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ABSTRACT

Objective: Despite the significant clinical and economic
burden associated with glaucoma, studies evaluating the
long-term costs of existing treatments are limited. This study
compared the 5-year costs of three treatment strategies:
medication, laser trabeculoplasty, and filtering surgeries in
managing patients with primary open-angle glaucoma whose
intra-ocular pressures were not adequately controlled by two
medications.

Research design and methods: A Markov model was
developed to simulate the transition of treatment progression
over a 5-year period to evaluate the total treatment costs
associated with each strategy. In the medication arm,
medications were the only available treatment, whereas in the
laser trabeculoplasty and surgery arms, patients would receive
concomitant medications both at the time of the procedure and
in subsequent years. Treatment states were determined by the
rate of success in controlling patients’ intra-ocular pressure in
each year. The distribution of treatment states and the transi-
tion probabilities between these states were derived from
published literature, adjusted or supplemented by the authors’
own treatment experiences. Costs assessed in the model
included treatment, complications associated with each

treatment, and physician office visits obtained from published
literature and standardized fees and schedules.

Results: The 5-year cumulative costs were approximately
$6571, $4838 and $6363 for patients in the medication, laser
trabeculoplasty, and filtering surgery arms, respectively. Costs
of third-line medication, first-line medication following laser
trabeculoplasty, and post-surgery complications had the
greatest impact on the model results in the medication, laser
trabeculoplasty, and filtering surgery arms, respectively.
Probabilistic sensitivity suggested the results were statistically
significant (p< 0.001), favoring the use of laser
trabeculoplasty.

Conclusions: Over 5 years laser trabeculoplasty was asso-
ciated with the lowest total costs compared to treatment by
medication alone or by filtering surgery for patients who were
not adequately controlled by two medications. Future devel-
opment of glaucoma treatment should focus on reducing the
need for post-procedure medical therapy as well as lowering
the rate of post-procedure complications. Limited by the
availability of the transition probabilities in published literature,
the model results need to be validated by prospective or
retrospective observational studies.
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Introduction

Glaucoma is the second leading cause of blindness
worldwide'?. It is projected that, by 2010, there will
be 60.5million people with glaucoma, which will
increase to 79.6 million by 2020. Of these cases, 74%
will be primary open-angle glaucoma (POAG)'. Higher
intra-ocular pressure (IOP), greater cup-to-disk ratio,
thinner central corneal measurement, and older age are
well-documented risk factors for the
Glaucoma disproportionately affects women and
Asians worldwide. It is projected that women will
comprise 59% of all glaucoma cases and Asians will
comprise 47% of total cases by 2010'. Although their
race is not an independent risk factor, African
Americans tend to have a higher risk of developing
glaucoma than Caucasians>*.

Therapeutic options to manage POAG include
pharmacotherapy, laser therapy, and surgical interven-
tion. Because IOP remains an important modifiable risk
factor for delaying glaucoma progression®?, these inter-
ventions all attempt to lower IOP to a level that is
believed to halt or inhibit disease progression. In
recent years, initial medical therapy has changed with
the introduction of prostaglandin analogs which have
replaced B-antagonists as the therapy of first choice®.
Other therapeutic options include the a-agonist, the
carbonic anhydrase inhibitor (CAI), and the fixed-
combination products containing two different
medication classes, such as timolol/dorzolamide or
timolol/brimonidine, which are often used to simplify
the medical regimen in the hope of improving compli-
ance. Observational studies, however, have shown that
insufficient control of IOP in patients during the first
1-3 years can lead to high frequency of treatment
changes and surgical interventions, and therefore,
78 In addition, poor adherence to
therapy has been documented to compromise effec-
tiveness of these treatments’. Laser trabeculoplasty
(LT) has been used to lower IOP in patients with
POAG for over 25 years as an alternative for patients
who cannot or will not use medications. Yet the role of
LT remains controversial. Although LT may occasion-
ally reduce the amount of medical treatment and pre-
vent the need for more invasive intervention, 30% to
more than 50% of eyes require additional filtering sur-
gical treatment within 5 years after the first LT; repeat
LTs have lower success rates, with failure occurring in
nearly 90% of these eyes within 2 years'. Filtering sur-
gery such as trabeculectomy or tube shunting provides
a treatment alternative, and often reduces IOP and the
need for subsequent medical treatment. While long-
term control is often achieved, some patients will
require further therapy or a second surgery, which

disease’.

increased costs
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also carries a higher failure rate'!. For example, the
10-year treatment failure rate in the Advanced
Glaucoma Intervention Study (AGIS) was 20-30%"".
Furthermore, filtering surgery increases the likelihood
of complications and the need for cataract surgery'’.

The economic implications for glaucoma manage-
ment are significant. Glaucoma will cost the US
health care system an estimated $2.9 billion in
2008'2. A retrospective observational chart review
showed that in 1998 the annual costs of treating a
patient with newly diagnosed POAG in the US
averaged $1055'3. Medication use represented the
most significant portion of costs among all glaucoma
treatments, ranging from 42 to 56% for all stages'*.

Although the substantial economic burden asso-
ciated with glaucoma and its related treatments has
been well documented, mainly through retrospective
13-15 the step-wise approach
to treatment in order to control a patient’s IOP, as well
as the impact of treatment change on cost, have not
been well studied. Even when studies were conducted
to simulate treatment changes, these studies tended to
focus only on patients with new diagnoses of POAG, or
evaluated the impact of one or multiple medications on
the overall treatment costs”''®. Although medical ther-
apy has experienced a dramatic rise with respect to the
classes of medications useful for lowering IOP, adding a
third or fourth medication infrequently contributes
to a substantial decrease in IOP'”. Thus there are still
substantial numbers of patients who may fail medical
therapy and require other interventions. For example,
In the Ocular Hypertension Treatment Study, 40% of
patients required more than two medications to
achieve a 20% decrease in IOP'®. In the Collaborative
Initial Glaucoma Treatment Study, 75% of patients
with early-to-moderate glaucoma required more than
two medications to control their IOP within 5 years'®.
The long-term cost implications of different treatment
strategies in patients not sufficiently controlled by two
medications are unknown. The objective of this study
was to compare the costs associated with treatment via
medication, LT, and filtering surgeries in managing
patients who were not adequately controlled by two
medications.

reviews of medical charts

Patients and methods
General framework and model structure

A Markov model was developed in TreeAge Pro 2006
to simulate the transition of treatment progression of
patients with POAG over a 5-year period. Studies have
suggested that visual field loss in glaucoma patients is
minimal when they are aggressively treated with
either surgery or topical medications over a 3-5-year
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follow-up period to achieve individualized IOP
levels?*?!. Although 5 years is a limited time frame to
evaluate a chronic disease, it has been widely used in
other modeling studies of glaucoma treatments®!%?.
The authors believe 5years represents an appropriate
time frame to capture the majority of resource utiliza-
tion and costs and it is also consistent with the time
horizon recommended in the guidelines of performing

cost—effectiveness analyses?>.

The American Academy of Ophthalmology (AAO)
Preferred Practice Patterns for POAG was referenced
to model different treatment states'®. The Markov
model was defined using treatment states determined
by effectiveness of IOP control. Although the ultimate
objective of managing glaucoma is to prevent vision
field loss and progression to blindness, disease progres-
sion occurs over decades and is difficult to observe.
Thus, these measures have rarely been used as efficacy
endpoints in clinical trials. Instead, treatments have
focused on controlling IOP elevation which is consid-
ered to be the primary risk factor for disease progres-
Furthermore, the uncertainty surrounding
quantification of glaucoma progression and the level
of IOP make use of clinical states difficult and
controversial.

The model included patients diagnosed with POAG
who were not adequately controlled by two medica-
tions (i.e., first-line and second-line medications).
These patients received one of the three treatment
options: (1) Medication Only, (2) LT, or (3) Surgery
(i.e., trabeculectomy or tube shunt). In the
Medication Only arm, medications were the only avail-
able treatment, whereas in the LT and Surgery arms,
patients would receive concomitant medications at
the time of the procedure or in subsequent years. For
simplicity, treatment states were considered mutually
exclusive and evaluated in the 1-year intervals (i.e., a
1-year cycle length); therefore, a patient could only be
in one treatment state at any given time during a year.

sion.

Assumptions

Key assumptions related to the overall modeling
methodology were:

(1) The Markov model aimed to model the 5-year
treatment costs associated with various treat-
ment strategies, not outcomes. Although
treatment effectiveness as measured by success-
ful IOP control was indirectly used to determine
the treatment states and the transition between
them, the authors did not attempt to use treat-
ment effectiveness or its impact on patients’
quality of life as the outcome endpoints.

(2) Each treatment and treatment pathway aimed to
control IOP.
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(3) Patients not controlled were assumed to
require additional resources (i.e., adding new
medication or proceeding to an LT or surgery);
however, no switching or cross-over between
treatment arms was considered.

(4) Change between treatment states in the model
may occur once per cycle (once a year) and cost
of treatments were assumed to accrue at the
beginning of the year.

In the Medication Only arm, after two medications
(i.e., first-line and second-line) failed to control IOP,
a third-line medication was added. If the three medica-
tions were insufficient to control IOP in the next cycle,
patients would require a fourth-line medication.
Patients who were receiving four medications were
assumed to continue requiring that level of medication
until the end of the 5th year. This model considered
the prostaglandin class as first-line medication, the
non-selective B-blockers second-line, the o-agonists
third-line, and the carbonic anhydrase inhibitors
(CAI) fourth-line. Detailed descriptions of medication
use are provided separately in later sections. In the LT
arm, patients underwent an LT after two medications
failed to control IOP. In the LT arm, two medications
(i.e., first-line and second-line) were still required in
the year of the procedure. If patients’ IOP was con-
trolled by LT, they would continue on two medications
for the subsequent year. On the other hand, if patients’
IOP was not controlled, a third-line medication was
added. Only those who responded to an initial LT
were eligible for a repeat LT in a subsequent year.
Patients with elevated IOP following the second LT
would then increase their medications, adding a third-
or/and fourth-line, similar to the Medication Only arm.
In the Surgery arm, the only option besides medica-
tion was filtering surgery. Patients not controlled with
two medications received a trabeculectomy. In the year
of the trabeculectomy, no medication was necessary. In
subsequent years, patients could continue requiring no
medication, or use one (i.e., first-line) or two (first-line
and second-line) medications. Those not receiving
medications or only first-line medication could progress
to both first-and second-line medications before they
received a second surgery. For the second surgery, the
authors assumed 50% of the patients would receive a
tube shunt, and 50% a repeat trabeculectomy. Patients
then followed similar treatment pathways after the first
surgery except that they were assumed not to exceed
two medications after the second surgery. The struc-
ture of the Markov model is presented in Figure 1.

Data sources
published

wherever

The authors wused literature  as

the primary data source, available.
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Figure 1. Markov model structure

PubMed (National Library of Medicine) was searched
for articles and abstracts that included at least one of
the following terms or medical subject headings
(MeSH): ‘glaucoma,” ‘TOP,” ‘medication,” ‘laser trabe-
culoplasty, ‘surgery (trabeculectomy or tube shunt),’
‘costs,” and ‘complication’ from 1995 to 2008. As
appropriate, distribution of treatment states and transi-
tion probabilities reported from the literature were
adjusted to reflect the differences in the patient popu-
lation and the study design based on experience in the
authors’ own institute (Dr. Louis Cantor, Eugene and
Marilyn Glick Eye Institute, IN, and Dr. Jay Katz, Wills
Eye Institute, PA)

Transition probabilities

Transition between treatment states occurred at the
beginning of each year. Transitions were driven by the
effectiveness of each treatment reported in the litera-
ture. As the effectiveness data were based on, or
derived from, a composite of studies, treatment effec-
tiveness was not uniformly defined. Nevertheless, IOP
control was used most frequently in these studies to
assess treatment effectiveness. Therefore, in this
model, the authors assumed a patient would remain
on the same treatment for a year if his or her IOP was
adequately controlled at the beginning of that year. The
following sections provide a detailed description of

2908  Economic evaluation of glaucoma treatments

transition probabilities used in each treatment arm.
Key transition probabilities used in the base-case and
sensitivity analyses were listed in Table 1.

Medication-only arm

Patients who were refractory to two medications
entered the model by adding a third-line medication.
Patients were populated in a 4 : 1 ratio to approximate
the distribution of patients who were prescribed four
versus three medications by the end of 5 years. Based on
this ratio, the annual transition probability of 33.3%
was derived through back-calculation. Once a patient
had been prescribed four medications, he or she was
assumed to have remained on four medications until
the end of 5years.

LT arm

After the first LT, the percentage of patients using two
medications in the subsequent year was referenced
from a 12-month randomized clinical trial comparing
selective laser trabeculoplasty (SLT) and argon laser
trabeculoplasty (ALT) in 176 eyes of 153 patients’.
In this study, 82% of eyes in the SLT group were
maintained on the same number of medications
(mean=2.6) at 1year after the treatment, and 18%
had one additional medication. In the ALT group,

© 2008 Informa UK Ltd - Curr Med Res Opin 2008; 24(10)
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69% of eyes remained on the same number of medica-
tions (mean=2.4) and 29% required one additional
medication. These numbers were slightly adjusted in
this model as it did not differentiate the type of LT
and assumed the baseline number of medications used
was two, instead of 2.4 or 2.6. The authors estimated
that approximately two-thirds (66.7%) of patients trea-
ted by LT would remain on two medications, while
one-third (33.3%) would require three medications
after 1year. In a subsequent year, if patients were not
controlled by two medications, those who responded
to an initial LT were eligible for a repeat procedure.
Results from four long-term outcome studies indicated
that 30% to more than 50% of eyes had additional surgi-
cal treatment (i.e., second LT or filtering surgery)
within Syears after a first LT3 In the base case
analysis, the authors estimated that approximately
one-third (33.3%) of patients would receive a second
LT in a 5-year timeframe. They then back-calculated
the proportion of patients who needed a second L.T on a
yearly basis (20.6%). Once a patient had received two
medications after the second LT, the same pathways in
the Medication Only arm were applied.

Surgery arm

Distribution of patients to a different level of medica-
tion use post-surgery was based on a long-term out-
come study of glaucoma filtering surgery published by
Parc et al., as well as the authors’ own institutional
experience. Parc et al. reported that the probability of
using medication for IOP control postoperatively was
21% at 1year and 42% at 5years in patients with new
diagnoses of POAG?®®. As the patients studied in this
model presented more severe cases (i.e., not controlled
with two medications prior to surgery), the authors’
own experience indicated a slightly higher percentage
of patients requiring medication. Thus, we approxi-
mated 25% of patients would use medications at
1year. We further estimated that among the 25%,
15% of patients would require one medication and
10% would require two. Patients uncontrolled by two
medications following the first trabeculectomy could
receive a second surgery. For the second surgery, 50%
of the patients would have received a tube shunt and
50%, a repeat trabeculectomy. The corresponding
percentages of 0, 1 and 2 medication use after the
second surgery were 60%, 25% and 15%, respectively.
At year 5, the authors assumed one-third of patients
would require 0, 1 and 2 medications. Based on this,
they calculated the transition probability between 0
and 1 medication and 1 and 2 medications to be
23.7% and 30.7%, respectively, following both the
first and second surgery.
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Resource use and costs

Primary data for resource utilizations and costs were
obtained from published literature and standardized
fees and schedules. When published data were not
available, the authors’ own institutional experience
was used. Costs captured in the model included
medication use, physician office visits, LT and filter-
ing surgery procedures, and complications associated
with these procedures. The cost per bottle of each
representative selection of common glaucoma medi-
cations in both brand and generic formulations was
obtained based on the 2007 Average Wholesale Price
(AWP)?*. Number of drops and actual volume for
each bottle of medication were referenced from
Rylander et al.?®. Medications were grouped into
four categories: first-line, second-line, third-line, and
fourth-line based on the most common sequential
use as described by Lee et al.?®. The costs associated
with these medical therapies were added to the
treatment regimens where appropriate. Because the
authors did not specify with which formulation
patients would be treated, an average price of all
formulations was calculated for each class of medica-
tion. These costs varied by 20% in the sensitivity
analyses.

First-line is the prostaglandin class consisting of
bimatoprost, travoprost, and latanoprost. The second-
line non-selective B-blockers are comprised of timolol,
carteolol, levobunolol, and metipranolol. The a-agonist
class is considered third-line and includes both 0.15%
and 0.2% brimonidine. Carbonic anhydrase inhibitors
(CAI), consisting of brinzolamide and dorzolamide, are
used as fourth-line (Table 2). Although fixed-combina-
tion products, such as timolol/dorzolamide or timolol/
brimonidine, have been frequently used as second- or
third-line therapy to simplify the medication regimen,
they do not change the treatment paradigm; therefore,
these products were not considered in this model.
Medication class added to the LT and Surgery arm
followed the same order as added in the Medication
Only arm. Patients were assumed to adhere fully to
medication across all arms. The authors included the
cost of a physician office visit whenever a change in
treatment states occurred, such as when a new medica-
tion was added to the overall treatment regimen or a
procedure was performed. They used the national
Medicare physician fee schedule facility payment for
LT procedures performed in the hospital outpatient
setting. The costs of trabeculectomy and tube shunt
were based on procedures performed at ambulatory
surgical centers. Costs of adverse reactions and compli-
cations post-LT and post-surgery were included in the
model based on the authors’ institutional experiences.
These costs of complications following surgery were
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546
615

80.52
120.78

49.35

296
484
235

29

10.04
15.21
9.98

10

15

80.77

32

65.96

39.15

24

10

Dorzolamide (Trusopt)

580

AVERAGE

included in subsequent years. Table 1 summarizes the
medication and non-medication resource use and costs
in the model.

All costs incurred beyond the first year were
discounted, reflecting time preference for money.
According to the recommendation from the Panel on
Cost Effectiveness Analysis of the US Public Health
Service, annual costs were discounted at 3% in the
base-case analysis and varied from O to 6% in the
sensitivity analyses; costs were assumed to occur at
the beginning of the year>>.

Sensitivity analysis

Both deterministic and probabilistic sensitivity analyses
were conducted. One-way sensitivity analyses were
conducted on all variables, such that the impact for
the total treatment costs was examined by altering
one variable at a time within a pre-specified range to
determine which variable affected the cost the most.
The effects of uncertainties in each input variable on
the total treatment costs were determined for the three
treatment arms, and presented using tornado diagrams,
in which a horizontal bar was generated for each input
variable examined over a continuous range of values.
The bars in the tornado diagrams were stacked in order
of the potential impact of the variable on the model
results. As rule of thumb, input data derived from the
authors’ own experience (e.g., costs of complications
related to LT or surgery) and those adjusted from
published literature (e.g., transition probabilities from
treatment states) were varied by 50% to reflect the
uncertainties associated with these variables, unless
specified otherwise. All the cost data obtained from
published sources were varied by 20%. Variables that
had the greatest impact on the total treatment costs
were identified for each treatment arm.

Probabilistic sensitivity analyses were performed
via Monte Carlo simulation. One advantage of
probabilistic sensitivity analysis is that all parameter
uncertainties can be simultaneously incorporated into
an analysis. In other words, sampling parameters are
randomly assigned from probability distributions,
rather than simply using the minimum and maximum
values as performed in deterministic sensitivity ana-
lyses. As such, the simulation results quantified the
total impact of uncertainty on the model, in terms of
the confidence that can be placed in the results®” based
on 1000 iterations generated for each treatment arm.
Based on the mean cost and standard deviation
produced from these iterations, a statistical test was
carried out via ANOVA to determine the statistical
significance in the differences observed for the 5-year
treatment costs among the three treatment arms.
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Because the exact distribution of the value taken by
the parameter was unavailable, the authors assumed a
uniform distribution for all transition probabilities, cost
of medications and cost of procedures (e.g., physician
office visit, LT, surgery), in which all intervals within
the minimum and maximum values were equally prob-
able. The minimum and maximum values were consis-
tent with those used in the one-way sensitivity analysis.
The uniform distribution was chosen over other forms
of distributions because it allows more variability in
parameters examined than does a unimodal distribu-
tion, hence accounting for a greater degree of uncer-
tainties. Costs of complications, both for LT and
surgery, were based on the chi-square distribution
because these values were likely to be positively
skewed with minimum of zero. Range for each of the
parameters and their probability distribution used in
deterministic and probabilistic sensitivity analyses are
presented in Table 1.

Software

TreeAge Pro 2006 was used to construct the model and
conduct the analysis.

Results
Baseline results

The Markov model simulated the transitions of a
hypothetical POAG patient cohort through various
treatment states using 1-year cycles over 5years. The
results of the base—case cumulative costs of treatment
of Medication Only, LT, and Surgery are presented in
Table 3. At the end of the 5th year, patients treated by
LT incurred the lowest costs among the three treatment
options. The 5-year total costs were approximately
$6571, $4838 and $6363 for patients treated by
Medication Only, LT, and Surgery, respectively
(Table 3).

Sensitivity analyses

The results of deterministic (i.e., one-way) sensitivity
analyses were presented in Figures 2—4. Medication was

the only treatment option available in the Medication
Only arm. Not surprisingly, cost of medication had the
greatest impact on this arm. As all patients in this arm
received a third-line medication, choice of the third-
line therapy was the most important cost driver. In
the LT arm, cost of first-line therapy, as well as the
need for two medications post-LT, bore a greater
impact on the total treatment costs than other para-
meters. Total treatment costs for the Surgery arm
were primarily driven by the costs of managing
complications following the trabeculectomy or tube
shunt procedures. Reduction in surgical complications
would offer great opportunity for cost savings in the
Surgery arm compared to the Medication Only and LT
arms. As the model simulated the costs over 5 years, the
discount rate had a significant impact on results
obtained from all arms.

Results from the probabilistic sensitivity analysis of
1000 simulations for each treatment strategy were pre-
sented in Table 3. The mean 5-year treatment costs
were $6553 (SD =$531), $4849 (SD =$409), and
$6386 (SD =$1651) for the Medication Only, LT and
Surgery arms (p< 0.001). Data obtained from these
simulations suggested that LT resulted in statistically
lower 5-year costs than Medication Only and Surgery
after accounting for the uncertainties surrounding the
key model parameters.

Discussion

As a chronic disease, long-term outcomes and eco-
nomic data of POAG are not usually obtainable from
clinical trials. Moreover, trials usually only compare
one intervention to another, but in actual practice,
many therapeutic and surgical interventions may be
used in conjunction with one another. As such, this
study relies on modeling techniques and represents a
conceptual framework to evaluate treatment strategies
commonly used in managing POAG patients who are
not adequately controlled by two medications. It
explores the influences of these strategies in IOP con-
trol, direct medical costs, and glaucoma-related health
care resource use, and ranks the treatment strategies
with respect to overall treatment costs.

Table 3. Five-year treatment costs: base—case analysis and probabilistic sensitivity analysis

Baseline Probabilistic sensitivity analysis
Mean (SD) Range p-value*
Medication only $6571 $6553 (531) $4956-8006 <0.001
Laser trabeculoplasty $4838 $4849 (409) $3653-6088
Surgery $6363 $6386 (1651) $2996-13475
*ANOVA test

© 2008 Informa UK - Curr Med Res Opin 2008; 24(10)
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Cost of alpha-agonist

Discount rate

Cost of prostaglandin

Probability of increasing to 4 medications
after 3 medications

Cost of carbonic anhydrase inhibitors

Cost of non-selective beta blockers

Cost per physician office visit

Result (input value):

$6043 ($568) _ $7099 ($852)
$6155 ($448) — $6987 ($672)
$6211 (0.17) _ $6854 (0.50)

$6403 ($464) - $6739 ($696)

$6415 ($168) $6727 ($252)

$6526 ($50) . $6616 ($74)

$5000 $5500

$6000 $6500 $7000 $7500

5-Year Total Treatments Costs

Figure 2. One-way sensitivity analyses of the S-year costs — medication only

Cost of prostaglandin

Discount rate

Probability of using 2 medications
after laser trabeculoplasty

Cost of non-selective beta blockers

Cost of laser trabeculoplasty
complications

Cost of laser trabeculoplasty

Cost of alpha-agonist

Probability of receiving a 2nd laser
trabeculoplasty after 2 medications

Probability of increasing to 4
medications

Cost of carbonic anhydrase inhibitors

Cost per physician visit

Result (input value)

$4682 ($168) $4994 ($252)

$4698 ($466) $4977 ($700)

$4699 ($568) $4976 ($852)

$4688 ($125) _ $4987 ($375)

$4716 (0.10) - $4945 (0.31)
$4767 (0.17) - $4901 (0.50)

$4807 ($464) . $4868 ($696)

$4812 ($50) . $4864 ($74)

$3500 $4000

$4500 $5000 $5500
5-Year Total Treatments Costs

This model represents a novel approach in a number  (e.g., IOP control). The model considers the diversity
of ways. One of the key features differentiating this  in treatment strategies and captures the sequential use
model from previous models is the use of treatment  of single and combination therapies following LT and
state transition as a proxy for treatment effectiveness  surgery. Thus, it overcomes some of the limitations in
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Cost of post-surgery
complications

Discount rate

Cost of trabeculectomy

Probability of increasing to 1
medication post surgery

Cost of prostaglandin

Cost of tube shunt

Result (input value) ,

$5981 (0.06) - $6790 (0)

$6029 ($1390) - $6699 ($2080)

$6228 (0.12) . $6492 (0.36)

$6250 ($448) . $6476 ($672)

$6323 ($1830) I $6403 ($2740)

Probability of receiving 2nd
surgery after 2 medications

Probability of increasing to 2
medications post surgery

Cost of physician office visit

Cost of non-selective beta blockers

$6317 (0.25) l $6393 (0.75)

$6331 (0.15) I $6393 (0.46)

$6338 ($50) l $6388 ($74)

$6350 ($168) | $6376 ($252)

$2500 $3500 $4500 $5500

$6500 $7500 $8500

5-Year Total Treatments Costs

Figure 4. One-way sensitivity analyses of the 5-year costs — filtering surgery

the previous studies which only evaluated treatment
strategies specified in clinical protocols during limited
time frames. It incorporates the treatment outcomes
(e.g., IOP control) into the transition between
treatment states, which are commonly observed in
the current clinical practice. By doing so, it enables
readers to translate the impact of treatment outcomes
into economic consequences. The model structure is
transparent, easy to understand, and simple to custo-
mize. It accommodates the variability in medication
utilization; users of the model could define the
individual medications to be considered by assigning
treatment success rate and costs associated with those
medications.

For many years, the primary goal of glaucoma treat-
ment has been to control IOP, which can be achieved
through medical therapy, laser treatment, and
surgery™>8 With the advancement of new medication
development in the past two decades, medical manage-
ment offers a wider range of choices than ever before
with improved availability and efficacy in lowering
IOP. As a result, a decrease in glaucoma surgical pro-
cedures has been observed since the 1990s in many
countries>”*?. For example, in the current manage-
ment of POAG, most clinicians begin treating a patient
with prostaglandin classes. If only minimal IOP decre-
ment is seen, or the IOP does not reach target level, the

© 2008 Informa UK - Curr Med Res Opin 2008; 24(10)

patient is switched to B-blockers. If these maneuvers
are unsuccessful, clinicians will add a CAI, usually in
the form of the fixed combination of timolol 0.5% and
dorzolamide. If still unsuccessful, the dorzolamide is
stopped and substituted with brimonidine®. Usually
only after three or four medicines have been tried and
the IOP remains refractory, is LT or surgery considered,
despite continued advances in laser and filtering sur-
gery. This study, on the other hand, underscores the
economic implications of exclusive medical manage-
ment in medication-refractory patients. The study
results indicate that LT may offer a potential for cost
savings compared to the Medication Only approach.
This is not to say that the decision of treatment
should be based upon economic reasons. Factors such
as age, disease stage, and rate of progression, among
others, shall still be the primary decision drivers; how-
ever, cost shall be one of the many considerations in the
environment of rising health-care costs and constrain-
ing health-care budgets that most countries and regions
are facing today.

The one-way sensitivity analyses identified the cost
drivers by analyzing the impact of a change of key clini-
cal and economic parameters on the model results and
the probabilistic sensitivity analyses illustrated the con-
fidence with which the results were obtained from the
model. The authors realized that many of these
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parameters were adapted from the literature or based
on the authors’ treatment experience; hence, they
tested the robustness of the model results by applying
a wide range of values to these parameters. The sensi-
tivity analyses suggest that medication costs are a pri-
mary cost driver of overall costs, particularly in the
Medication Only arm. As concomitant medications
are often required post-LT or post-surgery, medication
costs also have a significant impact in the LT and
Surgery arms. This finding is consistent with many pre-
vious publications*!"*?. A retrospective medical record
review study concluded that medication costs com-
prised the largest proportion of total direct cost for all
stages of the disease ranging from 24-61%, depending
on level of medication compliance'®. In addition, post-
surgery complications are also shown to be a significant
cost driver for the Surgery arm. These results combined
highlight the post-procedure
medication use and complications in new therapeutic
interventions. The finding of the probabilistic sensitiv-
ity analyses showed that despite the wide variation
for the input parameters, three sets of 1000 simu-
lations generated statistically significant results, attest-
ing the robustness of the model.

Although the overall results from this modeling
exercise appear to align well with similar glaucoma
economic studies, due to differences in the methodo-

need to reduce

logical approaches and study population, direct com-
parisons of study results are not recommended. For
example, a Canadian study modeled the 6-year costs
of primary SLT versus primary medication therapy
for Ontario patients with POAG aged 65years and
above?®. The study suggested that SLT as primary ther-
apy, at a per-patient level, offered a modest cost savings
over primary medical therapy. Specifically, SLT
repeated every 2 years produced cost savings of $206,
$1669 and $2993 over mono-, bi- and tri-medication
therapy over 6 years. This study showed that LT offered
a cost savings of approximately $1700 per patient
treated by titration of medication from two to four
over 5years, which compares well with the Canadian
study. In a recent published analysis based on a review
of 151 patients’ medical charts in the US by the Costs
of Glaucoma Study Group, the projected total cost of
surgery (including both LT and filtering surgeries), with
or without medication use, was $9631 and the total
cost for medication use, with or without surgery, was
$11 284 within 5years of continuous follow-up, after
adjusting for covariate of interest*?. When compared to
unadjusted costs from the US, a previous study by the
same study group estimated cost per person-year
ranged from $623 per patient with early-stage disease,
to $2511 for patients with end-stage disease'>. As the
patients included in this study may be comparable to
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those with moderate disease according to the classifica-
tion system set forth in the Cost of Glaucoma Study
group, the projected annual costs align well with these
numbers. Despite the fundamentally different method-
ologies adopted in these studies, these data provided an
external validation to the model structure and
assumptions.

Limitations

The study presented here focused on costs rather than
clinical outcomes. The authors did not model clinical
states such as visual field loss or blindness. Instead, the
treatment states, to which the costs were assigned, were
determined based on the effectiveness of IOP control as
assessed in most clinical trials and current clinical prac-
tice. It might be possible to incorporate the clinical
states into the model in the future when more epide-
miological and clinical trial data on those outcomes
become available.

When modeling the changes between treatment
states, the authors did not allow cross-over between
treatment arms in order to isolate the effects of differ-
ent treatment strategies on costs. In a real-world prac-
tice, patients may switch therapy at any time. In this
model, surgery and LT were assumed to be a third-line
therapy (after patients had failed two medications).
Although patients may receive these interventions at
an earlier stage of their disease, studies had generally
shown that as more effective medications are intro-
duced, surgical intervention may be delayed to third-
line or fourth-line treatment'®!”.

Due to limited data availability in the published stu-
dies, certain transition probabilities used in this model
were derived or obtained directly from the authors’
own treatment experience. Although these opinions
reflect, in some respect, the current practices and out-
comes associated with various glaucoma treatments,
these data need to be validated either by clinical trials
or retrospective observational studies.

Adequate medical treatment of glaucoma requires a
high level of adherence to therapy. Frequently, this is
not achieved; studies indicated relatively poor adher-
ence to therapy in one-third or more of patients,
depending on the medications used”'°. In a retrospec-
tive population-based study analyzing pharmacy
claims, the persistence rate for the 12-month period
was shown to be 69.4, 70.6, and 68.1% for latanoprost,
travoprost, and bimatoprost, respectively, and the
mean adherence for these medications were 75.4,
77.1, and 78.2%, respectively, indicating great room
for improvement in medication compliance®®. Poor
medication compliance would compromise treatment
effectiveness without necessarily reducing payment
from the payer. In this model, the authors used the
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annual cost per class of medication calculated in theory,
not an empirical account of the number of bottles actu-
ally used by patients. On the contrary, a retrospective
claims study on the prescription refills of 27000
patients revealed that on average the observed phar-
macy refill rate increased the theoretical annual medi-
cation cost by 21%?°. If the authors include these
factors in this model, the cost saving in the LT and
Surgery arm compared to the Medication Only arm
would have been greater.

In the current exercise, the authors did not model
patients’ quality of life associated with treatment fail-
ure, therapy modification, adverse events, and disease
progression, and how they affect patients’ activities of
daily living and productivity. However, the authors
believe the construct of this model enables the user to
assign utility values to each treatment state, and then
characterize the benefit of different treatment strate-
gies in terms of quality adjusted life years (QALYs),
which are commonly used in economic evaluations of
therapeutic interventions**.

The authors estimated direct costs from the perspec-
tive of third-party payers. Although they could include
costs related to patient or caregiver time for office visits
and procedures performed in a facility or non-facility
setting, previous studies have shown that the direct
costs represented about 75% of the total costs, with
indirect costs accounting for the remaining costs'>.

Conclusion

This model shows laser trabeculoplasty is associated
with the lowest costs of treatment over 5years com-
pared to medication alone and filtering surgery.
Medication costs, post-procedure medication use,
post-surgical complications have a significant impact
on overall treatment costs. This model provides a
framework for future glaucoma model development
and offers a foundation for decision-makers to evaluate
the economic value of new glaucoma interventions.
Future development of glaucoma treatment should
focus on reducing the need for post-procedure medica-
tion as well as lowering the rate of post-procedure
complications.
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