nonallergic);
drug-induced or
occupational nasal
or ocular disease

Other causes of ocular

disease causing similar
symptoms, for
example, AKC, AC,
giant papillary
conjunctivitis, infective
(eg, trachoma)

Other causes of ocular

disease causing similar
symptoms, for
example, VKC, AC,
giant papillary
conjunctivitis, Sjogren
disease

treatments for ARC/AC symptoms after
against placebo or other treatment, assessed by
treatments a symptom score (or

Other treatments:
intranasal/ocular/oral
antihistamines; INS;

topical ocular mast cell

stabilizer; topical
ocular saline
LTRA alone or in

combination with other

treatments for VKC

against placebo or other

treatments

Other treatments: topical
ocular mast cell
stabilizer; topical
ocular or oral
antihistamines; topical

ocular NSAIDs; topical

ocular corticosteroid;
topical ocular
cyclosporine

LTRA alone or in

combination with other

treatments for the
noninfective ocular
symptoms of AKC

against placebo or other

assessed by the eye
domain of the Juniper

RQLQ)

. Change in ocular

symptoms after
treatment, assessed by
a symptom score

. Proportion of

participants
experiencing
deterioration in vision
in LTRA and
comparison groups,
assessed by clinician

. Change in ocular and

periorbital symptoms
after treatment,
assessed by a symptom
score

. Proportion of

treatments participants

Other treatments: topical experiencing
ocular mast cell deterioration in vision
stabilizer; topical in LTRA and

ocular or oral
antihistamines; topical
ocular NSAID; topical
ocular corticosteroid;
topical ocular
cyclosporine

comparison groups,
assessed by clinician

INS, Intranasal corticosteroid; NSAID, nonsteroidal anti-inflammatory drug.

generic inverse method of meta-analysis available in RevMan
5.1 was used.

The presence of clinical and/or methodologic heterogeneity was
assessed. The presence of statistical heterogeneity was assessed with
the X test and the inconsistency statistic (the latter being useful if

2 . .
the X~ result is significant). In the absence of marked heterogeneity
a fixed-effect meta-analysis model was used.

RESULTS

Figure 1 shows the outcome of the search process. Eighteen
eligible randomized controlled trials were identified, from 17
articles published between 2000 and 2010 and 1 in the form of
a conference poster title.'®?%*?>*8% Two articles published
information about the same study.'”*° However, the study itself
contained 2 trials, and these were considered separately.

All the studies related to trials of patients with ARC. No studies
were found in which only the ocular symptoms of ARC were
considered or in which an ocular symptom score was the primary

outcome. Randomized controlled trials of LTRA use in AKC or
VKC were not identified. Twelve trials studied patients with SAR,
5 with PAR, and 1 with persistent AR. Randomized controlled
trials that compared LTRA with topical antihistamines, topical
mast cell stabilizers, or topical saline in ARC were not identified.

Three trials studied pediatric patients. Eight adult category
studies included patients between the ages of 15 and 18
years,?> 283031333557 These  trials were kept within the
subgroup of adult studies.

Six of the 18 studies were suitable for inclusion in meta-analyses.
These were multicenter double-blind, controlled, parallel design
studies in SAR sponsored by Merck Research Laboratories.

The adult trials studied 9017 patients in total, with an age
range from 15 to 85 years. The mean age of participants in
adult studies was between 25 and 35 years. The pediatric
studies included 175 children aged from 2 to 14 years. One
study was conducted in preschool children.”” All studies used
montelukast.
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Total number of
references/articles identified

1. Through database search
n=1027

2. Through additional methods
n=0
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Reasons for exclusion (first reason
determined):

*Incorrect topic/correct topic but not a
trial (n=811)

*Trial either not
randomized/prospective
/controlled/blinded (n=22)

*No ocular symptom score (n=25)

Number of articles after

(n=2) removed: n=990 n=946

Excluded on basis
duplicates (n=35) and errata mmm | of title or abstract:

*LTRA compared with a treatment
other than those specified in the
inclusion criteria (n=14)

*Not a “real-life” setting (environmental

1

Full-text of article
retrieved for detailed
evaluation: n=43

— Excluded: n=26

Unpublished study
data: n=1

Randomized controlled trials
to be included in systematic
review: n=18

challenge chamber) (n=21)
*Follow-up period less than 2 weeks
(n=1)

*Trial stopped due to lack of
resources/difficulty recruiting (n=1)
+*Study ongoing (n=1)

*Inadequate information in reference/
no contact details for authors (n=16)
*Insufficient information from author/
no author reply to inquiry (n=47)
*Abstract not in English and no reply
from authors (n=2)

*Excluded for other reasons, following
full text review (for example, extreme
methodological problems or
presentation of nonsensical data). A
summary of the characteristics of
excluded studies is available from the
authors on request (n=11)

—l

Trials to be included in meta-analysis
(n=6)

*Parallel studies in adults

*LTRA vs placebo (n=6)

+LTRA vs antihistamine (n=3)

*LTRA and antihistamine vs placebo(n=2)

Trials suitable for qualitative analysis only
(trial summary statistics unsuitable for meta-
analysis) (n=12)

+9 parallel trials

3 crossover trials

*LTRA vs placebo (adult n=35; pediatricn=2)
*LTRA vs antihistamine (adults n=4,
paediatricn=3)

*LTRA and antihistamine vs placebo (n=2)
*LTRA and antihistamine vs antihistamine
(n=5)

*LTRA and antihistamine vs LTRA (n=4)
*LTRA and antihistamine vs INS (n=2)

FIGURE 1. Flow chart shows the results of the search strategy.

The studies examined patients with a range of severities of
ARC from mild to moderate/severe. Only 8 of the 18 studies
specifically specified the severity of the patients’ ocular
symptoms.>*>>3°3% The severity of ocular symptoms in the
patients in the 6 studies included in the meta-analyses was
mild to moderate (in each study the mean symptom score in
each treatment arm was between 1.4 and 1.6, of a total of 3).

Table II shows the important characteristics of the 6 studies
included in the meta-analyses. Table E1 (in this article’s Online
Repository at www.jaci-inpractice.org) gives details of study

design and reasons for exclusion of the remaining 12 trials from
meta-analysis. Table III shows the overall risk of bias for each of
the 18 studies. Studies at unclear or high risk of bias were not
included in sensitivity analyses because of a lack of trials with
suitable summary statistics to permit this.

The risk of bias for the ocular symptom score outcome across
studies within each drug comparison is summarized as follows:
quantitatively analyzed studies (ie, those included in the meta-
analyses) were at low risk, and qualitatively analyzed studies were
overall at high risk. Although there were insufficient numbers of
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Study

Trial design

Protocol

Age, y

Relevant outcomes

Meltzer, 2000>°

Nayak, 2002%'

Philip, 2002**

Philip, 2004

van Adelsberg, 20033

van Adelsberg, 20033¢

Multicenter randomized,
double-blind, placebo-
controlled parallel group
study (n = 460)

Multicenter randomized,
double-blind,
placebo-controlled
parallel group study
(n = 907)

Multicenter randomized,
double-blind,
placebo-controlled
parallel group study
(n = 1302)

Multicenter randomized,
double-blind,
placebo-controlled
parallel group study
(n = 831)

Multicenter randomized,
double-blind,
placebo-controlled
parallel group study
(n = 1214)

Multicenter randomized,
double-blind,
placebo-controlled
parallel group study
(n = 1079)

1-wk single-blind run-in
period; 2 wk of treatment

Montelukast 10 mg nocte vs
montelukast 20 mg nocte
vs montelukast 10 mg
nocte and loratadine 10 mg
nocte vs placebos

7-d single-blind placebo run-
in period; 2 wk of treatment

Montelukast 10 mg nocte vs
loratadine 10 mg nocte vs
montelukast 10 mg and
loratadine 10 mg nocte vs
placebos

3- to 5-d single-blind, placebo
run-in period; 2 wk
treatment.

Montelukast 10 mg nocte
vs Loratadine 10 mg
nocte vs placebo

3-5 day single-blind
placebo run-in period;
2 weeks of treatment

Montelukast 10 mg nocte vs
placebo

3- to 5-d single-blind placebo
run-in period; 2 wk of
treatment

Montelukast 10 mg nocte vs
loratadine 10 mg nocte vs
placebo

3- to 5-d single-blind placebo
run-in period; 4 wk of
treatment

Montelukast 10 mg OD vs
loratadine 10 mg OD vs
placebo

15-75 y

Median ages within the 5
groups were between 33
and 37 y

15-85

Mean + SD:

LTRA, 35.0 £ 11.0
Antihistamine, 37.0 £+ 13.0
Combined group, 38.0 + 13.0
Placebo, 37.0 £+ 13.0

18-64

Mean + SD:

LTRA, 37.0 + 13.0
Placebo, 36.0 £+ 12.0
Antihistamine, 36.0 £ 13.0

15-80

Mean + SD:

LTRA, 33.0 £ 13.2
Placebo, 33.6 £ 13.7

15-82

Mean + SD:

LTRA, 36.0 + 14.0
Antihistamine, 35.0 & 13.0
Placebo, 36.0 + 13.0

15-82

Mean + SD:

LTRA, 36.0 &+ 13.0
Antihistamine, 39.0 + 13.0
Placebo, 36.0 + 12.0

Daytime ocular symptom
score
Juniper RQLQ

Daytime ocular symptom
score
Juniper RQLQ

Daytime ocular symptom
score
Juniper RQLQ

Daytime ocular symptom
score
Juniper RQLQ

Daytime ocular symptom
score
Juniper RQLQ

Daytime ocular symptom
score

End of dosing ocular
symptom score

Juniper RQLQ

OD, Once daily; ROLQ, Rhinoconjunctivitis Quality of Life Questionnaire.

studies to produce a funnel plot, we encountered difficulty in
obtaining details of a number of industry-funded registered trials
and conference abstract titles, suggesting possible publication bias.

Effect of interventions

All studies in the meta-analyses were at low risk of bias, with
no evidence of significant clinical, methodologic, or statistical
heterogeneity (the latter based on X results with associated
P values of greater than .10).

LTRA versus placebo. Six double-blind, randomized,
controlled trials that compared LTRA (n = 1969) with placebo
(n = 1971) in SAR in participants aged 15 years or older
were suitable for meta-analysis.’*>%>* LTRA improved
patients’ ocular symptoms from baseline at 2 weeks, with a
difference in mean change-from-baseline of —0.10, in favor of
montelukast (95% CI, —0.14 to —0.07; P < .00001; Figure 2).
The symptom scoring system used by the trials was out of a
maximum of 3 (3 equalling severe). In sensitivity analyses, if the 4-
week data from van Adelsberg et al?® was used, the difference in
mean change-from-baseline was —0.11 (95% CI, —0.14 to

—0.07; P < .00001). If data from the 20-mg daily montelukast
group was used or the 10-mg and 20-mg group data were
combined from the same study, then the mean change-from-
baseline equalled 0.10 (95% CI, —0.13 to —0.07; 2 < .00001).

LTRA versus oral antihistamine. Three double-blind
randomized, controlled trials that compared LTRA (n = 1055)
with oral antihistamine (n = 436) in SAR in participants aged
older than 15 years were suitable for meta-analysis.***>*® The
difference in mean change-from-baseline ocular symptom scores
at 2 weeks was 0.08 (95% CI, 0.02 to 0.14; P = .007) in favor
of oral antihistamines (Figure 3). In sensitivity analyses, if the
4-week data from van Adelsberg et al?® was used, the difference
in mean change-from-baseline was 0.07 (95% CI, 0.01 to 0.13;
P = .007). If data from the 20-mg daily montelukast group in
van Adelsberg et al’® was used, the difference in mean change-
from-baseline scores at 2 weeks was 0.09 (95% CI, 0.04 to 0.15;
P = .001), and, if thel0-mg and 20-mg group data from the
same study was combined, the difference was 0.09 (95% CI,
0.03 to 0.15; P = .003).
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TABLE lll. Overall risk of bias of each study for the outcome of ocular symptoms: review authors’ judgment

Study

Assessment of the risk of bias

Chen, 2006
Comment

Chervinsky, 2004

Comment

Ciebiada, 2006 and 2008%°

Comment

Cingi, 2010'®
Comment
Guerrera, 2006

Comment

Hsieh, 2004%°
Comment
Kurowski, 2004%*
Comment
Meltzer, 2000
Comment
Nayak, 20023!

Comment

Patel, 2005%°

Comment

Philip, 2002*
Comment

Philip, 2004
Comment

Saengpanich, 200
Comment

van Adelsberg, 2003

Comment

van Adelsberg, 2003

Comment

Wilson, 20007

Comment

Wilson, 2001°®
Comment

334

Unclear risk

Lack of information about domains such as masking and allocation concealment.

High risk

Insufficient information was provided on baseline patient characteristics. Ocular symptom scores were not published.

High risk

Results section subject to selective reporting. It is unclear how the baseline ocular symptom result was calculated,
against which effectiveness was measured.

High risk

Lack of an ITT analysis carries a significant risk of bias.

Low risk

Although potentially the investigators could have known which treatment the participants were taking during the trial

(sealed envelopes available to them), the masking of participants themselves was adequate, and the authors
stated in communication that no envelopes were opened before the end of the study.

High risk

Inadequate information in article to make judgment about many domains. Results section subject to selective reporting.

Unclear risk

Insufficient information available to categorize as either high or low risk.

Low risk

All domains were low risk.

Low risk

Exact numbers analyzed in each group were not outlined in the article. However, authors stated that they used
a mITT analysis. Other domains were low risk.

Low risk

Although the authors did not specify the exact numbers analyzed in each group, they did outline that a mITT
analysis was used. Other domains were low risk.

Low risk

Although the exact numbers analyzed in each group were not outlined in the article, the authors stated that they used
a mITT analysis. Majority of domains were low risk.

Low risk

Although the authors did not mention whether an ITT analysis was used, all other multicenter Merck studies have done
so, and, in addition, the percentages of patients dropping out because of lack of efficacy was the same in both
intervention groups (0.7%). All other domains were low risk.

High risk

Lack of an ITT analysis leads to a significant risk of bias in outcome reporting.

Low risk

All domains were low risk.

Low risk

Although the actual numbers analyzed in each group were not specified in the article, there was explanation of the
mITT analysis used. Other domains were at low risk.

High risk

Excluding patients on the basis of compliance (if this actually occurred) with small numbers in each intervention
group carries a significant risk of bias. Presented final scores despite baseline ocular symptom scores differing
between groups.

High risk

This was a single-blind study. Stated in methods that noncompliant patients and dropouts were excluded from the
analysis. Statistical comparisons made between the active treatment periods and the placebo washout periods
were at high risk of bias because the participants were aware when they were taking placebo.

ITT, Intention to treat; mITT, modified intention to treat.

LTRA and oral antihistamine versus placebo (in
adults). Two double-blind, randomized controlled trials
compared LTRA and oral antihistamine (n = 377) with placebo
(n = 233)°3! (Figure 4). The difference in combined mean
change-from-baseline scores at 2 weeks for ocular symptoms was
—0.30 (95% CI, —0.38 to —0.21; P < .00001) in favor of the
combination of LTRA and oral antihistamine.

Qualitatively analyzed studies. Twelve other studies
were identified which compared montelukast alone or in
combination with a variety of other categories of medica-
tions,'820:23-25:27-29.3437:38 A summary of the different drug
comparisons is outlined in Table IV. These trials were unsuitable
for inclusion in the meta-analyses for a number of reasons,
including insufficient data or presentation of summary statistics
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LTRA Placebo Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Meltzer -0.2 0.09 88 86 3.2% -0.20[-0.38, -0.02]

Nayak®' -0.2 0.06 153 147 7.2% -0.20[-0.32, -0.08] -

Philip32 -0.14 0.04 346 350 16.1% -0.14[-0.22,-0.06] -

Philip3? -0.08 0.04 415 416 16.1% -0.08[-0.16, -0.00] Bl

van Adelsberg® -0.07 0.03 519 521 28.7% -0.07[-0.13,-0.01] 1

van Adelsberg® -0.1 0.03 448 451 28.7% -0.10[-0.16, -0.04] =

Total (95% CI) 1969 1971 100.0% -0.10 [-0.14, -0.07] )

Heterogeneity: Chi2 = 6.17, df = 5 (P = 0.29); 12 = 19% =_1 o p 0 0=5 1’

Test for overall effect: Z = 6.53 (P < 0.00001)

Favors LTRA  Favors placebo

FIGURE 2. Forest plot shows the difference in pooled mean change-from-baseline ocular symptom scores between patients receiving

LTRA (montelukast) and those receiving placebo.

LTRA Oral antihistamine

Mean Difference Mean Difference

Study or Subgroup Mean Difference  SE Total Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

Meltzer 30 -0.03 0.09 88 86 10.7% -0.03[-0.21, 0.15] T

van Adelsberg3> 0.12 0.04 519 170 54.4% 0.12[0.04, 0.20] L 3

van Adelsberg®® 0.05 0.05 448 180 34.8% 0.05[-0.05,0.15] ==

Total (95% CI) 1055 436 100.0% 0.08 [0.02, 0.14] ¢

Heterogeneity: Chi2 = 2.85, df = 2 (P = 0.24); I2 = 30% F ] 0 5 5 O=5 1=
Test for overall effect: Z = 2.69 (P = 0.007) Favoré LTRA Favors AntiH1

FIGURE 3. Forest plot showing difference in pooled mean change-from-baseline ocular symptom scores between patients receiving LTRA

and those receiving oral antihistamine (AntiH1).

that made entry into the meta-analysis with other study data
impossible. Most of the qualitatively analyzed studies were
categorized as being at unclear or high risk of bias; therefore, they
would only have been included in meta-analyses as part of
a sensitivity analysis even if inclusion had been possible. Two
of the 12 studies were identified as being at low risk of bias. The
first of these, conducted by Patel et al,?> was a double-blind,
randomized placebo-controlled trial of montelukast versus
placebo for 6 weeks in 1992 in patients aged older than 15 years
with PAR. The difference between groups in least squares mean
change-from-baseline for the eye domain of the Juniper Rhino-
conjunctivitis Quality of Life Questionnaire (RQLQ), although
statistically significant in favor of montelukast, was not a clini-
cally relevant difference (difference of <0.5).% The severity
of ocular symptoms in each group was unclear from the article.
One unpublished pediatric double-blind, randomized controlled
trial compared montelukast with levocetirizine in 50 children
aged 6 to 14 years with SAR and mild ocular symptoms over
2 weeks.” The difference in average change-from-baseline scores
between groups was not statistically significant when we applied
a Mann-Whitney test to the raw data (P = .29).

Because of variations in methodology and within-study
statistical and reporting differences, it was difficult to reach any
definite conclusions about the effect of pollen counts on efficacy
in seasonal allergic conjunctivitis (SAC).

Assessment of the quality of the body of evidence
with the approach of Grading of Recommendations
Assessment, Development, and Evaluation

Table IV outlines the level of quality of evidence assigned to
each comparison, graded from very low to high.* Evidence from

high-quality randomized controlled trials is initially assigned the
grade “high” but can be downgraded to moderate, low, or very low
in the presence of a number of factors. If present, these factors are
outlined in Table IV. For comparisons in which a meta-analysis
was performed, only those studies included in the analysis were
considered when assigning an appropriate level of evidence.

DISCUSSION

The quality of available evidence was such that it was only
appropriate to draw conclusions for the following comparisons
about the effect of LTRAs on conjunctival symptoms of seasonal
ARC: LTRA versus placebo, LTRA versus oral antihistamine,
and LTRA and oral antihistamine versus placebo (all in patients
aged 15 or older and all using montelukast). The evidence for
these comparisons was graded as moderate.

The systematic review and meta-analysis determined that
LTRAs are more efficacious than placebo but less efficacious than
oral antihistamines in improving seasonal AC symptoms.

The studies included in the 3 meta-analyses all used the
same scale to assess the severity of eye symptoms (0 = none to
3 = severe). There was no published minimal clinically
significant change value for this scale. Although montelukast
reduced ocular symptoms to a greater extent than placebo, the
magnitude of the effect was small. Antihistamines had a greater
effect than montelukast on symptoms. The magnitude of this
difference was again small.

The combination of montelukast and oral antihistamines
together led to a greater reduction compared with placebo than
montelukast alone compared with placebo. This is not surprising
given that the second meta-analysis showed antihistamines to
have a small but greater benefit than montelukast. The
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LTRA and antihistamine Placebo Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Meltzer3® -0.38 0.09 78 86 23.6% -0.38[-0.56,-0.20] —
Nayak3' 0.27 0.05 299 147  76.4% -0.27 [-0.37, -0.17] . 5
Total (95% CI) 377 233 100.0% -0.30 [-0.38, -0.21] <&
e iz = - - 2= 199 ' t t |
Heterogeneity: Chiz =1.14, df = 1 (P =0.29); I? = 12% 7 05 0 05 1

Test for overall effect: Z = 6.77 (P < 0.00001)

Favors LTRA & AntiH1 Favors placebo

FIGURE 4. Forest plot showing difference in pooled mean change-from-baseline ocular symptom scores between patients receiving LTRA

and oral antihistamine (AntiH1) and those receiving placebo.

TABLE IV. GRADE* levels of evidence assigned for each comparison (with respect to ocular symptoms)

Comparison Level of evidence

No. of studies Reason(s) for downgrading

LTRA vs placebo in SAR (adults) Moderate

LTRA vs oral antihistamine in SAR (adults) Moderate

LTRA and oral antihistamine vs placebo in SAR (adults) Moderate

LTRA vs placebo in PAR/persistent AR (adults), Low
qualitative analysis only

LTRA vs placebo in PAR (pediatric), qualitative Low
analysis only

LTRA vs oral antihistamine in PAR (adults), qualitative ~Low
analysis only

LTRA vs oral antihistamine in SAR (pediatrics)

LTRA vs oral antihistamine in PAR (pediatrics), Low
qualitative analysis only

LTRA and oral antihistamine vs placebo in PAR Low
(adults), qualitative analysis only

LTRA and oral antihistamine vs oral antihistamine or Low
LTRA alone in SAR (adults), qualitative analysis only

LTRA and oral antihistamine vs oral antihistamine or Low
LTRA alone in PAR (adults), qualitative analysis only

LTRA and oral antihistamine vs INS in SAR (adults), Low

qualitative analysis only

630-33:3936 Possible publication bias

330:35.36 Possible publication bias

930l Possible publication bias

Most studies at high risk of bias. Ciebiada
subject to selective reporting and design limitation.
Cingi'® did not use an ITT analysis. Unexplained
heterogeneity of results also occurred in Ciebiada.'*°

-~ 9
4 18-20,25 19,20 was

Rl Chen?’ at unclear risk of bias. Hsieh® was at high risk

with imprecision in results (did not report any results
numerically).

21920 Ciebiada'®® at high risk of bias because of selective
reporting and design limitation. Unexplained
heterogeneity of results also occurred in these studies.

No assessment made because there was only one
(unpublished) study in this category.?

22729 Chen®’ at unclear risk of bias. Hsieh® was at high risk
with imprecision in results (did not report any results
numerically).

20 Ciebiada'®?® at high risk of bias because of selective
reporting and design limitation. Unexplained
heterogeneity of results also occurred in these studies.

324.30.37 Meltzer®® at low risk of bias. Kurowski>* at unclear risk,
and Wilson®’ at high risk of bias. Differences in
methodology between studies.

91020 Ciebiada'®?® at high risk of bias because of selective
reporting and design limitation. Unexplained
heterogeneity of results also occurred in these studies.

23438 Saengpanich®* and Wilson® at high risk of bias. Design

limitation in the study of Wilson®® (crossover trial not
the optimal study design in SAR).

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; INS,

magnitude of the improvement seen with dual therapy was
greater than one might expect from a purely additive effect
(based on the first 2 meta-analyses), suggesting the existence of
a potential synergistic effect from combined treatment. However,
it must be borne in mind that this was not a direct head-to-head
comparison of combination therapy versus LTRA or antihista-
mine alone. Trials that are adequately powered to detect differ-
ences in ocular symptoms should be conducted to investigate
whether combined treatment has a synergistic effect.

The evidence that compared LTRA with placebo in perennial
allergic conjunctivitis (PAC) was graded as low quality, but did
include one large trial at low risk of bias.”> From this one trial
that measured the start and end-of-study eye domain of the
Juniper RQLQ), there was no evidence to support the hypothesis

intranasal corticosteroid; /77, intention to treat.

that LTRA is more effective in reducing ocular symptoms in
PAR/PAC than placebo. Although no randomized controlled
trials of LTRAs in VKC or AKC were identified during the study
searches, one small open study of 12 pediatric and adult patients
with VKC and asthma which used montelukast was found.'
Opverall, both total symptom and total sign scores were signifi-
cantly reduced after 15 days of montelukast treatment. Although
promising, no conclusions can be drawn about the effectiveness
of LTRAs in VKC because the study design is subject to
significant risk of bias.

One previous systematic review has considered the effects of
LTRAs on the ocular symptoms of SAR."? Direct comparison
with the results from our review is difficult, mainly because of
differences in methodology, for example, missing studies from
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some meta-analyses, differences in study inclusion criteria, and
the use of standardized mean differences rather than mean
differences in the review of Rodrigo and Yanez.'” In one
comparison the summary statistic is in the opposite direction to
the result from our review, despite the same trials being included
in the meta-analysis. It is unclear from the researchers’ meth-
odology how this result was reached.

The updated 2010 ARIA guidelines suggest that montelukast
can be used in adults and children with SAR and in preschool
children with persistent AR.” It is also suggested that oral anti-
histamines be used in preference to LTRAs in the same groups.
The evidence obtained from this review can add an additional
dimension to these conditional recommendations, supporting
the consideration of use of montelukast in patients older than
15 years with SAC, either alone in patients who do not tolerate
oral antihistamines or in combination with oral antihistamines.

In some of the areas that the review covered, further research is
clearly required. Ideally, all future AR trials should include ocular
symptoms as an outcome. Adequately designed large controlled
trials are needed in both SAC and PAC in children and PAC in
adults comparing LTRAs with placebo, antihistamines, and
intranasal corticosteroid. Studies powered to detect differences in
ocular symptoms should be conducted to assess whether dual
therapy with LTRA and oral antihistamine has an additive or
synergistic effect. Randomized controlled trials that compare
LTRAs with placebo in VKC and AKC should be considered.

A number of strengths and limitations of this review are worth
noting. The studies included in the meta-analyses were large,
industry-sponsored multicenter trials, assessed to be at low risk of
bias and without significant heterogeneity. The latter is reassur-
ing when pooling results within a meta-analysis. It is desirable to
include smaller or non—industry-funded studies in a meta-
analysis. In this case this was not possible because of the type of
statistics presented in these studies. Most of these trials were at
high or unclear risk of bias; therefore, they could only have been
included in sensitivity analyses.

Although ocular symptoms are clearly a patient-relevant
outcome, the subjective nature of symptom reporting did in part
lead to an observed placebo effect in many of the studies.
Including those patients without ocular symptoms in the indi-
vidual study analyses (which occurred in all but one of the
studies’®) may serve to underplay the true difference in change-
from-baseline scores between LTRA and placebo. It must be
borne in mind however that excluding patients from analyses is
a post hoc practice with limitations in its own right. Frequency of
conjunctivitis symptoms was similar in intervention arms when
stated in individual papers. Unfortunately, no studies were
identified in which ocular symptoms of ARC were the primary
outcome. Ideally, studies in which AC is considered as a separate
entity from AR would allow patients to be selected and
randomized on the basis of the severity of their eye disease. It is
unsurprising however that we found this to be the case because
AC, in general, is considered in conjunction with AR and is often
regarded as less important than the nasal symptoms.’

At the review level a rigorous search of multiple databases was
conducted. Several attempts were made to contact researchers at
each stage of the review. Ideally, study identification and
assessment should be done in parallel by 2 reviewers to reduce
any potential chance of bias being introduced into the selection
and assessment process.26 This was not possible in this review
because the work was conducted by one author (J.G.) as part of
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a higher-degree thesis. Results from some studies could not be
included because of the method of presentation of the data,?®3!
for example, Nayak et al,”' which presented results as least
squares mean difference from placebo in change-from-baseline
scores. This precluded the inclusion of data in the combination
LTRA and antihistamine group in a meta-analysis that compared
dual therapy with either treatment alone.

In conclusion, this systematic review highlights that in SAC,
LTRAs (evidence for montelukast only) are more efficacious than
placebo but less efficacious than oral antihistamines, when
treating patients aged 15 years or older.
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