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Despite treatment, glaucoma patients may still suffer vision loss because of
inadequate control of intraocular pressure or late presentation. This article
reviews the latest evidence supporting a reappraisal of first-line tfreatment in
the management of glaucoma, including a review of latanoprost, recently
approved for first-line treatment of glaucoma and ocular hypertension.

laucoma is the second largest cause

of irreversible bilateral blindness

globally. It has been estimated that

nearly 66.8 million people world-
wide have primary glaucoma, with 6.7 million
suffering from bilateral blindness (Quigley,
1996).

Glaucomatous optic neuropathy has been
described as a progressive slow loss of retinal
ganglion cells with a characteristic optic nerve
appearance, such as cup enlargement, notching
and rim loss. Factors that may contribute to the
different clinical appearances of glaucomatous
optic neuropathy include loss of neural tissue,
vascular changes, and changes in the optic nerve
support structures.

Elevated intraocular pressure (IOP) is the
most important modifiable risk factor for optic
nerve damage, with accumulating evidence
confirming that the risk of progressive visual
loss increases with increasing IOP (Odberg,
1987; Sommer et al, 1991; Collaborative
Normal-Tension Glaucoma Study Group, 1998;
AGIS Investigators, 2000). The aim of treat-
ment is to reduce IOP to a target level that
might prevent further glaucomatous damage.

Moreover, 5-year outcome data from the
Ocular Hypertension Treatment Study demon-
strated that topical ocular hypotensive medica-
tion was effective in delaying or preventing
the onset of primary open-angle glaucoma in
individuals with elevated IOP and no evidence
of glaucomatous damage (Kass et al, 2002).
The cumulative probability of developing pri-
mary open-angle glaucoma was reduced by
60% among participants randomized to
receive topical medication (n=817) compared
with those randomized to observation alone
(n=819).

MEDICAL THERAPY
The main treatment options for glaucoma include
topical ocular hypotensive therapy, filtration
surgery or laser treatment. Topical medications
and filtering surgery are equally effective for IOP
control as initial treatments for newly diagnosed
open-angle glaucoma, according to up to 5 years
of follow-up data in the Collaborative Initial
Glaucoma Treatment Study (Lichter et al, 2001).
Medical therapy remains the initial first-
choice strategy in seeking to lower and control
IOP long term and preserve visual function
(Hitchings, 1998). The treatment goal is to
reduce and maintain IOP at an acceptable level
to slow the progression of the disease and help
preserve the patient’s visual field, while main-
taining the best possible quality of life of
patients. This requires careful evaluation of the
appropriate initial therapy choice. Efficacy, tol-
erability, safety, dosing frequency, cost effective-
ness and long-term experience are some of the
factors that should influence a practitioner’s
choice of glaucoma medication. Proper evalua-
tion and assessment at the initial stage will
reduce the likelihood of frequent treatment
changes resulting from either inadequate IOP
control or adverse ocular or systemic events.

TREATMENT OPTIONS FOR GLAUCOMA
Topical beta-adrenergic antagonists (beta-
blockers) have been the mainstay first-line topi-
cal treatment for glaucoma for more than two
decades. In many patients, topical beta-blockers
alone do not sufficiently lower IOP, necessitat-
ing either the prescription of additional medica-
tions or a switch to another ocular hypotensive
agent. Only around 30% of patients are effec-
tively controlled on topical beta-blocker therapy
alone long term (Kobelt-Nguyen et al, 1998).
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Furthermore, studies have highlighted the
potential cardiorespiratory side effects of beta-
blockers. ‘Hidden’ airways disease such as
chronic obstructive pulmonary disease and late-
onset asthma is prevalent in the elderly glaucoma
population and topical beta-blockers may cause
significant systemic side effects (Renwick and
Connolly, 1994; O’Donoghue, 1995). Physicians
should remember the possibility of negative
vasoconstrictive effects as a result of beta-blocker
therapy. Ophthalmologists should also beware
that physicians may incorrectly blame topical
beta-blockers for other causes of respiratory and
cardiac malfunction and constant feedback is
needed between other medical specialists, physi-
cians and ophthalmologists regarding systemic
side effects to get the correct picture.

Other treatment options include alpha2-adren-
ergic agonists, topical carbonic anhydrase
inhibitors and the prostaglandin derivatives
latanoprost (Xalatan, Pharmacia Ltd, Milton
Keynes), travoprost (Travatan, Alcon Laboratories
Ltd, Hemel Hempstead) and bimatoprost
(Lumigan, Allergan Ltd, High Wycombe). Of
these, only latanoprost is approved for first-line
treatment of glaucoma or ocular hypertension.

PROSTAGLANDIN DERIVATIVES

IN GLAUCOMA

Prostaglandins are a series of naturally occurring
fatty acids found throughout the body in almost
every tissue, which possess numerous and
diverse biological effects. The most common
naturally occurring prostaglandins in the eye are
prostaglandin F,, (PGF,,,) and prostaglandin E,
(PGE,). The former was first noted to reduce
IOP in animals, but was found to cause clinically
unacceptable conjunctival hyperaemia, irritation
and foreign body sensation when first tried in
humans (Camras et al, 1977; Camras and Bito,
1981; Guiffré, 1985).

To decrease ocular side effects, other PGF,,
analogues were synthesized and analysed (Resul
et al, 1993, 1997). Researchers found that chem-
ical modifications of the prostaglandin moiety
itself dramatically enhanced the overall thera-
peutic index in the eye (Stjernschantz, 2001).

These principles led to the development of
latanoprost (13,14-dihydro-17-phenyl-18,19,20-
trinor-PGF,-isopropyl ester) as a new
prostaglandin analogue for glaucoma treatment.
Substitution of carbons 18, 19 and 20 on the
omega chain with a phenyl ring in combination
with saturation of the double bond between car-
bons 13 and 14 created a selective F-
prostaglandin (FP) receptor agonist with
virtually no sensory side effects in the eye and

minimal conjunctival hyperaemia (Stjernschantz
et al, 1995; Resul et al, 1997; Stjernschantz,
2001). In addition, the free acid was converted to
an isopropyl ester to enhance corneal penetra-
tion, potency and tolerability.

LATANOPROST:
EFFICACY AND SAFETY EVALUATIONS
Latanoprost vs timolol
In clinical studies comparing latanoprost 0.005%
once daily vs the non-selective beta-blocker tim-
olol 0.5% twice daily, it has been demonstrated
that latanoprost generates a significantly greater
reduction in mean IOP from baseline than timo-
lol. Latanoprost produced a 6—8 mmHg reduc-
tion from a mean baseline of 24-25 mmHg,
reducing baseline IOP by 27-35% (Alm et al,
1995; Camras et al, 1996, Watson et al, 1996).
Diurnal IOP was also reduced 18% more with
latanoprost than with timolol (P<0.001)
(Hedman and Alm, 2000). Furthermore, patients
treated with latanoprost have been shown to be
more likely to reach target pressures than those
treated with timolol (Figure 1) (Hedman, 1997;
Hedman and Alm, 2000). Latanoprost treatment
was associated with a withdrawal rate of less
than 10%, similar to that seen with timolol.
Ocular side effects occurring at an incidence
of 5-15% include blurred vision, burning or
stinging, conjunctival hyperaemia, foreign body
sensation, itching, iris pigmentation changes and
punctate epithelial erosions. Only three ocular
side effects occurred at an incidence greater than
that observed with timolol treatment: conjuncti-
val hyperaemia (10%), iris pigmentation changes
and eyelash change. During 4 years of treatment
with latanoprost, increased iris pigmentation
occurred in about 30% of patients, predomi-
nantly occurring in mixed colour irides and usu-
ally within the first 8 months of treatment. There

Figure 1. Percentage of

patients who achieve
specific intraocular
pressure (IOP) after

6 months treatment. From

Hedman (1997).
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intraocular pressure (IOP)
readings (n=20). From
Orzalesi et al (2000).

Figure 2. Tonometer

was little observed change in iris pigmentation
after 2 years’ treatment and no unexpected
adverse effects have been noted during 4 years’
safety monitoring. Increased iris pigmentation
has not been shown to have any negative clinical
sequelae based on 5 years’ experience.

Reported ocular side effects include re-activa-
tion of uveitis and cystoid macular oedema in
high-risk patients, but no cause-and-effect rela-
tionship between latanoprost and cystoid macular
oedema has been proven (Schumer et al, 2000).
Macular oedema has been reported rarely during
latanoprost treatment. However, the occurrence of
cystoid macular oedema, especially in an eye with
multiple risk factors, may occur independent of
the use of latanoprost (Schumer et al, 2000). The
high selective affinity of latanoprost for the FP
receptor makes retinal vascular actions for
latanoprost unlikely even at high concentrations
(Schumer et al, 2000). No systemic side effects
associated with latanoprost have been proven.

Long-term evaluation of patients treated for
more than 4 years has confirmed that latanoprost
is a potent ocular hypotensive agent that is gen-
erally well tolerated in terms of ocular side
effects and has few or no systemic effects.
Previous studies demonstrate that there is no evi-
dence of long-term drift of IOP control in
patients evaluated for up to 2 years (Watson et al,
1998; Alm and Widengérd, 2000).

Monotherapy with latanoprost maintains stable
IOP lowering control throughout the 24-hour cir-
cadian rhythm, an important consideration given
that high 24-hour fluctuations are an indepen-
dent risk factor for deterioration of visual field
(Asrani et al, 2000).
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A randomized, crossover study examined circa-
dian IOP control with timolol, dorzolamide, a
carbonic anhydrase inhibitor, and latanoprost in
patients with primary open-angle glaucoma or
ocular hypertension (Orzalesi et al, 2000).
Although all the drugs reduced IOP at all time
points, the effect of timolol on IOP during the
night was about half that during the day. The effi-
cacy of latanoprost was fairly uniform, providing
stable IOP control throughout the circadian cycle
(Figure 2). In another study comparing
latanoprost and once-daily dosing with timolol
0.5% gel, latanoprost was found to be more
effective in reducing the mean 24-hour IOP and
mean daytime and night-time IOPs (P<0.001)
(Larsson, 2001). These findings suggest that
strategies primarily based on beta-blockers may
mean that patients are less well protected during
the critical night-time period. Both IOP and the
rate of aqueous humour flow have a circadian
rhythm and higher IOP may be recorded during
the night. Moreover, the nocturnal decrease in
systemic blood pressure may make the nocturnal
IOP even more critical (Orzalesi et al, 2000).

Latanoprost vs other antiglaucoma medications
Efficacy evaluations have demonstrated that
once-daily dosing with latanoprost is signifi-
cantly (P<0.001) more effective than dorzo-
lamide, brimonidine, an alpha2-agonist, and
provides similar IOP lowering compared with a
fixed combination of dorzolamide 2% and timo-
lol 0.5% in patients inadequately controlled on
current therapy (Fechtner et al, 1999; Emmerich,
2000; Kampik et al, 2000).

Latanoprost vs dorzolamide: The results of an
efficacy and safety evaluation comparing
latanoprost 0.005% once daily with dorzolamide
2% three times daily during 3 months of treat-
ment in patients with open-angle glaucoma or
ocular hypertension demonstrate that once a day
latanoprost generated a greater IOP-lowering
effect (O’Donoghue, 2000). Latanoprost
monotherapy reduced diurnal IOP by 31% from
baseline, or 8.5 mmHg, while dorzolamide
monotherapy reduced diurnal IOP by 20% or
5.6 mmHg. The percentage of patients who
reached a diurnal IOP of 21 mmHg or less at
3 months was 82% in the latanoprost group
(n=109) and 42% in the dorzolamide group
(n=104).

Latanoprost vs brimonidine: Six-month data
from a randomized, observer-masked multicen-
tre study (n=379) comparing the efficacy and
safety of latanoprost with brimonidine in
patients with open-angle glaucoma and ocular
hypertension demonstrated that latanoprost once
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daily was significantly (P<0.001) more effective
than brimonidine twice daily in reducing mean
IOP at 6 months (Kampik et al, 2000). After
6 months of treatment, latanoprost reduced mean
IOP by 7.1 mmHg (28%) compared with
5.2 mmHg (21%) for brimonidine from an over-
all baseline mean IOP of 25.0 mmHg. Ocular
and systemic adverse events were more fre-
quently reported in the brimonidine treatment
group (n=192). There were a total of 48 patient
withdrawals, five (2.7%) in the latanoprost
group and 43 (22.4%) in the brimonidine group.

Newer prostaglandin derivatives
Since the commercial introduction of latanoprost
in 1996, three other prostaglandin derivatives
have been clinically evaluated for the lowering
of IOP: unoprostone (Rescula, Novartis
Ophthalmics, Duluth, GA), bimatoprost and
travoprost. All three of the newer topical
prostaglandin-related derivatives have been
directly compared with latanoprost.
Latanoprost vs unoprostone: Results of
prospective, randomized trials showed that
latanoprost administered once daily was signifi-
cantly (P<0.001) more effective in reducing IOP
compared to unoprostone twice daily in patients
with primary open-angle glaucoma or ocular
hypertension (Aung et al, 2000; Susanna et al,
2001). From an overall baseline IOP of
24.1 mmHg, latanoprost reduced mean IOP at
8 weeks by 27% while unoprostone reduced
mean IOP by 14% (Susanna et al, 2001).
Latanoprost vs bimatoprost: In a 3-month
comparative evaluation of bimatoprost and
latanoprost, no significant between-group differ-
ences in IOP reduction were noted (Gandolfi et
al, 2001). Conjunctival hyperaemia occurred
more frequently with bimatoprost than with
latanoprost (36.1% vs 14.2%, P<0.001).
Latanoprost vs travoprost: In phase III clinical
studies, travoprost once daily produced reduc-
tions in IOP of 7-8 mmHg from a mean baseline
IOP of 25-27 mmHg, a similar effect to that
noted for bimatoprost or latanoprost (Netland et
al, 2001). However, there also appear to be
marked differences in ocular tolerability. The
percentages of patients with a clinically signifi-
cant change from baseline in ocular hyperaemia
was 49.9% for travoprost, 27.6% for latanoprost
and 14.0% for timolol. Treatment withdrawal as
a result of all adverse events was more than dou-
ble the rate observed with latanoprost over the
12 months’ evaluation.

Latanoprost, bimatoprost and travoprost pro-
duce greater IOP reductions than timolol and
avoid the systemic side effects commonly associ-

ated with non-selective beta-blockers. However,
bimatoprost and travoprost are associated with a
significantly higher incidence of ocular side
effects than latanoprost — principally conjunctival
hyperaemia and eyelash growth — whereas timo-
lol and latanoprost are better tolerated locally.

BENEFITS OF TOPICAL MONOTHERAPY
Treatment effectiveness is uniformly judged on
its ability to reduce IOP to a target level accept-
able for the patient’s disease. Cost effectiveness
is undoubtedly an important consideration in the
choice of glaucoma treatment. Overall costs in
glaucoma are driven by a number of interrelated
factors beyond the acquisition cost of the drug
itself. These include time of intervention, treat-
ment effectiveness, time to failure, the frequency
of treatment change, the sequence of treatments
and patient management. Resource utilization
might be improved by influencing such cost dri-
vers. However, published evidence is sparse;
health economic studies are notoriously difficult
to undertake and sources of error are numerous.

The frequency and number of treatment changes
are driven largely by inadequate IOP control but
also by discontinuation of initial therapy because
of adverse drug reactions. In clinical practice, each
treatment failure leads to treatment change, inten-
sifying patient management and increasing overall
costs. Better and more stable IOP control, together
with effective long-term monotherapy where
appropriate, lowers the probability of treatment
change, leading to better patient compliance, less
intensive patient management and better overall
value (Kobelt-Nguyen et al, 1998). Moreover, a
better effect on IOP early in the treatment leads to
a lower probability of frequent treatment changes
including surgery (Kobelt, 1998).

A meta-analysis for example showed that
after 2 years’ monotherapy treatment with
latanoprost, only 7% of patients required a
treatment change because of poor IOP control
(Hedman and Alm, 1998). Therefore an effec-
tive initial treatment has a large beneficial
impact on total disease management cost. To
maximize compliance, effective IOP-lowering
medications with minimal side effects should
be preferred. Moreover, achieving a better ini-
tial treatment effect in terms of IOP control
reduces overall management costs, enabling
better use of limited resources.

COMBINATION TREATMENT OPTIONS

Where additional IOP lowering is warranted,
multiple topical medications may be considered.
However, the greater the number of drops per
day, the poorer patient compliance becomes. The
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simpler the treatment regimen, and the fewer the
side effects, the greater the likelihood of good
patient compliance.

Xalacom (latanoprost, timolol ophthalmic
solution, Pharmacia Ltd, Milton Keynes) was
introduced in 2001 as the first topical combina-
tion therapy for glaucoma available as a once-
daily drop. This offers patients even greater
10P-lowering efficacy than that offered by either
of its components (latanoprost and timolol)
administered alone.

Two large randomized, double-blind multi-
centre studies have independently investigated
the efficacy and safety of Xalacom compared
with individual therapies over 6 months. Both
were followed by 6 months of open evaluation to
determine the efficacy of the fixed combination
for up to 12 months.

Both studies found that, compared with the
individual therapies, Xalacom produced a
greater mean diurnal IOP reduction across week
2 to week 26 and this difference was statistically
significant (Pfeiffer et al, 2000; Higginbotham
et al, 2002). At 6 months’ follow up in the US
phase III trial (n=418), treatment with once-
daily Xalacom resulted in an incremental 13.9%
1OP reduction from pre-treatment baseline diur-
nal IOP compared with a 9.2% reduction for
those patients randomized to Xalatan monother-
apy and a 1.3% reduction for patients random-
ized to twice-daily timolol (Higginbotham et al,
2002). Xalacom was significantly more effec-
tive that either agent alone (Xalacom vs timolol
P<0.001; Xalacom vs latanoprost P=0.005).
1IOP levels were maintained with no upward
drift over 12 months of treatment with Xalacom.
Both studies demonstrated that all treatments
were well tolerated both locally and systemi-

KEY POINTS

Medical therapy remains the first choice for lowering and controling
intraocular pressure (IOP) long term and preserving visual function.

Beta-blockers have been the mainstay first-line topical treatment for more than
two decades, but in many patients, the IOP-lowering effect is insufficient.

Xalatan (latanoprost) produces greater mean diurnal IOP reductions than
timolol, a widely prescribed beta-blocker, and lessens the systemic side
effects commonly associated with ophthalmic beta-blockers.

Xalatan is one of the most potent and well-tolerated ocular hypotensive
agents; in the first-line setting this means that lower and more sustainable
target pressures may be achieved with Xalatan monotherapy.

Long-term efficacy and safety data confirm that Xalatan monotherapy
maintains effective long-term IOP control which is stable throughout the 24-
hour circadian rhythm.

Securing effective early control of IOP with minimal adverse effects provides
the best possible protection against further glaucomatous progression.

cally, and adverse events were generally mild to
moderate in severity.

Moreover, a recent 3-month evaluation study
demonstrated that Xalacom is more effective than
the twice-daily fixed combination dorzolamide
and timolol (Cosopt, Merck Sharp & Dohme Ltd,
Hoddesdon) in patients with glaucoma or ocular
hypertension (Feldman et al, 2002).

Combination agents in a single bottle permit
physicians to implement more aggressive yet con-
venient [OP-lowering strategies to help arrest
glaucomatous progression in patients insuffi-
ciently responsive to a monotherapy trial with one
glaucoma medication. Fixed-dose combinations
also eliminate the possibility of reduced efficacy
caused by the washout of sequential eye drops
that is commonly experienced when two drugs are
used separately, in immediate succession.

CLINICAL COMMENTARY

Latanoprost represents one of a new generation
of medicines marked by a potent targeted physi-
ological effect, offering an improved safety pro-
file and a greater likelihood of improved
compliance without negatively affecting quality
of life. For these reasons, latanoprost has
become the preferred treatment choice in many
patients with glaucoma or ocular hypertension.

A medication’s effectiveness, systemic safety
and ocular tolerability are important factors which
determine the success of therapy. Practitioners
should initiate treatment with medications provid-
ing the optimal balance of these factors. In glau-
coma care, greater attention is now directed at the
impact of treatment on the patient’s quality of life;
this means taking all reasonable steps to avoid
treatment failures, resulting from either unneces-
sary or inappropriate treatments or insufficient
pressure-lowering control.

Securing effective early control of IOP with
minimal adverse effects provides the best possi-
ble protection against further glaucomatous pro-
gression. The weight of evidence confirms that
latanoprost is one of the most potent and well-
tolerated ocular hypotensive agents. In the first-
line setting, this means that lower and more
sustainable target pressures may be achieved
with latanoprost monotherapy. More experience
is needed with newer ocular hypotensive agents
to determine their role in glaucoma therapy. m
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