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STATEMENT OF NEED
Glaucoma is the second most common cause of legal

blindness in the United States1 and the leading cause of

irreversible blindness in the world.2,3 As many as half of the

nearly 3 million people in the United States suffering from

glaucoma may be unaware they have the disease.1 It is well

documented that, among patients who have been diag-

nosed and are prescribed therapy, compliance is far from

optimal—which is common in chronic conditions that are

largely asymptomatic (eg, hyperlipidemia, hypertension,

etc). Undiagnosed and suboptimally treated glaucoma

results in irreversible vision loss. Specifically, patients may

lose more than 40% of their optic nerve fibers before

noticing a loss of peripheral vision.1,4

Much data have been published in the peer-reviewed

literature regarding early detection and treatment of glau-

coma and related issues. There is a need among eye care

professionals, however, for a comprehensive, coherent

review of specific, practical, clinical considerations related

to issues, such as the differences between generic and

brand-name medications, side effects of therapy, and

strategies to reduce adverse therapeutic effects.

Louis B. Cantor, MD, said in a recent article about gener-

ic glaucoma medications and cost savings that, although

more generic availability can offer cost savings to some

patients, it can also lead to confusion.5 He also noted

physicians should be sure to observe patients’ reactions to

differences in formulations of glaucoma therapy. 

Dr. Cantor practices at the Indiana School of Medicine,

Eugene and Marilyn Glick Eye Institute. 

It is doubtful that generic medications enhance compli-

ance, according to James C. Tsai, MD, from the

Department of Ophthalmology and Visual Science, Yale

University.6 A 2003 study he undertook found that

patients had 71 distinct reasons for noncompliance with-

out taking cost into account.

1. Distelhorst JS, Hughes GM. Open-angle glaucoma. Am Fam Phys. 2003;67:1937-1944, 1950.
2. NEI. National Eye Institute Report of the Ocular Epidemiology Strategic Planning Panel,
September 2007. www.nei.nih.gov/strategicplanning/finalreport.asp. Accessed July 9, 2010.
3. WHO has estimated that 4.5 million people are blind due to glaucoma.
http://www.vision2020.org/main.cfm?type=WIBGLAUCOMA. Accessed July 9, 2010.
4. American Academy of Ophthalmology. http://www.aao.org/eyesmart/diseases/glaucoma.cfm.
Accessed July 9, 2010.
5. Boyle EL. Generic glaucoma medications cut costs, but usage should be monitored. OSN
Supersite. http://www.osnsupersite.com/view.aspx?rid=32997. Accessed July 9, 2010.
6. Tsai JC, McClure CA, Ramos SE, Schlundt DG, Pichert JW. Compliance barriers in glaucoma: a
systematic classification. J Glaucoma. 2003;12:393-398.

TARGET AUDIENCE
This certified CME activity is designed for glaucoma spe-

cialists, general ophthalmologists, and clinical optometrists

involved in the management of patients with glaucoma.

LEARNING OBJECTIVES
Upon completion of this activity, the participant should

be able to

• Recognize the importance of patients’ adherence to

prescribed glaucoma therapy in medical outcomes

• Identify the key barriers to patients’ adherence to pre-

scribed glaucoma medical therapy

• Discuss the pros and cons of generic medications ver-

sus brand-name formulations

• Employ effective strategies to ensure that patients are

receiving the medications prescribed and facilitate their

appropriate long-term use. 

METHOD OF INSTRUCTION
Participants should read the learning objectives and

continuing medical education (CME) activity in their

entirety. After reviewing the material, please complete

the self-assessment test, which consists of a series of mul-

tiple choice questions. To answer these questions online

and receive real-time results, please visit 

www.dulaneyfoundation.org and click “Online Courses.”

Jointly sponsored by the Dulaney Foundation and Glaucoma Today.

Release date: September 2010. Expiration date: September 2011.

This continuing medical education activity is supported by an

unrestricted educational grant from Allergan, Inc.
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Upon completing the activity and achieving a passing

score of over 70% on the self-assessment test, you may

print out a CME credit letter awarding 1 AMA PRA

Category 1 Credit™. The estimated time to complete this

activity is 1 hour.
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Glaucoma Today
and Where We Are Going

G
laucoma is a growth industry. More than 2 mil-

lion people over the age of 40 in the United

States have glaucoma, and that number is

expected to double in the next decade.1 In

addition, we are diagnosing glaucoma earlier in a patient’s

lifetime—the median age at diagnosis is 53 years2—and,

as a result, we are following patients not for a year or two

but for decades, always with the underlying goal of keep-

ing them seeing for their entire lives.

Unfortunately, too many people are still going blind

from glaucoma. According to the Glaucoma Research

Foundation, one out of 10 patients will become visually

handicapped because of his or her disease, and 18% of

blindness in the United States is due to glaucoma.3 These

statistics were borne out in a retrospective review of a

comprehensive practice, where researchers looked at the

incidence of blindness in glaucoma patients who died

over a 12-year period.4 The researchers eliminated con-

founding causes of vision loss and isolated 106 patients

with just glaucoma. They found that 15% of patients

were legally blind in one or both eyes when they died. In

a one-eye analysis, they found that 1% of patients per

year became legally blind. I would argue that those statis-

tics reflect what is happening in most of our practices.

How can we do better?

FUNDAMENTAL GOALS
Improved glaucoma care involves a three-pronged

effort (Figure 1). First, we must get better at identifying

patients who have glaucoma or who are at risk of devel-

oping glaucoma. Population studies suggest that as many

as half of all glaucoma cases have not been diagnosed.5-7

Part of the problem is that we continue to focus too

much on IOP for a diagnosis rather than on the structure

and function of the optic nerve. We now have technolo-

gy that enables us to look at structure and identify func-

tional changes earlier. It is imperative that we adopt that

technology.

Second, we must develop proven and effective thera-

pies, and third, we must achieve and maintain our

treatment paradigm. Numerous NIH studies over the

last 2 decades have shown that we have the therapies

we need to effectively treat glaucoma. We also have

redefined the risk factors for glaucoma (Table 1), and in

doing so, we have improved our therapies.

STUDIES SUPPORT AGGRESSIVE THERAPY
In the first 3 years of the Early Manifest Glaucoma

Trial (EMGT), the rates of progression in treated ver-

sus untreated patients differed significantly.8 In the

Advances in diagnostic tests and surgical and medicinal interventions
enable us to better detect and treat glaucoma, but other factors still present challenges.

BY STEVEN T. SIMMONS, MD

Figure 1. Preventing blindness from glaucoma requires a

three-pronged approach.

“As early as the 1960s, researchers
reported the IOPs of glaucoma

patients fluctuate more than the
IOPs of normal patients.”
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latter 4 years, however, progression rates were surprising-

ly similar, which leads to the conclusion that treatment

works, but if the treatment is not aggressive enough, pro-

gression will occur (Figure 2). During the Collaborative

Initial Glaucoma Treatment Study (CIGTS), patients were

treated aggressively, either medically or surgically, and

over a 10-year period, the majority of patients did not

progress (Figure 3).9 This study suggests that blindness

from glaucoma is truly preventable.

More recently, researchers followed 250 glaucoma

patients for 5 years or more to identify risk factors for

disease progression.10 They concluded that, for every

1 mm Hg of increased pressure, a patient had a 19%

increased risk of progression. There is more to pres-

sure, however, than just mean pressure.

IMPACT OF IOP FLUCTUATION
As early as the 1960s, researchers reported the IOPs

of glaucoma patients fluctuate more than the IOPs of

normal patients.11 Anecdotally, I recall a man with pig-

mentary glaucoma who was recruited for the CIGTS.

In the morning, his pressures ranged from 35 mm Hg

to 40 mm Hg, but by the time he left the office at

noon, his pressures were less than 18 mm Hg. If we

had only seen that man every day after work, he never

would have shown an elevated pressure. Pressure fluc-

tuations, especially in untreated glaucoma patients,

can be dramatic.

We also know pressures in treated patients fluctuate

more than we think they do or expect them to, and

that people whose pressures fluctuate more get

worse.12,13 In an analysis of data from the Advanced

Glaucoma Intervention Study (AGIS), investigators

found that pressure fluctuation was more important

than mean pressure in disease progression.14

OBSTACLES TO CONTROLLING IOP
Achieving and maintaining target pressures can be

challenging, and we all know it is easier to undertreat

glaucoma than it is to overtreat it. Researchers who per-

Figure 2. In the latter 4 years of the EMGT, progression rates

were similar in both groups, suggesting that treatment alone,

if not aggressive enough, may not stop progression.

Figure 3. Over a 10-year period, glaucoma did not progress in

the majority of patients in the CIGTS who were treated

aggressively.

Ocular factors1,2

• IOP (mean, short-term fluctuation, long-term

fluctuation)

• Central corneal thickness

• Optic nerve structure (cup-to-disc ratio)

• Disc hemorrhage

• Other ocular disorders 

Nonocular factors

• Age

• Race

• Family history/genetic predisposition

• Vascular disease (diastolic perfusion pressure, vasospastic

disease)

1. Wilson MR. Primary open-angle glaucoma and risk factors. In: Higginbotham EJ,
Lee DA, eds. Clinical Guide to Glaucoma Management. Woburn, MA: Butterworth-
Heinemann; 2004:3-9.
2. Medeiros FA, Sample PA, Zangwill LM, et al. Corneal thickness as a risk factor for
visual field loss in patients with preperimetric glaucomatous optic neuropathy. Am J
Ophthalmol. 2003 Nov;136:805-813.

TABLE 1. RISK FACTORS FOR THE DEVELOPMENT
AND PROGRESSION OF GLAUCOMA

(Continued on page 14)
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The Making of Generic Medicines

A
ccording to IMS Health, generic drugs now repre-

sent 75% of all dispensed prescriptions in the

United States. The US Department of Health and

Human Services Office of the Inspector General

reports that, under Medicare Part D and state Medicaid

drug plans, more than 50% of dispensed drugs are generic,

and generics are substituted at the pharmacy at least 85% of

the time.

Until recently, most drugs prescribed in ophthalmology

were branded. Now, we are seeing an increase in generic for-

mulations of ophthalmic drugs (Table 1). Next year,

latanoprost (Xalatan; Pfizer, Inc.), the most widely used glau-

coma medication,1 will be available in generic form.

Whereas, previously, we knew what to expect from each

brand, now there is uncertainty about exactly what our

patients are receiving when they use generics and the effects

of these drugs. This situation gives rise to numerous ques-

tions: Is there a difference in the way a generic drop is for-

mulated? Are the active ingredients different? Is the pH dif-

ferent? What about the vehicle? In this continuing medical

education supplement, we will address these and other

related questions.

FROM BRANDED TO GENERIC
Pharmaceutical manufacturers invest expertise, time, and

money to bring a drug to market. First, they must find the

proper molecule and develop a drug. Then they must per-

form clinical trials to prove efficacy and safety. After the

FDA approves a drug, the manufacturer must invest in sales

and marketing efforts to increase awareness of it and insti-

tute postmarketing surveillance and patent protection

strategies. For its efforts, the company has exclusivity for 

17 years from the time of the initial FDA application, after

which time, the market opens up to generic versions of the

branded product.

To gain FDA approval to manufacture a generic drug, a

company must submit an abbreviated new drug applica-

tion. The generic drug must

• Contain the same active ingredients as the innovator

drug (although inactive ingredients may—and do—vary)

• Be identical in strength, dosage form, and route of

administration

• Have the same indications for use

• Be bioequivalent

• Meet the same batch requirements for identity,

strength, purity, and quality

• Have a similar shelf life

• Be manufactured under the same FDA good manufac-

turing practice regulations required for innovator products.

The generic drug maker is not required to repeat animal

and clinical research on ingredients or dosage forms that are

already approved for safety and efficacy.

As we know, the active ingredients in most ophthalmic

preparations comprise only a small percentage of what is in

the bottle. Most of the solution is the vehicle. As noted in

“Generic and Innovator Drugs: A Guide to FDA Approval

Requirements”:

“Generally, a drug product intended for topical use shall con-

tain the same inactive ingredients as the reference listed drug.

… However, an applicant may seek approval of a drug product

that differs from the reference listed drug provided that the

applicant identifies and characterizes the differences and pro-

vides information demonstrating that the differences do not

affect the safety of the proposed drug product.”2

We all use generic drugs. They have their place, but typi-

cally, little additional information is available on efficacy, tol-

erability, loss of control for chronic diseases, and patients’

perceptions and confidence. In some situations, we can feel

As more ophthalmic drugs become available as generics, what we know about generic
requirements will help us make informed decisions when prescribing for glaucoma.

BY ROBERT J. NOECKER, MD, MBA, AND STEVEN T. SIMMONS, MD

• Beta-blockers (timolol, levobunolol, carteolol, betaxolol)

• Alpha-adrenergic agonist (brimonidine 0.15%, 0.2%)

• Topical carbonic anhydrase inhibitor (dorzolamide)

• Parasympathomimetic (pilocarpine)

• Fixed combination (dorzolamide/timolol)

• Oral carbonic anhydrase inhibitor (acetazolamide, 
methazolamide)

• Prostaglandin analogue (available outside the United States)

TABLE 1. OPHTHALMIC DRUGS AVAILABLE
IN GENERIC FORM
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fairly confident prescribing a generic drug—an antibiotic for

a relatively short period, for example—but if we are pre-

scribing therapy for a chronic condition, this lack of infor-

mation could be problematic.

SYSTEMIC GENERICS: EFFICACY AND TOLERABILITY
Systemic generics are not required to be tested for thera-

peutic equivalency to the parent branded formulation, and

although the FDA asserts generic drugs are as safe and effec-

tive as their branded counterparts, that is not always the

case in clinical practice, as we have seen from reports in the

literature.

For example, clinicians have reported loss of therapeutic

control with variations of generic preparations of levothy-

roxine for hypothyroid patients.3,4 Other reports have impli-

cated generic formulations for reduced seizure control in

epileptic patients, citing differing plasma and serum concen-

trations between branded and generic drugs.5-7 We have

also learned that sustained-release generic antidepressants

may have different absorption rates than branded products,

owing to differences in the coatings or the size of the gran-

ules in the pills.8,9 There have been reports of symptom

relapses with certain generic anti-anxiety drugs.10

Regarding tolerability, there have been reports of

increased side effects when patients were switched from

branded systemic products to some generic drugs. These

have included

• Increased reflux symptoms with the generic proton

pump inhibitor omeprazole (possibly due to differences in

pill coating)11

• Doubling of adverse effects in elderly patients (ages

75+)12

• Increased headaches and gastrointestinal problems10

• Increased side effects in patients using generic

antiepileptic drugs.13

Although these effects are now documented, they could

not have been predicted, owing to the lack of advance

information from clinical trials. The situation becomes even

more complicated when you consider that several different

companies may be manufacturing their own generic formu-

lations of a branded drug, with differences that may not be

apparent on the package insert. At any given time, a retail

pharmacy or insurance plan could be dispensing any one of

these formulations, with the potential for differing efficacy

or side effects. (See “Barriers to Control of the Medical

Regimen.”)

PATIENTS’ PERCEPTIONS AND CONFIDENCE
Patients’ perceptions of generic drugs vary from noncom-

mital to suspicious. Some patients ask for generic prepara-

tions to save money, but others are wary of generics.

Patients who are most skeptical or anxious about switching

to a generic preparation are usually those who have tried

several medicines before finding one that works for them.

Studies have shown that switching to a generic drug may

affect a patient’s confidence. When generic antihyperten-

sives were given to patients between the ages of 50 and 80,

one-third said it was more difficult to keep track of their

medicine because the shape and size of the pill changed.14

Another third were concerned about the drug’s efficacy,

and 15% reported having new or more side effects with the

generic. Regardless of whether or not the side effects were

real, that was their perception.

In another report involving patients 50 years of age or

older who were switched to generic drugs, 72% were satis-

fied, but the rate of medication mistakes by patients using

generics increased (15.5% vs 7.7%).11 These data contradict

our thinking that compliance increases when cost decreases.

In fact, those of us who prescribe topical ophthalmic medi-

cines have found other factors will influence compliance.

In the next section, we discuss the impact of excipients in

ophthalmic medications. ■

1. IMS Health, Inc. Monthly Rxs/Audited Sales/Daily Sales: Glaucoma-All Channels.
January/February 2009.
2. Beers DO. Generic and Innovator Drugs: A Guide to FDA Approval Requirements. 6th edition. New
York, NY: Aspen Publishers; 2004.
3. Copeland PM. Two cases of therapeutic failure associated with levothyroxine brand interchange.
Ann Pharmacother. 1995;29:482-485.
4. Mayor GH, Orlando T, Kurtz NM. Limitations of levothyroxine bioequivalence evaluation: analysis of
an attempted study. Am J Ther. 1995;2:417-432.
5. Burkhardt RT, Leppik IE, Blesi K, et al. Lower phenytoin serum levels in persons switched from
brand to generic phenytoin. Neurology. 2004;63:1494-1996.
6. Rosenbaum DH, Rowan AJ, Tuchman L, French JA. Comparative bioavailability of a generic pheny-
toin and Dilantin. Epilepsia. 1994;35:656-660.
7. Krämer G, Biraben A, Carreno M, et al. Current approaches to the use of generic antiepileptic drugs.
Epilepsy Behav. 2007;11:46-52.
8. Consumerlab.com. Accessed July 18, 2010.
9. United States Pharmacopeia, 2008.
10. Van Ameringen M, Mancini C, Patterson B, Bennett, M. Symptom relapse following switch from
Celexa to generic citalopram: an anxiety disorders case series. J Psychopharmacol. 2007;21:472-476.
11. Otten MH, Lekkerkerker JF, Mulder CJ. Why some proton pump inhibitors are more equal than
others. Ned Tijdschr Geneeskd. 2009;153:B414.
12. Ringuier R, Rouquette A, Dagorne C, Garnier F, Fanello S. Fifty years old and more patients’ atti-
tudes toward an experiences of generic substitution of prescription medicines. Therapie.
2008;63:11-17.
13. Wilner AN. Therapeutic equivalency of generic antiepileptic drugs: results of a survey. Epilepsy
Behav. 2004;5:995-998.
14. Håkonsen H, Eilertsen M, Borge H, Toverud EL. Generic substitution: additional challenge for
adherence in hypertensive patients? Curr Med Res Opin. 2009;25:2515-2521.

A generic version of an individual branded drug may be
produced by several manufacturers, each with a different
formulation, resulting in refill-to-refill variability in the con-
sistency and bioavailability of the active ingredient. Drop
size and bottle fill also may vary, causing the drug to be
depleted before the refill date. In addition, bottles them-
selves may come from different sources with different
properties and pliability.

BARRIERS TO THE CONTROL OF
THE MEDICAL REGIMEN
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When a Vehicle
Is Not Just a Vehicle

G
eneric ophthalmic drops must contain the

same active ingredients and have the same indi-

cations for use as their branded counterparts.

They must be identical in strength, dosage

form, and route of administration. They must be bioe-

quivalent, meaning the rate and extent of drug absorp-

tion must be the same, and they must be manufactured

to the same FDA standards as the branded drugs.

What is important to remember, however, is that they

are not required to be tested for bioequivalence or thera-

peutic equivalency to the parent branded formulation. In

addition, excipients—preservatives, pH adjusters, antioxi-

dants, thickening agents, buffers, and tonicity adjusters—

may differ from those in the innovator product, even

though they account for more than 95% of what goes

into the eye (Table 1). In this article, we look at some of

these ingredients and their effects.

OVERVIEW OF PRESERVATIVES
Since the 1950s, the FDA has required that

multidose bottles of ophthalmic drops con-

tain a preservative. Although the main goal is

to kill microbial contaminants, some surfac-

tant preservatives also help the more

lipophilic drugs, such as the prostaglandin

analogues, stay in solution. Three types of

preservatives are used in ophthalmic drops:

• Detergent (eg, benzalkonium chloride

[BAK]), which causes bacterial cell death by

interrupting the lipid component of cell mem-

branes

• Oxidizing (eg, Purite; Allergan, Inc.), which

alter the lipid membrane of microbes by pene-

trating the membrane and altering the DNA,

protein, and lipid components of bacterial cells

• Ionic-buffering systems (eg, Sofzia; Alcon

Laboratories, Inc.), which act in a manner

similar to oxidizing preservatives.

Studies show that preservatives in topical glaucoma

drops can affect dry eye symptomatology and Ocular

Surface Disease Index scores,1,2 allergy rates,3 tear

breakup time,4 and ocular surface toxicity.5,6

Although considered inactive ingredients, excipients in topical ophthalmic preparations
are not necessarily benign.

BY ROBERT J. NOECKER, MD, MBA, AND STEVEN T. SIMMONS, MD

Drug Active Ingredient Excipients

Timolol 0.5% 99.5%

Latanoprost 0.005% 99.995%

Bimatoprost 0.03% 99.97%

Brimonidine 0.1%, 0.15% 99.9%, 99.85%

Dorzolamide/timolol FC 2%/0.5% 97.5% 

TABLE 1. PERCENTAGES OF EXCIPIENTS IN
COMMONLY PRESCRIBED GLAUCOMA DROPS

Figure 1. Brimonidine-Purite 0.15% achieved a higher anterior chamber

concentration than when it was preserved with BAK at a slightly acidic pH.
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COMPLEXITIES OF PH
The pH of a topical ophthalmic drop is an important

driver that must be manipulated for the active ingredi-

ent and the therapeutic concentration. pH affects how

well a drug penetrates the cornea and whether or not

the active ingredient stays in solution. pH also affects

comfort because the lower the pH, the more acidic a

drop will be and the more likely it is to sting.

A question we sometimes hear is: Why is brimonidine

now 0.1% when the original formulation was 0.2%? The

short answer is: because the manufacturer was able to

improve the efficacy and safety of brimonidine by refor-

mulating the product. The science behind that change

in formulation is more complex than merely replacing

BAK with Purite.

With BAK, it is difficult to raise the pH of a brimoni-

dine solution beyond the upper 6s, while with Purite,

the pH can be raised to close to 7.8. By changing the

preservative and raising the pH, it was possible to

improve the penetration of brimonidine through the

cornea and increase its concentration in the aqueous

(Figure 1).

As Figure 1 shows, brimonidine in Purite at 0.15%

achieved a much higher anterior chamber concentra-

tion than when it was preserved with BAK at a slightly

acidic pH.7 As the concentration of brimonidine has

been reduced from 0.2% to 0.15% to 0.1%, with each

reformulation, the incidence of systemic and ocular side

effects has significantly improved (Figure 2) while main-

taining efficacy.8

VISCOSITY AGENTS
Viscosity agents provide

increased contact time to

improve absorption into the

eye, and increased retention

time increases systemic safe-

ty. Viscosity agents may

affect the ability of an

active ingredient to stay in

solution, and they stabilize

the interaction with the

tear film, which will affect

tolerability.

A classic example of a vis-

cosity agent’s impact is the

gel-forming solution of tim-

olol (Timoptic XE; Merck &

Co., Inc.). In clinical trials,

the manufacturer was able

to show fewer systemic side

effects and equal efficacy

with minimal dosing.9 The

gel kept the timolol on the eye longer, so it could be

delivered into the eye and reduce nasal/lacrimal

absorption.

The newer ophthalmic medicines tend to use modern

artificial tear technology to control viscosity. Many of

these new products are stable across a range of pH.

SEE THE WHOLE PICTURE
Formulations of glaucoma medicines matter in terms

of pressure-lowering efficacy as well as the systemic and

ocular safety of a product. In ophthalmic preparations,

reading the label does not always tell the whole story. ■

1. Henry JC, Peace JH, Stewart JA, Stewart WC. Efficacy, safety, and improved tolerability of
travoprost BAK-free ophthalmic solution compared with prior prostaglandin therapy. Clin
Ophthalmol. 2008;2:613-621.
2. Fechtner RD, Godfrey DG, Budenz D, et al. Prevalence of ocular surface complaints in
patients with glaucoma using topical intraocular pressure-lowering medications. Cornea.
2010;29:618-621.
3. Katz LJ. Twelve-month evaluation of brimonidine-purite versus brimonidine in patients
with glaucoma or ocular hypertension. J Glaucoma. 2002;11:119-126.
4. Baudouin C, de Lunardo C. Short-term comparative study of topical 2% carteolol with and
without benzalkonium chloride in healthy volunteers. J Ophthalmol. 1998;82:39-42.
5. Baudouin C, Riancho L, Warnet JM, Brignole F. In vitro studies of antiglaucomatous
prostaglandin analogues: travoprost with and without benzalkonium chloride and preserved
latanoprost. Invest Ophthalmol Vis Sci. 2007;48:4123-4128.
6. Noecker RJ, Herrygers LA, Anwaruddin R. Corneal and conjunctival changes caused by
commonly used glaucoma medications. Cornea. 2004;23:490-496.
7. Dong JQ, Babusis DM, Welty DF, et al. Effects of the preservative Purite on the bioavail-
ability of brimonidine in the aqueous humor of rabbits. J Ocul Pharmacol Ther. 2004;20:285-
292.
8. Cantor LB, Liu CC, Batoosingh AL, Hollander DA. Safety and tolerability of brimonidine
purite 0.1% and brimonidine purite 0.15%: a meta-analysis of two phase 3 studies. Curr
Med Res Opin. 2009;25:1615-1620.
9. Dickstein K, Aarsland T. Comparison of the effects of aqueous and gellan ophthalmic timo-
lol on peak exercise performance in middle-aged men. Am J Ophthalmol. 1996;121:367-371.

Figure 2. As the concentration of brimonidine has been reduced, the incidence of systemic

and ocular side effects has improved.
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Generic Ophthalmics and
Adverse Events

T
he FDA receives few reports of adverse events

about specific generic drugs, but any ophthal-

mologist in practice more than 10 years is likely

to remember the adverse events related to the

generic formulation of the topical NSAID diclofenac.

Although the branded drug (Voltaren; Novartis

Pharmaceuticals) had a good safety record, almost imme-

diately after the generic formulation became available,

ophthalmologists started seeing corneal complications

after relatively routine ophthalmic procedures.1-4 The first

concern was that it was a class effect, but the complica-

tions were determined to be associated with the generic

preparation specific to one manufacturer. The product

was quickly removed from the market. No final reports

were made public on what components were responsible

for the corneal complications. Since then, branded

diclofenac and the other generic versions of the drug

have not caused those problems.

Although we have not seen such devastating adverse

events in generic ophthalmic preparations in recent

years, other cases of adverse events have been reported

in the literature.

PRECIPITATE PROBLEMS
Prednisolone acetate is generally accepted as the gold

standard in topical steroid therapy. It is a lipophilic drug,

and for this reason, the branded preparation (Pred Forte;

Allergan, Inc.) is specifically milled as a suspension. The

particle size is consistent and well formulated. In generic

preparations of prednisolone acetate, however,

researchers have found serious problems related to pre-

cipitate formation. These include

• Significantly reduced concentration of active ingredi-

ent in each drop5

• Degraded homogeneity of suspension6

• Occluded bottle tips6

These discoveries resulted in product recalls7 and

removal of the generic formulation from formularies.6

INFERIOR IOP-LOWERING EFFICACY
We have seen some formula variations in topical drops

for glaucoma. For example, researchers compared the

generic with the branded gel-forming solution of timolol

(Timoptic XE; Merck & Co., Inc.) and found the formula-

tions were statistically different in their pressure-lowering

efficacy at the 16-hour time. The branded drug had bet-

ter efficacy and tolerability from a systemic and an ocular

standpoint.8

Latanoprost is currently available as a generic in India

and is expected to be introduced in the United States

within the next year. Researchers in India found the IOP-

lowering efficacy of the generic was inferior to that of the

branded drug (Xalatan; Pfizer, Inc.).9 Researchers also

found the generic product had a higher pH value and

higher levels of particulate matter compared to the

brand. They concluded these differences could potential-

ly affect stability, as well as the release of active drug in

the eye. (See also “Pushing Tolerance Limits.”)

TRIAL AND ERROR
Even though generic drug-makers are held to certain

standards by the FDA, we do not know how individual

patients will respond to a generic formulation. While

some patients tolerate changes in their eye drops with

minimal complaints, others are extremely sensitive and

may notice even small changes related to preservatives,

pH, tonicity, or other components. This can lead to non-

compliance or adverse events.

Formulation differences in generic ophthalmic drops may affect comfort and compliance
and, in some cases, may induce adverse effects, as documented in the literature.

BY ROBERT J. NOECKER, MD, AND STEVEN T. SIMMONS, MD

“Even though generic drug-makers
are held to certain standards by
the FDA, we do not know how

individual patients will respond to
a generic formulation.”
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Patients usually will try a drug that we prescribe. If it is

uncomfortable or causes side effects, they may stop it,

and often they do not report stopping until they return

for follow-up. What is troubling in glaucoma therapy is

that adverse events may be measurable in terms of signs,

but some may present as vague systemic complaints that

emerge over time.

For example, we are starting to see patients who have

been successfully using the name-brand dorzolamide/

timolol fixed combination (Cosopt; Merck & Co.), many

of them for 10 years, who are experiencing some prob-

lems with the generic formulation. Although it is a

minority of patients, for those patients, it is a problem

we must address.

A switch from a branded to a generic drug can be

somewhat trial and error. For this reason, when a patient

switches to a generic glaucoma therapy, we need to

decrease the time between follow-up visits to ensure the

new drug is performing as we expect and the patient is

comfortable and compliant. Based on our clinical find-

ings, we may decide that writing “dispense as written” on

our prescriptions may be the best solution for some

patients. ■

1. Congdon NG, Schein OD, von Kulajta P, et al. Corneal complications associated with topi-
cal ophthalmic use of nonsteroidal antiinflammatory drugs. J Cataract Refract Surg.
2001;27:622-631. 
2. Fiscella RG, Gaynes BI, Jensen M. Equivalence of generic and brand-name ophthalmic
products. Am J Health Syst Pharm. 2001;58:616-617.
3. Ocular Surgery News. True extent of NSAID problems now becoming clearer. Ocular
Surgery News. 2000;Feb 2:43-44.
4. Lin JC, Rapuano CJ, Laibson PR, Eagle RC, Cohen EJ. Corneal melting associated with
use of topical nonsteroidal anti-inflammatory drugs after ocular surgery. Arch Ophthalmol.
2000;118:1129-1132.
5. Roberts CW. A comparison of branded to generic prednisolone acetate for control of post-
operative inflammation. Invest Ophthalmol Vis Sci. 2000;41:S150.
6. Fiscella RG, Jensen M, Van Dyck G. Generic prednisolone suspension substitution. Arch
Ophthalmol. 1998;116:703.
7. Fiscella RG, Gaynes BI, Jensen M. Equivalence of generic and brand-name ophthalmic
products. Am J Health Syst Pharm. 2001;58:616-617.
8. Stewart WC, Sharpe ED, Stewart JA, Hott CE. The safety and efficacy of timolol 0.5% in
xanthan gum versus timolol gel forming solution 0.5%. Curr Eye Res. 2002;24:387-391.
9. Narayanaswamy A, Neog A, Baskaran M, et al. A randomized, crossover, open label pilot
study to evaluate the efficacy and safety of Xalatan in comparison with generic latanoprost
(Latoprost) in subjects with primary open angle glaucoma or ocular hypertension. Indian J
Ophthalmol. 2007;55:127-131.

By Robert J. Noecker, MD, MBA

My colleagues and I measured the amount of active drug in two generic formulations of latanoprost (trade names: 9 PM

and Latoprost), which are currently available in India, and compared them with the branded latanoprost (Xalatan; Pfizer,

Inc).1 As shown in Table 1, on average, the Latoprost brand contained 97% of what was in the Xalatan, with a standard devia-

tion of ±8.5%. The 9 PM showed about an 8% difference on average, with a standard deviation of ±7.4%. About 40% of the

bottles of generic latanoprost tested were outside the 10% tolerance. In the clinical world, this amount is where we start to

see differences in efficacy with many drugs. By comparison, when we looked at the branded drug, the standard deviation

from bottle to bottle was about 1%.

1. Hein A, Pokabla MJ, Lu D, et al. Chemical analysis of Xalatan 0.005% compared with commercially available latanoprost formulations. Poster presented at: The Annual Meeting of the

American Glaucoma Society; March 4-7, 2010; Naples, FL.

PUSHING TOLERANCE LIMITS

Formulation Name % of latanoprost compared to branded formulation P value

Latoprost 97.0% ±8.5% .37

9 PM 92.2% ±7.4% .02

Table 1. Percentage of Active Ingredient in Generic Latanoprost
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Frequently Asked Questions
With Commentary by Robert J. Noecker, MD, MBA

Q—Why can’t manufacturers of generic drugs exactly

duplicate the brand-name drugs?

The answer, in a word, is patents. Typically, there are at

least a half dozen patents associated with the average

drug. To avoid patent infringement, generic drug-makers

sometimes intentionally change the preservative or the

pH, but the truth is, they never really know exactly how

the name-brand product is manufactured.

Some manufacturers of branded drugs also produce

the generic formulation. For example, Merck & Co., Inc.,

manufactures branded and generic Cosopt, so I trust

that the generic that Merck manufactures is the same as

the branded drug. Unfortunately, there is only a one in

four chance of receiving that particular generic at the

pharmacy, because you cannot ask for it specifically. You

do not know what you will get.

Q— Manufacturers that produce generic drugs are not

required to perform clinical trials. How do they deter-

mine therapeutic equivalence?

Basically, they have formulation equivalence, package

insert to package insert. The amount of active ingredi-

ents in the formulation must be within 10% of what is on

the label. The bottles are tested, and those data are sub-

mitted to the FDA. They also perform stability studies.

They ship the product and show that, bottle to bottle,

the drug is the same.

Q—Is a generic drug more likely to push the limits of

that tolerance?

The active ingredients have to be ±10%. What is in the

bottle is not always in the middle of the average. For dor-

zolamide, for example, everything will be skewed more

toward the acidic end because the drug is more soluble.

It is likely the generic preparation will be more acidic

than the branded drug to ensure they get that 2% into

solution. For other drugs, it does not matter so much.

You are correct that a generic drug is more likely to be at

least 10% off. In the pharmaceutical world, a 10% differ-

ence is the magic cut-off. Beyond 10%, nonequivalence

issues arise.

Q— Is the same percentage of medication in the bot-

tle from batch to batch?

Manufacturers must submit data confirming batch-to-

batch consistency. They submit all the data initially, so for

what is submitted to the FDA, it is consistent. Once a

drug is in production, however, if a manufacturer wants

to change the bottle, it can be difficult to do so. Bottle

design often influences drop size, and researchers have

found drop size can range from about 20 to 60 µm.1-3

This variation is not something easily controlled at the

clinical level. Patients who are using beta-blockers, for

example, are more likely to have side effects if they are

getting more of the drug because of a bigger drop size.

We just assume that bottles are bottles, but they are

more than simple containers. That is why each company

has its own unique bottle. The interactions between the

drug and the packaging are complex, but in the initial

data, manufacturers do have to show batch-to-batch

similarities.

Q—What is your opinion of using punctal plugs to

improve retention time for glaucoma patients?

One of my residents did a study last year to find out if

using punctal plugs would decrease systemic side effects

while increasing efficacy by increasing retention time.4

He used punctal plugs in one eye of each patient and

had them return in a month. He found about a 

millimeter-and-a-half improvement in IOP lowering

with the use of the plugs. The short answer is: I think it

is not a bad thing to do. You need to be realistic about

how much you can accomplish, but it seems to decrease

systemic effects. There seems to be some efficacy bene-

fit, at least with certain drugs, in terms of increasing the

retention time. ■

1. Le, A, Noecker, RJ. Variation in available timolol solutions. Paper presented at: The
Annual Meeting of the American Academy of Ophthalmology; October 2000; Dallas, TX.
2. German EJ, Hurst MA, Wood D. Reliability of drop size from multi-dose eye drop
bottles: is it cause for concern? Eye (Lond). 1999;13(Pt 1):93-100.
3. Gaynes BI, Singa RM, Schaab G, Sorokin Y. Impact of administration angle on the
cost of artificial tear solutions: Does bottle positioning minimize wastage? J Ocul
Pharmacol Ther. 2007;23:196-201.
4. Marra T, Noecker RJ. Paper presented at: University of Pittsburgh Research Day;
June 18, 2009; Pittsburgh, PA.

During a May 2010 symposium, Dr. Noecker fielded several general-interest questions from
the audience. The following responses represent his opinions.
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Special Challenges for
Glaucoma Treatment

G
eneric substitution in all of medicine is

increasing. For most systemic medications, a

generic formulation can at least be tested or

observed to learn, for example, if seizures

recur, blood pressure rises, or symptoms of thyroid dys-

function develop.

Because glaucoma is a chronic, slowly progressive dis-

ease, the endpoint is vision loss over many years, and

we do not know how a generic medicine will influence

this long-term outcome. It is difficult for us to deter-

mine if we need to adjust treatment, and our therapeu-

tic goals are not easy for patients to notice.

Formulation of eye drops is not a trivial exercise.

Most of the newer medications—prostaglandin ana-

logues, topical carbonic anhydrase inhibitors, alpha-

agonists—have stringent, specific environmental needs

to keep the drugs stable, tolerable, and efficacious. As

discussed previously, although generic ophthalmics

have the same active ingredients as their branded coun-

terparts, formulation differences can affect efficacy, tol-

erability, safety, patients’ confidence, and control of the

medical regimen.

WEIGHING THE COSTS
The major benefit of generic drugs is that they cost

less than branded drugs. The Congressional Budget

Office estimates consumers save $8 to $10 billion annu-

ally at retail pharmacies by buying generics. Clearly

there is a tremendous financial incentive to use them.

Pricing of prescription drugs is often determined by

contracts and formulary copayment tiers (Table 1).

Patients covered by a prescription plan who switch

from a tier 2 branded drug to a generic drug save $10 to

$20. Some of the generics, such as dorzolamide/timolol

fixed combination, are considered premium generics,

and those typically run 85% to 90% of the cost of the

branded preparation. As Table 2 illustrates, the cost of

the fixed combination can vary by 100%, depending on

the manufacturer and where a patient fills his or her

prescription. The only $4 generics for glaucoma are tim-

olol and pilocarpine.

The chronic nature of glaucoma with its slow progression and lack of early symptoms 
creates challenges for us in an increasingly generic world.

BY ROBERT J. NOECKER, MD, MBA, AND STEVEN T. SIMMONS, MD

Tier Typical Medication Typical Copay 

1 Generic $5-$10

2 Premium $10-$20

3 Brand $20-$30

4 Brand $30-$40

TABLE 1. TYPICAL COPAYS
FOR PRESCRIPTION DRUG PLANS

Cost varies by nearly 100% depending on

manufacturer and location

Sandoz, Target $97.33
Prasco, CVS $101.99
Hi-Tech, Local $104.92
Apotex, Walmart $55.54

The cost of the fixed combination can vary by 100%, depending on
the manufacturer and where a patient fills his or her prescription.

TABLE 2. GENERIC FIXED COMBINATION OF      
TIMOLOL AND DORZOLAMIDE 

“The Congressional Budget Office
estimates consumers save $8 to

$10 billion annually at retail 
pharmacies by buying generics.”
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Any cost analysis must also take the following factors

into consideration:

• Drop size and bottle fill 

• Convenience and comfort

• Impact on compliance

• Potential extra visits or procedures

• Long-term uncertainty

In a typical scenario, a patient may ask, “Doctor, is the

generic as good as the branded preparation? I just got

this letter from my insurer, and they say I should switch

to the generic.” If the patient is newly diagnosed and it

is early in the disease state, we may be more inclined to

suggest that he or she try the generic. We may be reluc-

tant to suggest a switch for patients with advanced dis-

ease, particularly if they are well controlled and have

tried many different medicines to get there. In our

experience, when patients switch medications, it may

be more difficult to regain control.

PRESCRIBING IN A GENERIC WORLD
There is no doubt we are moving toward a totally

generic world, and as our patients adapt to different

medicines, we must monitor efficacy and safety vigi-

lantly. This is not to say patients should not use generic

drugs, but we must monitor the effects to ensure our

patients are getting the cost savings they expect with-

out sacrificing efficacy or creating side effects and toler-

ability issues. ■

formed a surveillance study of data for 395 patients with

primary open-angle glaucoma in six managed care plans

found that a significant percentage of patients were

undertreated.15

One factor that may contribute to undertreatment is

poor compliance by patients, not only with therapy but

also with keeping appointments. In another study,

researchers found 40% percent of glaucoma patients did

not keep their appointments.16 It is difficult to treat and

observe patients with a blinding disease when they do

not return to our offices for follow-up.

Patients’ adherence to and persistence with therapy

are integral to successful glaucoma management. As

many as 80% of patients do not take their medicines as

prescribed.17 In addition, one study found that nearly

half of the patients who had filled a prescription for

glaucoma drops discontinued therapy within 6 months,

and just 37% recently had refilled their initial prescrip-

tion 3 years after the first dispensing.18

What factors interfere with compliance? One of the

most common reasons why people do not take their

medicine is that they forget.19 Another major issue is the

cost of the medicine.

PREPARE FOR A REVOLUTION
As we know, cost containment is an important goal

in all of health care today, and substituting generic

drugs for brand-name drugs is a common cost-cutting

tactic. Some of us remember when we had only brand-

ed products with which to treat our glaucoma patients,

but within a couple of years, all of those medicines will

have generic counterparts. That will mark the beginning

of a tremendous revolution in ophthalmology, a revolu-

tion for which we must be prepared. In “The Making of

Generic Medicines,” we explore these issues further. ■
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1. A 71-year-old patient with primary open-angle glaucoma

and dry eyes treated with brimonide 0.2% had excellent IOP

control using the medication b.i.d. but noticed considerable

dry mouth with dosing. Which of following would be most rea-

sonable to do?

a. Switch to brimonidine-Purite 0.1% b.i.d.

b. Increase dosing to t.i.d.

c. Switch to dorzolamide t.i.d.

d. Switch to pilocarpine 2% q.i.d.

2. A 44-year-old man with recurrent anterior uveitis used pred-

nisolone acetate for several years to control recurrent episodes

of inflammation. After the recent switch to a generic prepara-

tion, he had less control of his inflammation. What is the best

course of action?

a. Have patient double his dosing indefinitely

b. Write for brand necessary preparation of prednisolone

c. Change therapy to topical nonsteroidal anti-inflammatory drug

d. Change therapy to systemic nonsteroidal anti-inflammatory drug

3. A 78-year-old man with mild primary open-angle glaucoma

using timolol gel-forming solution q.a.m. with good control of

IOP was switched to generic preparation. He noted increased

blurred vision and more shortness of breath with exertion. His

IOP also increased by several mm Hg. What is the best course

of action?

a. Discuss punctal occlusion with patient

b. Switch to prostaglandin analogue q.d.

c. Suggest incisional surgery to patient

d. Increase dosing to b.i.d.

4. You recently diagnosed a 51-year-old man with primary

open-angle glaucoma, and he asked you what the chances are

of his becoming visually handicapped because of his glaucoma.

Based on current knowledge, what will you tell him?

a. 1% to 2%

b. 3% to 5%

c. 5% to 10%

d. 10% to 15%

5. Which of the following is required for an ophthalmic generic

drug to gain FDA approval?

a. Bioequivalence

b. Formulation equivalency

c. Therapeutic equivalency

d. None of these

6. Which of the following excipients in topical glaucoma drops

has been found to affect ocular surface toxicity?

a. Antioxidants

b. Buffers

c. Preservatives

d. Tonicity adjusters

7. Which of the following clinical benefits could be achieved

through the use of punctal plugs with topical glaucoma 

medications?

a. Decreased systemic absorption

b. Increased drug retention time

c. Improved IOP lowering

d. All of the above
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