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Description

Novasorb® is a patented eye drop formulation platform developed to
optimise the interaction of the eye drop-the cationic nanoemulsion-
with the different layers of the tear film, mainly with the tear film lipid
layer (TFLL), and the ocular surface [1]. The composition of the
cationic nanoemulsion was designed to mimic the attributes and
functions of the tear film and TFLL, and take advantage of the
negatively-charged mucin layer covering the corneal and conjunctival
epithelium [2], to increase its spreading and residence time on the
ocular surface [3]. Consequently, Novasorb®-based artificial tears (AT,
e.g. Cationorm®) are functionally and mechanically very close to a
healthy tear film; with an iso-osmolar to slightly hypo-osmolar
aqueous phase, polar (cetalkonium chloride, CKC) and nonpolar
(mineral oils or medium chain triglycerides, MCT) lipids, and
surfactants (e.g. Tyloxapol and Poloxamer) that mimic the surface
active proteins present at the interface with the TFLL. As a result, these
cationic nanoemulsions interact favourably with Meibomian gland
secretion films (i.e. TFLL) and enhance their structure and surface
properties [4]. A stable TFLL is a key for the stabilization of a thin and
uniform aqueous film over a convex structure like the eye [5] and
protection of the corneal epithelium from desiccation and damages [6].
Indeed, a thin TFLL has been correlated with tear film instability (as
measured by tear break-up time, TBUT)-the thinner the TFLL, the
shorter the TBUT [7] and dry eye disease (DED) [8,9] or Meibomian
gland dysfunction (MGD) [10,11].
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Figure 1: Schematic representation of an oil droplet from the
cationic nanoemulsion.

In addition to the tear film stabilization properties brought by the
cationic nanoemulsions (Figure 1), these eye drops also possess
interesting wound healing [12] and anti-inflammatory properties
[13,14] that may contribute to the efficacy profile seen in DED

patients. CKC, the cationic agent used in Novasorb® was demonstrated
to be a specific protein kinase C alpha (PKCa) inhibitor [14]. Using
PKCa-/- knockout mice, Chen and collaborators [15] have
demonstrated the benefits of PKCa modulation for corneal epithelial
healing. PKCa-/- mice showed more rapid corneal healing, with less
neutrophil infiltration, and a deficient neutrophil infiltration is one of
the possible mechanisms for the accelerated corneal re-
epithelialization observed by Chen and collaborators in their study
[16,17]. DED patients treated with the cationic nanoemulsions
Cationorm?® [18], or Ikervis®s vehicle [19] experienced improvement of
both their symptoms and signs of DED; with among them improved
tear film properties (increased TBUT), and improved corneal
fluorescein staining (CFS) with a rapid onset of improvement evident
at 7 days [18]. These cationic nanoemulsions are also ideal to
solubilize, in their oily phase, lipophilic drug substances such as
cyclosporine A (CsA) or latanoprost. Indeed, the increased residence
time of the cationic nanoemulsions on the ocular surface make them
very good drug delivery vehicles for CsA [20] or latanoprost [21].

Glaucoma and DED signs and symptoms commonly occur together,
and this overlap suggests an association between the two diseases. It is
estimated that 50% to 60% of glaucoma patients have symptoms of
ocular surface disease (OSD), e.g. keratitis, conjunctivitis and lid
disease [22,23]. Abnormal TBUT with elevated Ocular Surface Disease
Index (OSDI) and lissamine green scores were frequent in glaucoma
patients when compared with controls [24]. OSD have been found to
be aggravated by the use of preserved topical intraocular pressure
(IOP)-lowering drugs [25,26] and to play an important role in patient
satisfaction and compliance. Indeed, the presence of OSD, hyperaemia,
ocular signs and symptoms following instillation and the use of tear
substitutes was statistically and significantly associated with patient
dissatisfaction with their glaucoma treatment [27]. In addition, Batra
and collaborators recently demonstrated that OSD management
resulted in improved IOP control, suggesting that improving the ocular
surface condition may help in the control of IOP [28].

Thus, in an attempt to improve glaucoma patients’ quality-of-life
and treatment compliance benzalkonium chloride (BAK)-free and
soft-preserved eye drops were developed. While these new
formulations were better tolerated, although recent studies have raised
suspicion around long-term safety of other preservatives [29,30] they
do not protect or help in the restoration of the diseased ocular surface
of glaucoma patients with OSD.

In that respect, the development of a preservative-free formulation
of latanoprost (a very effective IOP-lowering prostaglandin analogue
(PGA)) formulated in the Novasorb® technology, i.., the cationic
nanoemulsion AT vehicle which improves TFLL surface properties [4]
and possesses wound healing and anti-inflammatory properties [13,14]
seems to be a reasonable approach.
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Figure 2: Mean reduction in CFS score at Day 10 (vs. Day 3, before treatment) following treatment with various formulations of PGAs IOP-
lowering drugs in the controlled environment mouse model of dry eye. Mice were placed in a controlled environmental chamber (CEC) for 10
days (temperature: 20-22°C; relative humidity: <25%; airflow: 15 L/min), and treated with transdermal scopolamine patch administration (0.5
mg/72h) on Day 1, 3, 5, 7 and 9. The mice (n=10 per group) were then randomly assigned to 7 groups, including negative (untreated) and
positive control groups. Three microliters of the test items were instilled three times a day in both eyes from Day 4 to 10. The treatments were
encoded, and the group allocation was blinded to the technician administering the treatment, and to the researcher assessing the outcome of
the experiment. Group identification was uncovered at the end of the analysis. CFS (evaluated using the National Eye Institute scheme) was
performed before dry eye induction (Day 0), and during the experiment at days 3, 6 and 10 according to a previously published protocol 33.
Briefly, 0.5 pL of a 0.5% fluorescein sodium solution was instilled into the inferior conjunctival sac using a micropipette. The cornea was
examined through a biomicroscope by light passing through a cobalt blue filter. The stained area was assessed and graded using the grading
system from the NEI/Industry Workshop guideline [38]. The system provided a stepwise categorization of the cornea, by dividing it into five
sectors; with each one of them scored on a 0-3 scale, for a total maximal score of 15. Statistical significance was set at a p value of 0.05. Results

are presented as mean + SD.

Preclinical data demonstrated the good performance of PGAs
cationic nanoemulsions in animal models with healthy or diseased
ocular surface. Liang and collaborators have demonstrated with an
acute toxicity rabbit model and in vivo confocal microscopy (IVCM)
analysis of the cornea and conjunctiva associated lymphoid tissue that
the cationic nanoemulsion of latanoprost was as well tolerated as a
saline control. CD45 positive cells (i.e. inflammatory cells) count from
conjunctival imprints were similar for the cationic nanoemulsion of
latanoprost and PBS (<10%), while with Xalatan®, the CD45 positive
cells represented more than 80% of the cells present on the imprints
[31]. In addition, the cationic nanoemulsion of latanoprost was as
effective as Xalatan® in reducing IOP in a monkey model of elevated
IOP, and was very well tolerated by the rabbit ocular surface, with a
42% reduction in hyperaemia incidence when compared to Xalatan®
[21].

The effects of the cationic nanoemulsion of PGAs on damaged
cornea were assessed in a rat model of corneal epithelial damage 12, or
in a mouse model of dry eye. Following corneal scraping and a twice

daily treatment for five days with either the cationic nanoemulsion of
latanoprost, Xalatan®, and their respective vehicles, the corneas were
clinically evaluated (by IVCM). Treatments with the cationic
nanoemulsion of latanoprost or its vehicle allowed for a complete and
almost scar-free re-epithelisation of the cornea. Of particular notice,
the remaining scar following treatment with the cationic
nanoemulsion of latanoprost was approximately one third of the one
following PBS treatment. By contrast, treatment with Xalatan® or its
vehicle resulted in the formation of an important opaque scar
underneath the healed epithelium [12]. This suggests that the cationic
nanoemulsion of latanoprost was able to promote a safe healing
process of the diseased cornea. The inflammatory cells count at the end
of the treatment was also significantly lower following treatments with
the cationic nanoemulsion of latanoprost and its vehicle when
compared to Xalatan® [12]. In a mouse model of dry eye (controlled
environment chamber mouse model of dry eye) [32-34] the PGA
cationic nanoemulsions were able to reduce CFS score better than
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other preservative-free PGA formulations (Figure 2), and almost to the
same extent than the positive control.

Phase II clinical data with the cationic nanoemulsion of latanoprost
(Catioprost®) in glaucoma patients with OSD (with IOP at least 22
mmHg or higher, CFS score at least 1 or higher on the modified
Oxford scale, ocular discomfort score at least 2 or higher on a 0-5
symptom scale and TBUT equal or lower than 10 seconds)
demonstrated that Catioprost® was as effective as Travatan®Z at
lowering elevated IOP and decreasing the signs and symptoms of DED
(Figure 3). Compared to Travatan®Z, (a soft-preserved BAK-free PGA);

Catioprost® reduced IOP to the same level than Travatan®Z and
induced less conjunctival hyperaemia (13% vs. 20% relative increase in
conjunctival hyperaemia, respectively). At three months, in the full
analysis set (FAS) population, Catioprost” group shows a reduction of
CES score of 24% compared to 9% in the Travatan®Z group (NS). The
difference reached statistical significance in the per protocol (PP)
population (-30% wvs. -5%, p<0.05, respectively). In addition,
Catioprost” was as good as Travatan®Z at improving TBUT (40.2% vs.
36.9%, respectively) and at reducing ocular discomfort symptoms
(-48% vs. -43%, respectively).
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Figure 3: In patients treated with Catioprost® (n=51) or Travatan®Z (n=54), (A) intraocular pressure reduction over time at 8:00 am, 10:00 am
and 4:00 pm. Note the trend of a better IOP management at month 3 with Catioprost®. (B) Corneal fluorescein staining (CFS) score over time.
At month 3 the change in CFS is indicated on the histogram bars. (C) Tear film break-up time (TBUT) at month 3*, p<0.05 between both
groups in the PP population. Briefly, this was a multicenter, phase 2, randomized, investigator-masked, active-control study in which subjects
underwent a 2 to 5 week washout period for ocular hypertensive medications prior to baseline visit, followed by a 12-week dosing period with
Catioprost” or Travatan®Z , QD (at 8 PM + 1 h). At screening, patients had to stop any ocular hypertensive medications and entered the wash-
out phase during which all subjects were to receive AT (Refresh PlusTM, Allergan) to be used, if needed, as a relief medication for ocular
discomfort. The mean inclusion criteria were IOP > 22 mmHg, OSDI > 2 and CFS 2 1, and TBUT s < 10 seconds. In the FAS population, the
mean subject age was 64.6 years (range, 41- 88) and there were 34 (32.4%) males and 71 (67.6%) females, of whom 96.2% were of non-
Hispanic/Latino ethnicity and of whom 60.0% were of White race and 39.0% were of Black or African American race. Among the study
subjects, there were 48 (22.9%) blue eyes, 138 (65.6%) brown, 18 (8.6%) hazel, and 6 (2.9%) green. At baseline, the CFS strata was < 1 for 30
(58.8%) and 33 (61.1%) for Catioprost and TravatanZ, respectively and >1 for 21 (41.2%) and 21 (38.9%) for Catioprost and TravatanZ,
respectively. Corneal pachymetry was done at screening to assess subjects’ eligibility for inclusion in the study (subjects had to have a central
corneal thickness (CCT) < 620 pum in each eye). Mean CCT was 554.6 pum in the worst eyes and 555.5 um in the other eyes.

These clinical data are very promising and need to be confirmed in
larger Phase III clinical trials. However, they suggest that the cationic
nanoemulsion of latanoprost (Catioprost®) has beneficial properties
beyond the simple removal of BAK. By restoring and stabilising the
tear film alongside with its anti-inflammatory and wound healing
properties the cationic nanoemulsion contributes to the protection and
restoration of the corneal epithelium [35,36].

Conclusion

In conclusion, the cationic nanoemulsion of latanoprost is a very
promising new eye drop formulation for the concomitant treatment of
elevated IOP and OSD in glaucoma patients that goes beyond the
simple ‘ocular friendly’ BAK-free aqueous solution anti-glaucoma
drugs [37].
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