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ABSTRACT

Objective: This study aimed to calculate and compare the costs of different brands of ocular hypotensive eye
drops available in the Philippines.

Methods: This was a single-center research conducted at a local laboratory. Triplicate samples of 21 different
brands of locally-available ocular hypotensive drops were tested. The mass of ten drops, total usable mass, number
of drops per bottle, and mass of 200-uL aliquots were measured for each sample. These were used to calculate for
the total usable bottle volume, drop volume, and number of drops per milliliter of each sample. Lastly, the daily,
monthly, and annual costs were computed and compared.

Results: Available brands of B-blockers were the most affordable options for topical glaucoma therapy, with costs
ranging from Php1,838 to 8,472 per year. Innovator brands of a-agonists and carbonic anhydrase inhibitors were
the most expensive, with annual costs ranging from Php7,641 to 24,295 and Php7,361 to 25,327, respectively.
Fixed-combination preparations, with yearly costs ranging from Php4,307 to 22,200, were generally more cost-
effective than individual preparations. The cost of topical anti-glaucoma therapy can amount up to 3.3 to 66.9% of
a minimum-wage earner’s annual income depending on the number and combination of drugs being used.

Conclusions: The price range of ocular hypotensive eye drops available in the Philippines is wide. Cost of therapy is
an important consideration for patients who acquire medications through out-of-pocket expenditure. Optimization
of bottle designs and volumes is crucial to maximize the cost-effectiveness of eye drop solutions. Information on
the cost of therapy should be available to both patients and physicians.

Keywords: ocular hypotensive eye drops, anti-glaucoma eye drops, glaucoma therapy, cost analysis, quantitative
method, densitometric method
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Glaucoma is listed among the top causes of
irreversible blindness wortldwide.'” Its estimated
global prevalence was 64.3 million in 2013, with 60%
of the diagnosed cases coming from Asia."* The
Third National Survey on Blindness in the Philippines
reported glaucoma as the 3™ major cause of bilateral
blindness and the 5" most common cause of low
vision in the country.*

Studies have described the demographic and
clinical profile of patients with glaucoma in the
Philippines;”® howevet, socioeconomic factors and
the financial burden of the disease have yet to be
tackled. In many developed countries, the cost of
glaucoma therapy is shouldered by the government
and insurance companies.”® In contrast, out-of-pocket
expenditure remains to be the major means by which
medications are procured in the Philippines.

Drug price has been identified as a barrier to
adherence to therapy.*"® A study conducted in Canada
showed that below-average income and lack of
insurance were associated with higher rates of non-
petsistence and more gaps in glaucoma therapy. Dreer
et al. identified lower income, poor health, extremes
of age, and African-American descent as risk factors
for poor adherence to topical therapy among patients
with glaucoma.” Determinants of compliance to
glaucoma medical therapy have not yet been described
locally, although it would be rational to believe that
increased costs would lead to decreased adherence to
treatment in a country where maintenance glaucoma
medications are an out-of-pocket expense.

Topical eye drops are the first-line therapy in the
management of glaucoma.” In a retrospective study
by Rayel and Aquino (unpublished data), patients
who eventually underwent glaucoma drainage device
implantation were on an average of 2.6 topical
medications prior to surgery. A higher mean of 3.2 was
reported when systemic anti-glaucoma medications
were included. Neatly 9 out of 10 patients were using
B-blockers while 8 out of 10 patients were using o.-
agonists before shunt implantation. The results of
this study reflect the burden of glaucoma therapy.

The Philippine National Drug Formulary lists
8 topical ocular hypotensive or anti-glaucoma eye
drops approved for the management of glaucoma -
namely, pilocarpine, timolol, betaxolol, brimonidine,
latanoprost, travoprost, brinzolamide, and dorzo-
lamide."® Over the past few decades, the number of
available brands of eye drops in the local market has
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increased. The Food and Drug Administration of the
Philippines lists several brands and formulations of
ocular hypotensive medications approved for local
use'’; however, only the ceiling prices of timolol,
latanoprost, and tafluprost have been identified in the
latest versions of the Philippine Drug Price Reference
Index."”" Multiple studies conducted in North
America, China, Saudi Arabia, and India showed that
bottle and solution properties are factors that affect
drug administration and cost of therapy®* No
similar research has been done in the Philippines. The
purpose of this paper is to determine and compate
the projected costs of using different brands of ocular
hypotensive eye drops that are readily available within
Metro Manila.

METHODS

This was a laboratory research study conducted
at the Central Laboratory of the National Institute
of Health at the University of the Philippines —Manila.
Eye drop brands were selected via convenience
sampling based on the availability in major pharmacies
within Metro Manila, Philippines. Only eye drops in
multi-dose containers approved for use by the Food
and Drug Administration of the Philippines for
glaucoma were included. Preservative-free eye drops
placed in single-use containers were excluded. All
samples were stored under conditions recommended
by the drug manufacturers. The prices used for the
calculations were obtained from Mercury Drug, which
is the largest pharmacy chain in the Philippines. Prices
were updated as of April 2019.

The experiment was conducted at room
temperature. A densitometric method based on the
experiments by Enzenauer et al. and Moore et al
was employed in the calculation of drop density,
drop volume, and bottle volume** All brands
were randomly tested in triplicate samples. A single
research assistant, masked from the study objectives,
eye drop brands, and the parameters to be calculated,
was assigned to dispense the drops on the weighing
dish. For each sample, 10 drops of the ophthalmic
solution were dispensed on a weighing dish. The
dropping angle was set at 45° based on a similar study
conducted in India.” In between drop insillations,
the bottles were held at a vertical position for at least
three seconds. This process was repeated 5x to get 5
measurements of the mass of 10 drops.

The number of drops per bottle was determined
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by transferring the entire bottle contents onto the
weighing dish one drop at a time and counting from
first to last drop. Its corresponding mass was referred
to as the total usable mass. Lastly, five readings of
the mass of 200-microliter aliquot (mass of 200-ul
aliquot) were recorded and the median value was

identified.

At the end of the laboratory experiment, the
following raw data were obtained: (1) mass of 10
drops, (2) total usable mass, (3) number of drops per
bottle, and (4) mass of 200-pL aliquot.

The median mass (in grams) of the 200-
microaliquot was divided by 0.200 mL to obtain the
density of each sample. The total usable mass was
divided by the calculated density to obtain the total
usable volume. The total usable volume corresponds
to the volume of the eye drop solution that was
successfully transferred to the weighing dish. This
value was representative of the amount of solution
that can be used by a patient. The ideal result was a
value greater than the declared volume of the bottle
indicated in the bottle packaging. This would imply
ample overfilling.

Study Outcome Measures

Primary outcome measures included total usable
volume, number of drops per milliliter, projected
number of days that the bottles would last for
unilateral and bilateral use, drop cost, and monthly
and annual costs of therapy.

The number of drops per milliliter was
calculated to assess bottle efficiency across all
declared volumes. This is determined by dividing the
total number of drops by the total usable volume.
The projected numbers of days that the bottles
would last for unilateral and bilateral use were also
computed based on the number of drops per bottle.
Drop cost was calculated for each brand by dividing
the retail price by the number of drops per bottle.
The daily cost was computed by multiplying the
frequency of administration with the drop cost. In
the determination of monthly costs and annual costs,
2 different sets of calculations were prepared based
on 2 assumptions on how patients would use their
eye drops. In the first set, it was assumed that the eye
drops will be used until the bottle is empty. This is
presumed to be more reflective of real-life practice
in the Philippines. In the second set, it was assumed
that the patient would conform to the manufacturer
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recommendation, which was to discard the eye drop
bottle after one month of use.

Secondary outcome measures included brief
physical descriptions of the eye drop bottles and its
contents.

Data Analysis

Data are presented in medians with maximum
and minimum values.

RESULTS

Twenty-one (21) bottle brands were included in
the study. These consisted of 2 brands of o-agonists, 4
brands of B-blockers, 2 brands of carbonic anhydrase
inhibitors, 5 brands of prostaglandin analogues, and
8 brands of fixed-combination eye drops. Sixteen
(16) out of the 21 brands were innovator brands.
The non-innovator brands were Alcon Brimonidine
(brimonidine tartrate), Celsus Timolol (timolol
maleate), Normopres (timolol maleate), Astapro
(latanoprost), and Astimol (latanoprost + timolol
maleate). The drug timolol had the greatest number
of easily accessible preparations.

Twelve (12) of the 21 brands were packaged in
5-ml. containers. Seven (7) brands were in 2.5-mL
bottles, all of which were prostaglandin-containing
solutions. Only 2 brands were in 3-ml preparations.
Median values of the calculated densities, total usable
volumes, drops per milliliter, drop volumes, and days
per bottle are shown in Table 1. The range of the
calculated densities was 0.920 to 1.011 g/mlL. The
smallest calculated drop volume was for Travatan
(27.39 uL) and the highest was for Trusopt (50.15 uL).
In general, the drop sizes of the brands of carbonic
anhydrase inhibitiors and the o-agonists were larger
than the drop sizes of the brands of B-blockers,
prostaglandin analogues, and fixed-combination eye
drops. An exception was Cosopt, a fixed-combination
preparation, with a large drop volume of 40.83 pl.
The range of the drop count for the samples were 93
- 172,91 - 99, and 75 - 95 for the 5-mL, 3-mL, and
2.5-mL bottles, respectively. The number of drops
per milliliter ranged from 20 to 36. The lowest and
highest values were obtained for Trusoptand Travatan,
respectively. The calculated values for the number
of drops per milliliter were lower for the o-agonists
and carbonic anhydrase inhibitors in comparison to
the other drug groups; this was seen in correlation



Table 1. Calculated median densities, usable bottle volumes, number of drops per milliliter, drop volumes, and days per bottle.
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Brand name p p vol, drops/mL voly days,; days,
(declared volume in mL) (g/mL) (mL) (mL™) (L) (days) (days)
ALPHA-AGONISTS
Alcon Brimonidine (5 mL) | 2x/day 0.9995 4.31 24.82 35.28 54 27
Alcon Brimonidine (5 mL) | 3x/day 0.9995 4.31 24.82 35.28 36 18
Alphagan (5 mL) 2x/day 0.9965 5.15 24.08 41.75 62 31
Alphagan (5 mL) 3x/day 0.9965 5.15 24.08 41.75 41 21
BETA-BLOCKERS
Betoptic (5 mL) 2x/day 0.9915 5.07 33.51 29.96 85 43
Celsus Timolol (5 mL) 2x/day 1.011 4.41 30.17 31.12 67 33
Normopres (5 mL) 2x/day 0.9945 5.13 27.11 32.3 70 35
Timoptol (5 mL) 2x/day 1.007 5.45 30.81 313 84 42
CARBONIC ANHYDRASE INHIBITORS
Azopt (5 mL) 2x/day 0.92 3.7 25.16 37.45 47 23
Azopt (5 mL) 3x/day 0.92 3.7 25.16 36.64 31 16
Trusopt (5 mL) 2x/day 0.9705 5.4 20.36 50.15 55 28
Trusopt (5 mL) 3x/day 0.9705 5.4 20.36 50.15 37 18
PROSTAGLANDIN ANALOGUES
Astapro (2.5 mL) 1x/day 1.0075 2.29 32.8 29.78 75 38
Lumigan (3.0 mL) 1x/day 1.0015 2.71 33.6 30.47 91 46
Travatan (2.5 mL) 1x/day 1.0035 2.53 35.54 27.39 90 45
Taflotan (2.5 mL) 1x/day 1.0065 2.78 34.21 29.44 95 48
Xalatan (2.5 mL) 1x/day 1.008 2.58 29.04 30.09 75 38
FIXED-COMBINATION EYE DROPS

Astimol (2.5 mL) 1x/day 1.0035 2.28 32.84 30.07 75 38
Azarga (5 mL) 2x/day 0.9965 4.29 28.45 28.06 61 31
Combigan (5 mL) 2x/day 1.004 4.98 34.52 29.45 86 43
Cosopt (5 mL) 2x/day 0.995 4.89 24.76 40.83 61 30
Duotrav (2.5 mL) 1x/day 0.9755 2.4 34.65 29.15 83 42
Ganfort (3 mL) 1x/day 1.0065 3.1 31.89 30.14 99 50
Simbrinza (5 mL) 2x/day 0.992 4.82 29.02 33.26 70 35
Simbrinza (5 mL) 3x/day 0.992 4.82 29.02 33.26 47 23
Xalacom (2.5 mL) 1x/day 1.006 2.7 31.07 30.99 84 42

f = frequency of daily dosing; p = density in grams per milliliter; vol, = total usable bottle volume in milliliters, drops/mL = number
of drops per milliliter of solution, voly = drop volume in microliters, days; = projected days that the bottle will last for unilateral use,

days, = projected days that the bottle will last for bilateral use
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Table 2A. The calculated drop cost, daily cost, and annual cost of locally available ocular hypotensive eye drops in the Philippines for

unilateral use.

Monthly cost Annual cost
Brand name f Drop | Daily 1 month/| Used until bottle is empty Used until 1 month
cost | cost | Emptied
RP Median ‘ Min ‘ Max | Median ‘ Min ‘ Max
ALPHA-AGONISTS
Alcon 2x/day | 6.77 | 13.53| 40598 | 724.00| 4,939.44| 4,761.44| 4,986.04 | 8,688.00 | 8,688.00| 8,688.00
Brimonidine 3x/day | 6.77 | 2030 608.97 | 724.00| 7,409.16| 7,142.16| 7,479.06 | 8,688.00 | 8,688.00| 8,688.00
Alphagan 2x/day [10.47 | 20.94| 0628.06| 1,298.00| 7,641.45| 7,233.13| 8,098.63 |15,576.00 |15,576.00 |15,576.00
3x/day |10.47 | 31.40| 942.10| 1,298.00|11,462.18|10,849.70 12,148.00 |15,576.00 |15,576.00 |15,576.00
BETA-BLOCKERS
Betoptic 2x/day | 2.77 554 | 166.06 | 470.50| 2,020.38| 2,008.57 | 2,069.07 | 5,646.00 | 5,646.00 | 5,646.00
Celsus Timolol 2x/day | 2.63 526| 157.89 | 350.00| 1,921.05| 1,892.59| 1,935.61 | 4,200.00 | 4,200.00 | 4,200.00
Normopres 2x/day | 2.52 | 5.04| 151.08| 350.00| 1,838.13| 1,762.07| 1,950.38 | 4,200.00 | 4,200.00 | 4,200.00
Timoptol 2x/day | 420 | 8.40| 25214 | 706.00| 3,067.74| 3,067.74| 3,282.68 | 8,472.00 | 8,472.00 | 8,472.00
CARBONIC ANHYDRASE INHIBITORS
Asopt 2x/day |11.44 | 22.88| 686.45| 1,064.00| 8,351.83| 8,262.98| 8,442.61 |12,768.00 |12,768.00 |12,768.00
3x/day |11.44 | 34.32| 1,029.68 | 1,064.00|12,527.74|12,394.50 {12,663.90 |12,768.00 |12,768.00 |12,768.00
Trusopt 2x/day [10.45 | 20.91 627.27 | 1,150.00| 7,631.82| 6,457.69 | 7,845.79 |13,800.00 |13,800.00 |13,800.00
3x/day [10.45 | 31.36 | 940.91| 1,150.0011,447.73| 9,686.54|11,768.70 |13,800.00 |13,800.00 |13,800.00
PROSTAGLANDIN ANALOGUES
Astapro 1x/day | 8.87 8.87 | 266.00| 66500 3,236.33| 3,152.27 | 3,280.07 | 7,980.00 | 7,980.00 | 7,980.00
Lumigan 1x/day |16.08 | 16.08 | 482.31 | 1,463.00| 5,868.08 | 5,741.88 | 6,068.13 |17,556.00 |17,556.00 |17,556.00
Travatan 1x/day |15.14 | 15.14 | 454.33| 1,363.00| 5,527.72| 5,407.55 | 5,527.72 |16,356.00 |16,356.00 |16,356.00
Taflotan 1x/day [10.11 | 10.11 303.16 | 960.00 | 3,688.42| 3,688.42| 3,688.42 11,520.00 |11,520.00 |11,520.00
Xalatan 1x/day |18.67 | 18.67 | 560.00 | 1,400.00| 6,813.33 | 6,723.68 | 7,097.22 |16,800.00 |16,800.00 |16,800.00
FIXED-COMBINATION PREPARATIONS
Astimol 1x/day |11.8 11.80 | 354.00 | 885 4,307.00| 4,250.33 | 4,486.46 {10,620.00 |10,620.00 |10,620.00
Azarga 2x/day |10.04 | 20.08 | 60246 | 1,225.00| 7,329.92| 6,723.68| 7,776.09 |14,700.00 |14,700.00 |14,700.00
Combigan 2x/day | 9.19 | 18.37| 551.16| 1,580.00| 6,705.81| 6,590.86 | 7,393.59 |18,960.00 |18,960.00 |18,960.00
Cosopt 2x/day |12.38 | 24.76| 742.81| 1,498.00| 9,037.52| 8,678.89| 9,112.83 |17,976.00 |17,976.00 |17,976.00
Duotrav 1x/day [18.98 | 18.98| 569.28 | 1,575.00| 6,926.20| 6,607.76 | 7,010.67 |18,900.00 |18,900.00 |18,900.00
Ganfort 1x/day [16.72 | 16.72| 501.52 | 1,655.00| 6,101.77| 5,753.10 | 6,495.43 |19,860.00 |19,860.00 |19,860.00
Simbringa 2x/day | 9.48 | 18.96| 568.71| 1,327.00| 6,919.36| 6,589.86 | 6,919.36 |15,924.00 |15,924.00 |15,924.00
3x/day | 9.48 | 28.44| 853.07| 1,327.00/10,379.04| 9,884.80|10,379.00 |15,924.00 |15,924.00 |15,924.00
Xalacom 1x/day {22.02 | 22.02| 660.71 | 1,850.00| 8,038.69| 7,587.08 | 8,135.54 |22,200.00 |22,200.00 |22,200.00

f = frequency, Min = minimum value, Max = maximum value, RP = retail price. Prices are in Philippine Pesos.
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Table 2B. The calculated daily, monthly and annual costs of locally available ocular hypotensive eye drops in the Philippines for bilateral use
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Monthly cost Annual cost
Brand name c Daily cost | Emptied | 1 month Used until bottle is empty Used until 1 month
Median| Min | Max | Median| Min | Max
ALPHA-AGONISTS
Alcon Brimonidine 2x/day 27.07 811.96| 811.96 | 9,878.88| 9,522.88| 9,972.08 | 9,878.88| 9,522.88| 9,972.08
3x/day 40.60 1,217.94 | 1,217.90 | 14,818.30|14,284.32|14,958.10 |14,818.32 | 14,284.32 | 14,958.10
Alphagan 2x/day 41.87 1,256.13 | 1,298.00 | 15,282.90|14,466.26 | 16,197.30 |15,576.00 |15,576.00 | 16,197.30
3x/day 62.81 1,884.19 | 1,884.20 | 22,924.40|21,699.39 | 24,295.90 | 22,924.35 | 21,699.39 | 24,295.90
BETA-BLOCKERS
Betoptic 2x/day 11.07 33212 4705 | 4,040.76| 4,017.13| 4,138.13| 5,646.00| 5,646.00| 5,646.00
Celsus Timolol 2x/day 10.53 315.79 | 350.00 | 3,842.11| 3,785.19| 3,871.21| 4,200.00| 4,200.00| 4,200.00
Normopres 2x/day 10.07 302.16 | 350.00 | 3,676.26| 3,524.14| 3,900.76| 4,200.00| 4,200.00| 4,200.00
Timoptol 2x/day 16.81 504.29 | 706.00 | 6,135.48| 6,135.48| 06,565.35| 8,472.00| 8,472.00| 8,472.00
CARBONIC ANHYDRASE INHIBITORS
Asopt 2x/day 45.76 1,372.90 | 1,372.90 | 16,703.70|16,525.96 | 16,885.20 | 16,703.66 | 16,525.96 | 16,885.20
3x/day 68.65 2,059.35 | 2,059.40 |25,055.50(24,788.94|25,327.80 | 25,055.48 | 24,788.94 | 25,327.80
Trusopt 2x/day 41.82 1,254.55 | 1,254.60 | 15,263.60|12,915.38 | 15,691.60 |15,263.64 |13,800.00 | 15,691.60
3x/day 62.73 1,881.82 | 1,881.80 | 22,895.50|19,373.08 | 23,537.40 |22,895.45 |19,373.08 | 23,537.40
PROSTAGLANDIN ANALOGUES
Astapro 1x/day 17.73 532.00 | 665.00 | 6,472.67| 6,304.55| 6,560.14 | 7,980.00 | 7,980.00 | 7,980.00
Lumigan 1x/day 32.15 964.62 | 1,463.00 |11,736.20|11,483.76|12,136.30 |17,556.00 | 17,556.00 | 17,556.00
Travatan 1x/day 30.29 908.67 | 1,363.00 |11,055.40(10,815.11|11,055.40 |16,356.00 | 16,356.00 | 16,356.00
Taflotan 1x/day 20.21 606.32 | 960.00 | 7,376.84| 7,376.84| 7,376.84 |11,520.00 |11,520.00 |11,520.00
Xalatan 1x/day 37.33 1,120.00 | 1,400.00 |13,626.70|13,447.37 | 14,194.40 |16,800.00 |16,800.00 | 16,800.00
FIXED-COMBINATION PREPARATIONS
Astimol 1x/day 23.60 708.00 | 885.00 | 8,614.00| 8,500.66| 8,972.9210,620.00 |10,620.00 |10,620.00
Azarga 2x/day 40.16 1,204.92 | 1,225.00 |14,659.80|13,447.37 |15,552.20 |14,700.00 |14,700.00 |14,700.00
Combigan 2x/day 36.74 1,102.33 | 1,580.00 |13,411.60(13,181.71|14,787.20 |18,960.00 |18,960.00 | 18,960.00
Cosopt 2x/day 49.52 1,485.62 | 1,498.00 | 18,075.00(17,357.78 | 18,225.70 |17,976.00 | 17,976.00 | 17,976.00
Duotrav 1x/day 37.95 1,138.55 | 1,575.00 |13,852.40|13,215.52|14,021.30 |18,900.00 |18,900.00 |18,900.00
Ganfort 1x/day 33.43 1,003.03 | 1,655.00 |12,203.50|11,506.19 |12,990.90 |19,860.00 |19,860.00 |19,860.00
Simbringa 2x/day 37.91 1,137.43 | 1,327.00 |13,838.70(13,179.73|13,838.70 |15,924.00 | 15,924.00 | 15,924.00
3x/day 56.87 1,706.14 | 1,706.04 | 20,758.10(19,769.59 |20,758.10 |20,758.07 | 19,769.59 | 20,758.10
Xalacom 1x/day 44.05 1,321.43 | 1,850.00 |16,077.40|15,174.16 |16,271.10 |22,200.00 |22,200.00 |22,200.00

f = frequency, Min = minimum value, Max = maximum value.

Prices are in Philippine Pesos.
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Table 3. Comparison of the annual cost of using fixed-combination preparations versus individual preparations.

Yearly cost of use (in PhP)

Brand Name . Unilateral . . Bilateral .
Used until bottle Used until Used until bottle Used until
is empty 1 month is empty 1 month
BRIMONIDINE + BRINZOLAMIDE
Simbrinza 6,919.36 15,924.00 13,838.71 15,924.00
Alcon Brimonidine + Azopt 13,291.27 21,456.00 26,582.53 26,582.53
Alphagan + Azopt 15,993.28 28,344.00 31,986.56 32,279.66
LATANOPROST + TIMOLOL
Astimol 4,307.00 10,620.00 8,614.00 10,620.00
Xalacom 8,038.69 22.200.00 16,077.38 22.200.00
Astapro + Celsus Timolol 5,157.39 12,180.00 10,314.77 12,180.00
Astapro + Normopres 5,074.46 12,180.00 10,148.93 12,180.00
Astapro + Timoptol 6,304.07 16,452.00 12,608.14 16,452.00
Xalatan + Celsus Timolol 8,734.39 21,000.00 17,468.77 21,000.00
Xalatan + Normopres 8,651.46 21,000.00 17,302.93 21,000.00
Xalatan + Timoptol 9,881.07 25,272.00 19,762.14 25,272.00
BRIMONIDINE + TIMOLOL
Combigan 6,705.81 18,960.00 13,411.63 18,960.00
Alcon Brimonidine + Celsus Timolol 6,860.49 12,888.00 13,720.98 14,078.88
Alcon Brimonidine + Normopres 6,777.57 12,888.00 13,555.14 14,078.88
Alcon Brimonidine + Timoptol 8,007.18 17,160.00 16,014.35 18,350.88
Alphagan + Celsus Timolol 9,562.50 19,776.00 19,125.01 19,776.00
Alphagan + Normopres 9,479.58 19,776.00 18,959.16 19,776.00
Alphagan + Timolol 10,709.19 24,048.00 21,418.38 24,048.00
TRAVOPROST + TIMOLOL
Duotrav 6,926.21 18,900.00 13,852.41 18,900.00
Travatan + Celsus Timolol 7,448.78 20,556.00 14,897.55 20,556.00
Travatan + Normopres 7,365.85 20,556.00 14,731.70 20,556.00
Travatan + Timoptol 8,595.46 24.828.00 17,190.92 24.828.00
BRINZOLAMIDE + TIMOLOL
Azarga 7,329.92 14,700.00 14,659.84 14,700.00
Azopt + Celsus Timolol 10,272.88 16,968.00 20,545.76 20,903.66
Azopt + Normopres 10,189.96 16,968.00 20,379.91 20,903.66
Azopt + Timoptol 11,419.57 21,240.00 22,839.13 25,175.66
DORZOLAMIDE + TIMOLOL
Cosopt 9,037.52 17,976.00 18,075.04 17,976.00
Trusopt + Celsus Timolol 9,552.87 18,000.00 19,105.74 19,463.64
Trusopt + Normopres 9,469.95 18,000.00 18,939.90 19,463.64
Trusopt + Timoptol 10,699.56 22.272.00 21,399.11 23,735.64
BIMATOPROST + TIMOLOL
Ganfort 6,101.77 19,860.00 12,203.54 19,860.00
Lumigan + Celsus Timolol 7,789.13 21,756.00 15,578.26 21,756.00
Lumigan + Normopres 7,706.21 21,756.00 15,412.41 21,756.00
Lumigan + Timoptol 8,935.82 26,028.00 17,871.63 26,028.00

*Only median values are displayed.
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with the large drop volumes calculated for these two
groups.

Our calculations show that none of the eye drop
brands would be consumed in less than 30 days if
used unilaterally. The range of the days per bottle if
used only on one eye was 36 days (Alcon Brimonidine
3x/day) to 99 days (Ganfort 1x/day). The values
computed for unilateral use were divided by 2 to
obtain the days per bottle for bilateral use. Alcon
Brimonidine (2-3x/day), Alphagan (3x/day), Azopt
(2-3x/day), Trusopt (2-3x/day), and Simbrinza (3x/
day) would be consumed in less than 1 month if used
for both eyes. The median number of days per bottle
for bilateral use was highest for the prostaglandin
analogues at 45 days per bottle (min: 38 days, max: 48
days) and lowest for the carbonic anhydrase inhibitors
at 21 days per bottle (min: 16, max: 28). The median
for o-agonists, B-blockers, and fixed-combination
eye drops were 24 (min: 18, max: 27), 38 (min: 33,
max: 42), and 38 (min: 23, max: 50) days per bottle,
respectively.

The prices of the eye drops at the time of
the study ranged from PhP350 to 1,850. Beta-
blockers had the lowest mean retail price at PhP469.
Prostaglandin analogues had the highest average retail
price for the brands with a single active component at
PhP1,170. The average retail price for the oi-agonists
and carbonic anhydrase inhibitors were PhP1,011 and
1,107, respectively. The average retail price of fixed-
combination eye drops was Php1,505. The cheapest
retail price for a fixed-combination preparation was
PhP885 for Astimol, and the most expensive was
PhP1,850 for Xalacom. Astimol and Xalacom are
both preparations of latanoprost combined with
timolol maleate.

The average cost of 1 drop for monotherapy
ranged from PhP2.5 (Normopres) to 18.7 (Xalatan).
For fixed-combination eye drops, the range was
Php9.2 (Combigan) to 22 (Xalacom). The projected
calculated costs are displayed in Tables 2A and 2B for
unilateral and bilateral use, respectively.

Projected costs for monotherapy if the bottles
were to be used up to the last drop were lowest for
Normopres, Celsus Timolol, and Betoptic, which are
all non-innovator beta-blockers. Meanwhile, the most
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expensive options are Azopt, Alphagan, and Trusopt,
when used 3x daily. For fixed combinations, the
cheapest option is Astimol and the most expensive
option is Simbtinza used 3x/day. For each sample,
the costs calculated for bilateral use were twice those
obtained for unilateral use.

If the bottles were to be used only up to one
month for one eye or for both eyes, Normopres,
Celsus Timolol, and Betoptic remain to be the
cheapest options. The most expensive options,
however, change depending if the drug is used on just
one eye or on both eyes. For monotherapy on one
eye, prostaglandin analogues, particularly Lumigan,
Xalatan, and Travatan, which are all innovator brands,
are the most expensive options. For monotherapy
on both eyes, the two innovator carbonic anhydrase
inhibitors, Azopt and Trusopt, and the innovator
a-agonist, Alphagan, become the most expensive.
For combination therapy, Astimol is still the cheapest
option and Xalacom is the most expensive; both of
these are combinations of latanoprost and timolol
maleate.

Table 3 shows the cost of using the fixed-
combination eye drops versus using different
combinations of individual brands. Simbrinza was
found to be the cheapest option for the combination
of brimonidine and brinzolamide used twice daily.
Astimol was the cheapest option for latanoprost
combined with timolol. For timolol in combination
with other prostaglandin analogues, the most
affordable options were Duotrav (travoprost +
timolol), Azarga (brinzolamide + timolol), Cosopt
(Dotzolamide + timolol), and Ganfort (bimatoprost
+ timolol). For the combination of brimonidine and
timolol, Combigan would be the cheapest if it were
used up to the last drop. The generic combination of
Alcon Brimonidine with either Normopres or Celsus
Timolol was the cheapest option if the drugs were to
be used only up to 1 month.

The composition of the containers and the
physical descriptions of the solutions are shown in
Table 4. Fifteen (15) out 21 bottles are made of low-
density polyethylene. Nearly all solutions were clear
except for Azarga, Azopt, and Simbrinza, which were
suspension formulations. Approximately half of the
samples were watery in consistency.
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Table 4. Bottle material and solution characteristics per brand
of eye drop.

Brand Name Bottl.e Solution Sohiltion
Material Color Consistency
ALPHA-AGONISTS
Alcon .
Brimonidine LDPE | clear, greenish watery
Alphagan LDPE | clear, yellowish watery
BETA-BLOCKERS
Betoptic LDPE clear watery
Celsus Timolol | LDPE clear watery
Normopres LDPE clear viscous
Timoptol HDPE | clear, yellowish watery
CARBONIC ANHYDRASE INHIBITORS
Azopt LDPE white suspension
Trusopt HDPE clear slightly viscous
PROSTAGLANDIN ANALOGUES
Astapro LDPE clear slightly viscous
Lumigan LDPE clear watery
Travatan PP clear watery
Taflotan PP clear watery
Xalatan LDPE clear oily
FIXED-COMBINATION EYE DROPS
Astimol LDPE clear slightly viscous
Azarga LDPE white suspension
Combigan LDPE clear watery
Cosopt HDPE clear slightly viscous
Duotrav PP clear watery
Ganfort LDPE clear watery
Simbrinza LDPE white suspension
Xalacom LDPE | clear, yellowish oily

LDPE = low density polyethylene, HDPE = high density
polyethylene, PP = polypropylene

DISCUSSION

This is a quantitative cost-analysis study
conducted in a single research laboratory. Mass-
density calculations were employed to determine the
cost of different brands of ocular hypotensive agents
available in Metro Manila, Philippines as of April
2019. Results show wide variations in the cost of
therapy using different brands of ocular hypotensive
eye drops. The factors that affect the projected costs
included the following: retail prices, bottle design,
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frequency of use, drop volumes, and actual bottle
volumes of the ophthalmic preparations.

The total usable volume of a bottle should allow
use for approximately one month when used for both
eyes, with ample allowance for losses due to minor
spillage, evaporation, and failures in administration.
Excessive volume allowances, however, may result to
usage of the drug beyond the recommended period
of one month. It would also signify that the bottle
design and volume are not optimized, since a large
proportion of the eye drop volume is only placed for
wastage. Ten brands (Alphagan, Betoptic, Normopres,
Timoptol, Trusopt, Travatan, Taflotan, Xalatan,
Ganfort, Xalacom) out of the 21 brands have usable
volumes that are greater than the volume specified
on the bottle labels. Whereas, 11 out of 21 bottles
(52.38%) were underfilled. This proportion is slightly
better than that reported in India, where 62% of 245
bottles investigated were underfilled.’ Undetfilling
of bottles results to early exhaustion of eye drop
solutions, which increases the annual cost of therapy.

A cross-sectional study reported that 1 for every
4 patients reported problems with early exhaustion
of eye drop bottles. A third of the patients attributed
this to bottle-related issues such as the expression
of multiple or large drops. While the range of drop
volumes was reported to be 25 -70 pl, the volume
of the normal tear film is merely 7 uL.. The fornix is
only able to hold 30 uL of liquid without overflow.***
Thus, a considerable portion of the eye drop
administered is actually wasted. The size of the drop
depends on the following factors: bottle design and
tip, solution properties, bottle position or angle, and
the manner by which the bottle is squeezed. Moore
reported that the economical bottle position actually
varies across different bottle types®* It has been
concluded that a dropper tip with a small outer orifice
diameter allows a consistent surface area and a smaller
drop volume.”* The calculated drop volumes for
each sample reported in this study are only median
values. For a given eye drop solution, the actual drop
volume changes depending on the properties of
the bottle, amount of liquid and air inside, and the
pressure exerted by an individual on the bottle when
expressing the drop. It was observed that the sizes
of the last few drops of solution were inconsistent
due to the difficulty in expressing a complete drop
when the volume of liquid was already depleted. This
observation was in agreement with the finding of
Gaynes, who said that the force required to express
a drop from a bottle that is full is considerably less



than that needed to express a drop from a neatly
empty bottle.”” In this study, the largest drop volume
computed was for Trusopt. Travatan had the smallest
drop volume, which was approximately 45% of
the value computed for Trusopt. Another notable
observation was that different solutions placed in
similar bottles yielded different drop volumes. Timolol,
Trusopt, and Cosopt, when placed in Ocumeter Plus®
bottles, dispensed different drop volumes. These
variations were attributed to the differences in the
chemical properties of the solution. Thisisa factor that
should be taken into consideration by manufacturers
when developing or selecting a container for their
drug product. In addition, it was also observed that a
significant amount of residual liquid was retained in
the Ocumeter Plus® containers. This observation was
similar to that reported by Gaynes et al”’

In literature, the optimal eye drop volume is set to
only 20-uL. due to the small capacity of the precorneal
area and the risk for systemic absorption of the
medications.”* All of the calculated drop volumes
of the 21 drugs tested in this study had drop volumes
greater than this value. If it were assumed that all
the drugs have established therapeutic equivalence
prior to approval of its sale in the market, it can be
said that the brands with greater drop volumes also
unnecessarily administer greater doses of both the
active and inactive ingredients. Through reduction
of the drop size to the optimal value, costs may be
reduced both for the manufacturers and the end-users.
The risk for adverse effects may also be minimized.
This is another factor that manufacturing companies
and regulating bodies should consider. At present,
there are no guidelines that regulate bottle design or
the amount of drops that are available per volume of
medication.

Ikeda et al. stated that the annual cost of an eye
drop is affected by the total number of drops and
the manner of use.”” In this study, the number of
days per bottle if all drops would be administered
was computed for unilateral and bilateral use. Nearly
all of the brands have labels or package inserts that
advise patients to discard the bottle 4 weeks after
opening. However, in the Philippines, patients tend
to consume the contents of a bottle irrespective of
the time it was opened. For this reason, 2 sets of
calculations were made — one wherein it is assumed
that a bottle will be used until it is empty, and another
wherein it is assumed that a bottle will be discarded 1
month after it is opened. The first set depicts “real-
life” use and the second shows “ideal use.”” Based
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on calculations, none of the brands, when used and
stored propetly, are expected to be consumed within
4 weeks when used only for one eye. For bilateral use,
Alcon Brimonidine, Alphagan (3x/day), Azopt,
Simbrinza (3x/day), and Trusopt bottles will be con-
sumed before the 4-week period. This signifies greater
costs for patients who are maintained on these drugs.

Results of this study have shown that non-
innovator brands of -blockers are the cheapest
options for topical monotherapy, regardless if it were
used on one eye or on both eyes, and if the bottles
were used up to the last drop or only up to one month.
Significant variations in the overfill and the number of
drops per milliliter were observed in this study, similar
to the report of Fiscella.® Although drug pricing is
affected by several factors, optimization of the drug
volume and bottle design is recommended to improve
cost-efficiency. In general, if the drugs were to be
used for only up to 1 month, the retail price would be
the most significant determinant of the annual cost
of therapy. The use of brands that lasts less than a
month for bilateral use entails greater expenses for
the patients maintained on these eye drops, as seen in
the use of certain brands of o-agonists and carbonic
anhydrase inhibitors. The volume allowance placed
inside the bottles becomes an important factor if the
bottles were used on both eyes up to the last drop.
It is notable that the difference between the costs
computed if the bottle were to be used until it is
empty versus when it is discarded after one month
was largest for the prostaglandin analogues and the
fixed-combination preparations. Although certain
brands of prostaglandin analogues, namely, Lumigan,
Xalatan, and Travatan have the highest retail prices
for single-agent preparations, they turn out to be less
expensive than carbonic anhydrase inhibitors when
used for both eyes and when used until emptied
due to the larger volume allowance placed in these
bottles. The large drop sizes of Azopt, Trusopt, and
Alphagan make these drugs less cost-effective if
the intention is to use the bottle up to the last drop.
These drugs, when used thrice daily, also last less than
a month for bilateral therapy, hence increasing cost
of therapy. As Fiscella reported, bottles with smaller
drop sizes may actually be cost-effective in the long
run. Over the years, bottle designs have improved
to produce smaller drop volumes and less wastage.
Newer brands of medications were found to be more
efficient, as measured in terms of the number of
drops administered per bottle.”

The cost of using combination preparations
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was also compared to the cost of using two brands
containing the individual drug agents. Calculations
revealed that it is more cost-effective to use the
combination preparations Simbrinza (brinzolamide
+ brimonidine tartate), Duotrav (travatan + timolol
maleate), Azarga (brinzolamide + timolol), Cosopt
(dorzolamide + timolol maleate), and Ganfort
(bimatoprost + timolol) compared to using individual
preparations of its components. Four of these
combination preparations have timolol as an active
drug. Although there are already several affordable
non-innovator brands of timolol, its cheap cost is
offset by the significantly more expensive price of the
second anti-glaucoma drug, For the combination of
brimonidine tartrate and timolol maleate, Combigan
is cheapest option if it is used until the bottle is
empty whereas Alcon Brimonidine used with either
Celsus Timolol or Normopres is the most affordable
option when it is used only up to 1 month. Xalatan
and Xalacom are the first prostaglandin-containing
products that became off-patent. Astimol, a newly
available non-innovator combination preparation, is
found to be the cheapest option for the combination
of latanoprost and timolol. For the innovator options,
it is more cost-effective to use Xalacom in comparison
to Xalatan with Timoptol. Itis important to remember,
however, that the combination of a once-daily drug
(i.e. prostaglandin analogues) with a twice-daily drug
(i.e. B-blockers) would limit the recommended use of
the combination drug to once-daily, hence the dosing
of the B-blocker component would not be maximized.
This should be taken into consideration when deciding
on whether to prescribe combination or separate
preparations. The use of fixed-combination eye drops
may prove to be significantly more cost-effective in the
future once more non-innovator brands are available
in the market.

This study displays the large range of the cost of
ocular hypotensive agents available in the Philippines.
Gao et al. arrived at a similar conclusion in China,
where timolol was also found to be the cheapest
drug option.” One limitation of this study is the
single dropping angle used for analysis. Gaynes et al.
conducted a densitometric assessment of topical anti-
glaucoma eye drops and found dosage variations that
appear to be affected by the angle of administration.”’
Gao stated that smaller drop volumes are produced
when the bottle is squeezed in a vertical position. A
slow and gentle squeeze results to a slow production
of a drop, and prevents inadvertent expression of
extra drops and larger drops.” Moore, however,
reported a contradicting finding. He reported that
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squeezing a bottle in a vertical position resulted
to larger drops.** In addition, a successful eye drop
administration to one’s self requires a good hand-eye
coordination, dexterity, and steadiness of the hand.
Videotaped studies of eye drop instillation among
glaucoma patients with impaired vision showed that
for a single attempt of administration, a mean of
1.4 + 1.0 drops are instilled using 1.2 + 0.6 attempts.”
Calculations in this study assumed that all drops are
instilled successfully. However, it can be said that
patients who would have difficulties in self-instillation
of eye drops may benefit from brands of the eyedrops
with larger allowances for errors in instillation. For
these patients, brands of B-blockers, prostaglandin
analogues, and fixed-combination eye drops may be
reasonable options, whereas certain brands of a-
agonists and carbonic anhydrase inhibitors would
be less cost-effective. Patients who use the drugs on
both eyes will also benefit significantly from greater
overfilling,

Based on wages reported by the the Department
of Labor and Employment in the Philippines, the
annual income of a minimum-wage earner in the
National Capital Region is 110,687.49 PhP.** The range
of the cost of therapy depending on the number of
drugs used is displayed in Table 5. Analyzing this data
alongside published local wages, it can be seen that
patients can be spending as much as 3.3% to 66.9%
of their annual income for their topical anti-glaucoma
medications.

Table 5. Range of cost of glaucoma therapy for both eyes.

Used until empty Used until
(PhP) 1 month (PhP)

1 3,676.26 - 25,055.48 | 4,200.00 - 25055.48
2 8,614.00 - 47,979.83 | 10,620.00 - 47,979.83
3 17,514.97 - 61,606.50 | 20,124.00 - 65,535.83
4 22,452.71 - 67,741.98 | 26,544.00 - 74,007.83

# of Drugs

Cost of medications should be considered as
an important factor in drug-selection along with
the drug efficacy, side-effects, and frequency of
administration.” The calculations of this study reflect
a best-case scenario for the use of the eye drops.
Losses incurred due to streaming are accounted for
in the methodology; however, the calculations do
not reflect losses from misses during applications,
evaporation, and spillage. Despite the limitations of
a cost-minimization study, the findings may serve as
a guide in understanding the cost-effectiveness of
the different brands of eye drops.” It is necessary to



educate patients on the proper use of eye drops in
order to lessen cost of therapy.”’

In conclusion, drop volume is a determinant of
the number of drops that a bottle can administer;
hence, drop volume affects the cost of therapy.
Drop volumes for all 21 brands tested were greater
than the ideal drop volume of 20 pl.. Based on this
study, only 10 of the brands had sufficient volume
allowance. The most affordable brands belonged to
the B-blocker drug class. Innovator brands of carbonic
anhydrase inhibitors and a-agonists were found to be
among the most-expensive options for monotherapy.
Combination drug preparations have been found to
be more cost-effective as compared to individual drug
preparations when used together.

Data from this study allow physicians and
patients to consider cost when choosing which drug
preparation to purchase. This paper is only descriptive
and does not make any assumptions with regards
to the efficacy, safety, and chemical stability of any
of the brands tested. It is recommended for drug
developers to optimize the construction of bottles
and placement of volumes in such a way that the
drug will be consumed before the drug preparation
declines in quality, with ample allowance for losses.
It is recommended for future researchers to conduct
assays, bacteriologic and chemical studies to determine
if it is safe and effective to use eye drops until the
bottle is empty to minimize wastage and improve
cost-effectiveness. Optimization of drug preparations
is necessary to improve its cost-effectiveness, which
in the long run would benefit both manufacturers and
patients using the drug. Ultimately, there is a need for
more generic preparations to enter the local market to
decrease the prices of medicaions.
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