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Objective: To estimate the intraocular pressure (IOP) reduction achieved by the most frequently prescribed
glaucoma drugs and a placebo in a meta-analysis of randomized clinical trials.

Design: Meta-analysis of randomized clinical trials.

Participants: Twenty-seven articles reporting on 28 randomized clinical trials. These articles reported 6953
participants for the trough and 6841 for the peak.

Methods: Articles published up to December 2003 were identified in the following data sources: Medline,
Embase, and the Cochrane Controlled Trials Register, and references from relevant articles. Over 85% of the
patients had to be diagnosed with primary open-angle glaucoma (POAG) or ocular hypertension (OH), and
articles had to be written in English, German, French, or Dutch. Quality of trials was assessed by a Delphi list with
additions. The pooled 1-month IOP-lowering effect from baseline at peak and trough was calculated by
performing meta-analysis using the random effects model.

Main Outcome Measures: Absolute and relative change in IOP from baseline, for peak and trough
moments.

Results: Relative IOP reductions from baseline [mean (95% confidence interval)] were —23% (—25% to
—22%) for a peak and —20% (—23% to —17%) for a trough for 0.5% betaxolol; peak, —27% (—29% to —25%),
and trough, —26% (—28% to —25%), for 0.5% timolol; peak, —22% (—24% to —20%), and trough, —17%
(—19% to —15%), for 2.0% dorzolamide; peak, —17% (—19% to —15%), and trough, —17% (—19% to —15%)
for 1.0% brinzolamide; peak, —25% (—28% to —22%), and trough, —18% (—21% to —14%) for 0.2% bri-
monidine; peak, —31% (—33% to —29%), and trough, —28% (—30% to —26%) for 0.005% latanoprost; peak,
—31% (—32% to —29%), and trough, —29% (—32% to —25%) for 0.004% travoprost; peak, —33% (—35% to
—31%), and trough, —28% (—29% to —27%) for 0.03% bimatoprost; and peak, —5% (—9% to —1%), and
trough, —5% (—10% to —0%) for the placebo. The difference in absolute IOP reduction from baseline between
timolol and prostaglandin analogs or prostamide varied from —0.4 to 0.1 mmHg at trough and from 1.0 to 1.5
mmHg at peak. Quality scores of included studies were generally high, a mean of 14.2 on a scale from 0 to 20
(interquartile range, 13-16).

Conclusion: This meta-analysis suggests that bimatoprost, travoprost, latanoprost, and timolol are the most
effective intraocular pressure-reducing agents in POAG and OH patients. Ophthalmology 2005;112:1177-1185
© 2005 by the American Academy of Ophthalmology.

Glaucoma is the third largest cause of worldwide blindness.
It is estimated that, in 2000, 67 million people worldwide
had primary glaucoma, with 6.7 million suffering from
bilateral blindness.! In Caucasians, approximately 70% of
glaucoma patients have primary open-angle glaucoma

(POAG). The treatment of glaucoma focuses mainly on the
reduction of intraocular pressure (IOP) with drugs, laser, or
surgery.

In the last decade, several new drugs to lower IOP were
introduced. Because these drugs have mechanisms of action
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Table 1. Drugs Included in the Meta-analysis with the Most Commonly Prescribed Regimen and Moment Chosen for Peak and
Trough Measurements

Peak

Trough

Concentration Dosing Moment of
Drug (%) Frequency Administration
Timolol 0.5 Twice daily Morning evening
Betaxolol 0.5 Twice daily Morning, evening
Brimonidine 0.2 Twice daily Morning evening
Dorzolamide 2.0 Twice or thrice Morning, (afternoon),
daily evening
Brinzolamide 1.0 Thrice daily Morning, afternoon,
evening
Latanoprost 0.005 Once daily Evening
Travoprost 0.004 Once daily Evening
Bimatoprost 0.03 Once daily Evening

2 hrs after morning administration
2 hrs after morning administration
2 hrs after morning administration
2 hrs after morning administration

2 hrs after morning administration
12 hrs after evening administration

12 hrs after evening administration
12 hrs after evening administration

12 hrs after evening administration
12 hrs after evening administration
12 hrs after evening administration
12 hrs after evening administration

12 hrs after evening administration
24 hrs after evening administration

24 hrs after evening administration
24 hrs after evening administration

and contraindications that are different from the more clas-
sic drugs ($-blockers), the number of treatment options has
increased substantially. However, there is controversy as to
the degree of reduction of IOP that can be achieved with
different drugs. This controversy is fueled by the preferred
citation of studies with a favorable result for certain new
drugs and the absence of a recent and adequate systematic
review that summarizes the results of the individual clinical
trials.

In contrast to the statement that “meta-analysis is not
available for any of the drugs used for glaucoma treatment
with the exception of beta-blockers,”? we found 2 recently
published meta-analyses.>* These reported on latanoprost
versus timolol and latanoprost or brimonidine versus timo-
lol or betaxolol. In these meta-analyses, the mean of morn-
ing, noon, and evening IOPs was calculated, but the calcu-
lated summary statistics did not give insight into possible
differences between peak and trough effects. This latter
issue could be important in clinical practice, because some
of the new medications are administrated only once daily.
Thus, the differences in effect on IOP between the new
drugs and [B-blockers could diverge at peak and trough.
Finally, several new studies have been published since these
2 meta-analyses.

Hence, we conducted a meta-analysis of all frequently
prescribed drugs for glaucoma, including the prostamide
bimatoprost and the prostaglandin analog travoprost. To
improve homogeneity, we used strict eligibility criteria.
Moreover, we estimated peak and trough IOP reductions of
every drug separately.

Materials and Methods

Articles were identified through a computerized search in Medline,
Embase, and the Cochrane Controlled Trials Register. The search
strategy, as advised by the Cochrane Collaboration, was used to
identify randomized clinical trials.>~” The keywords for medica-
tion were betaxolol, timolol, dorzolamide, brinzolamide, bri-
monidine, latanoprost, travoprost, and bimatoprost and their com-
mercial names. The keywords for the disease were ocul* and
hypert*, explode Ocular-hypertension/all subheadings, glaucom?*,
and explode Glaucomalall subheadings. Relevant publications
were examined for references until no further studies were found.

Potentially eligible for inclusion in our meta-analysis were
randomized clinical trials on IOP-lowering drugs, written in En-
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glish, French, German, or Dutch and published up to December
2003. After completion of the searches, title, abstract, and medical
subject heading (MeSH) words of the obtained publications were
used for a rough judgment of an article’s eligibility. This was done
by one researcher (JSAGS). Of the remaining identified publica-
tions, the complete articles were printed or photocopied to judge
whether they reported randomized clinical trials. The remaining
potentially eligible trials were distributed to 1 of 2 researchers
(CABW and RvdV) using a computerized list of random numbers.
The observers were blinded to the names of the authors and their
institutions, the names of the journals, sources of funding, and
acknowledgments, as well as the financer of the study.®®

Trials were excluded if they did not include one of the medi-
cations listed in Table 1 or a placebo in =2 of their study arms.

Abstracts of identified
articles (n=2070)

Found not eligible
after evaluating
abstract (n=1250)

Article retrieved
(n=820)

Not eligible: not a
randomized clinical
trial (n=402)

Exclusion (n=391)

Because of:
e No comparison of at least two medications listed in table 1

Potentially eligible or placebo (n=246)

articles(n=418) e [OP not primary endpoint of study (n=49)

e [OP measurements only within 24h after baseline (n=15)

e Impossible to extract data on absolute IOP or change in IOP
(n=11)

e Over 15% of the patients diagnosed with other then POAG
or OH (n=19)

e No glaucoma patients (n=6)

¢ Dose-effect studies (n=4)

e Systemic administration of medication (n=3)

e Dose other then listed in table 1 (n=8)

.

.

.

Frequency of dosing other then listed in table 1 (n=1)
Low tension glaucoma patients (n=5)
IOP measurements within 3 months after laser or surgery
(n=2)
e Drops administered by ophthalmologist or researcher (n=1)
e Medication administered other then topically (n=1)
e No mono therapy (n=20)

27 eligible articles

Figure 1. Flowchart of selection of studies. [OP = intraocular pressure;
OH = ocular hypertension; POAG = primary open-angle glaucoma.
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Table 2. Quality Items Included for Quality Assessment, Source from Which the Quality Item Was Obtained, and Number of
Publications That Had a Positive Quality Score, per Quality Item

No. of Publications

Item Code Source* Quality Item Scored “Yes”
A Delphi list Was a method of randomization used? 27
B Added by authors’ Is the period of outcome measurements equal for all groups? 27
C Considered for Delphi list Is it unlikely that compliance may explain differences between groups? 27
D Added by authors Are side effects reported? 26
E Added by authors Were short- and long-term follow-up IOP measurements performed? 26
F Added by authors Are times of IOP measurements equal for all-groups? 26
G Delphi list* Were inclusion criteria specified? 25
H Delphi list* Were exclusion criteria specified? 25
I Considered for Delphi list Are the interventions described explicitly? 25
] Delphi list Were the groups similar at baseline regarding the most important 22

prognostic indicators?
K Delphi list Were point estimates and measures of variability presented for the 21
primary outcome measures’
L Added by authors Is information about the method of IOP measurement presented? 20
M Added by authors Are times between applying the eyedrop and IOP measurement equal 20
for all groups?
N Considered for Delphi list Was comedication avoided or standardized? 19
O Delphi list Was the patient masked to the treatment? 16
P Considered for Delphi list Was calculation of statistical power reported after allocation to the 16
treatment’
Q Delphi list Was an intention-to-treat analysis performed? 15
R Delphi list Was the treatment allocation concealed? 0
S Delphi list Was the outcome assessor blinded? 0
T Delphi list Was the care provider blinded? 0

IOP = intraoculor pressure.

*Verhagen AP, de Vet HC, de Bie RA, et al. The Delphi list: a criteria list for quality assessment of randomized clinical trials for conducting systematic

reviews developed by Delphi consensus. ] Clin Epidemiol 1998;51:1235-41.

"The authors added items specifically important for interpreting IOP measurements.

#Item split into inclusion and exclusion criteria.

Other exclusion criteria are listed in Figure 1.

The reason for exclusion was recorded on a standard form. In
case more than one reason for exclusion was present, only the first
reason encountered was listed in Figure 1. Excluded publications
were reassessed to make sure all eligible publications were in-
cluded. At the start of this selection process, there were common
meetings with a third researcher (JSAGS). After this, 25 articles
were judged by 2 researchers independently to evaluate agreement
in judgment of inclusion or noninclusion, and yielded a  of 1.0.

Included articles’ data were extracted using a standard form.
Operationalization of the items on this form was achieved by
consensus meetings of the 3 researchers (JSAGS, CABW, RvdV)
before the the process of data abstraction began. The 3 researchers
met on a regular basis to discuss any ambiguity.

Quality Assessment

Methodological quality was evaluated using the Delphi list® with
additional items. Items specifically important for interpreting IOP
measurements were also added (Table 2). Each item in this quality
list had the same weight. For each publication, a quality score was
calculated, where “yes” was scored as 1 point for a certain quality
item and “no” and “do not know” were scored as 0 points. For
scoring quality items on masking, allocation concealment, and inten-
tion-to-treat analysis, we used suggestions from Berger et al.!?~!3

Outcome Measure

The outcome measure was the change in IOP from baseline at 1
month. In case the measurement at 1 month was not present, the

first measurement after 1 month was accepted, with a maximum of
6 months. In absence of an IOP value reported in a table or text, the
IOP was measured when presented in a figure. If no IOP at 1
month from baseline was reported in a figure, the value was
measured at another point in time, using the earlier mentioned
sequence. In case of a crossover design, data were extracted only
from the period before crossing over of therapies. Figures used to
extract data were electronically scanned and viewed at full screen
size (1400X 1050 pixels). A digital ruler was used to measure the
number of pixels corresponding with the IOP baseline value, and
the value corresponding to change in IOP was measured. All
figures were read by the same researcher (CABW).

Original data were obtained from the articles as much as
possible; data that could not be obtained were to be calculated
when necessary. When the number of patients at a relevant point
in time was not reported, this number was calculated using the
number of patients lost to follow-up. In case the moment of loss to
follow-up was unclear, the overall number of patients lost to
follow-up was used to calculate the number of patients at the
relevant time point. In case no data on the number of patients lost
to follow-up were present, the number of patients at baseline was
used as an estimate.

Peak and trough measurements were noted (Table 1). Peak and
trough moments for each medication were as advised by the
American Academy of Ophthalmology.'* In case dorzolamide
monotherapy was administrated 3 times daily, morning measure-
ments were included in the analysis.

Three publications did not report peak or trough moments, just
means of measurements over the day. These means were used in the
calculation of peak and trough values.'>"!7 If a study appeared in
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Table 3. Baseline Characteristics

No. of Patients Withdrawals

Trial Medication Country End Point Measurement at Baseline (%)
Rusk et al Betaxolol vs. dorzolamide USA 1 mo 311 5.1
Strahlman et al?® Betaxolol vs. dorzolamide vs. timolol USA 1 mo 568 9.9
Nordmann et all Betaxolol vs. timolol France 3 mos 278 5.0
Stewart et al'® Betaxolol vs. timolol USA 1 mo” 29 0.0
Collignon-Brach* Betaxolol vs. timolol Belgium 3 mos 20 NR
Noecker et al?! Bimatoprost vs. latanoprost USA 1 mo** 269 7.4
Gandolfi et al™ Bimatoprost vs. latanoprost Italy 3 mos 232 1.8
DuBiner et al?* Bimatoprost vs. latanoprost vs. placebo USA 1 mo 64 7.8
Parrish et al?? Bimatoprost vs. latanoprost vs. USA 3 mos 410 6.8

travoprost
Brandt et al'® Bimatoprost vs. timolol USA 3 mos** 353 5.1
Whitcup et al?® Bimatoprost vs. timolol USA 3 mos** 362 5.0
Higginbotham et al'® Bimatoprost vs. timolol Australia 6 wks 715 16.0
Noecker et al®® Bimatoprost vs. travoprost USA 1 mo 31 6.5
Kampik et al'® Brimonidine vs. latanoprost Germany 6 mos™ 379 12.6
DuBiner et alll Brimonidine vs. latanoprost USA 1 mo 127 5.5
Schuman ™ Brimonidine vs. timolol USA 1 mo 926** 9.6
Sall et al’ Brinzolamide vs. dorzolamide vs. placebo  USA 1 mo 294 6.8
O’Donoghue et al*** Dorzolamide vs. latanoprost United Kingdom 3 mos 224 4.9
Wilkerson et al™™ Dorzolamide vs. placebo USA 1 mo 48 8.3
Boyle et al?® Dorzolamide vs. timolol USA 1 mo 221 2.2
Alm et al¥* Latanoprost vs. timolol Scandinavia 3 mos 178 NR
Camras et alT¥¥ Latanoprost vs. timolol USA 6 mos** 268 7.5
Aquino and Lat-Luna!?  Latanoprost vs. timolol Philippines 6 wksT 60 5.0
Watson et al**#* Latanoprost vs. timolol United Kingdom 6 mos (peak), 6 wks 294 8.8
(trough)
Netland et al?? Latanoprost vs. timolol vs. travoprost USA 6 wks 585 1.9
Fellman et al**#* Timolol vs. travoprost USA 6 wks 396 2.7
Goldberg" 7 Timolol vs. travoprost USA 6 wks (8 AM and 10 AM), 382 NR
3 mos (4 PM)

Publications cited in this table with superscript numbers can be found in “References.”

NR = not reported; OH = ocular hypertension; POAG = primary open-angle glaucoma; SD = standard deviation.

*Pooled value, measurements closest to 8 AM.

"Rusk C, Sharpe E, Laurence ], et al, Dorzolamide Comparison Study Group. Comparison of the efficacy and safety of 2% dorzolamide and 0.5% betaxolol
*Open-angle glaucoma or ocular hypertension.

YOpen-angle glaucoma.

INordmann JP, Mertz B, Yannoulis NC, et al, Unoprostone Monotherapy Study Group-EU. A double-masked randomized comparison of the efficacy and
hypertension. 6 month data. Am J Ophthalmol 2002;133:1-10.

TMean of peak and trough.

#Collignon-Brach J. Long-term effect of ophthalmic beta-adrenoceptor antagonists on intraocular pressure and retinal sensitivity in primary open-angle
**Data measured out of figures.

“Gandolfi S, Simmons ST, Sturm R, et al, Bimatoprost Study Group 3. Three-month comparison of bimatoprost and latanoprost in patients with
*Chronic open-angle glaucoma, chronic angle-closure glaucoma with patent iridectomy, pseudoexfoliative glaucoma, or pigmentary glaucoma.
$¥Noecker R], Earl ML, Mundorf T, et al. Bimatoprost 0.03% versus travoprost 0.004% in black Americans with glaucoma or ocular hypertension. Adv
IDyBiner HB, Mroz M, Shapiro AM, et al, Brimonidine vs. Latanoprost Study Group. A comparison of the efficacy and tolerability of brimonidine and
Ther 2001;23:1969-83.

TISchuman JS. Clinical experience with brimonidine 0.2% and timolol 0.5% in glaucoma and ocular hypertension. Surv Ophthalmol 1996;41(suppl):
##Two studies reported in the same publication; demographics presented only for per protocol analysis (n = 837).

*#*(’Donoghue EP, UK and Ireland Latanoprost Study Group. A comparison of latanoprost and dorzolamide in patients with glaucoma and ocular

**Primary open-angle glaucoma or ocular hypertension.

SSAlm A, Widengard I, Kjellgren D, et al. Latanoprost administered once daily caused a maintained reduction of intraocular pressure in glaucoma
MPrimary open-angle glaucoma, ocular hypertension, capsular glaucoma, or pigmentary glaucoma.

T99Camras CB, United States Latanoprost Study Group. Comparison of latanoprost and timolol in patients with ocular hypertension and glaucoma: a
##Watson P, Stjernschantz ], Latanoprost Study Group. A six-month, randomized, double-masked study comparing latanoprost with timolol in open-angle
###*Fellman RL, Sullivan EK, Ratliff M, et al, Travoprost Study Group. Comparison of travoprost 0.0015% and 0.004% with timolol 0.5% in patients
T Goldberg 1, Cunha-Vaz ], Jakobsen JE, et al. Comparison of tropical travoprost eye drops given once daily and timolol 0.5% given twice daily in

more than one publication, the most recent results with complemen-
tary data from previous articles were used for statistical analysis. In
one article, results from earlier studies were combined with new data.
However, in this publication trough values were not presented.'®
Therefore, these values were extracted from 2 earlier studies.'®?°

Statistical Analysis
Absent absolute values were calculated by use of the baseline

value and the difference from baseline. In case standard deviation
(SD) could not be obtained from the publication, it was calculated
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of Included Publications

Meta-analysis on IOP-Lowering Effects of Glaucoma Drugs

Types of Glaucoma

Gender Mean Age Baseline IOP (mm Hg) Quality
(Male/Female) (yrs) POAG OH Others [mean (SD)]* Score Quality Criteria Not Fulfilled
138/173 64 NR* NR* NR* 24.8 (4.7) 14 I,n,ors,t
243/280 62 3718 197 NR¥ 26.8 (4.9) 17 s, t
150/128 63 135 128 15 244 (2.7) 16 0, 1,5t
12/17 65 11 18 0 28.3(2.9) 14 npqrtst
NR 60 20 0 0 24.3 (3.8) 5 d, f, g, hi,j,, mn,0,p,qrst
103/166 61 155 93 21 249 (2.7) 18 s, t
87/145 62 138 81 13 25.7(3.8) 16 0, 1,5t
29/35 66 29 35 0 25.5(2.6) 15 0,Q 1,8 t
172/238 65 309 95 6 25.6 (2.9) 16 0, 1,5t
145/208 63 227 126 NR# 26.0(3.3) 18 1,8, t
162/200 60 186* 176 NR* 25.9 (3.1) 15 k,m,o, 1,5t
307/408 62 413" 302 NR# 25.9 (3.1) 14 kLnrst
11/20 65 28 3 0 26.0 (1.6) 13 kLpqrst
154/225 65 284 64 31 22.8 (3.0) 13 j, M, 0, P, T, S, t
52/75 61 93 34 0 24.3 (2.1) 15 P,Q T, st
421/416 62 513 324 0 24.8 (3.2) 13 LLop qrtst
131/163 64 217 70 7 26.5(2.4) 16 Qs t
130/94 67 120 88 16 27.7(3.6) 12 m,n,0,p, Q" S, t
23/25 63 NR## NR## 0 27.1 (3.7) 11 €, n0,p, Q"8 t
117/104 62 NR* NR* NR* 28.0 (4.6) 17 Lrs,t
43% male 66 NRIM NRI NRIM 24.5(3.2) 8 g hij,,mnp qgrst
152/154 62 84 170 14 25.3 (4.1) 17 Py, s, t
38/22 57 55 4 1 29.3(9.1) 13 5o, Py I, S, t
191/103 65 121 148 25 26.3 (3.8) 17 Qs t
296/289 NR 396 181 8 26.9 (3.8) 17 kst
188/208 64 251 132 13 27.3(5.4) 16 k,m,1,s, t
192/190 63 208 147 27 27.3(2.9) 16 k,m,r,s, t

in the treatment of elevated intraocular pressure. Clin Ther 1998;20:454 —66.

safety of unoprostone with timolol and betaxolol in patients with primary open-angle glaucoma including pseudoexfoliation glaucoma or ocular

glaucoma. Curr Eye Res 1992;11:1-3.
glaucoma and ocular hypertension. Adv Ther 2001;18:110-21.

Ther 2003;20:121-8.

latanoprost in adults with open-angle glaucoma or ocular hypertension: a three-month, multicenter, randomized, double-masked, parallel-group trial. Clin

S27-37.

hypertension: a 3 month, randomised study. Br ] Ophthalmol 2000;84:579-82.

Ophthalmol 1993;111:1343-50.

patients treated concomitantly with timolol. Br ] Ophthalmol 1995;79:12-6.

six-month masked, multicenter trial in the United States. Ophthalmology 1996;103:138-47.

glaucoma and ocular hypertension. Ophthalmology 1996;103:126-37.

with elevated intraocular pressure: a 6-month, masked, multicenter trial. Ophthalmology 2002;109:998-1008.
patients with open-angle glaucoma or ocular hypertension. ] Glaucoma 2001;10:414-22.

using the number of patients and standard error of the mean
(SEM). In case neither an SD nor an SEM of the follow-up
measurement was available, baseline SD was used as an estimate
of the SD of the follow-up measurement.

In 2 publications, only the P value for the difference in IOP
values between arms was reported as a measure of deviation.?!->?

The P value and the sample sizes of the arms were used to
calculate the SD of the difference in IOP between baseline and
follow-up measurements.

In absence of a reported difference in IOP between baseline and
follow-up measurements, change in IOP was calculated. In absence of
a SD of the change in IOP, this SD was calculated by the formula:
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Figure 2. Funnel plot, relative change from baseline at peak moment, and
P value of Egger’s measure of publication bias.

Var(lopfollow-up measurement IOPbaseline) = (IOPfollow-up measuremem)
+ Var(IOPbaseline) - 2p SD(IOPbaseline)SD(IOPfollow-up measuremem)

p= Var(IOPfollow-up measuremem) + Var(IOPbaseline)
- Var(IOPfollow-up measurement — 1O0Ppaseline)”
2SD(IC)Pbaseline)SD(IOPfollc'w-up measuremem) ’

where SD(IOPfollow—up measurement 0P, baseline) = vvar(IOPfollow—
up measurement — IOPy.1ine). The correlation coefficient p indicates
correlation between baseline SD and SD of the follow-up mea-
surement, as calculated out of the results of all studies reporting
complete data on IOP baseline measurement and SD, follow-up
measurement and SD, and difference between baseline and fol-
low-up measurements and SD.'>23-26 The value of this correlation
coefficient is 0.5. In case no relative reduction was reported, this
was calculated from the absolute change in IOP. The SD of relative
Change (%) was calculated as SDrelative change = SDchange/IOPbaseline'
Pooled IOP values were calculated using a random effects model
with STATA.?’

To detect publication biases, we explored asymmetry in funnel
plots. These were examined visually; furthermore, Egger’s mea-
sure of publication bias was calculated.?®

Results

Study Eligibility and Quality

The flow of the randomized clinical trials included in our analysis
is shown in Figure 1. The characteristics of the eligible studies are
summarized in Table 3. In general, the quality of included studies
was high (Table 3). The mean total quality score for all studies is
14.2, on a scale from O to 20 (interquartile range, 13—16). Twenty-
six articles were included, which reported on 27 trials; 56 arms
were reporting peak measurements; and 52 arms were reporting
trough measurements. We included 6953 subjects for peak and
6861 for trough. We could not identify heterogeneity in funnel
plots; P values for absolute change from baseline Egger’s measure
of publication bias were 0.57 at peak and 0.36 at trough. For
relative change from baseline, these P values were 0.36 at peak
and 0.22 at trough. Therefore, no publication bias was found.
Because no relevant differences were observed by eyeballing or by
statistics, only a single funnel plot is presented (Fig 2).
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Intraocular Pressure Lowering

In Table 4, absolute and relative changes from baseline and a 95%
percent confidence interval are presented. Pooled changes from
baseline for a placebo were —1.3 mmHg at trough and —1.6
mmHg at peak. Trough change from baseline achieved by glau-
coma monotherapy varied from —4.5 mmHg for brimonidine to
—7.0 mmHg for travoprost. Change from baseline at peak varied
from —4.4 mmHg for brinzolamide to —8.4 mmHg for bimatoprost.

Calculated in relative measures, a placebo gave a 5% change
from baseline at trough and at peak. Relative change from baseline
at trough ranged from —17% for brinzolamide and dorzolamide to
—29% for travoprost. At peak, changes for baseline varied from
—17% for brinzolamide to —33% for bimatoprost (Table 4). The
results did not substantially differ when studies reporting 6-month
results or 6- and 3-month results were left out of the analysis. For
brinzolamide, only one eligible publication was found; therefore,
the effects as reported in the publication are reported in Table 4.2°

Discussion

Our results confirm that the 8 drugs evaluated in this meta-
analysis lower IOP more effectively than a placebo. The
highest reduction in IOP at peak was achieved by bimato-
prost (33%), followed by latanoprost, travoprost, timolol,
brimonidine, betaxolol, dorzolamide, brinzolamide (17%),
and a placebo (5%). At trough, the order is travoprost
(31%), bimatoprost, latanoprost, timolol, betaxolol, bri-
monidine, brinzolamide, dorzolamide (17%), and a placebo
(5%). However, the differences between prostaglandin an-
alogs prostamide and timolol are small, especially at trough.
We believe that our results are robust because the quality of
the included studies was generally high, with a mean quality
score of 14.2 on a scale of 0 to 20.

Several methodological aspects of our meta-analysis de-
serve further consideration. We selected trials in which the
concentration of drug, the moment of applying, and fre-
quency of dosing were as recommended by the American
Academy of Ophthalmology.'* This implies that the IOP
reductions observed in this meta-analysis can be achieved in
daily practice. Furthermore, the separate analysis of IOP
reduction at peak and trough enables a more accurate com-
parison of the merits of the individual drugs.

The primary indication for the investigated drugs is a
diagnosis of POAG or OH; therefore, we aimed to include
a homogeneous population with these conditions. However,
8 of the 27 included trials did not specify diagnosis com-
pletely, and reported OAG and OH. These studies were
included. A study conducted by the present authors showed
that, in a cohort of pharmaceutically treated glaucoma pa-
tients, 93% of OAG and OH patients were diagnosed with
POAG or OH (van der Valk, Schouten, Webers, unpub-
lished data). Hence, we are confident that at least 85% of
patients in each of the studies included had the condition of
interest.

We scored the quality of studies included in our meta-
analysis to assess the robustness of our summary estimates
of effects. Out of the >60 methods that are available for
validity assessment of randomized clinical trials, we chose
the Delphi list,” which has been developed after consensus
meetings between experts on quality assessment from dif-



van der Valk et al -+ Meta-analysis on IOP-Lowering Effects of Glaucoma Drugs

Table 4. Absolute and Relative Change in Intraocular Pressure from Baseline Number of Studies

Absolute change (mmHg) Relative Change (%)

Mean Mean
Difference 95% Confidence  Difference  95% Confidence No. of
Group Generic Product  from Baseline Limits from Baseline Limits Studies References
Placebo Trough -1.3 —241t0 —0.3 -5 —9to —1 3 2429
Peak -1.6 —2.7t0 =05 =5 =10t 0 3 24,29:%
Betaxolol, trough —-5.2 —6.3 to —4.1 —-20 -23 to —17 4 16267
Betaxolol, peak -6.0 —6.6 to —5.3 =23 —25to —22 5 16,2614
p-blockers Timolol, trough ~69 7410 —65 ~26 “28to—25 15 1671920222526 Tttt
Timolol, peak —6.9 -7.5t0 —6.3 -27 —-29 to =25 15 167182225268 W Tt
Bimatoprost, trough —6.5 —6.8 t0o —6.1 —-28 —29 to —27 6 19-21,23,24.5%
Prostaglandin Bimatoprost, peak -84 —-9.0t0 =78 =33 =35 to =31 6 18,21,23,24.88. [l N
b Latanoprost, trough -6.8 -7.6 t0 —6.1 —-28 —30to —26 11 15172124 T gt S5
ana (?gs .(er Latanoprost, peak =79 —-83to —74 =31 =33 to =29 12 15,17,21-24. T ok S5 90 4
prostamide Travoprost, trough -7.0 —-8.2t0 —5.7 -29 -32t0 =25 4 IR
Travoprost, peak -8.2 -8.7t —17.7 -31 —32 to =29 5 2223t
d ) Brimonidine, trough —4.5 —5.2 to —3.8 -18 -2l o —14 3wl
;-adrenergic agent Brimonidine, peak —6.1 —6.7 to —5.4 -25 —28 to =22 4 15]1##
Brinzolamide, trough —4.5 —5.1 to —3.9 -17 —19 to —15 1 29
Carbonic anhydrase  Brinzolamide, peak —4.4 —5.0t0 —3.8 =17 —19 to —15 1 29
inhibitors Dorzolamide, dal —4.5 —5.0 to —4.0 -17 —-19to —15 6 25,26,29,4, 4,99
Dorzolamide, peak -5.9 —6.5 to —=5.2 —-22 —24 to =20 6 25,26,29,4, 499

Publications cited in this table with superscript numbers can be found in “References.”

*Wilkerson M, Cyrlin M, Lippa EA, et al. Four-week safety and efficacy study of dorzolamide, a novel, active topical carbonic anhydrase inhibitor. Arch
Ophthalmol 1993;111:1343-50.

"Nordmann JP, Mertz B, Yannoulis NC, et al, Unoprostone Monotherapy Study Group-EU. A double-masked randomized comparison of the efficacy and
safety of unoprostone with timolol and betaxolol in patients with primary open-angle glaucoma including pseudoexfoliation glaucoma or ocular
hypertension. 6 month data. Am ] Ophthalmol 2002;133:1-10.

*Rusk C, Sharpe E, Laurence J, et al, Dorzolamide Comparison Study Group. Comparison of the efficacy and safety of 2% dorzolamide and 0.5% betaxolol
in the treatment of elevated intraocular pressure. Clin Ther 1998;20:454 —66.

$Collignon-Brach ]. Long-term effect of ophthalmic beta-adrenoceptor antagonists on intraocular pressure and retinal sensitivity in primary open-angle
laucoma. Curr Eye Res 1992;11:1-3.

Schuman JS. Clinical experience with brimonidine 0.2% and timolol 0.5% in glaucoma and ocular hypertension. Surv Ophthalmol 1996;41
(suppl):S27-37.
TAlm A, Widengard I, Kjellgren D, et al. Latanoprost administered once daily caused a maintained reduction of intraocular pressure in glaucoma patients
treated concomitantly with timolol. Br ] Ophthalmol 1995;79:12-6.
#Camras CB, United States Latanoprost Study Group. Comparison of latanoprost and timolol in patients with ocular hypertension and glaucoma: a
six-month masked, multicenter trial in the United States. Ophthalmology 1996;103:138—-47.

**Watson P, Stjernschantz J, Latanoprost Study Group. A six-month, randomized, double-masked study comparing latanoprost with timolol in open-angle
glaucoma and ocular hypertension. Ophthalmology 1996;103:126-37.

"Fellman RL, Sullivan EK, Ratliff M, et al, Travoprost Study Group. Comparison of travoprost 0.0015% and 0.004% with timolol 0.5% in patients with
elevated intraocular pressure: a 6-month, masked, multicenter trial. Ophthalmology 2002;109:998-1008.

#Goldberg I, Cunha-Vaz ], Jakobsen JE, et al. Comparison of tropical travoprost eye drops given once daily and timolol 0.5% given twice daily in patients
with open-angle glaucoma or ocular hypertension. ] Glaucoma 2001;10:414-22.

¥Gandolfi S, Simmons ST, Sturm R, et al, Bimatoprost Study Group 3. Three-month comparison of bimatoprost and latanoprost in patients with
ﬁlaucoma and ocular hypertension. Adv Ther 2001;18:110-21.

Noecker R], Earl ML, Mundorf T, et al. Bimatoprost 0.03% versus travoprost 0.004% in black Americans with glaucoma or ocular hypertension. Adv
Ther 2003;20:121-8.
MO’ Donoghue EP, UK and Ireland Latanoprost Study Group. A comparison of latanoprost and dorzolamide in patients with glaucoma and ocular
hypertension: a 3 month, randomised study. Br ] Ophthalmol 2000;84:579-82.
#*#DuBiner HB, Mroz M, Shapiro AM, et al, Brimonidine vs. Latanoprost Study Group. A comparison of the efficacy and tolerability of brimonidine and
latanoprost in adults with open-angle glaucoma or ocular hypertension: a three-month, multicenter, randomized, double-masked, parallel-group trial. Clin
Ther 2001;23:1969-83.

ferent fields, which enhances content and face validity. In
addition, we added some items that are of major importance
for the quality assessment of randomized clinical trials
studying IOP-lowering effects of glaucoma medication (Ta-
ble 2). In general, in most reports on randomized trials too
little or insufficient information is provided to be able to
judge properly whether randomization and masking were
adequate and whether allocation of treatments truly was
concealed.'”"!? Unfortunately, for quantifying possible
baseline imbalances, insufficient data are available in most

cases.!> Moreover, authors often mention the process of
masking but seldom report whether masking was success-
ful.!*> When studying glaucoma medication, true masking is
hard because differences in side effects may reveal a pa-
tient’s treatment. The latter issue and the issue of reporting
success of masking addressed by Berger et al'®~!? resulted
in an overall score of 0 for the items “Was the care provider
blinded?” and “Was the outcome assessor blinded?” A
weaker point of the present study is the fact that the first
judgment on eligibility of articles based on the title, ab-
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stract, and MeSHs was made by a single researcher; ideally,
2 independent observers should screen the abstracts.” How-
ever, the purpose of this first selection was to exclude
publications that were obviously ineligible for inclusion
(e.g., studies on healthy subjects, animals, excluded drugs,
or IOP not as primary outcome). These issues are easy to
assess, based on abstract and title or MeSH keywords.
Therefore, it is not likely that eligible studies were rejected
in this stage of study selection. This is confirmed by the fact
that any of the publications used for the 2 meta-analyses of
Zhang et al and Einarson et al** were present among the
possible eligible articles that remained after this first selec-
tion. Moreover, if any doubt about eligibility of a study
existed after reading the title, abstract, and MeSHs, the
complete publication was copied and included in the further
selection process.

Also, potentially eligible trials were randomly assigned
to a single researcher for final judgment of the eligibility of
these trials. However, eligibility criteria were extensively
discussed to make the level of agreement between both
reviewers as high as possible. In addition, if any doubt about
the eligibility of a publication rose, this was discussed with
the other 2 researchers.

Potentially eligible publications were divided randomly
between 2 researchers to prevent bias. To minimize infor-
mation bias,>® the observers were blinded to the names of
the authors and their institutions, the names of the journals,
sources of funding, and acknowledgments.?! We minimized
language bias by including not only English language stud-
ies but also studies published in German, French, and
Dutch.3%33 We aimed to minimize database bias by search-
ing in multiple databases (Medline, Embase, and the Co-
chrane Controlled Trials Register)** and by checking refer-
ences in selected publications. We did not use references
from all reviews published, to prevent citation bias.>* We
minimized multiple publication bias by checking the studied
populations and paying extra attention when including mul-
ticenter studies. We found 4 publications reporting on the
same study population. The article reporting the final results
was used for this meta-analysis'®; data that could not be
obtained from this publication were obtained from 2 publi-
cations reporting earlier results.!?-?°

Two other meta-analyses were published on IOP-lower-
ing effects of glaucoma drugs. Zhang et al reported I0P
reductions at 3 months from baseline of 30% for latanoprost
and 27% for timolol.> These findings are comparable to the
results of the present study: we found 31% at peak and 28%
at trough for latanoprost and 27% at peak and 26% at trough
for timolol. Einarson et al* compared peak measurements
for brimonidine with a combination of trough, peak, and
diurnal measurements for latanoprost. The 26% IOP reduc-
tion for brimonidine from baseline at 3 months of this
measurement was comparable to the 25% reduction at peak
found in the present study. The value of 33% reduction from
baseline for latanoprost at 3 months was higher than the
28% and 31% reductions at trough and peak, respectively,
found in the present study and in the study of Zhang et al.
In general, one may state that our estimations for IOP
reduction are comparable to or slightly lower than those
reported in earlier published meta-analyses.>*
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Except for the advantage of discriminating between peak
and trough moments, the present study has the advantage
that the studies included did not vary in concentration of the
drug, moment of applying, and frequency of dosing for the
different medicines, and included more drugs. This con-
trasts with the trials included in the earlier mentioned meta-
analyses.>* Moreover, the present study also reports on
drugs that have not been studied by meta-analysis before.

The results of this study show that prostamide or prosta-
glandin analogs are most effective for lowering IOP by mono-
therapy in POAG or OH patients. However, the B-blocker
timolol is almost as effective and, thereby, still a good
treatment option. The B-blocker betaxolol, a,-adrenergic
agent brimonidine, carbonic anhydrase inhibitors, brinzol-
amide, and dorzolamide are clearly less effective. Whether
these results are also applicable to patients with other forms
of glaucoma remains uncertain.

Because differences between timolol, prostamide, and
prostaglandin analogs in IOP reduction are small, other
aspects like patient characteristics, quality of life, compli-
ance, and costs may be taken into consideration, as sug-
gested by the European Glaucoma Society, to decide on the
starting therapy for POAG or OH. Depending on the num-
ber of randomized clinical trials of IOP-lowering effects
that will be published in coming years, in the future an
update of this meta-analysis may be desirable. Drug use
under everyday circumstances may differ from the situation
in a clinical trial due to the selection of patients and the
experimental circumstances.>® Therefore, apart from more
controlled research as performed in clinical trials, observa-
tional research on IOP reduction reached by glaucoma med-
ication also is desired. In summary, this meta-analysis of
randomized comparisons shows that there are multiple op-
tions for effective monotherapy in POAG and OH. This
enables physicians to tailor an optimal strategy for an indi-
vidual patient.
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