
ORIGINAL RESEARCH

Effects of Netarsudil and Latanoprost Alone
and in Fixed Combination on Corneal Endothelium
and Corneal Thickness: Post-Hoc Analysis
of MERCURY-2

C. Ellis Wisely . Huan Sheng . Theresa Heah . Terry Kim

Received: November 12, 2019 / Published online: January 24, 2020
� The Author(s) 2020

ABSTRACT

Introduction: To describe the changes in
endothelial cell density (ECD), the coefficient of
variation (CV), the percentage of hexagonal
cells (%HEX), and central corneal thickness
(CCT) following 3 months of therapy with
netarsudil 0.02%/latanoprost 0.005% fixed
combination, and to compare these changes
with those seen with netarsudil 0.02% or lata-
noprost 0.005% in eyes with ocular hyperten-
sion or open-angle glaucoma.
Methods: A subset of subjects enrolled in a
Phase 3 evaluation of the intraocular pressure-
lowering efficacy and safety of netarsudil
0.02%/latanoprost 0.005% fixed combination
once daily (QD) versus each of its individual
components underwent corneal endothelial cell
imaging by specular microscopy and ultrasound
pachymetry at baseline and following 3 months
of therapy. Images were evaluated in masked
fashion at an independent reading center.
Changes from baseline to 3 months in ECD, CV,

%HEX, and CCT were compared between
treatment groups.
Results: Data from 415 subjects obtained at
both baseline and Month 3 were included in
this post hoc analysis. Changes from baseline to
Month 3 in ECD, CV, and %HEX were clinically
insignificant in all three groups, and the chan-
ges in the netarsudil/latanoprost fixed combi-
nation group demonstrated no statistical
difference from those seen in the netarsudil and
latanoprost groups. Mean CCT decreased more
in the fixed combination group (- 6.4 lm) than
in either the netarsudil group (- 3.3 lm,
p = 0.0248) or the latanoprost group (- 1.2 lm,
p\0.0001).
Conclusions: Netarsudil 0.2%/latanoprost 0.005%
fixed combination QD for 3 months in eyes
with ocular hypertension or open-angle glau-
coma had no clinically significant effects on
endothelial cell density or morphology. The
significant decrease in CCT in the fixed combi-
nation group compared to the two individual
component groups may indicate that the
potential effects of each drug on CCT are addi-
tive, although the magnitude of the observed
effects is likely of negligible clinical
significance.
Clinicaltrials.gov Identifier: NCT02674854.
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Key Summary Points

Glaucoma affects an estimated 64 million
people worldwide, and its prevalence is
projected to double by 2040.

Clinical trials have demonstrated that the
average intraocular pressure-lowering
effect of netarsudil/latanoprost fixed
combination was 1–3 mmHg greater than
monotherapy with either netarsudil
0.02% or latanoprost 0.005% throughout
3 months in eyes with ocular
hypertension or primary open-angle
glaucoma.

The purpose of this analysis was to
compare changes in endothelial cell
density (ECD), the coefficient of variation
(CV), the percentage of hexagonal cells
(%HEX), and central corneal thickness
(CCT) in the three treatment groups
(netarsudil and latanoprost alone and in
fixed combination).

Changes from baseline to month 3 in
ECD, CV, and %HEX were clinically
insignificant in all three groups; mean
CCT decreased more in the fixed
combination group than in either the
netarsudil group or the latanoprost group.

Netarsudil/latanoprost fixed combination
daily for 3 months has no clinically
significant effects on ECD, CV, or %HEX;
the statistically significant decrease in
CCT in the fixed combination group
compared to the two individual
component groups may indicate that the
potential effects of each drug on CCT are
additive, although the magnitude of the
observed effects is likely of negligible
clinical relevance.

INTRODUCTION

Glaucoma affects an estimated 64 million peo-
ple worldwide, and its prevalence is projected to
grow to 112 million by 2040 [1]. The goal of
glaucoma therapy is the reduction of intraocu-
lar pressure (IOP), and topical medical therapy
is the most common first-line treatment
modality. In 2017, netarsudil (Aerie Pharma-
ceuticals, Durham, NC, USA) was approved by
the US Food and Drug Administration for the
reduction of IOP in eyes with primary open-
angle glaucoma (POAG) or ocular hypertension
(OHT) [2]. Netarsudil is a Rho kinase inhibitor,
which is believed to lower IOP through up to
three distinct mechanisms of action: increasing
trabecular outflow, reducing aqueous forma-
tion, and reducing episcleral venous pressure
(EVP) [3, 4].

Netarsudil is the first Rho kinase inhibitor
approved for glaucoma therapy in the US, and
its effects on trabecular outflow and EVP repre-
sent novel therapeutic targets for glaucoma
management [5]. In Phase 3 clinical trials,
netarsudil provided 3.3–5.0 mmHg IOP reduc-
tion. Common adverse events included con-
junctival hyperemia, corneal verticillata, and
conjunctival hemorrhages [6, 7]. The latter two
adverse events occurred more often than typi-
cally seen with other IOP-lowering medications,
underscoring the importance of robust charac-
terization of the safety profiles of novel
therapies.

Netarsudil is also available as a fixed combi-
nation with latanoprost, a prostaglandin ana-
logue. Latanoprost is the most commonly used
first-line medical therapy for POAG in most
global markets due to its efficacy, safety, con-
venient once-daily dosing, and low cost in
generic formulation. The netarsudil/latanoprost
fixed combination (Aerie Pharmaceuticals) has
been evaluated in a pair of Phase 3 trials in the
US (MERCURY-1 and -2) [8–10], and was
approved by the US Food and Drug Adminis-
tration in March 2019. The Phase 3 clinical tri-
als of netarsudil/latanoprost fixed combination
demonstrated an average IOP lowering effect
1–3 mmHg greater than monotherapy with
either netarsudil 0.02% or latanoprost 0.005%
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throughout 3 months, and IOP reductions were
maintained throughout 12 months. In addition
to the MERCURY-1 and -2 clinical trials, an
additional Phase 3 trial (MERCURY-3) is ongo-
ing in Europe to evaluate the noninferiority of
netarsudil/latanoprost fixed combination to the
bimatoprost/timolol fixed combination (Aller-
gan, Irvine, CA, USA) [11].

In the MERCURY-2 trial, specular micro-
scopy and pachymetry were performed at 31
study centers. The purpose of this analysis was
to compare changes in endothelial cell density
(ECD) as well as corneal endothelial cell mor-
phology [the coefficient of variation (CV), the
percent of hexagonal cells (%HEX)] and central
corneal thickness (CCT) seen in the three
treatment groups (netarsudil and latanoprost
alone and in fixed combination) of the
MERCURY-2 study.

METHODS

MERCURY-2 was a prospective, multicenter,
double-masked, randomized, active-controlled,
parallel-group Phase 3 clinical trial comparing
the 3-month safety and IOP-lowering efficacy of
netarsudil 0.02% and latanoprost 0.005% alone
and in fixed combination. Details of the study
design have been previously described [9]. The
study was conducted in full accordance with the
Declaration of Helsinki and the Health Infor-
mation Portability and Accounting Act. The
study protocol was reviewed and approved by
all relevant ethics boards [the Institutional
Review Board (IRB) of Duke University]. All
participants provided informed consent in
writing.

Eligibility criteria for MERCURY-2 have been
described [9]. Briefly, subjects were adults
(C 18 years of age in the United States and
C 19 years of age in Canada), diagnosed with
bilateral POAG or OHT, with unmedicated IOP
[20 mmHg and\36 mmHg at 8:00 AM at two
qualifying visits and IOP [ 17 mmHg and
\36 mmHg at 10:00 AM and 4:00 PM on the
second qualifying visit. If both eyes qualified for
all criteria, the eye with higher IOP was selected
to be the study eye. Key exclusion criteria rele-
vant to this analysis included clinically

significant corneal disease (such as corneal
edema or severe keratoconjunctivitis sicca),
prior corneal refractive surgery, corneal pathol-
ogy precluding accurate applanation tonome-
try, and central corneal thickness[620 lm.

Qualifying subjects were randomized to
treatment with netarsudil 0.02%/latanoprost
0.005% fixed combination, netarsudil 0.02%, or
latanoprost 0.005%, each dosed once daily in
the evening (QHS). Subjects were evaluated 2, 6,
and 12 weeks after treatment initiation. At the
second qualifying visit (baseline) and each on-
treatment visit, IOP was measured at 8:00 AM,
10:00 AM, and 4:00 PM by Goldmann appla-
nation tonometry. At pre-qualifying screening
and Month 3, central corneal endothelial ima-
ges were obtained by specular microscopy (Ko-
nan Medical, Hyogo, Japan) at 31 sites to obtain
these images. Images were analyzed in masked
fashion at an independent reading center
(Cornea Image Analysis Reading Center, Case
Western Reserve University, Cleveland, OH,
USA) using standardized methodology and
quality control measures [12]. Parameters ana-
lyzed from these images included ECD, CV, and
%HEX. Central corneal thickness (CCT) was
measured by ultrasound pachymetry.

The primary statistical objective of this post
hoc analysis was to characterize the changes in
ECD, endothelial cell morphology, and CCT
from baseline to Month 3, and to compare these
changes between treatment groups. Differences
in demographics between groups were evalu-
ated using Fisher’s exact tests for categorical
variables and one-way analysis of variance for
continuous variables. Changes from baseline in
ECD, CV, and %HEX within groups were eval-
uated using paired t tests, while comparisons
between groups were conducted using two-
sample t tests. All tests were two-sided, and
p\0.05 was taken as the level of significance.
The study was powered, and sample size deter-
mined, for its overall primary objective (IOP
reduction) and not for safety analyses. Data
were analyzed using SAS v.9.4 (SAS Institute,
Cary, NC, USA).
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RESULTS

Overall, 750 subjects were randomized to treat-
ment (245 to the netarsudil/latanoprost fixed
combination group, 255 to the netarsudil
group, and 250 to the latanoprost group). Of
these, 126 (51.4%), 143 (56.1%), and 146
(58.4%) subjects in each arm, respectively,
underwent specular microscopy at both base-
line and Month 3 and were seen within the
protocol-specified window for the Month 3 visit
(± 3 days). Demographic data for these 415
subjects are given in Table 1. Briefly, their mean
(standard deviation) age was 63.6 (11.2) years,
59.3% were white and 36.1% were black, and
62.4% were female; there were no significant
between-group differences in any demographic
factors.

Baseline and Month 3 specular microscopy
data (ECD, CV, and %HEX) are presented in
Table 2. Representative images from each of the
three treatment groups are given in Fig. 1. Mean
baseline corneal ECD in the study eye of

patients in the netarsudil/latanoprost, netar-
sudil, and latanoprost groups was 2463, 2523,
and 2445 cells/mm2, respectively, and 2477,
2538, and 2445 cells/mm2, respectively, at
Month 3. Mean baseline CV in the study eye of
patients in the netarsudil/latanoprost, netar-
sudil, and latanoprost groups was 32.0%,
32.5%, and 32.5%, respectively, and 31.4%,
31.4%, and 32.6%, respectively, at Month 3.
Mean baseline %HEX in the study eye of
patients in the netarsudil/latanoprost, netar-
sudil, and latanoprost groups was 59.8%,
59.9%, and 58.8%, respectively, and 59.9%,
59.7%, and 59.2%, respectively, at Month 3.
Changes from baseline to Month 3 in ECD, CV,
and %HEX were clinically insignificant in all
three groups, and the changes in the netarsudil/
latanoprost fixed combination group demon-
strated no statistical difference from those seen
in the netarsudil and latanoprost groups. Mean
CV at Month 3 was significantly higher in the
latanoprost group compared to the netarsudil/
latanoprost group [32.6% (4.6) vs. 31.4% (4.4),

Table 1 Demographic data for the subgroup of the MERCURY-2 study sample that underwent specular microscopy

Netarsudil/latanoprost
(n = 126)

Netarsudil
(n = 143)

Latanoprost
(n = 146)

All subjects
(n = 415)

Significance
(p value)

Study eye diagnosis, n (%)

Ocular

hypertension

34 (27.0) 36 (25.2) 39 (26.7) 109 (26.3) 0.9404

Open-angle

glaucoma

92 (73.0) 107 (74.8) 107 (73.3) 306 (73.7)

Sex, n (%)

Female 81 (64.3) 91 (63.6) 87 (59.6) 259 (62.4) 0.6828

Male 45 (35.7) 52 (36.4) 59 (40.4) 156 (37.6)

Age (years) 63.5 (12.1) 64.0 (10.2) 63.4 (11.4) 63.6 (11.2) 0.8873

Race, n (%)

White 77 (61.1) 84 (58.7) 85 (58.2) 246 (59.3) 0.8888

Black or African

American

43 (34.1) 52 (36.4) 55 (37.7) 150 (36.1)

Other 6 (4.8) 7 (4.9) 6 (4.1) 19 (4.5)

Values not given as n (%) are mean (SD)
SD standard deviation
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p = 0.0355], but the change in the latanoprost
group from baseline was not significantly dif-
ferent [0.1 (2.7) vs. - 0.6 (4.5), p = 0.1181].
Within groups, CV in the netarsudil group
declined (1.1%, p = 0.0006), while all other
within-group changes in ECD, CV, and %HEX
were not statistically significant (p[0.05).

CCT data are also given in Table 2. Mean
CCT in the study eyes of patients in the netar-
sudil/latanoprost, netarsudil, and latanoprost
groups was 556, 547, and 549 lm, respectively,
at baseline and 549, 544, and 548 lm, respec-
tively, at Month 3. Mean CCT decreased from
baseline to Month 3 in both the netarsudil
group [- 3.3 (12.3) lm, p = 0.0018] and the
netarsudil/latanoprost fixed combination group

[- 6.4 (10.3) lm, p\ 0.0001), but not in the
latanoprost group [- 1.2 (10.4) lm, p = 0.1625].
These changes from baseline were significantly
greater in the fixed combination group than in
either the netarsudil (p = 0.0248) or latanoprost
(p\ 0.0001) groups.

Among the reported treatment-emergent
adverse events were 18 eyes of 9 subjects (4 in
the fixed combination group and 5 in the
netarsudil group) with temporary endothelial
cell pleomorphism, all of which were moderate
in severity, deemed related to therapy, and
resolved by study exit without discontinuation
of therapy. In addition, 32 eyes of 16 subjects
(10 in the fixed combination group and 6 in the
netarsudil group) exhibited distortion of

Fig. 1 Specular microscopy images at baseline (top) and
Month 3 (bottom) from one eye each treated with
netarsudil/latanoprost fixed combination (left), netarsudil
(middle), or latanoprost (right). Respective endothelial cell

densities at baseline and Month 3 were 2216.2 and
2096.6 cells/mm2 in the netarsudil/latanoprost eye, 3073.5
and 3091.0 cells/mm2 in the netarsudil eye, and 2601.5
and 2531.2 cells/mm2 in the latanoprost eye

Adv Ther (2020) 37:1114–1123 1119



specular microscopy endothelial cell morphol-
ogy, all of which were mild in severity, deemed
related to therapy, and resolved without dis-
continuation of therapy in all but 1 subject by
study end.

DISCUSSION

The analysis of data from the Phase 3 MER-
CURY-2 study comparing the IOP-lowering
efficacy and safety of netarsudil 0.02%/
latanoprost 0.005% fixed combination QD to its
components demonstrated that 3 months of
treatment yielded no statistically or clinically
significant changes in ECD or morphology.
Subclinical findings of endothelial cell pleo-
morphism or distortion of endothelial cell
morphology were seen in 50 eyes of 25 subjects
(56% of these subjects were in the fixed com-
bination group) and resolved while the subjects
remained on study drug therapy in all but 1
subject. These findings were not associated with
any clinical findings such as corneal edema and
were thus subclinical in all cases. These results
are consistent with similar findings recently
reported from the Phase 3 ROCKET-2 study
evaluating the IOP-lowering efficacy and safety
of netarsudil versus timolol. Rho kinase inhibi-
tors are known to have transient effects on
endothelial cell morphology, including distor-
tion of cell borders; as in our study, this was not
associated with corneal edema or changes in
ECD [13].

However, statistically significant reductions
in mean CCT were seen in the netarsudil and
netarsudil/latanoprost groups. Both pros-
taglandin analogues (PGA) and Rho kinase
inhibitors are known to cause central corneal
thinning. Numerous studies have documented
a reduction of approximately 5–15 lm in mean
CCT with long-term ([18 months) use of lata-
noprost [14–19], manifesting in the first 6–-
24 months of therapy [16–19], and resolving
with discontinuation of therapy [14]. One pos-
sible mechanism by which prostaglandins may
reduce CCT is by upregulation of matrix met-
alloproteinases (specifically MMP-9) that pro-
mote degradation of the ocular surface matrix
[20]. This PGA-related corneal thinning is likely

of negligible clinical significance, given that
millions of prescriptions for PGAs have been
dispensed worldwide over the past two decades
and there are no reports in the literature of
which we are aware of complications associated
with this phenomenon.

Rho kinase inhibitors can also produce cen-
tral corneal thinning, although this has only
been reported in eyes with pathology associated
with corneal edema in which the thinning is an
approach to normalization of CCT [21, 22]. Rho
kinase inhibitors have several properties that
promote corneal thinning, including promo-
tion of endothelial cell proliferation and
migration [23, 24], suppression of apoptosis
[25], and faster corneal wound healing [26–29].
In the current study, the greater reduction in
CCT in the fixed combination group may indi-
cate that the potential effects of each drug on
CCT are additive. However, the magnitude of
these effects seen in this study (on the order of
0.6–1.2%) are likely of negligible clinical
significance.

The conclusion of this study—that netarsudil
alone or in fixed combination with latanoprost
demonstrates no corneal endothelial safety
issues, with no changes in ECD, CV, or %HEX—
is strengthened by several features of this
study’s design. MERCURY-2 was a prospective,
randomized, double-masked trial, and specular
microscopy data were analyzed in masked
fashion by an independent data center. Limi-
tations of this analysis include its relatively
short (3 months) exposure to netarsudil, as well
as a possible selection bias, in that not all
MERCURY-2 study subjects underwent specular
microscopy, although the demographics of the
current sample are similar to those of the full
MERCURY-2 cohort.

CONCLUSIONS

In summary, 3 months of exposure to netar-
sudil—alone or in fixed combination with lata-
noprost—produced no statistically or clinically
relevant changes in ECD or morphology. Small
reductions in CCT—on the order of 0.6–1.2%—
were seen in the netarsudil and netarsudil/
latanoprost groups; these changes were
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statistically significant but of negligible clinical
significance. No clinical adverse events related
to changes in ECD, morphology, or CCT were
observed.
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