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ABSTRACT

The key clinical attributes of preserved dorzo-
lamide/timolol fixed combination (DTFC) and
the emerging potential of preservative-free (PF)
DTFC are reviewed with published evidence and
clinical experience. The indications and role of
DTFC in current glaucoma management are

critically discussed. Preserved DTFC became the
first intraocular pressure (IOP)-lowering fixed
combination (FC) approved by the US Food and
Drug Administration (FDA) and remains one of
most commonly used medications worldwide.
The pharmacological properties of DTFC reflect
those of its two time-tested constituents, i.e.,
the carbonic anhydrase inhibitor dorzolamide
and the non-selective beta-blocker timolol. In
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regulatory studies DTFC lowers IOP on average
by 9 mmHg (32.7%) at peak and by 7.7 mmHg
(27%) at trough. In trials DTFC shows equiva-
lence to unfixed concomitant therapy, but in
real-life practice it may prove superior owing to
enhanced convenience, elimination of the
washout effect from the second drop, improved
tolerability, and better adherence. PF DTFC
became the first PF FC approved, first in unit-
dose pipettes, and more recently in a multidose
format. Cumulative evidence has confirmed
that PF DTFC is at least equivalent in efficacy to
preserved DTFC and provides a tangible clinical
benefit to patients with glaucoma suffering
from ocular surface disease by improving toler-
ability and adherence. Finally, we identify areas
that warrant further investigation with pre-
served and PF DTFC

Keywords: Benzalkonium chloride; Cosopt;
Cosopt PF; Dorzolamide; Dorzolamide/timolol
fixed combination; Glaucoma; Medical therapy;
Ophthalmology; Preservative-free; Timolol

Key Summary Points

For 22 years preserved
dorzolamide/timolol fixed combination
(DTFC) has been a successful and popular
option employed to meaningfully reduce
intraocular pressure (IOP).

In trials DTFC shows equivalence to
unfixed concomitant therapy; in real-life
practice, however, it may prove superior
owing to enhanced convenience,
elimination of the washout effect from
the second drop, improved tolerability,
and better adherence.

A significant body of evidence has
confirmed that DTFC offers uniform day
and night IOP control with a favorable
safety profile for the vast majority of
treated patients.

More evidence is needed on the transition
to DTFC in patients insufficiently
controlled with prostaglandin
monotherapies and the precise role and
timing of DTFC in the glaucoma
treatment algorithm.

Cumulative evidence has confirmed that
preservative-free (PF) DTFC is at least
equivalent in efficacy to preserved DTFC
and provides tangible clinical benefits to
patients with glaucoma suffering from
ocular surface disease (OSD) by improving
tolerability and adherence.

In the future PF DTFC will further enhance
its role in glaucoma therapy algorithms if
controlled evidence demonstrates the
long-term value of PF medications.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13034492

INTRODUCTION

Fixed combinations (FCs) of two, and recently
three, intraocular pressure (IOP)-lowering med-
ications have been formulated in order to attain
a greater IOP reduction than that obtained by
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single agents, to allow fewer doses, to improve
convenience, to reduce exposure to preserva-
tives, and to optimize adherence [1–6]. In sev-
eral systemic chronic diseases oral fixed-dose
combinations simplify adjunctive medication
regimens, improve adherence, reduce costs,
decrease the rate of side effects, and improve
clinical outcomes [7–10]. Poor adherence is
considered the most important barrier for suc-
cessful medical therapy [8, 11, 12]. Equally, in
lifelong antiglaucoma therapy topical FCs may
provide similar advantages [1, 10, 13–16].

Over the past 3 decades, FCs have increas-
ingly become an established therapy in glau-
coma principally owing to the success of the
dorzolamide/timolol FC (DTFC, Cosopt�)
which was released commercially in the USA
and in Europe in 1998 by Merck & Co Inc
(Whitehouse Station, NJ, USA) [17–22]. DTFC
was the first IOP-lowering FC approved by the
US Food and Drug Administration (FDA) and
remains one of the few approved IOP-lowering
FCs [5, 23–25]. In contrast, in Europe and other
parts of the world several IOP-lowering FCs have
been approved and launched [10, 16, 26]. Nev-
ertheless, even after 22 years on the market
DTFC remains one of the most successful IOP-
lowering medications worldwide. In 2019 DTFC
was the first and fourth most used prescription
medication in the European glaucoma and
ophthalmic markets, respectively, with just
under 1 billion standard units sold across 32
countries (933,123,354) [27].

The pharmacology of DTFC is related to its
two active ingredients (dorzolamide and timo-
lol) and it is prescribed for twice daily dosing
[2, 6, 28]. By consolidating these two different
drugs into a single drop DTFC alleviated the
daily drop-burden and encouraged patients
with glaucoma to adhere to their therapy. As
detailed later in this review, regulatory data has
shown that DTFC lowers IOP by 9 mmHg
(32.7%) at peak and by 7.7 mmHg (27%) at
trough [17–20, 29]. Importantly, DTFC approx-
imated clinical equivalence to unfixed con-
comitant therapy with the largest (0.7 mmHg),
non-significant, difference versus unfixed ther-
apy at 1600 hours [20, 21]. In contrast, in real-
life practice, DTFC and other glaucoma FCs
have been shown to attain better IOP control

compared with unfixed concomitant therapy
[30–32] owing to enhanced convenience, elim-
ination of the washout effect from the second
drop, and improved adherence. The present
review discusses briefly the regulatory evidence
and then critically examines selected evidence
related to preserved DTFC.

There is little evidence [33–35] concerning
the role of FCs as initial therapy in glaucoma. In
general medical practice, initial therapy with
FCs has been found to provide an improved
clinical outcome in the management of several
chronic diseases [36, 37]. The most ample evi-
dence in ophthalmology is with DTFC as initial
therapy to promptly lower unacceptably high
IOP in the presence of significant damage and
particularly so in glaucomas with alarming 24-h
IOP characteristics [33–35]. However, concerns
exist if FCs are employed without a clear
understanding of the clinical profile and safety
of the components [24]. In doing so the efficacy
of the individual components may not be con-
firmed and safety issues are not adequately
appreciated.

If future controlled studies show convinc-
ingly the improved efficacy, adherence, and
tolerability with FCs, like DTFC, compared with
unfixed therapies in real-life glaucoma man-
agement this class of drugs will receive wider
regulatory approval and become the standard of
stepwise therapy. More research is mandated to
reasonably establish the rationale, indications,
and target cohorts of patients for glaucoma FCs
just like the approach adhered to with the sys-
temic fixed-dose medications [38]. A clearer
understanding of the contribution of compo-
nents, the ideal dosing of each FC, and the
pharmacodynamics and pharmacokinetics of
these medications will optimize stepwise glau-
coma therapy in the future.

In July 2012, the FDA approved a new for-
mulation of DTFC called preservative-free (PF)
DTFC (Cosopt PF�), which was supplied as a
unit dose formulation and which became the
first PF FC launched in the US market [39]. In
September 2013, Merck & Co sold the US rights
to DTFC to Akorn Inc (Lake Forrest, Illinois,
USA). Merck & Co followed this step in May
2014 by divesting most of their ophthalmic
business in Europe and Asia (including DTFC) to

26 Adv Ther (2021) 38:24–51
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Santen Pharmaceutical Co. Ltd (Japan). Regu-
latory evidence [39] and subsequent clinical
data [35, 40–44] suggested that PF DTFC was at
least equivalent in efficacy to preserved DTFC
and at the same time provided a tangible clini-
cal benefit in patients with glaucoma suffering
from ocular surface disease (OSD).

In February 2019, Santen Pharmaceutical
was granted a license by the relevant European
authorities to launch a novel multidose bottle
for PF DTFC in 29 European countries (Cosopt
iMulti�). The multidose PF DTFC bottle was
developed by Nemera and has the theoretical
advantage of needing a low squeeze force to
instill a drop, thereby improving ease of use for
the elderly [45]. Thus, currently PF DTFC is
provided by Santen Pharmaceutical in Europe
and in several other countries worldwide in
both single and multidose formulations.
Cumulative evidence indicates that long-term
IOP-lowering therapies elicit chronic, low-grade
ocular surface inflammation which constitutes
an important risk factor for a higher rate of
adverse events, reduced tolerability, unsuccess-
ful therapy, enhanced scarring, and subsequent
failure of filtration surgery [16, 46, 47]. PF FCs
eliminate the toxic effect of preservatives, con-
fer a long-term benefit for patients on lifelong
IOP-lowering medical therapy, and may repre-
sent the future of lifelong medical therapy
[46, 48–50]. There is, however, still insufficient
controlled evidence demonstrating the precise
impact of PF medications upon the long-term
success of glaucoma therapy [16, 40]. Moreover,
there is still a limited range and availability of
PF medications in many countries worldwide.

As highlighted above, PF DTFC represents a
promising future option for stepwise therapy.
The delivery of PF medications, however, raises
methodological issues with industry and regu-
latory dilemmas. At present, single-dose units
are the most popular way to deliver PF medi-
cations to the eye. Nevertheless, drawbacks are
noted for single-dose pipettes: the higher cost,
possible corneal injury, and the challenged
handling by elderly patients [51, 52]. Reduced
vision, impaired hand-to-eye coordination, or
tremor may hinder the successful administra-
tion of PF medications from single-dose units.
According to one study, elderly patients with

neurotrophic corneal problems may be at par-
ticular risk of developing corneal abrasions from
uncontrolled contact between the dispenser tip
and corneal surface [51]. In contrast, another
study did not find a problem with unit-dose
pipettes [53] and large controlled trials
employing single-dose units for hundreds of
patients have not identified or reported corneal
injuries [54–56]. Even though the multidose PF
DTFC formulation represents a promising
development for future stepwise PF therapy
more research is needed with comparative
studies between the unit-dose and the multi-
dose delivery systems of PF DTFC. Ideally,
future studies should also evaluate whether PF
DTFC provides a better quality of life compared
to preserved DTFC.

In the current review we first present regu-
latory and postmarketing evidence for the his-
torical preserved DTFC brand, evaluate key
aspects of this FC (e.g., 24-h efficacy), highlight
the current role of DTFC, and finally outline
future directions with the use of the recently
launched PF DTFC formulation. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors.

PHARMACOLOGICAL PROPERTIES
OF DTFC

DTFC combines two inhibitors of aqueous
humor synthesis: the topical inhibitor of car-
bonic anhydrase (CA) dorzolamide 2% together
with a non-selective beta-blocker (timolol mal-
eate 0.5%). Combining two different molecules
in the same formulation entails certain com-
promises concerning the chemical composition
of the formulation and its dosing. Dorzolamide
merits particular attention for its IOP-lowering
effect generated by the inhibition of the car-
bonic anhydrase enzyme (EC 4.2.1.1) catalyzing
the hydration of CO2 to bicarbonate and pro-
tons in the ciliary processes [57, 58]. It is worth
noting that the first-generation CA inhibitors
(CAIs) were heterocyclic sulfonamides like
acetazolamide, methazolamide, and ethoxzo-
lamide and were originally developed for

Adv Ther (2021) 38:24–51 27
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systemic administration as diuretics [59]. Their
systemic use and the observation that the first-
generation CAIs had effects on most of the
known 15 CA isoforms resulted in a wide range
of systemic side effects like fatigue, malaise,
weight loss, tingling of extremities, hypokale-
mia, metallic taste, and gastrointestinal irrita-
tion, thereby limiting their clinical usefulness
in the chronic therapy of glaucoma. Therefore,
the first-generation CAIs are currently
employed mainly for the treatment of ocular
emergencies, or are prescribed for a short period
of time. The significant range of systemic side
effects of these medications elicited consider-
able research interest in the development of
topical CAI eye drops that would diminish sys-
temic absorption.

The increasing insight into the role of vari-
ous CA isoforms in the human body allowed the
development of more suitable compounds for
ophthalmic use. One of the obstacles for the
formulation of topical CAIs was overcome by
the use of water-soluble sulfonamides [60], a
strategy that finally led to the commercial
development of dorzolamide [61]. Dorzolamide
is a thiophene and a potent CA-II inhibitor
having also an effect on CA-XII and CA-IV. The
CA-II is the most important isoenzyme involved
in aqueous humor secretion and its inhibition
reduced the formation of bicarbonate ions,
thereby inhibiting sodium and fluid transport.
Importantly, the IOP-lowering effect of dorzo-
lamide is solely dependent on the decrease in
aqueous inflow [62]. Subsequent clinical studies
demonstrated that the efficacy of topical dor-
zolamide 2% solution on human eyes varied
between 17% and 32% [63, 64]. In general, the
reduction of aqueous flow with dorzolamide has
been inferior to that obtained by timolol [64].
Nevertheless, the IOP-lowering effect is additive
when the two medications are combined [65]. A
noteworthy attribute is that both acetazolamide
and dorzolamide are effective and lower aque-
ous inflow during sleep [66, 67].

Timolol maleate has been employed in
glaucoma therapy for more than 40 years. Sim-
ilarly to acetazolamide, timolol was first devel-
oped for systemic use and after that was
successfully adopted by ophthalmologists for
the treatment of glaucoma and ocular

hypertension. Since 1977 it has been proven to
be an efficacious and safe topical drug for long-
term IOP lowering [68]. Timolol is a propano-
lamine derivative and a non-selective beta
receptor blocker without intrinsic sympathetic
activity, influencing IOP mainly by reducing
aqueous inflow [69]. Despite being used for
almost 4 decades in glaucoma management the
precise mechanism by which timolol decreases
IOP is not completely understood. The reduc-
tion of ciliary body blood flow and cAMP pro-
duction are likely candidates in this process. In
clinical studies and in practice the aqueous
solution of timolol has been administered twice
daily even though slow-release timolol formu-
lations have been shown to be both effective
and safe [70–72]. The range of IOP reduction has
been demonstrated to be 20–28% [73–75]. In
general, the topical side effects of timolol are
relative uncommon and generally mild. How-
ever, the systemic adverse effects are relatively
common and potentially life-threatening as a
result of the effective systemic absorption of
timolol via the nasal mucosa [70, 76–79]. The
most commonly encountered systemic adverse
events of beta blockers are bradycardia and
exacerbation of chronic obstructive pulmonary
disease [76–79]. Plasma concentration of timo-
lol following topical application varies consid-
erably and is dependent upon pharmacogenetic
factors like CYPD2D6 genotypes [80].

Combining two different drugs into a topical
formulation is challenging and certain phar-
macological issues must be taken into account.
In a FC, like DTFC, there are complex interac-
tions between the two active ingredients and
the other constituents resulting in clinical
advantages and disadvantages versus concomi-
tant therapy with the two constituents. From
the pharmacological standpoint the optimal pH
of dorzolamide and timolol maleate in aqueous
solution is 5.6 and 7.0, respectively. In the case
of DTFC its pH has been set between 5.6 and
5.8, which may not be optimal in terms of local
tolerability. Furthermore, the duration of dor-
zolamide action is shorter than that of timolol
and thus its optimal dosing is considered to be
three times daily. Regulatory [17] and subse-
quent 24-h IOP studies [33, 81–83] with DTFC
dosed twice daily (discussed elsewhere in this

28 Adv Ther (2021) 38:24–51
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review) have not shown this to be a problem.
This may be due to the intricate pharmacolog-
ical interaction between the two constituents of
DTFC with the IOP-lowering activity and dura-
tion of action of timolol dosed twice daily flat-
tening the 24-h IOP curve to such an extent that
the b.i.d. dosing of dorzolamide is sufficient.

LEARNING FROM THE PAST:
REGULATORY EVIDENCE
WITH PRESERVED DTFC

Two early landmark studies have evaluated the
efficacy and safety of DTFC dosed twice daily
versus its individual components, each admin-
istered in their licensed monotherapy dose (i.e.,
timolol twice daily, dorzolamide three times
daily) [18, 19]. Two other such studies have
compared DTFC versus the concomitant
administration of the two constituents, each
dosed according to their respective monother-
apy regimen (i.e., timolol twice daily, dorzo-
lamide three times daily) [20], or according to
the usual clinical practice in adjunctive therapy
(i.e., twice daily for both timolol and dorzo-
lamide) [17].

In the 3-month, double-masked, random-
ized, multicenter study by Boyle et al. [18] with
355 patients with open-angle glaucoma (OAG)
or ocular hypertension (OHT), the efficacy and
safety of DTFC versus its individual constituents
was investigated. To ensure masking, DTFC was
dosed twice daily along with placebo once daily,
timolol 0.5% was dosed twice daily along with
placebo once daily, whereas dorzolamide 2%
was dosed three times daily. The IOP was mea-
sured at morning trough (immediately before
instillation) and at morning peak (2 h post
instillation) on day 1, week 2, and months 1, 2,
and 3. After 3 months of treatment, the mean
IOP reduction from baseline at morning trough
for DTFC, dorzolamide, and timolol was 27.4%,
15.5%, and 22.2%, respectively. At morning
peak, the mean IOP reduction from baseline
after 3 months of treatment for DTFC, dorzo-
lamide, and timolol was 32.7%, 19.8%, and
22.6%, respectively. In all visits, the IOP
reduction achieved with DTFC was statistically
greater than that achieved with either

monotherapy. The investigators [18] noted that
there were no significant differences between
DTFC and its components in the proportion of
participants with any adverse event, drug-re-
lated adverse events, and serious adverse events.
Nonetheless, a significantly greater proportion
of patients withdrew because of adverse events
in the DTFC than in the timolol group (7% vs.
1%; p = 0.035). The most frequent adverse
events were either ocular or local (e.g., dysgeu-
sia). The most common ocular adverse events
for the DTFC group were burning/stinging
(18%), blurred vision (4%), and itching (4%);
those for the dorzolamide group were burning/
stinging (14%), blurred vision (4%), and injec-
tion (4%); those for the timolol group were
burning/stinging (6%), blurred vision (4%), and
discharge (4%). The severity of these symptoms
was generally mild, and only one patient from
the DTFC arm withdrew as a result of burning/
stinging.

In a similarly designed 3-month, parallel
group, double-masked, randomized, multicen-
ter study, Clineschmidt end collaborators [19]
investigated the efficacy and safety of DTFC
administered twice daily versus each of its
constituents administered according to the
licensed monotherapy dose, i.e., timolol 0.5%
twice daily and dorzolamide 2% three times
daily. The investigators recruited 253 partici-
pants with OAG or OHT who were poorly con-
trolled on timolol monotherapy. At month 3,
the mean IOP reductions at trough measure-
ment (i.e., 9:00 A.M., just before the morning
timolol instillation) were 10.6% (2.8 mmHg),
4.9% (1.4 mmHg), and 6.7% (1.7 mmHg) for the
DTFC, dorzolamide, and timolol groups,
respectively. At month 3, the mean IOP reduc-
tion from baseline at peak measurement (i.e.,
11:00 A.M., 2 h after the morning timolol instil-
lation) was 17.3% (4.4 mmHg), 7.4%
(2.0 mmHg), and 6.6% (1.6 mmHg) for the
DTFC, dorzolamide, and timolol groups,
respectively. The difference in IOP reduction
using DTFC was significantly greater than using
any of the monotherapies at trough and peak
measurements for virtually all time points,
including the 3-month visit. Of 253 recruited
patients, 232 (92%) completed the study. Of the
21 patients who withdrew, three did so because

Adv Ther (2021) 38:24–51 29



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
.

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

of drug-related adverse events: two patients in
the DTFC group (one with eye pain and one
with dizziness, nausea, and tremor) and one in
the timolol group (urinary frequency). The most
common ocular symptoms for all groups were
blurred vision (DTFC: 2%, dorzolamide: 4%,
timolol: 7%), burning/stinging (DTFC: 30%,
dorzolamide: 24%, timolol: 8%), and tearing
(DTFC: 3%, dorzolamide: 2%, timolol: 2%). The
most commonly encountered adverse ocular
sign was conjunctival hyperemia (DTFC: 9%,
dorzolamide: 12%, timolol: 8%). The most fre-
quent non-ocular symptom was dysgeusia
(DTFC: 8%, dorzolamide: 7%, timolol: 2%).

Another 3-month, double-masked, random-
ized, multicenter study with an open-label
extension for another 9 months evaluated the
efficacy and safety of DTFC versus the con-
comitant administration of timolol 0.5% dosed
twice daily along with dorzolamide 2% dosed
three times daily [20]. In the masked phase, 242
patients with OAG or OHT who were insuffi-
ciently controlled on timolol monotherapy
were randomized to one of the two arms,
whereas in the open-label extension 220
patients received DTFC for another 9 months.
IOP measurements were performed just before
the morning instillation (hour 0, at 8:15 A.M.),
2 h later (hour 2), and 8 h later (hour 8) on
days 1, 15, 30, 60, and 90 of the masked phase.
During the open-label extension, the IOP was
measured only at hours 0 and 2 on days 180,
270, and 365. Of the 242 enrolled participants,
220 (91%) completed the masked phase and
entered the open-label extension; of these 220
participants, 203 (92%) completed the exten-
sion phase. At 3 months, the IOP reduction at
hours 0, 2, and 8 for DTFC was 13.8%, 19.7%,
and 14.9%, whereas the corresponding IOP
reduction for the concomitant group was
15.5%, 19.1%, and 17.4%, respectively. At the
3-month time point, the authors estimated that
the difference between treatments (IOP of DTFC
group - IOP of concomitant group) at hour 0,
hour 2, and hour 8 were - 0.52 mmHg,
0.17 mmHg, and - 0.69 mmHg. According to
the authors, the criterion of equivalence (less
than 1.5 mmHg difference) was satisfied with
greater than 96% confidence at all time points
and all visits during the masked phase. During

the open-label phase, the IOP reduction was
generally similar to the one observed during the
masked phase, thus confirming that the efficacy
of DTFC is maintained at least over the
12 months of treatment. Both during the
masked and the open-label phase, the most
frequent symptoms were bitter taste, blurred
vision, and ocular burning. In general, the
incidence of most symptoms was very similar in
the two groups. The most common ocular signs
during the masked period were conjunctival
hyperemia and punctate epithelial keratitis,
both in comparable prevalence in the two
therapy groups (12–14%). Ocular signs in the
open-label period tended to be somewhat less
common than in the masked period. Drug-re-
lated adverse events occurred in 10% of partic-
ipants in each treatment group during the
masked period, but only in 6% of participants
during the open-label phase. Ten patients
withdrew because of adverse events during the
masked phase (DTFC: n = 7; concomitant ther-
apy group: n = 3) and three patients during the
extension phase. Drug-related ocular adverse
events, such as eyelid reactions, allergy, and
blurred vision, accounted for half of the with-
drawals during the masked phase and one-third
of the withdrawals during the open-label phase.

Hutzelmann and coworkers [17] conducted a
3-month, double-masked, randomized, multi-
center study, and compared the efficacy and
safety of DTFC dosed twice daily versus the
concomitant administration of timolol 0.5%
dosed twice daily and dorzolamide 2% dosed
twice daily. The study recruited 299 patients
with either OAG or OHT who were insuffi-
ciently controlled with topical timolol. After a
2-week timolol run-in period, the IOP was
measured at trough (8:30 A.M.) and peak
(10:30 A.M.) at baseline (day 1) and on days 15,
30, 60, and 90. Compared to timolol-treated
baseline, the mean IOP reduction with DTFC
ranged between 3.8 mmHg and 5.8 mmHg
(14.6–23.3%), whereas the IOP reduction with
the concomitant administration ranged
between 3.6 mmHg and 5.8 mmHg
(14.0–23.2%). The mean difference (IOP in
concomitant group - IOP in DTFC group) in
trough and peak measurements averaged over
the month 2 and month 3 visits was
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0.01 mmHg (95% CIs - 0.52 to 0.55) and
0.08 mmHg (95% CIs - 0.45 to 0.60), indicating
that both study regimens demonstrated virtu-
ally identical efficacy. Of the 299 patients who
were recruited, 290 (97%) completed the study.
Of the nine who withdrew, three did so because
of adverse events (DTFC group: n = 2, con-
comitant: n = 1) and the rest because of other
reasons. Overall, the same proportion of
patients from each group (34%) experienced at
least one treatment-related ocular symptom.
These included burning (DTFC: 13%, concomi-
tant therapy: 9%), stinging (9% in each group),
itching (DTFC: 9%, concomitant therapy: 6%).
The only symptom significantly more common
with concomitant therapy was eye pain (DTFC:
0%, concomitant therapy: 4%; p = 0.014). The
most frequently noted ocular sign was con-
junctival hyperemia (9% in each group).
Importantly, patients in the concomitant ther-
apy group exhibited a significantly greater rate
of corneal signs overall (14% vs. 5%; p = 0.011),
and specifically superficial punctate keratitis
(7% vs. 1%; p = 0.005).

DTFC THERAPY EMPLOYED
IN THE REAL WORLD

It is widely accepted that the results obtained in
the industry-sponsored pivotal clinical trials are
not identical to those the clinician observes in
clinical practice. Several explanations for this
well-known phenomenon have been suggested,
but probably the more intuitive one is that real-
life patients are less ‘‘ideal patients’’ than those
recruited in clinical trials. This may be accoun-
ted by the more diverse forms and worse stage
of glaucoma these patients may suffer. More-
over, real-life patients exhibit a wide range of
comorbidities and their motivation, persis-
tence, and adherence to therapy may be inferior
to those participating in trials. In addition, in
pivotal trials, the industry usually tailors the
study design to obtain just the results needed
for approval. For these reasons it is the time
after the drug is commercially available when
multiple studies in real life are conducted, when
the clinician may obtain more comprehensive,

clinically relevant, and less biased information
about a novel medication.

In this sense, it is important that DTFC has
demonstrated similar efficacy in both OAG and
OHT to the concomitant administration of the
two constituents separately [21]. More surpris-
ingly, it has also been shown in postmarketing
trials that when the patients replace concomi-
tant medications with DTFC there is a further
improvement in IOP control by up to
1.7 mmHg [21]. This surprising finding may be
explained by improved patient adherence and
also by the lack of the washout effect with the
use of the FC. It is known that when two dif-
ferent eyedrops are administered consecutively
without waiting at least 5 min between them,
the second drop partially washes out the first
one before complete absorption has occurred,
thus leading to suboptimal drug efficacy.

Another aspect not addressed by the pivotal
trials was the optimal dosing of DTFC. Shemesh
et al. [84] described that on increasing the daily
dose from the recommended twice daily to
three times daily there was a significant further
improvement in IOP lowering with DTFC
obtaining an additional 2 mmHg IOP decrease
without a concomitant increase in the number
of adverse events [84]. In addition to the pre-
viously well-documented efficacy in patients
with OAG or OHT, DTFC has been reported to
obtain a clinically meaningful IOP reduction of
more than 20% in patients suffering from nor-
mal tension glaucoma (NTG) with a baseline
IOP of 15.6 mmHg [85].

Furthermore, in patients already treated with
latanoprost monotherapy and requiring further
IOP lowering, the addition of DTFC has been
shown to significantly enhance IOP lowering,
thus confirming the meaningful adjunctive
effect of DTFC when employed with a pros-
taglandin even in eyes with a treated IOP in the
mid-teens [86].

DTFC is not the only topical FC combining a
topical CAI with timolol. Brinzolamide, another
topical CAI, has been successfully combined
with timolol in a FC, the brinzolamide/timolol
fixed combination (BTFC, Azarga�, Novartis
Europharm Ltd, Dublin, Ireland). DTFC and
BTFC demonstrate equivalent efficacy [87], but
they differ in terms of tolerability. Patients

Adv Ther (2021) 38:24–51 31



T
hi

s 
do

cu
m

en
t 

is
 c

op
yr

ig
ht

 o
f 

th
e 

or
ig

in
al

 p
ub

lis
he

r.
 T

hi
s 

do
cu

m
en

t 
is

 s
tr

ic
tl

y 
pr

iv
at

e,
 c

on
fid

en
ti

al
 a

nd
 p

er
so

na
l t

o 
it

s 
re

ci
pi

en
ts

 a
nd

 s
ho

ul
d 

no
t 

be
 c

op
ie

d,
 d

is
tr

ib
ut

ed
 o

r 
re

pr
od

uc
ed

 in
 w

ho
le

 o
r 

in
 p

ar
t,

 n
or

 p
as

se
d 

to
 a

ny
 t

hi
rd

 p
ar

ty
.

copyright of the 
original publisher. 
This document is 
strictly private, 
confidential and 
personal to its 
recipients and 
should not be 

copied, distributed or 
reproduced in whole 
or in part, nor passed 

to any third party.

report more stinging/burning after the instilla-
tion of DTFC, but on the other hand, patients
complain more often of blurred vision after the
application of BTFC [87]. These differences may
be attributed to the lower pH level of DTFC and
the fact that BTFC is a suspension and not a
solution like DTFC. Both FCs have been found
to be equivalent in terms of IOP-lowering effect
when added in eyes already on latanoprost
monotherapy [88].

Another quite popular FC is the brimoni-
dine/timolol FC (BmTFC, Combigan�, Allergan,
Inc., Irvine, CA, USA). Budengeri et al. pub-
lished a well-conducted meta-analysis of several
trials analyzing the safety and efficacy of
BmTFC versus DTFC in the treatment of
patients with OAG or OHT [89]. Their conclu-
sion was that the safety and daytime efficacy of
these two FCs were comparable when employed
in patients with OAG or OHT. However, in
patients with steroid glaucoma BmTFC may
obtain a greater hypotensive effect than DTFC
[90]. This finding suggests that the effect on the
trabecular meshwork of topically applied
adrenergic agents may be beneficial in steroid
glaucoma.

DTFC has also been compared with another
class of FCs: the prostaglandin/timolol FCs
(PTFCs) that combine two drugs with comple-
mentary mechanism of action. Most of the
comparative evidence is with the
latanoprost/timolol FC (LTFC, Xalacom�, Pfizer
Inc., New York, NY, USA). In most published
studies DTFC has been shown to have equiva-
lent hypotensive efficacy compared with LTFC
when employed in patients with OAG or OHT
insufficiently controlled with monotherapy
[91]. This may be surprising since in previous
daytime studies DTFC and latanoprost have
been reported to demonstrate similar efficacy
[92]. Thus, in the case of LTFC it would appear
that adding timolol to latanoprost in a FC has a
very modest IOP lowering. With regard to the
other PTFCs the evidence is limited, but travo-
prost/timolol FC (DuoTrav�, Novartis Euro-
pharm Ltd, Dublin, Ireland) seems to provide
slightly greater efficacy than DTFC [93] and
bimatoprost/timolol FC (Ganfort�, Allergan,
Irvine, CA, USA) has been reported in one study
to be superior to DTFC [94].

There is compelling evidence suggesting that
DTFC may be more effective than latanoprost
over 24 h and as initial therapy (both topics are
discussed at length below) and in patients
undergoing small incision cataract surgery [95].
Further, it should be borne in mind that
although the majority of published studies dis-
cussed here test the hypotensive efficacy of
medications, such as DTFC, in primary open
angle glaucoma (POAG) or patients with OHT,
there are other clinical scenarios, e.g., secondary
glaucomas like exfoliative glaucoma and angle-
closure glaucoma, where the efficacy profile and
comparative outcome versus other therapy
options may be completely different.

OVERVIEW OF THE 24-H EFFICACY
OF DTFC

A single IOP reading provides evidence for only
1 min of the day and does not reflect the
dynamic IOP equilibrium during the other
1439 min of that day, or the IOP variation
between visits [96–101]. Owing to time/cost
considerations current clinical practice involves
single sitting IOP readings at each patient visit.
Consequently, for most of the 24-h period true
IOP levels remain largely unknown. More
alarmingly, the quality of IOP data on which we
rely to diagnose and treat glaucoma is inade-
quate and can be misleading [98, 100–103]. This
implies that in many patients with glaucoma we
simply guess what the real 24-h IOP control
may be. Even in certain academic centers where
24-h IOP monitoring is routinely performed we
only monitor 4–6 IOP readings in selected
patients. This approach does not resemble sys-
temic blood pressure monitoring and the IOP
evidence thus obtained will only reveal a partial
picture of true IOP pathology in a given patient
with glaucoma [104–107].

In glaucoma management, pharmacological
and surgical therapy options are employed to
substantially lower IOP, the only modifiable risk
factor for the development and progression of
glaucoma [108]. IOP, however, is not fixed but
varies considerably during the 24-h period
[98, 101, 106, 107]. Since glaucoma is a 24-h
disease, follow-up in clinical practice with
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single IOP readings remains a major limiting
factor in glaucoma care, resulting in lack of
robust IOP evidence collection over time
[97, 101, 104, 105, 109, 110]. Only by evaluat-
ing 24-h IOP characteristics (mean, peak, and
fluctuation) at diagnosis and after therapeutic
interventions can we appreciate the true effi-
cacy of therapy [101, 109, 111]. While 24-h IOP
monitoring is a relatively new arrival in the
research of glaucoma, convincing evidence
indicates that there are substantial increases in
IOP occurring during the 24-h period that neg-
atively impact glaucoma progression
[98, 101, 108]. These IOP peaks, large 24-h
fluctuation, and substantial long-term IOP
variation often elude detection and thus are not
sufficiently treated. Furthermore, recent
research has highlighted the importance of
targeting nocturnal IOP control to halt glauco-
matous disease progression [108]. There
remains, therefore, a need for selecting glau-
coma medications that can effectively control
IOP day and night and for novel IOP-lowering
therapies capable of managing 24-h IOP char-
acteristics comprehensively to mitigate disease
progression.

Consequently, to determine the true efficacy
of DTFC it is necessary to document its 24-h IOP
characteristics and to compare the efficacy of
this FC with other available treatment options
over 24 h. DTFC is currently the IOP-lowering
FC with the most comprehensive published
24-h evidence detailing its 24-h efficacy and
24-h IOP characteristics [23, 33, 40, 81–
83, 112–116]. With regard to the 24-h efficacy of
DTFC, most research has demonstrated that the
timolol constituent, as a b-blocker, induces a
greater IOP reduction during the day and a less,
albeit still significant, IOP reduction during the
night [117–119]. Timolol lowers IOP by reduc-
ing aqueous humor flow, but has no effect on
outflow resistance or on episcleral venous pres-
sure [120]. It is reasonable to hypothesize that
the decreased activity of timolol during the
night is due to either the inability of beta-
adrenergic antagonists to reduce further noc-
turnal aqueous humor flow or to increased
pressure in the episcleral venous system in the
supine position [121, 122]. Aqueous humor flow
is reduced by approximately 45% during sleep,

in comparison to flow during waking hours
[119, 122], and this may explain the reduced
activity of timolol [119].

In contrast, it is well established that dorzo-
lamide significantly reduces aqueous synthesis
at night [99, 123]. Indeed, a meta-analysis of
24-h studies demonstrated that dorzolamide
was the only IOP-lowering monotherapy work-
ing better during the night than during the day
[111]. Accordingly, dorzolamide reduced IOP by
20–23% between 22:00 and 06:00 and only by
14–18% between 10:00 and 18:00 during the
day. Thus, dorzolamide consistently lowered
IOP more than timolol and to the same extent
as latanoprost during nighttime [81, 111]. This
was also consistent with the nighttime decrease
in aqueous humor flow obtained by dorzo-
lamide in the study by Vanlandingham and
coworkers [67].

The 24-h characteristics of DTFC have been
evaluated in several controlled studies
[23, 33, 40, 81–83, 112–116]. In the majority of
these studies the 24-h efficacy of DTFC was
compared with that of other ocular hypotensive
drugs, or regimens, in subjects with OAG or
OHT. The overall mean 24-h IOP reduction
reported ranged between 25% and 33% and
DTFC provided consistent 24-h IOP reduction
with relatively narrow fluctuation of 24-h IOP
(3.8–4.6 mmHg), which improved slightly over
time [83, 104].

The first controlled study to document the
efficacy of DTFC over the complete 24-h period
was carried out by Konstas and coworkers in
2003 [82]. These authors reported that DTFC
provided significantly better 24-h IOP control
(- 0.6 mmHg) than latanoprost mainly owing
to the greater efficacy of DTFC at night (22:00
time point). This was a single-masked, crossover
comparison in 34 patients affected by POAG or
OHT. After 6 weeks of therapy the mean 24-h
IOP was statistically lower with DTFC
(15.3 ± 2.0 mm) versus that with latanoprost
(15.9 ± 2.3 mmHg) (p = 0.05) [82]. The trial
highlighted the importance of conducting a
complete 24-h IOP assessment when evaluating
two IOP-lowering medications. While daytime
pressures were equal between DTFC and lata-
noprost in the evening (22:00) there was an
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efficacy advantage of the FC compared to lata-
noprost [82].

In another crossover 24-h study Orzalesi and
associates [112] compared latanoprost, bri-
monidine tartrate, and DTFC over 24 h in
patients with POAG or OHT. All the drugs sig-
nificantly reduced IOP compared with the
baseline at all times, except for brimonidine at
midnight. The authors observed similar IOP
control between latanoprost and DTFC except
at 09:00 when DTFC was significantly more
effective.

In a larger, longer-term, randomized,
prospective, crossover 24-h IOP study on 53
patients with POAG or OHT, Konstas and asso-
ciates [83] compared the 24-h IOP efficacy of the
DTFC versus latanoprost over 2 and 6 months.
After 2 months of therapy, DTFC provided sig-
nificantly better IOP control than latanoprost at
three time points (10:00, 18:00, and 22:00) and
for the mean 24-h IOP (18.0 ± 1.8 vs.
18.6 ± 1.9 mmHg; p = 0.0002). Following
6 months of chronic treatment both medica-
tions reduced mean untreated 24-h IOP
(25.2 mmHg) to a similar extent: 18.1 mmHg
with DTFC and 18.3 mmHg with latanoprost.
DTFC still provided significantly better IOP at
two time points (10:00 and 22:00; p\ 0.01)
[83]. Feldman and coworkers [115] carried out
an 8-week randomized, parallel, double-
masked, multicenter study evaluating the 24-h
efficacy of DTFC in patients with OAG and OHT
insufficiently controlled on timolol. They
reported that DTFC significantly reduced IOP
throughout the 24-h period when compared to
timolol treated baseline. Compared with timo-
lol alone, there were significantly greater
reductions with DTFC at 10:00 (p = 0.003) and
14:00 (p = 0.016), and for the mean daytime
IOP (p = 0.025).

Further evidence of greater 24-h IOP lower-
ing with DTFC in comparison with latanoprost
has been provided by Quaranta and coworkers
[114]. In a crossover 24-h study on patients with
previously untreated POAG, they observed a
significant difference in 24-h efficacy in favor of
the DTFC (- 1.3 mmHg; p\0.0001) when
compared to latanoprost monotherapy. The
greater 24-h separation between DTFC and
latanoprost observed between this and the

other two previously conducted comparative
studies may be attributable to the fact that
DTFC was employed as initial therapy in the
Quaranta study [114] and thus this study avoi-
ded the inclusion of timolol non-responders.

Another 24-h study compared DTFC to the
latanoprost/timolol FC (LTFC) in 32 patients
with glaucoma insufficiently controlled on
latanoprost monotherapy. In this DTFC reduced
mean 24-h IOP by 2.2 mmHg (10%) more than
latanoprost baseline and to a similar extent to
LTFC dosed in the evening (- 2.6 mmHg, -

11.8%) (p = 0.59) [113]. Of note in this study
the largest additional 24-h IOP reduction was
obtained when DTFC dosed twice daily was
combined with latanoprost dosed in the eve-
ning (- 5.6 mmHg, - 25.4%).

In a double-masked, two-center, crossover
comparison Konstas and coworkers [124]
investigated the mean diurnal IOP control with
either DTFC dosed twice daily or the LTFC
dosed once in the morning. These authors
monitored IOP every 2 h over a period of 12 h in
33 patients with either glaucoma or OHT. The
mean diurnal IOP for DTFC (17.0 ± 2.0 mmHg)
was similar to that recorded with LTFC
(17.2 ± 2.2 mmHg) (p = 0.36). Moreover, no
difference was obtained between the two FCs
for any of the six time points measured. In
contrast, Eren and coworkers [116] conducted a
double-masked, 6-week, crossover 24-h study
comparison between DTFC and LTFC dosed in
the evening in patients with POAG and repor-
ted the mean 24-h IOP to be statistically lower
with the LTFC (16.3 mmHg) than with the
DTFC (17.3 mmHg). The reason for the differ-
ence between these clinical studies may be the
shorter duration of the second study and the
different dosing of LTFC (morning vs. evening).

In a large, multicenter trial Konstas and
coworkers [23] compared DTFC and the bri-
monidine/timolol FC over 24 h. One eye each
of 77 patients with POAG was included in this
prospective, observer-masked, crossover,
3-month comparison. Following a 2-month
timolol run-in period 60 timolol responders
were included in this trial. When the two FCs
were compared directly, DTFC demonstrated a
lower mean 24-h IOP level as compared with
the brimonidine/timolol FC (mean difference -
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0.7 mmHg, 95% confidence interval - 1.0, -

0.3; p\ 0.0001). At two individual time points
(18:00, 02:00) DTFC reduced IOP significantly
more than brimonidine/timolol FC (p = 0.001).
The largest difference between the two FCs was
observed at 18:00 (- 1.1 mmHg) [23]. The
results of this trial were consistent with previous
24-h investigations showing reduced or almost
no efficacy of brimonidine at night
[119, 125, 126].

To conclude, there is today convincing evi-
dence supporting the view that DTFC is an
effective day and night medication providing
relatively uniform IOP lowering over the com-
plete 24-h period. Available controlled 24-h
evidence suggests that the timolol component
works more effectively during the day and the
dorzolamide component works better during
the night. However, the picture is not entirely
clear concerning the 24-h efficacy of DTFC
compared other FCs especially the newer FCs.
The 24-h efficacy of PF DTFC versus other PF
glaucoma medications as well its role in step-
wise glaucoma therapy of the future requires
further elucidation.

ASSESSING THE IMPACT OF DTFC
ON OCULAR BLOOD FLOW
AND POSSIBLE THERAPEUTIC
IMPLICATIONS

For decades, systemic carbonic anhydrase inhi-
bitors have been known to be potent vasodila-
tors in the brain [127–129] and studies have
shown that systemic acetazolamide also
increases perfusion at the posterior pole of the
eye [130–132]. As such, there is interest in
whether ocular vasodilator effects can also be
achieved with topical formulations of carbonic
anhydrase inhibitors. However, investigation of
such vasodilator effects is not straightforward as
antiglaucoma drugs increase ocular perfusion
pressure (OPP) by reducing IOP and an increase
in blood flow can therefore either be caused by
the increase in OPP or by a direct pharmaco-
logical effect at the posterior pole of the eye
[133]. Hence, the question is whether dorzo-
lamide and/or brinzolamide would reach the

posterior pole of the eye in a concentration that
is sufficient to elicit vasodilator effects. Animal
studies have shown that topical carbonic
anhydrase inhibitors can be detected in the
retina [134–136], but to what degree such data
can be translated to human eyes with their
much larger volume remains to be proven.

In vitro studies have documented dose-de-
pendent vasodilator effects of dorzolamide
[137–140] and brinzolamide [139]. The majority
of clinical studies have used dorzolamide or
brinzolamide alone to investigate whether
changes in blood flow can be observed. A wide
variety of methods were used for assessing per-
fusion-related parameters after dorzolamide
including pulsatile ocular blood flow and pulse
amplitude [141], laser Doppler flowmetry
[142–144], laser Doppler velocimetry [145],
laser-interferometric measurement of fundus
pulsation [142], quantitative fluorescein
angiography [146–149], and color Doppler
imaging [146–148, 150–154], and increase in
ocular blood flow parameters was indicated in
the majority of the studies after dorzolamide
administration. Most studies did, however, suf-
fer from small sample size and non-randomized
study design. One 6-week double-masked par-
allel group trial compared dorzolamide versus
placebo in 47 patients with OAG [155]. Ocular
perfusion was quantified using color Doppler
imaging of the retrobulbar vessels and scanning
laser ophthalmoscope fluorescein angiography,
but no significant difference was found between
the treatment arms.

In the largest study, 140 patients with POAG
or OHT were included in a controlled, ran-
domized, double-blind study in two parallel
groups comparing topical timolol and dorzo-
lamide for 6 months. Scanning laser Doppler
flowmetry was employed to measure blood flow
in the temporal neuroretinal rim and the cup of
the optic nerve head and pulsatile choroidal
blood flow was assessed using laser-interfero-
metric measurement of fundus pulsation
amplitude. Whereas the IOP was reduced to a
similar degree in both groups, dorzolamide, but
not timolol, increased the ocular hemodynamic
parameters [142]. In addition, both drugs
improved the abnormal pressure/flow relation-
ship [156, 157].
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There are fewer studies with brinzolamide
being published. Klemm and coworkers in 2003
did not observe an effect of a 3- to 5-week
therapy on retrobulbar flow velocities or pul-
satile ocular blood flow [158], which is in
keeping with another study from the same
group [154]. One study did, however, report an
increase in retinal blood flow as measured with
scanning laser Doppler flowmetry in patients
with POAG after brinzolamide treatment [144].

The effects of combination therapy with
carbonic anhydrase inhibitors and beta-receptor
antagonists is less well studied. In an early
study, 15 patients with POAG were treated with
DTFC and results showed an increased arteri-
ovenous passage time of fluorescein dye
indicative of increased retinal blood flow [159].
A subsequent study included 30 subjects with
POAG and demonstrated that DTFC, but not
latanoprost, increased pulse volume [160]. This
is compatible with other studies showing that
DTFC increases the end-diastolic velocity in the
central retinal artery [161, 162]. Whereas one
study used timolol/pilocarpine FC as a com-
parison in a randomized, crossover study design
[161], another study used timolol plus latano-
prost as a comparison in a randomized, cross-
over, double-blind study design [162]. These
two studies included 16 patients with POAG
each. A subsequent prospective, observer-
masked, randomized, crossover study used LTFC
as a comparator also observed that only DTFC
improved retrobulbar flow velocities, as mea-
sured with color Doppler imaging [163]. The
same group reported that the difference
between LTFC and DTFC can still be seen after
1 year of treatment [164].

A general problem with studies investigating
the ocular hemodynamic effects of antiglau-
coma drugs is the lack of gold-standard tech-
nology for measuring blood flow [165–169]. So
far, no studies have been published on the
effects of carbonic anhydrase inhibitors on OCT
angiography parameters. One does, however,
need to keep in mind that OCT angiography is
currently unable to provide quantitative mea-
surements of perfusion [170–173]. Doppler OCT
is a relatively well-validated technique for
measuring retinal blood flow [174–179], but
commercial instruments are still at the

prototype stage [180, 181], and no studies on
carbonic anhydrase inhibitors are currently
available.

Moreover, it is not established whether an
increase in blood flow to the posterior pole of
the eye would lead to a reduction in visual field
progression independently of IOP-lowering
effects [182]. A prospective study was conducted
on 161 patients with POAG who were random-
ized to receive either dorzolamide or brinzo-
lamide added to timolol in a 5-year evaluator-
masked study. According to this study the risk
for progression in patients treated with dorzo-
lamide plus timolol was approximately half of
that in patients treated with brinzolamide plus
timolol. Furthermore, an increase in retrobulbar
blood velocities was only seen with dorzo-
lamide plus timolol [183] and lower blood
velocities were risk factors for visual field pro-
gression [182]. However, there is no other study
confirming this result. While the majority of
published studies indicate that dorzolamide and
DTFC increase perfusion at the posterior pole of
the eye, the question on how this translates into
visual field protection is still unclear. Given the
preliminary evidence available it may, however,
be justified to initiate a well-designed, multi-
center clinical trial to answer this important
question.

ASSESSING THE THERAPEUTIC
UTILITY OF DTFC EMPLOYED
AS FIRST-CHOICE THERAPY
IN GLAUCOMA

Evidence supports the efficacy, safety, and tol-
erability of DTFC as a potential first-choice
therapy in glaucoma management. This FC
treatment also has features that may improve
long-term adherence to glaucoma therapy,
particularly with the added benefits of the
recently available PF DTFC formulation. Table 1
lists the several features required of an ideal
first-line medication that align with both pub-
lished evidence [17–20, 22, 29, 71, 92, 112, 184]
and clinical experience with DTFC.

Consistent with well-entrenched traditional
glaucoma management paradigms, most of the
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published trials compare FC medications to
their unfixed components relegating the role of
the second agent as adjunctive. Relatively fewer
trials have examined the role of FCs as primary
therapy in treatment-naı̈ve eyes. Two studies
found DTFC very effective as initial therapy
[33, 34] in patients presenting with high base-
line IOP. Within 2 h of a single dose IOPs fell by
up to 48% with a sustained effect noted
2 months later [34].

Encouraged by the demonstrated efficacy of
DTFC, concern about the increasing negative
effect of preservatives on the ocular surface
[185, 186] and the availability of a PF formula-
tion of DTFC in the Canadian market, we con-
ducted a multicenter prospective clinical trial in
patients with newly diagnosed and untreated
OAG or OHT [35]. The primary endpoint was
change in ocular surface signs/symptoms with
efficacy being secondary. In total 170 patients
completed the 8-week study. The distribution of
IOPs pre and post treatment is shown in Fig. 1.
The average IOP reduction with PF DTFC was
38% from baseline. The GSS-SYMP6 assessment
tool revealed that treatment-naı̈ve patients had
mild to moderate OSD at the time of diagnosis
and that PF DTFC was well tolerated with no
significant change in ocular surface status after
8 weeks of use. This study found that most
treatment-naı̈ve patients present with mild to

Table 1 Features of an ideal first-line drug in glaucoma

Feature Fixed combination dorzolamide/timolol

Efficacy Yes

Safety Yes

Once daily dosing No

Minimal peak/trough IOP control Yes

Flexibility of dosing time of day No

Preservative-free available Yes

Cost-effective Yes

Brand versus generic Yes

Long-term published evidence Yes

Can be used in patients with allergy to sulfonamides Yes

Fig. 1 Distribution of IOP values at baseline (treatment
naı̈ve) (a) and after 8 weeks of treatment with PF DTFC
(b)

Adv Ther (2021) 38:24–51 37
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moderate OSD at the time of diagnosis, which is
a consideration when choosing an initial ther-
apy. In this trial PF DTFC was found to be safe
and well tolerated. It had excellent efficacy that
did not seem to be affected by the absence of
preservative and it did not seem to exacerbate
ocular surface signs/symptoms.

There is a growing body of evidence sup-
porting the use of FC medications earlier in
disease management. Globally, and specific to
glaucoma management, the healthcare land-
scape is evolving. Enhanced diagnostic testing
has shown that structural glaucomatous dam-
age occurs significantly earlier in the disease
than historically recognized [187]. Treatment
algorithms are evolving to recommend lower
target IOPs earlier in the disease [188]. Collec-
tively the evidence suggests that FCs, which
possess many features of an ideal first-line drug,
should be a consideration at the earliest stage of
the treatment algorithm. This is particularly
important in patients with glaucoma presenting
with high IOP or other unfavorable 24-h IOP
characteristics (e.g., high peak IOP or wide
fluctuation of 24-h IOP) such as exfoliative
glaucoma or angle-closure glaucoma [33–35].

EMPLOYING DTFC IN CURRENT
GLAUCOMA MANAGEMENT

When DTFC was commercially launched regu-
latory approval indicated that this FC should be
selected for further IOP lowering in patients
with OAG or OHT for whom monotherapy with
b-blockers failed to achieve satisfactory IOP
control [189]. Since then DTFC has been widely
employed in those patients who were respon-
sive to b-blockers, but whose target pressure
could not be reached with b-blockers alone.
Evidently, in such patients stepping up therapy
with DTFC offers the advantages of improved
efficacy, convenience, same number of eye-
drops, same exposure of ocular tissues to
preservatives, and possibly decreased cost
[10, 15, 48]. This indication has remained a
valuable option in certain cases today.

In current glaucoma management, however,
prostaglandin analogues have succeeded b-
blockers as first-line therapy [7, 190].

Consequently, clinicians may now face the
need to either modify a prostaglandin
monotherapy because of intolerance/adverse
effects or more often require adjunctive therapy
when prostaglandins are effective, but the
desired target pressure is not reached with
prostaglandin monotherapies. It is acknowl-
edged that knowing which class is best suited as
second-line therapy remains controversial.
Nevertheless, switching from prostaglandin
monotherapies to DTFC is a well-established
and popular clinical option, although DTFC has
not received formal regulatory approval for its
use in patients insufficiently controlled on
prostaglandin monotherapies. Clearly, more
evidence is needed concerning the optimal
transition to second-line therapies in patients
with glaucoma treated with prostaglandin ana-
logues. There is, however, some convincing
evidence that switching from latanoprost
monotherapy to DTFC may provide meaningful
further IOP reduction with a favorable tolera-
bility profile [113].

Another popular clinical scenario involves
the selection of DTFC as adjunctive therapy in
prostaglandin-treated patients who require
substantial additional IOP lowering (3–-
6 mmHg) to arrest further progression or ulti-
mately loss of vision. These patients tolerate
their prostaglandin monotherapy well, but are
considered at-risk due to the stage, form, or
other considerations pertaining to their thera-
pies and may require more aggressive IOP low-
ering. In Europe the selection of DTFC as
adjunctive therapy to a prostaglandin has
evolved to become the most popular indication.
Controlled long-term evidence describing the
potential clinical benefits and shortcomings of
such an approach remains as yet limited
[40, 113]. There are two short-term, controlled
24-h studies that have investigated the adjunc-
tive efficacy of DTFC when added to a pros-
taglandin. The first study was a prospective,
observer-masked, placebo-controlled, crossover
comparison [113] in 31 consecutive subjects
with OAG who exhibited a mean baseline IOP
greater than 21 mmHg on latanoprost
monotherapy and were randomized for
3 months to DTFC, LTFC given in the evening,
or DTFC and latanoprost. The trial
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demonstrated that a clinically meaningful fur-
ther 24-h IOP reduction over latanoprost alone
may be achieved by switching to either DTFC
alone (- 2.2 mmHg) or by adding DTFC to
latanoprost (- 5.6 mmHg). On average, over
twice the extent of 24-h IOP decrease was
achieved by combining DTFC and latanoprost
therapy compared to either DTFC or LTFC given
alone. Consequently, on the basis of the extent
of IOP reduction demonstrated in this study, a
clinician should be able to better judge the
second-line therapy that should best achieve an
individual patient’s pressure goal, by either
replacing prostaglandins with a FC or by adding
DTFC to a prostaglandin. In a more recent
prospective 24-h study, the addition of PF DTFC
to PF tafluprost monotherapy achieved a clini-
cally meaningful further IOP reduction at all
time points and for the complete 24-h period
(PF DTFC plus PF tafluprost 17.3 mmHg vs.
21.9 mmHg with PF tafluprost alone; p\ 0.001,
21.1% IOP reduction) [40]. Finally, it is
increasingly recognized that a FC may have a
role as first-line treatments in certain at-risk
patients with glaucoma [33–35, 41, 191].

Overall, the optimal indications and value of
DTFC in current glaucoma management remain
to be elucidated. Regulatory approval world-
wide and the majority of published literature
are based on efficacy and safety comparisons
between DTFC and the individual components
or the concomitant use of both constituents
[10]. This approach, however, is not ideal since
it does not take into account other possible
benefits for the patient such as enhanced
adherence, improved convenience, reduced
exposure to preservatives, and reduced cost of
daily therapy. Inadequate adherence remains
today the biggest obstacle in delivering suc-
cessful therapy by greatly diminishing drug
efficacy in real life. Insufficient adherence and
persistence lead to under-treatment and disease
progression. Ideally, we need to see long-term
head-to-head studies comparing DTFC and
prostaglandin monotherapies and long-term
controlled evidence on the efficacy of DTFC
when employed as adjunctive therapy to pros-
taglandins. A key challenge in optimizing step-
wise glaucoma therapy is to keep it practicable.
This concept should probably evolve to

treatment with no more than three drugs in two
bottles, one of which will often be DTFC.

To date the superior efficacy, tolerability,
convenience, and decreased medication wash-
out with preserved DTFC compared to the
concomitant administration of its constituents
are well documented [10]. In the future how-
ever, as DTFC is now available in PF multidose
and unit-dose formulations in many parts of the
world, its selection may offer the added benefit
of eliminating ocular tissue toxicity [48]. In
view of the recognized problems associated with
preservatives, it is becoming difficult to find
convincing justification for advocating the use
of preserved DTFC as opposed to PF DTFC. The
possibility exists that this relatively new for-
mulation may prove instrumental in improving
the long-term prognosis of medical therapy in
glaucoma.

LOOKING TOWARDS THE FUTURE:
PF DTFC

Topical glaucoma medications are associated
with a significant incidence of glaucoma ther-
apy-related OSD. The prevalence of progressive
OSD in patients with glaucoma on conven-
tional topical IOP-lowering treatment is partic-
ularly high and impedes lifelong glaucoma
therapy [16, 186, 192]. Therefore the problem of
glaucoma therapy-related OSD has gained
increasing importance in glaucoma manage-
ment in recent decades [16]. In topically treated
eyes OSD can be caused by the toxic effects of
the active ingredients, but in the majority of the
cases it is due to the cumulative toxic effect of
benzalkonium chloride (BAK), the most widely
used preservative in ophthalmic medications.
BAK is a detergent which remains in the tear
film for several days after a single instillation
and causes tear film instability, hyperosmolar-
ity, Meibomian gland disease, apoptosis,
inflammation, and inflammation related alter-
ations in the lacrimal gland function
[16, 193–195]. In most cases of glaucoma IOP
control requires use of topical IOP-lowering
medications for decades. For that reason, com-
plete removal of preservatives from the chroni-
cally used glaucoma medications has gained
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particular importance and resulted in the pro-
duction of various PF topical monotherapies
and PF FCs [16]. The PF DTFC was the first PF FC
formulation launched in 2012 and manufac-
tured in unit-dose pipettes. Since then it has
been increasingly used in routine glaucoma
care.

To achieve similar IOP-lowering efficacy the
same ocular penetration is required from the PF
formulation as that with the corresponding
preserved with BAK formulation. It is known
that BAK enhances the penetration of active
IOP-lowering molecules via the corneal epithe-
lium by loosening the contact between epithe-
lial cells, due to its toxic effect [48, 196]. More
recently, however, this effect has been shown to
be unnecessary for optimal ocular drug pene-
tration for all currently employed IOP-lowering
drug classes [16]. In addition, increased corneal
penetration can result in the damaging pene-
tration of toxic compounds, including BAK
[46, 197]. In an in vitro experiment conducted
on human trabecular meshwork cells cultured
in a medium containing tenfold diluted pre-
served and PF timolol 0.5% and dorzolamide
1%, respectively, cell viability was 48.5% with
preserved vs. 80.9% with PF timolol, and 47.0%
with preserved vs. 71.7% with PF dorzolamide
[198]. In another investigation 0.1 ml of pre-
served DTFC and 0.1 ml of PF DTFC prepared in
1:1 dilution ratio was injected in the anterior
chamber of rabbits [199]. After 24 h in the eyes
treated with the preserved solution significant
corneal edema and endothelial cell loss were
recorded, while only mild changes were seen in
the eyes injected with the PF drug solution.

The IOP-lowering effect of preserved versus
PF DTFC was compared in a 3-month, ran-
domized, double-masked, parallel arm study
with a 3-week timolol monotherapy run-in
period in 261 patients with glaucoma [39]. The
mean baseline IOP on timolol medication was
23.7 mmHg in both arms. Neither statistically
nor clinically significant IOP difference was
found between the treated groups at weeks 2, 6,
and 12, and the between-group mean IOP dif-
ferences did not exceed 0.5 mmHg in any visit.

The clinical experience with PF DTFC was
reported in two prospective, open-label studies
[35, 41]. In an 8-week investigation of 178

treatment-naı̈ve patients with OAG or OHT, the
mean IOP at baseline (29.6 mmHg) decreased to
18.1 mmHg (38% reduction) in the week 8 visit
[35]. In the other investigation carried out on
patients with glaucoma registered in the Ger-
man Glaucoma Register (20,506 patients) the
mean baseline IOP with or without topical
medication (20.8 mmHg) decreased to
16.7 mmHg (17.3% reduction) after 12 weeks of
treatment with PF DTFC [41]. The mean IOP
decrease seen on treatment-naı̈ve eyes was
7.9 mmHg. Tolerability of the PF DTFC has been
reported to be favorable. The Glaucoma Symp-
tom Scale (GSS-SYMP-6) mean total score of
treatment-naı̈ve patients with OAG or OHT at
baseline (73.6) and at 8 weeks of PF DTFC
treatment (76.1) did not differ (p = 0.097) [35].
In a similar prospective multicenter 8-week
study conducted on 102 patients, in which
preserved topical medication was switched for
PF DTFC, the mean GSS scale values (total score,
symptom score, and function score) all
improved significantly (p\ 0.0001) [42]. In the
head-to-head comparison of the preserved and
PF DTFC fewer drug-related adverse events
(20.6% vs. 26.9%) and fewer punctate corneal
epithelial erosions were documented in the PF
DTFC arm (16.8% vs. 23.8%) [39].

In a recent 24-h investigation it has been
shown that the IOP-lowering effect of PF DTFC
administered twice daily is additive to that of PF
tafluprost administered once in the evening
[40]. Finally, PF DTFC has been successfully
tried for controlling IOP for 3 months tempo-
rizing before planned glaucoma filtration sur-
gery, an intervention for which the preservative
related ocular irritation may have a negative
effect on surgical success [43].

In 2018 and 2019, two PF multidose DTFC
formulations became available in Europe. Both
formulations work using the same working
principle of unidirectional flow regulation,
Novelia� (Nemera, La Verpillière—France),
which prevents contamination of the solution
stored in the droptainer [45]. In the Novelia�

bottle system the sterile solution flows through
a one-way valve preventing any contamination
ingress. The system also allows drop size control
and differences in the stiffness of the drop-
tainer’s wall, which has a considerable influence

40 Adv Ther (2021) 38:24–51
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on the pressure necessary for successful instil-
lation. In the PF formulation manufactured by
Santen Inc. the rigidity of the droptainer’s wall
is relatively low, while it is relatively high in the
other product manufactured by Bausch Health
Inc. This difference may help patients find their
better individual option. In the Santen product
the tip of the droptainer is blue. This can help
the patients focusing on the droptainer during
instillation point, which may support the
instillation precision [200]. It should be borne
in mind that to date no head-to-head compar-
ison has been published for the two different
Novelia�-based multidose PF DTFC formula-
tions. In a recent investigation the PF formula-
tion manufactured by Santen Inc. was
compared to 3K�-System pump (Ursatec, Tho-
ley, Germany), which is a ‘‘non-airless’’ multi-
dose PF system [201], for DTFC instillation.
Twenty-nine of the 30 patients preferred the
Novelia� bottle since it was significantly easier
to open, squeeze, and target, and the removal of
the residual drop and the general usability were
also better ranked (p\ 0.001 for all
comparisons).

A generic PF multidose DTFC system recently
launched by Laboratories Théa has been evalu-
ated in an international, multicenter, retro-
spective, non-interventional, real-life study
[44]. Of the 788 patients with OAG and OHT
who used the multidose PF system for at least
4 weeks, 78.3% were satisfied or very satisfied
with the droptainer. These results suggest that
the PF multidose DTFC formulations are gen-
erally well accepted and easy to use.

CONCLUDING REMARKS

FCs are a popular class of medications in glau-
coma therapy principally owing to the success
of DTFC, which became the first FDA-approved
IOP-lowering FC in 1998. Even after 22 years
DTFC remains one of the most prescribed IOP-
lowering medications worldwide. This review
highlights the key clinical attributes of DTFC
that align with both published evidence and
clinical experience. In regulatory clinical trials
DTFC lowers IOP by approximately 9 mmHg
(32.7%) at peak and by 7.7 mmHg (27%) at

trough. There is convincing controlled evidence
supporting clinical equivalence of DTFC to
unfixed concomitant therapy. In real-life prac-
tice, however, DTFC and other glaucoma FCs
attain better IOP control compared with
unfixed concomitant therapies, owing to
enhanced convenience, elimination of the
washout effect from the second drop, and
improved tolerability/adherence. Cumulative
data suggest that preserved DTFC, and particu-
larly PF DTFC, may improve tolerability and
adherence to lifelong glaucoma therapy.

Switching from prostaglandin monothera-
pies to DTFC is a well-established and popular
clinical option, although DTFC has not received
formal regulatory approval for this indication.
Another popular clinical scenario is employing
DTFC as adjunctive therapy in prostaglandin-
treated patients who require substantial addi-
tional IOP lowering to halt further progression.
In the future, more evidence is required con-
cerning the transition to DTFC in patients
treated with prostaglandin monotherapies.

There is convincing 24-h evidence support-
ing the view that DTFC is an effective day and
night medication with a relatively uniform IOP-
lowering effect over 24 h. Several published
studies have demonstrated that DTFC increases
perfusion at the posterior pole of the eye.
However, it remains uncertain whether this
finding translates into visual field preservation.
DTFC is particularly effective as initial therapy
in patients with glaucoma presenting with high
baseline IOP. Within 2 h of a single dose IOP fell
by up to 48% with a sustained effect noted 2
months later. Emerging evidence suggests that
DTFC possesses features of an ideal first-line
therapy and may be a consideration at the ear-
liest stage of the glaucoma treatment algorithm.

In 2012, PF DTFC became the first PF FC
launched on the market, first in unit-dose pip-
ettes, and more recently in a multidose format.
Regulatory evidence and subsequent clinical
data have confirmed that PF DTFC is at least
equivalent in efficacy to preserved DTFC and
provides tangible clinical benefits to patients
with glaucoma suffering from OSD. Specifically,
PF DTFC eliminates the toxic effect of preser-
vatives, enhances long-term tolerability, adher-
ence, and quality of life. Conceivably it may
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confer a long-term benefit for patients with
glaucoma who will eventually require filtering
surgery. Thus, this new PF formulation may
optimize lifelong medical therapy in the future.
However, as of yet, there is insufficient con-
trolled evidence evaluating the impact and
value of PF medications.
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morphisms of genes CYP2D6, ADRB1 and GNAS1 in
pharmacokinetics and systemic effects of oph-
thalmic timolol. A pilot study. Eur J Clin Pharma-
col. 2005;61:811–9.

81. Konstas AG, Maltezos A, Bufidis T, Hudgins AG,
Stewart WC. Twenty-four hour control of intraoc-
ular pressure with dorzolamide and timolol maleate
in exfoliation and primary open-angle glaucoma.
Eye (Lond). 2000;14:73–7.

82. Konstas AGP, Papapanos P, Tersis I, Houliara D,
Stewart WC. Twenty-four-hour diurnal curve com-
parison of commercially available latanoprost 0.
005% versus the timolol and dorzolamide fixed
combination. Ophthalmology. 2003;110:1357–60.

83. Konstas AGP, Kozobolis VP, Tsironi S, Makridaki I,
Efremova R, Stewart WC. Comparison of the
24-hour intraocular pressure-lowering effects of
latanoprost and dorzolamide/timolol fixed combi-
nation after 2 and 6 months of treatment. Oph-
thalmology. 2008;115:99–103.

84. Shemesh G, Moisseiev E, Lazar M, Kurtz S. Intraoc-
ular pressure reduction of fixed combination timo-
lol maleate 0.5% and dorzolamide 2% (Cosopt)
administered three times a day. Clin Ophthalmol.
2012;6:283–7.

85. Kim T-W, Kim M, Lee EJ, Jeoung JW, Park KH.
Intraocular pressure-lowering efficacy of dorzo-
lamide/timolol fixed combination in normal-ten-
sion glaucoma. J Glaucoma. 2014;23:329–32.

86. Hatanaka M, Reis A, Sano ME, Susanna R. Additive
intraocular pressure reduction effect of fixed com-
bination of maleate timolol 0.5%/dorzolamide 2%
(Cosopt) on monotherapy with latanoprost (Xala-
tan) in patients with elevated intraocular pressure: a
prospective, 4-week, open-label, randomized, con-
trolled clinical trial. J Glaucoma. 2010;19:331–5.
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