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ABSTRACT

BACKGROUND: Prostaglandin analogs (PGAs) are considered an initial
therapy to manage increased intraocular pressure (I0P) for patients with
glaucoma. When the initial PGA treatment fails to lower I0P adequately, the
patient may add or change medications or have surgery/laser treatment.

OBJECTIVE: To compare medication adherence, duration of therapy, and
treatment patterns among 3 PGAs—Iatanoprost, travoprost, and bimato-
prost—as initial therapies for patients with glaucoma or ocular hypertension.

METHODS: This was a retrospective cohort study using administrative
claims data. The cohort consisted of patients newly diagnosed with glau-
coma or ocular hypertension with at least 1 prescription claim for latano-
prost, travoprost, or bimatoprost and enrolled in a Medicare Advantage
plan between 2007 and 2012. The 24-month medication possession ratio
(MPR) was used to measure medication adherence. Discontinuation of first-
line PGA therapy was defined as nonpersistence (90-day gap allowance) of
the index PGA or a change in therapy during the 24-month follow-up period.
Types of second-line therapy (i.e., switch, addition, and surgery) were iden-
tified. The 1:1:1 propensity score matching was used.

RESULTS: Patients who met the inclusion criteria were propensity score
matched, resulting in 1,296 patients per PGA group. Latanoprost users
showed higher adherence (50.1%) than travoprost (48.8%) and bimatoprost
(43.0%) users. The latanoprost and travoprost groups had significantly
higher MPRs than bimatoprost (P<0.0001). The latanoprost group showed
significantly longer duration of first-line therapy (372 days) than the
bimatoprost group (343 days; P=0.003) but not the travoprost group

(361 days). After controlling for demographic and clinical characteristics,
a Cox proportional hazards model showed that the travoprost and bimato-
prost groups had a higher risk of discontinuation of first-line therapy than
the latanoprost group (P<0.0001). The percentage of patients continuing
on the index PGA without treatment pattern change (i.e., switches, addi-
tions, and surgery) was higher for latanoprost users (52.9%) compared
with travoprost (39.0%) or bimatoprost users (42.1%; P<0.001).

CONCLUSIONS: Patients who used latanoprost as their initial therapy were
more likely to adhere and persist to the index PGA compared with bimato-
prost users. The latanoprost group demonstrated a lower risk of discon-
tinuing first-line therapy than the travoprost and bimatoprost groups. The
results may assist ophthalmologists in determining the optimal manage-
ment of this patient population with respect to treatment patterns.
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What is already known about this subject

¢ Prostaglandin analogs (PGAs) have been shown to have a greater
ability to reduce intraocular pressure than other prescribed thera-
peutic classes for patients with glaucoma.

* PGAs are associated with greater persistence than other classes of
medications.

What this study adds

* Patients who used latanoprost as their initial therapy had a 7%
higher adherence rate than the bimatoprost group during the
24-month follow-up.

¢ The travoprost and bimatoprost groups had a 41%-48% higher
risk of discontinuing first-line therapy than the latanoprost group.

¢ In second-line therapy, the travoprost group was 43% more likely
to add alternative medications than latanoprost users.

laucoma is defined as an optic neuropathy character-

ized by specific structural findings in the optic disc and

specific functional deficits.! In the United States, there
were approximately 2.7 million Americans aged 40 years and
older with glaucoma in 2010.? Glaucoma is a progressive condi-
tion caused by the degeneration and death of retinal ganglion
cells and their axons that form the optic nerve. This degen-
eration causes damage to the optic nerve, resulting in visual
field reduction and blindness.” After cataracts, glaucoma is the
second common cause of legal blindness in the United States,
and the leading cause of irreversible vision loss.*? Elevated
intraocular pressure (IOP) is considered the most significant
risk factor for the development of glaucoma and ocular hyper-
tension.® The reduction of IOP at any point along the spectrum
of disease severity can reduce progression.” Glaucoma can be
treated with topical eyedrops, laser surgery, or a combination
of these methods. Prostaglandin analogs (PGAs) are considered
as initial medical therapy.®? PGAs have become increasingly
popular since around the year 2000 (latanoprost was approved
by the U.S. Food and Drug Administration in 1996, and bima-
toprost and travoprost were approved in 2001) because they
are efficacious and convenient (once-daily application) and
have minimal systemic side effects.®'* Among topical eyedrops,
PGAs have been shown to have a greater ability to reduce IOP
and lower the risk of adverse events than other prescribed
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ophthalmic therapeutic classes, including beta blockers and
carbonic anhydrase inhibitors (CAIs).h12

Poor adherence to glaucoma medications may be associated
with glaucoma progression. Successful treatment outcomes for
chronic diseases, such as glaucoma, usually require daily use
of medication to minimize disease progression. Sleath et al.
(2015) reported that patients who were more than 80% adher-
ent to glaucoma eyedrops were significantly less likely to have
worse defect severity (odds ratio [OR] =0.17, 95% confidence
interval [CI] =0.04-0.76)."> Mansberger et al. (2010) found that
patients with poor adherence to medical and surgical recom-
mendations had increased glaucomatous progression when
compared with those with good adherence (50% vs. 10%;
OR=8.6; P<0.001)."* Glaucoma medications are only effective
when they are used consistently and administered properly.
A failure of patients to achieve optimal persistence for the
asymptomatic disease of glaucoma can have important health
consequences such as a higher risk of elevated I0P levels and
eventual blindness.!>!®

PGAs are associated with greater persistence than other
classes of medications. For example, Nordstrom et al. (2005)
found PGAs to be associated with longer persistence than
beta blockers (hazard ratio [HR]=040; 95% CI=0.35-0.44).
The hypothesized reasons for the increased persistence with
PGAs included greater efficacy lowering IOP, fewer side effects,
and a favorable dose regimen (once a day)."” Schwartz et al.
(2004) compared persistence to PGAs with beta blockers for
12 months among patients with primary open angle glaucoma
and showed that the proportions of patients continuing on the
index medication were 39% versus 25%, respectively, because
PGAs had higher tolerability and convenience.'® Other studies
found a greater 12-month persistence for patients prescribed
latanoprost than for IOP-lowering medications of differ-
ent classes such as beta blockers and CAL!*?° In the United
Kingdom, patients treated initially with latanoprost mono-
therapy were consistently found to be significantly more likely
to continue therapies compared with those treated with beta
blockers, CAI, or brimonidine.?!

Most studies comparing medication adherence (consistent
use of medications as prescribed) or persistence (use of medi-
cation continuously for a specific time period) among latano-
prost, travoprost, and bimatoprost reported that latanoprost
users had higher adherence or persistence compared with other
PGAs.19102225 While most studies assessed only persistence,
Stein et al. (2015) compared adherence, using the metric of pro-
portion of days covered (PDC).?® Only Wilensky et al. (2006)
studied adherence and persistence for PGA therapy.” However,
they evaluated only initial PGA and did not assess treatment
changes such as additions, switches, and surgeries after the
initiation of PGAs in the long-term follow-up.

Despite the IOP-lowering effects of PGAs, patients may not
be well controlled on monotherapy and may require additional
medication, a switch to alternative medications, or surgeries
(e.g., laser trabeculoplasty and iridotomy) to achieve satisfac-
tory IOP control.'?#>?® Greater medication adherence and per-
sistence may be associated with the successful initial therapy
because greater efficacy and low risk of side effects may result
in fewer changes in therapy."* For a better understanding of
the PGA as initial therapy and changes of treatment patterns,
there is a need to comprehensively explore the adherence and
persistence with PGAs as initial therapy. It is also important
to study which treatment option was chosen as an alternative
treatment (i.e., second-line therapy) after the failure of an ini-
tial PGA monotherapy (i.e., first-line therapy). The results will
assist prescribers in determining the optimal management of
this patient population with respect to treatment patterns.

This study aimed to compare medication adherence, dura-
tion of first-line therapy, and changes in treatment after the
first-line therapy among patients with glaucoma or ocular
hypertension initiated on latanoprost, bimatoprost, or tra-
voprost, using a large nationwide claims database with a
24-month follow-up period.

B Methods

Data Source

This study was a retrospective observational study using admin-
istrative claims data from 2007 to 2012 from a large national
health plan. The claims data included enrollment, medical,
and pharmacy claims for individuals enrolled in a Medicare
Advantage and Prescription Drug (MAPD) plan or fully insured
commercial plan. The database covers the United States nation-
wide, and total membership was approximately 14 million in
2015.%° The study was reviewed and received approval from The
University of Texas Institutional Review Board.

Patient Selection and Data Extraction

Patients newly treated for glaucoma with a prescription for one
of the PGAs (i.e., latanoprost, travoprost, or bimatoprost) as an
initial monotherapy during the identification period (January 1,
2008, to December 31, 2010) were identified. The date of the
first PGA prescription claim during the identification period
was set as the index date. Patients were required to be enrolled
in an MAPD plan at least 12 months before and 24 months
after the index date, with at least 2 prescription claims for
the index PGAs, which is the earliest filled PGA, during the
24 months after the index date and persistent to therapy
between the first 2 consecutive claims for the index PGA. A gap
of up to 90 days was allowed, similar to previous studies.>***’
Newly treated patients with glaucoma were defined as those
who had not received a prescription for any ocular hypotensive
agents or had glaucoma-related surgery in the 12-month period
before the index (initial) PGA prescription.
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Patients were required to have at least 1 medical claim
with a diagnosis of glaucoma or ocular hypertension at any
time during the pre-index period (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
code 365.xx) and to be aged 40 years or older on the index
date. Patients with claims for any topical ocular hypotensive
or any procedure code indicated for glaucoma or other ocular
hypertension before the index date; filled any prescriptions
for glaucoma medication other than latanoprost, travoprost, or
bimatoprost; or had any procedure code indicated for glaucoma
on or within 60 days after the index date were excluded. The
exclusion criteria were developed to specify a certain length
of first-line therapy that included only the index PGA and no
other treatments.

Outcome Measures

Adherence of each index PGA was measured using medication
possession ratio (MPR), which is the percentage of days for
which patients possessed medication.”*> MPR was calculated
as the sum of days supply of the index PGA divided by the
total days observed (730 days [24 months]) for the index PGA.
All claims of index PGAs, excluding alternative medications
or surgeries, during the 24-month follow-up were considered
when calculating MPRs. An 80% MPR cutoff was used to
dichotomize adherent (=80%) versus nonadherent (<80%)
patients, while an MPR>100% was truncated to 100%.”
Discontinuation of the first-line therapy was assumed to occur
when there was nonpersistence, a change in the initial therapy
(i.e., addition, switch, or surgery), or the end of the study
period. Nonpersistence was identified when there was at least
a 90-day gap between consecutive PGAs claims or between the
last PGA claim and the end of study period.

If another medication was added to the first-line therapy;
the index PGA was switched to alternative glaucoma medica-
tions; or surgeries (trabeculoplasty, trabeculectomy, iridotomy,
and trabeculectomy) were performed after the index date,
it was assumed that the first-line therapy was ineffective in
managing IOP or caused significant adverse events and was
defined as discontinuation.?” The duration of first-line therapy
was defined as the time from the index date to discontinuation
of initial therapy and was analyzed in the 24-month follow-up
after the initiation of PGAs.

An “addition” was defined as an overlap of at least 60 con-
secutive days based on the ingredient name of the index PGA
and an alternative medication. A “switch” was defined as the
discontinuation of the index PGA for at least 90 consecutive
days and the start of an alternative medication within 60 days
of discontinuing the index PGA, with at least 60 days of per-
sistence. The “other” category included patients who changed
therapies with less than 60 consecutive days of overlap with
index PGAs or who had multiple changes within 60 days.
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The 6 possible pathways after first-line therapy were cat-
egorized as follows: (1) patients may stay in continuous first-
line therapy without a 90-day gap between consecutive index
PGAs claims during the follow-up period; (2) patients may
not persist with their index PGAs and then restart their index
PGAs after a gap of more than 90 days; (3) alternative glaucoma
medications may be added to the index PGA; (4) patients may
switch to other medications; (5) patients may have surgeries,
including laser trabeculoplasty, trabeculectomy, iridotomy, and
trabeculectomy; and (6) if patients were not included in any
previously stated categories, they were categorized into the
“other” category.

Statistical Analyses
Unbalanced baseline covariates among the PGA groups were
found. Gender, race, geographic region, Charlson Comorbidity
Index (CCI) score,’® and inpatient visits were significantly
different at P<0.05. Propensity score matching was used to
reduce selection bias that may have occurred because of base-
line differences among the groups so that outcome differences
among PGAs could be estimated with minimal effects of con-
founding. Propensity scores were generated using multinomial
logistic regression, adjusting for the following covariates: age,
gender, race/ethnicity, geographic region, CCI score, type of
glaucoma, ocular disorder, hypertension, diabetes, and the
number of outpatient and inpatient visits. The study cohorts
were matched using a 3-way match (nearest neighbor) with
caliper set at 0.05.° This technique created 1:1:1 matched sets
(i.e., latanoprost vs. travoprost vs. bimatoprost groups).
Demographic variables, MPR, and duration of first-line ther-
apy were compared across groups using McNemar’s tests for
categorical variables and paired t-tests for continuous variables.
A multivariate generalized linear model (GLM) with a normal
distribution and an identity link function was used for adher-
ence. The time to discontinuation of first-line therapy was esti-
mated using a Cox proportional hazards model with a Kaplan-
Meier plot. The covariates, which were measured during the
12-month pre-index period, were adjusted in the models. All
analyses were conducted using SAS 9.4 (SAS Institute, Cary,
NO); StatalC 14 (StataCorp, College Station, TX); and R 3.4.4
(R Foundation for Statistical Computing, Vienna, Austria). All
statistical analyses were 2-tailed, and the significance level was
set a priori at P<0.05.

I Results

We identified 153,180 patients with glaucoma who had at
least 1 PGA prescription in the identification period. After
applying the remaining study inclusion and exclusion crite-
ria, 7,421 patients remained. After matching, 3,888 patients
(1,296 per group) were analyzed. The mean age (standard
deviation [SD]) for study patients was 74.4 (7.9) years. Most
patients were female (55.0%), white (70.8%), and resided in the
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Baseline Demographic and Clinical Characteristics by Index Prostaglandin Analog

P Value? P Value? P Value?
Total Latanoprost Travoprost Bimatoprost (Latanoprost | (Latanoprost (Travoprost
Number (Column %) (N=3,888) (n=1,296) mn=1,296) (n=1,296) vs. Travoprost) |vs. Bimatoprost) | vs. Bimatoprost)

Age, yearsb.c
Mean+ SD 744+79 745+79 74.3+7.9 74.4£8.0 0.533 0.629 0.880
40-65 255 (6.6 85 (6.6) 85 (6.6) 85 (6.6) 1.000 1.000 1.000
66-75 1,753 (45.1) 564 (43.5) 603 (46.5) 586 (45.2) 0.098 0.333 0.474
76-85 1,601 (41.2) 557 (43.0) 505 (39.0) 539 (41.6) 0.025 0.433 0.151
=86 279 (7.2) 90 (7.0) 103 (8.0 86 (6.6) 0.312 0.749 0.183
Gender®
Female 2,138 (55.0) 723 (55.8) 696 (53.7) 719 (55.5)
Male 1,750 (45.0) 573 (44.2) 600 (46.3) 577 (44.5) 0-16 0.240 0-831
Race/ethnicity®
White 2,753 (70.8) 922 (71.1) 907 (70.0) 924 (71.3) 0.418 0.915 0.368
Black 930 (23.9) 310 (23.9) 314 (24.2) 306 (23.6) 0.798 0.803 0.623
Hispanic 112 (2.9 36 (2.8) 41 (3.2) 35 (2.7) 0.553 0.901 0.486
Others 93 @24 28 (2.2) 34 2.6 31 24 0.431 0.686 0.701
Geographic region®
Midwest 834 (21.5) 283 (21.8) 281 (21.7) 270 (20.8) 0.910 0.463 0.535
Northeast 103 2.7) 35 (2.7) 32 (2.5 36 (2.8) 0.691 0.896 0.599
South 2,637 (67.8) 870 (67.1) 882 (68.1) 885 (68.3) 0.519 0.418 0.872
West 314 (8.1 108 (8.3) 101 (7.8 105 (8.1 0.528 0.802 0.722
CCI scorebe
Mean +SD 2.45+2.3 24+23 248+2.3 248+2.3 0.305 0.264 0.929
0 1,060 (27.3) 361 (27.9) 351 (27.1) 348 (26.9) 0.612 0.508 0.880
1 422 (10.9) 155 (12.0) 127 (9.8) 140 (10.8) 0.067 0.326 0.378
2 826 (21.2) 257 (19.8) 279 (21.5) 290 (22.4) 0.249 0.079 0.579
3 459 (11.8) 171 (13.2) 149 (11.5) 139 (10.7) 0.195 0.043 0.541
4 412 (10.6) 119 (9.2) 152 (11.7) 141 (10.9) 0.027 0.129 0.480
>5 709 (18.2) 233 (18.0) 238 (184) 238 (184) 0.775 0.771 1.000
Type of glaucomac
ACG 23 (0.6) 7 (0.5 8 (0.6) 8 (0.6) 0.796 0.796 1.000
NTG 204 (5.3) 66 (.1 69 6.3 69 (53 0.756 0.756 1.000
OAG 2,845 (73.2) 945 (72.9) 947 (73.1) 953 (73.5) 0.912 0.659 0.750
OHT/Other 254 (6.5) 78 (6.0) 94 (73) 82 (63) 0.131 0.698 0.300
Borderline glaucoma 562 (14.5) 200 (154) 178 (13.8) 184 (14.2) 0.131 0.279 0.691
Having ocular disorder®
Yes 3,003 (77.2) 1,007 (77.7) 1,004 (77.5) 992 (76.5)
No 885 (22.8) 289 (22.3) 292 (22.5) 304 (23.5) 0878 0445 0-5%7
Having hypertension®
Yes 2,937 (75.6) 978 (75.5) 979 (75.5) 980 (75.6)
No 951 (24.5) 318 (24.5) 317 (24.5) 316 (244) 0959 0919 0959
Having diabetes®
Yes 1,424 (36.6) 463 (35.7) 473 (36.5) 488 (37.7)
No 2,464 (63.4) 833 (64.3) 823 (63.5) 808 (62.4) 0oL 0219 049
Pre-index number of all-cause outpatient visitsP
Mean +SD 0.8+2.8 ‘ 0.6+2.5 0.8+2.9 0.8+2.9 0.998 0.445 0.413
Pre-index all-cause inpatient visits®
Yes 571 (14.7) 169 (13.0) 204 (15.7) 198 (15.3)
No 3,317 (85.3) 1,127 (87.0) 1,092 (84.3) 1,098 (84.7) 0.038 0.077 0733

aSignificant at P<0.05 (in bold).

bPaired t-test.
cMcNemar’s test.

ACG =angle-closure glaucoma; CCI=Charlson Cormidity Index; NTG =normal tension glaucoma; OAG = open-angle glaucoma; OHT = ocular hypertension;

SD=standard deviation.
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Unadjusted Medication Adherence and Duration of First-Line Therapy

P Value? P Value? P Value?
All Latanoprost Travoprost Bimatoprost  |(Latanoprost vs.|(Latanoprost vs.| (Travoprost vs.
(N=3,888) (n=1,296) (n=1,296) n=1,296) Travoprost) Bimatoprost) Bimatoprost)
MPR, mean + SDP 47.3+26.7 50.1+26.8 48.8+26.8 43.0+26.1 0.179 <0.0001 <0.0001
Adherence status, n (%)%4
Adherent 554 (14.3) 205 (15.8) 203 (15.7) 146 (11.3)
0.913 0.001 0.001
Nonadherent 3,334 (85.8) 1,091 (84.2) 1,093 (84.3) 1,150 (88.7)
Duration of first-line 358.4+236.1 371.5+249.3¢ 360.7+235.0 342942224 0.239 0.003 0.046
therapy (days),b-
mean +SD

aSignificant at P<0.05 (in bold).

bPaired t-test.

cMcNemar’s test.

dAdherence was defined as >80% MPR.

¢Time from initiation of PGA to discontinuation of therapy.

MPR=medication possession ratio; PGA = prostaglandin analog; SD =standard deviation.

southern United States (67.8%). More than 73% of patients had
an open-angle glaucoma diagnosis in the pre-index period,
while only 5.3% and 0.6% had normal tension glaucoma and
angle-closure glaucoma diagnoses, respectively (Table 1).

Descriptive analyses comparing MPR and duration of first-
line therapy among PGA groups are presented in Table 2.
The mean MPR of index PGAs in the 24-month follow-up period
was 47.3% for all patients. Only 14.3% of patients were adherent
to index PGAs (cutoff: 280%) during the 24-month follow-up.
The mean MPR of the latanoprost group (50.1%) was higher than
the mean MPR of the bimatoprost group (43.0%, P<0.0001).
Regarding the rate of adherence, the latanoprost group had the
largest proportion of patients (15.8%) who were adherent, while
the bimatoprost group had a significantly lower rate of adher-
ence (11.3%, P=0.001). The mean duration of first-line therapy
was 358 days for all patients. The latanoprost group had a sig-
nificantly longer duration of first-line therapy compared with
the bimatoprost group (372 vs. 343 days, P=0.003).

Table 3 displays results of the GLM comparing MPR by
PGA groups, controlling for covariates. Patients in the bima-
toprost group had a 7.2% lower MPR (f=-7.21, 95% CI=-9.24
to -5.18, P<0.0001) compared with the latanoprost group. In
the Cox proportional hazards regression model comparing the
duration of first-line therapy by PGA groups in the 24-month
follow-up, travoprost and bimatoprost groups had a 40.8%
and 48.1% higher risk of discontinuation of first-line therapy
compared with the latanoprost group (travoprost: HR=141,
95% CI=1.22-1.63, P<0.0001; bimatoprost: HR=1.48, 95%
CI=1.28-1.71, P<0.0001, respectively). A Kaplan-Meier sur-
vival plot where discontinuation of first-line therapy was
assessed and is shown in Appendix A (available in online
article). Latanoprost patients had a significantly longer time
to discontinuation of first-line therapy than other groups (log-
rank test: chi-square=17.3, df=2, P<0.001).

www.jmcp.org  Vol. 25, No. 9

Figure 1 shows the types of second-line therapies that
occurred during the 24-month follow-up period. In total,
44.6% of patients remained in continuous first-line therapy
during the follow-up period. Even when patients discontin-
ued their index PGAs before the end of follow-up, they were
assumed to have stayed in first-line therapy if they had no
larger than a 90-day gap between consecutive index PGA
claims. Twenty-two percent of patients resumed their index
PGAs after a gap of more than 90 days between consecutive
prescription claims.

Approximately 15% of patients switched from their index
PGAs to alternative medications; 9.8% added another medica-
tion to the index PGA; and 4.6% of patients had surgeries after
the first-line therapy. The latanoprost group had the highest
proportion (52.9%) of patients persistent on initial therapy
(P<0.0001). The travoprost group had the largest proportion
of additional therapy (11.4%, P=0.026), while 8.3% of patients
in the latanoprost group added another medication. The over-
all distribution of alternative medications used in addition or
switching did not show a significant difference by index PGA
(Appendix B, available in online article).

The conditional logistic regression comparing the odds
of adding alternative medications in the second-line therapy
demonstrated that, compared with the latanoprost group,
travoprost patients had 43.0% higher odds of adding another
medication (OR=143, 95% CI=1.10-1.86, P=0.019; Table 4).
Compared with the latanoprost group, bimatoprost patients
had 21.5% (OR=0.79, 95% Cl=0.63-0.97, P=0.021) lower
odds of switching to alternative medications.

I Discussion

This study was designed to assess the medication adherence,
duration of first-line therapy, and type of second-line therapy
among patients using latanoprost, travoprost, or bimatoprost as
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Statistical Models for Medication Adherence and Discontinuation of First-Line Therapy

Medication Adherence (MPR)2 Discontinuation of First-Line Therapy?
Coefficient Hazard Ratio
(95% CI) Wald X2 P Value¢ (95% CI) Estimate P Value¢

PGA type

Latanoprost (ref.) - - - - - -

Travoprost -1.32 (3.36,0.71) 1.63 0.202 141 (1.22,1.63) 20.95 <0.0001

Bimatoprost -7.21 (-9.24,-5.18) 48.31 <0.0001 148 (1.28,1.71) 28.20 <0.0001
Age (continuous) 0.15 (0.04, 0.26) 7.60 0.006 0.99 (0.99, 1.00) 2.65 0.104
Gender

Male (ref) - - - — - -

Female 1.75 (0.07,3.43) 4.16 0.041 0.89 (0.80, 1.00) 3.96 0.047
Race/ethnicity

White (ref.) - - - - - -

Nonwhite 2.25 (-4.17,-0.34) 5.31 0.021 1.17 (1.03, 1.33) 5.81 0.016
Geographic region

Non-South (ref.) - - - - - -

South 3.25 (141,5.10) 11.91 0.001 0.92 (0.81, 1.04) 1.93 0.165
CCI score (continuous) 0.28 (-0.38,0.94) 0.68 0.408 0.95 (0.91, 1.00) 4.51 0.034
Type of glaucoma

Non-OAG (ref) - - - - - -

OAG 2.20 (0.32,4.08) 5.28 0.022 1.02 (0.90, 1.16) 0.11 0.740
Ocular disorder

No (ref.) - - - - - -

Yes -1.24 (-3.23,0.75) 1.49 0.222 0.88 (0.77, 1.00) 3.60 0.058
Hypertension

No (ref.) - - - - — —

Yes -1.01 (-3.10, 1.07) 0.91 0.340 1.17 (1.02, 1.35) 4.66 0.031
Diabetes

No (ref.) - - - - - -

Yes -2.79 (-5.01,-0.57) 6.06 0.014 1.19 (1.03, 1.39) 5.24 0.022
Pre-index number of -0.01 (-0.08, 0.06) 0.10 0.754 1.00 (1.00, 1.01) 0.98 0.323
outpatient visits (continuous)
Pre-index inpatient visits

No (ref.) - - — _ _ _

Yes -1.93 (-4.49, 0.63) 2.19 0.139 1.23 (1.04, 1.45) 5.81 0.016

aGeneralized linear model with normal distribution with the identity link function was used for medication adherence.
bCox proportional hazard model was used for the time to discontinuation of first-line therapy.

cSignificant at P<0.05 (in bold).

CCI= Charlson Comorbidity Index; CI=confidence interval; MPR=medication possession ratio; OAG = open-angle glaucoma; PGA = prostaglandin analog; ref = reference;

X2=chi-square.

initial therapies for glaucoma or ocular hypertension. Choosing
initial treatment for glaucoma may not be straightforward.
The characteristics of an ideal IOP-lowering eyedrop are effi-
cacy in reducing IOP consistently over a 24-hour period to
improve patient compliance regarding minimal adverse effects,
no tachyphylaxis, good tolerance over time, and minimal fre-
quency of dosage.*® Currently, PGAs are considered to closely
meet these criteria (i.e., sustained efficacy and safety profile
with few systemic side effects), although it is not clear which
PGA is most appropriate.'?

Patients with chronic conditions such as glaucoma are likely
to have lower medication adherence compared with those with

acute disease conditions.’” Although recent studies have docu-
mented that the lowering of IOP prevents the risk of visual
field loss and slows progression from ocular hypertension
to glaucoma, many patients discontinue their use of topical
hypotensive agents.'*?® There are several reasons for glaucoma
medication nonadherence: a lack of visual symptoms without
treatment or blurring of vision with treatment, forgetfulness,
inconvenient timing/frequency, and side effects.?**

This study used MPR to measure medication adherence of
PGA monotherapy. Compared with PDC, which can be used
for combination therapy, MPR may be more convenient for
assessing a single therapy.®?? Because this study analyzed
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Treatment Patterns After Initiation of Prostaglandin Analog Therapy

Category

(100%, N=3,888) @ Latanoprost

M Travoprost

M Bimatoprost

Stay in first-line therapy
(44.6%, n=1,735)

16.7% (217)

Restart index PGA
(22.3%, n=867)

16.7% (216)

24.7% (320)

52.9% (685)

39.0% (505)
42.1% (545)

P<0.0001

P<0.0001
25.5% (330)

(15.5% nS=V\gg?1r; 1917 (209) rrooee
13.6% (176)
N 8.3% (107)
Addition 11.4% (148) P=0.026

(9.8%, n=382)
9.8% (127)

3.8% (49)

Surgery N _
(4.6% n=177) 4.4% (57) P=0.111
5.5% (71)
oth 1.7% (22)
er o
93.2%, n=126) 4.4% (57) ~ P<0.001
3.6% (47)

Note: Chi-square test was used.
PGA =prostaglandin analog.

adherence for only mono PGA therapy, MPR was the appropri-
ate measure. The matched cohort had a mean adherence of
47.3%, and 14.3% of the patients were adherent (MPR>80%)
to the index PGA during the 24-month follow-up period. This
may indicate that the majority of patients discontinued their
index PGA before the end of the study period, switched to
alternative medications, or had a large gap between claims
during the 24-month follow-up period. The latanoprost group
had a higher MPR compared with the bimatoprost group. The
results of the GLM also found that latanoprost users were more
likely to be adherent than the bimatoprost group after control-
ling for covariates. This finding was comparable with previous
studies assessing adherence in patients with glaucoma. A pre-
vious study reported that mean adherence (PDC) for patients
prescribed latanoprost, travoprost, and bimatoprost were 66%,
52%, and 58% for the first year of follow-up, respectively.*®
Another retrospective cohort study using an administrative
claims database concluded that days covered in the first year
were 33-42 days lower for travoprost and 21-29 days lower for
bimatoprost compared with latanoprost users (P<0.001)."

Glaucoma medications are only effective when they are used
consistently and administered properly. Persistence to therapy
is important for patients with glaucoma or ocular hyperten-
sion because those who do not continue therapy are at a higher
risk of elevated IOP levels and eventual blindness.?* This study
found that duration of first-line therapy was 358.4 days, on
average, in the 24-month follow-up period. Latanoprost was
associated with a lower risk of discontinuation compared
with bimatoprost and travoprost. The discontinuation of first-
line therapy was captured when a patient had more than a
90-day gap or any change in glaucoma therapy, while other
studies counted only PGAs refilled days regardless of change
in therapies. Although the definition was different from the
other studies, the result was consistent with previous reports
of latanoprost use compared with other PGAs. Reardon et
al. (2010) found that travoprost and bimatoprost users were
34% more likely to have l-year persistence compared with
latanoprost users (P<0.0001). In Spain, latanoprost showed a
higher persistence in glaucoma treatment than comparators:
81.6% versus 22.9% for bimatoprost, 65.4% for travoprost, and
60.5% for timolol (P<0.0001)."° The results are consistent with
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Logistic Regression Comparing Odds of Adding or Switching in Second-Line Therapy

Adding Alternative Medications? Switching to Alternative Medications?
Odds Ratio Odds Ratio
(95% CI) Wald X2 P Valueb (95% CI) Wald X2 P Valueb

PGA type

Latanoprost (ref.) - - - - - -

Travoprost 143 (1.10-1.86) 5.50 0.019 0.96 (0.78-1.19) 0.81 0.368

Bimatoprost 1.21 (0.92-1.58) 0.01 0.923 0.79 (0.63-0.97) 5.33 0.021
Age (continuous) 1.01 (0.99-1.02) 0.86 0.353 1.00 (0.99-1.01) 0.27 0.601
Gender

Male (ref.) - - - — - -

Female 0.99 (0.80-1.23) 0.01 0.939 1.12 (0.94-1.34) 1.59 0.208
Race/ethnicity

White (ref.) - - - - - -

Nonwhite 1.23 (0.97-1.56) 2.97 0.085 0.81 (0.66-0.99) 4.23 0.040
Geographic region

Non-South (ref.) - - - - - -

South 1.16 (0.91-1.48) 1.44 0.230 1.29 (1.06-1.57) 6.41 0.011
CCI score (continuous) 1.00 (0.99-1.00) 0.94 0.331 1.00 (0.99-1.00) 0.01 0.909
Type of glaucoma

Non-OAG (ref.) - - - - — —

OAG 1.56 (1.20-2.04) 10.91 0.001 091 (0.75-1.11) 0.87 0.350
Ocular disorder

No (ref) - - - - - -

Yes 1.05 (0.81-1.35) 0.13 0.721 1.23 (0.99-1.53) 3.48 0.062
Hypertension

No (ref.) - - — _ _ _

Yes 0.91 (0.70-1.18) 0.52 0471 0.97 (0.78-1.20) 0.10 0.751
Diabetes

No (ref.) - - - - - -

Yes 0.87 (0.68-1.12) 1.15 0.283 0.96 (0.78-1.18) 0.15 0.697
Pre-index number of 1.00 (0.99-1.01) 0.82 0.366 1.00 (0.99-1.01) 042 0.518
outpatient visits (continuous)
Pre-index inpatient visits

No (ref.) - - - - - -

Yes 1.06 (0.77-1.47) 0.14 0.705 1.06 (0.81-1.38) 0.19 0.662

aConditional logistic regression model was used for adding alternative medications (Yes/No) and switching to alternative medications (Yes/No).

bSignificant at P<0.05 (in bold).

CCI = Charlson Comorbidity Index; CI= confidence interval; OAG = open-angle glaucoma; PGA = prostaglandin analog; ref. = reference; X2 = chi-square.

previous research showing that latanoprost decreased IOP
levels effectively.?> A better tolerated first-line therapy will
decrease the need for changes in treatment because poor
persistence with ocular hypotensive agents is likely to limit a
vision loss from glaucoma.

The types of second-line therapies were different by index
PGAs. Latanoprost had the largest proportion (52.9%) of
patients remaining on first-line therapy (P<0.0001). However,
that group had the lowest proportion (16.7%) of patients who
restarted their index PGAs (P<0.0001), indicating that if
latanoprost failed to manage glaucoma progression, latano-
prost was more likely to be terminated compared with other
PGAs. The travoprost group was more likely to add alternative
medications (P=0.019). The medications used for addition and

switching in second-line therapy were not significantly differ-
ent among PGA groups; however, timolol was the most com-
mon additional medication. Timolol can be dosed once a day,
compared with dorzolamide and brimonidine, which require
multiple daily doses.™

Regarding the methods to define the type of second-line
therapy, unlike a previous study that categorized only additions
and switches as second-line therapy,” this study included the
surgery option, as well as another pathway (“other”), for patients
who did not fall neatly into the addition, switch, or surgery
arms. Only 4.6% of patients had surgery after the initial therapy,
and there was no significant difference by index PGAs. Potential
problems with compliance, allergies, and side effects may be
reduced by laser trabeculoplasty, which can improve outflow
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with a laser instead of additional drugs.” The “other” category
(3.2%) included all other therapy changes that did not meet the
definition of addition, switching, or surgeries. Because patients
changed treatments multiple times within short periods, the
second-line therapy could not be determined appropriately.
There is no standard guideline for choosing alternative glau-
coma medications after a trial with a PGA. For patients who
already used a PGA, the mean diurnal IOP-lowering achieved
with the addition of an alpha-2 adrenergic agonist, a beta
adrenergic antagonist, or a CAI were not significantly different,
whereas the side-effect profiles and nocturnal IOP-lowering
efficacy varied.* The factors that physicians should consider
in selecting glaucoma treatment options include IOP-lowering
efficacy, visual field, the general health status of patients, and
local ocular and systemic side effects, as well as the tolerability,
dosing frequency, convenience, and cost to the patient.!*#

Limitations

This study had some potential limitations. Because of the
nature of claims databases, this study’s findings may have been
influenced by potential errors in coding, omissions in claims
data, and unmeasured factors such as psychosocial variables.
Additionally, there were no clinical efficacy measurements
available to include in the analyses, although clinical outcomes
might be a factor influencing the treatment patterns. Baseline
IOP and the extent of difficulty in using eyedrops can be con-
founding factors to adjust for differences among PGA groups in
regression models; however, these variables were unavailable
in the claims database.

This study assumed that all filled medications were used by
patients as prescribed. Similar to other persistency studies, the
use of retrospective claims data does not allow an assessment
of patient or physician reasons for treatment choices or discon-
tinuing or changing therapy. In addition, the study is based on
a large, representative sample of adults enrolled in MAPDs, so
the results may not be generalizable to patients who are unin-
sured or enrolled in commercial health plans, Medicaid, or
Medicare beneficiaries enrolled in non-MAPD plans. Some of
these groups are typically known to struggle with medication
adherence and utilization rates, out-of-pocket costs, or treat-
ment patterns and may have different outcomes from those
observed in this study.?® It should be noted that more than 93%
of study patients were aged 65 years and over. Substantial low
adherence is common for the elderly because they may have
other conditions or disabilities and a higher chance of bother-
some side effects.”®

I Conclusions

Many patients had suboptimal medication use of topical glau-
coma medications. This study found that latanoprost users
had greater odds of adherence and less risk of discontinuing
initial monotherapy than those who initiated bimatoprost or

www.jmcp.org  Vol. 25, No. 9
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travoprost. The choice of initial therapy may be an important
consideration to improve adherence and persistence in rou-
tine clinical practice settings. The results provide additional
insights to ophthalmologists, emphasizing the need to monitor
patient adherence and provide education on the importance of
adherence. While earlier glaucoma studies analyzed only initial
therapy, this study analyzed the change in therapy and alterna-
tive therapies.'>!®2*2> Ophthalmologists need to be aware that
depending on initial PGA use, the odds of switching or adding
therapies may be different in second-line therapy.

The results of the study showed that patients who had
latanoprost as an initial therapy were significantly more likely
to adhere and persist to the treatment compared with those who
had bimatoprost. In the 24-month follow-up period, latanoprost
patients showed a significantly lower risk of discontinuing their
first-line therapy than other PGAs groups. After discontinuation
of first-line therapy, the travoprost group was more likely to add
alternative medications than latanoprost users.
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Kaplan-Meier Plot for Discontinuation of First-Line Therapy by Index Prostaglandin Analog
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Chi2= chi-square; CI=confidence interval; df=degrees of freedom.
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Medication Use in Addition/Switch Therapy by Index Prostaglandin Analog

Addition Therapy, n (%)

Switch Therapy, n (%)

Medication All Latanoprost | Travoprost |Bimatoprost| P Value? All Latanoprost| Travoprost |Bimatoprost| P Value?
Total 382 (100) | 107 (100) | 148 (100) | 127 (100) 601 (100) | 216 (100) | 209 (100) | 176 (100)

Beta blockers 132 (34.6) 45 (42.1) 48 (32.4) 39 (30.7) 0.151 168 (28.0) 57 (26.4) 61 (29.2) 50 (28.4) 0.803
Timolol 127 (33.3) 44 (41.1) 46 (31.1) 37 (29.1) 164 (27.3) 56 (25.9) 59 (28.2) 49 (27.8)
Levobunolol 2 (0.5 1 (0.9 1 (0.7) 0 ) 3 (0.5 1 (0.5 2 (1.0 0 )
Betaxolol 3 (0.8 0 (0.0) 1 0.7 2 (1.6) 1 (0.2 0 (0.0 0 (0.0 1 (0.6)

PGAPD 26 (6.8 8 (75 10 (6.8) 8 (6.3) 0.938 226 (37.6) 97 (44.9) 73 (34.9) 56 (31.8) 0.018
Latanoprost 4 (1.1 0 (0.0 0 (0.0 4 (3.2) 48 (8.0) 0 (0.0 51 (24.4) 30 (17.1)
Travoprost 5 (1.3) 1 (0.9 0 (0.0 4 (3.2 62 (10.3) 65 (30.2) 0 (0.0 26 (14.8)
Bimatoprost 17 4.5 7 (6.5) 10 (6.8) 0 (@) 116 (19.3) 32 (14.8) 22 (10.5) 0 (@)
‘erfmhz;‘ffi"iﬁf“ 73191 | 15 (4| 29(19.6) | 29228 | 0228 | 92(153)| 31 (144) | 31 (148 | 30 A7) | 0.741
Combination of alpha

agomistandbeta | 5441 | 11003 | 25069 | 18042 | 0327 | 32 63| 8 G| 12 G| 12 68| 0372
and timolol

Combination of CAls

and beta blockers: 34 (8.9) 10 (94 8 (54 16 (12.6) 0.111 42 (7.0 13 ©) 16 (7.7) 13 (74 0.779
dorzolamide and timolol

CAls 41 (10.7) 12 (11.2) 20 (13.5) 9 (7.1) 0.225 17 (2.8) 5 2.3 4 (1.9 8 (4.6) 0.255
Brinzolamide 30 (7.9 6 (5.6) 16 (10.8) 8 (6.3) 13 2.2 3 (14 3 (14 7 (4.0
Dorzolamide 11 2.9 6 (5.6) 4 Q.7 1 (0.8 4 (0.7) 2 (0.9 1 (0.5 1 (0.6)

Others 22 (5.8 6 (5.6) 8 (54 8 (6.3) 0.948 24 (4.0) 5 (2.3) 12 (5.7) 7 (4.0 0.197

aChi-square test; significant at P<0.05 (in bold).
bThe glaucoma treatment guideline does not recommend multiple PGAs in a therapy. Patients might refill second PGAs before running out of index PGA, and they no

longer administer index PGAs.

CAI= carbonic anhydrase inhibitor; PGA = prostaglandin analog.
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