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Abstract: Purpose: An innovative eyedrop formulation based on a combination of 0.2% hyaluronic
acid and 0.001% hydrocortisone sodium phosphate (Idroﬂog®, Alfa Intes, Italy; HAC eyedrops) was
granted a European Patent in 2016 and has been available on the market since 2019 in Europe and
in other countries around the world. HAC eyedrops aim to synergize the moisturizing effects of
hyaluronic acid with the mild anti-inflammatory properties of low-dose hydrocortisone, offering
a more effective and safer alternative for treating dry eye disease (DED), targeting both tear film
instability and dysfunctional para-inflammation. The activity of HAC eyedrops has been explored
in different post-marketing clinical trials, in addition to preclinical studies. In this narrative review,
we explored the available evidence on the use of HAC eyedrops for the management of para-
inflammation in DED patients to provide a comprehensive overview of efficacy and safety data
related to the use of this medical device in routine clinical practice. Methods: A literature search
for preclinical and clinical data involving treatment with HAC eyedrops was conducted using
PubMed /MEDLINE, considering only original research articles published in English, without time
restrictions. Results: One preclinical and four clinical papers were retrieved. Preclinical evidence
suggests that 0.001% hydrocortisone is able to control the expression of inflammatory markers, and
this, together with the hydrating and lubricating properties of hyaluronic acid, leads to improvements
in DED clinical signs, such as tear volume and the stability of the tear film. The results of clinical
trials demonstrate that HAC eyedrops are able to improve the signs and symptoms of DED and that
0.001% low-dosage hydrocortisone can be helpful in preventing the progression to chronic stages of
DED. Conclusions: HAC eyedrops represent a promising therapeutic strategy for the management of
dysfunctional para-inflammation and offer a valuable addition to the armamentarium of treatments
for DED.

Keywords: dry eye disease; para-inflammation; hydrocortisone; artificial tears; tear substitutes;
ocular surface

1. Introduction

Dry eye disease (DED) is a multifactorial ocular condition that affects millions of indi-
viduals worldwide, posing significant challenges to ocular health and the overall quality of
life [1,2]. Characterized by a complex interplay of environmental, anatomical, physiological,
and inflammatory factors, DED manifests through a variety of symptoms, ranging from
ocular discomfort to visual disturbances, impacting daily activities and productivity [3,4].
Major risk factors for DED include female sex, older age, postmenopausal estrogen therapy
or ocular surface surgery, and using antihistamine medications [5]. Moreover, the use of vi-
sual display terminal use was related to the progression of DED, which could be explained
by a decreased blink rate and an increased proportion of incomplete blinks. Sunlight,
outdoor environments, and air pollution have also been associated with an elevated DED
risk, as well as vitamin D deficiency and diabetes mellitus [6,7]. Despite its impact and
increasing prevalence, reported to be nearly one in five adults, the pathophysiology of DED
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remains incompletely understood, presenting a pressing need for comprehensive research
and therapeutic advancements [8].

The ocular surface represents a dynamic interface between the external environment
and the delicate structures of the eye, facilitated by a precise balance of tear film components.
The disruption of this delicate equilibrium, whether due to aqueous deficiency, evaporative
factors, or a combination thereof, leads to the hallmark signs and symptoms of DED [9].
While traditional paradigms focused primarily on tear quantity and quality, recent insights
underscore the crucial role of ocular surface inflammation in the pathogenesis of DED [10].
Indeed, DED begins with tear film instability and hyperosmolarity, which damage the
ocular surface and trigger the release of proinflammatory cytokines. These cytokines
attract immune cells, leading to chronic inflammation that perpetuates the cycle of tear
film disruption and ocular surface damage. This ongoing inflammatory process not only
exacerbates the symptoms of DED, such as discomfort and pain, but also contributes to the
chronic nature of the disease, establishing a vicious circle [4].

It is noteworthy that before the vicious circle underlying DED pathogenesis is triggered,
a transient para-inflammatory phase is established as a mechanism that can restore ocular
surface homeostasis [11]. In detail, para-inflammation in the context of DED refers to
a low-level, adaptive response that is triggered by cellular stress on the ocular surface,
particularly when the tissue is exposed to environmental or physiological challenges that are
insufficient to cause full-blown inflammation. It serves as a protective mechanism, aiming to
restore homeostasis and maintain tissue function [11]. Accordingly, para-inflammation has
been defined as a biphasic dose-response, where low doses of stimuli result in protective
effects that can lead to improved organism performance [12]. However, in the presence of
recurrent or persistent external stimuli, this regulatory mechanism becomes dysfunctional
and contributes to the development of the disease, whose severity is related to the nature
and intensity of the external challenge. This chronic state may lead to tissue damage and
contribute to the worsening of DED, overcoming the line between adaptive protection
and harmful inflammation [13]. Consequently, dysfunctional para-inflammation is now
recognized as the starting point for the development of a stable, chronic inflammatory
disease, which leads to ocular surface damage and, in turn, to the onset or progression of
chronic DED [13].

Recent observations highlight that tear cortisol is significantly reduced in dry eye
patients [14]. As an endogenous glucocorticoid produced in small amounts by corneal
cells, cortisol has immunomodulatory effects on the ocular surface [15-18]. The
116-Hydroxysteroid dehydrogenase type 1 (11 3-HSD-1) enzyme, which catalyzes the
conversion of cortisone to cortisol, has been found in the basal cells of the corneal ep-
ithelium [19], suggesting that, even in this district, cortisol may act to keep the immune
response repressed and help the system recover its homeostasis. In line with this hypothesis,
recent studies have shown that the supplementation of tear cortisol with the instillation of
a very low, sub-pharmacological dose of hydrocortisone, a lipophilic analog of cortisol with
low anti-inflammatory properties and a short duration of action, effectively modulated
proinflammatory cytokines on the ocular surface and improved tear film stability and
production [16].

Artificial tears (ATs) are considered the first-line management option for DED, as
they are easy to use, accessible in a wide range of formulations, and have a low-risk pro-
file [19]. Accordingly, a multitude of tear substitutes are currently available on the market
worldwide, with a wide variety of ingredients [20]. Most of these ATs are classified as
medical devices (MDs) and contain a wide variety of ingredients (e.g., viscosity-enhancing
agents, electrolytes, osmo-protectants, antioxidants, lipids, surfactants, and preservatives);
however, few studies have been performed to better understand the specific role of each
ingredient composing the different formulations, and there is inconsistency in clinical trials
assessing the safety and performance of a lot of these tear substitutes [20].

Among viscous polymers, one clinically proven and commonly used is hyaluronic
acid (HA), a naturally occurring and non-toxic glycosaminoglycan. Due to its safety profile
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and physiological effects, it has become an important molecule in ophthalmology [21]. It
has appropriate rheological features and binds water molecules, thickening and stabilizing
the tear film, reducing the effects of mechanical trauma to the ocular surface by lubrication,
and contributing to re-epithelization. Moreover, HA reduces evaporation from the ocular
surface, which is one of the driving forces behind hyperosmolarity at the basis of DED
pathogenesis [22].

Accordingly, HA was the starting point for the development of an innovative eyedrop
formulation based on a combination of 0.2% HA and 0.001% hydrocortisone sodium
phosphate (Idroﬂ0g®, Alfa Intes, Casoria, Italy; hereafter termed HAC eyedrops), which
was granted a European Patent in 2016 (EP 3 229 780 B1) [23] and has been available on
the market since 2019 (Figure 1) in Italy and in some other European and non-European
countries. This innovative formulation, which is available as single-dose and preservative-
free bottle eyedrops, aims to synergize the moisturizing effects of hyaluronic acid with the
mild anti-inflammatory properties of low-dose hydrocortisone, offering a more effective
and safer alternative for treating DED, targeting both tear film instability and dysfunctional
para-inflammation while minimizing potential side effects.
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Figure 1. Main development steps of HAC eyedrops. EU MDD: European Medical Device Directive;
EU MDR: European Medical Device Regulation.

HAC eyedrops are classified as a class III, rule 14, medical device (MD) according to
Regulation (EU) 2017 /745 (MDR). This Class of Medical Device (Class III, Rule 14) requires
the execution of clinical trials to provide a better understanding of the properties of the
different types of tear substitutes and, more specifically, the roles of their components. That
could help physicians determine the most suitable tear substitute for each DED patient, in
line with the clinical findings and DED features. According to this new regulation on MDs,
the activity of HAC eyedrops has been explored in different post-marketing clinical trials,
in addition to preclinical studies conducted to obtain a CE mark. In this narrative review,
we explored the available preclinical and clinical evidence on the use of HAC eyedrops
for the management of para-inflammation in DED patients to provide a comprehensive
overview of efficacy and safety data related to the use of this medical device in routine
clinical practice.

2. Methods

A literature search for preclinical and clinical data involving treatment with HAC
eyedrops was conducted considering only original research articles published in the En-
glish language without time restrictions, up to June 2024. The search terms used in
PubMed/MEDLINE included “hydrocortisone AND dry eye disease”, “hydrocortisone
AND para-inflammation”, “Idroflog AND dry eye disease”, and “Idroflog AND para-
inflammation”. The references of the articles were screened based on titles and abstracts
to identify relevant papers on these topics. Further full-text screening was carried out to
identify gaps in the selected literature and elaborate on this topic comprehensively.

3. Results

Overall, one preclinical paper and four clinical papers were retrieved by the literature
search. A summary description of the study results is provided in the following paragraphs.
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3.1. Preclinical Evidence on Pharmacological Profile of Hydrocortisone in Dry Eye Disease

Bucolo et al. investigated the ocular pharmacological profile of hydrocortisone (HC)
using in vitro and in vivo models of DED [16]. Rabbit corneal epithelial cells (SIRCs) were
used to assess the effect of HC in two paradigms of corneal damage: hyperosmotic stress
and the scratch-wound assay; DED was induced in albino rabbits by the administration
of atropine sulfate into the lower conjunctival sac of the eye (four times within 12 h),
which is able to decrease tear volume and alter tear film stability thanks to its activity as
a muscarinic (M3) receptor antagonist. Another set of rabbits was treated with the T-cell
mitogen concavalin A (ConA) in the lacrimal glands using a 28-gauge needle [16].

In the in vitro assessments, they found that rabbit corneal epithelial cells exposed to
a 24 h hyperosmotic insult showed significant increases in TNFe, IL-1(3, and IL-8 levels
(p < 0.05) that were significantly counteracted by 0.001% HC treatment (p < 0.05). The
0.001% HC treatment was also able to significantly increase (p < 0.05) TNF-related apoptosis-
inducing ligand (TRAIL) expression, recognized as a protective factor [24], compared to
cells exposed to hyperosmotic stress.

In rabbit models, this study demonstrated that HC crossed, in a dose-dependent man-
ner, the corneal barrier when the eyes were topically treated with four formulations con-
taining different concentrations of hydrocortisone (range 0.001-0.33%) and 0.2% hyaluronic
acid, administered four times every 2 h to provide a sustained treatment [16]. However,
no levels of HC were detected in the aqueous humor after the topical administration of
the lowest HC dose (0.001%; HAC eyedrops) among the tested formulations, suggesting
that, at this very low concentration, the drug did not cross the corneal barrier, avoiding
potential side effects such as an intraocular pressure rise [16]. In atropine DED rabbit
models, HAC eyedrops significantly restored the tear volume and tear film integrity to
the levels of the control eyes, showing no change in IOP values throughout the treatment
period. Moreover, HAC eyedrops significantly reduced the tear levels of TNF-«, IL-8,
and MMP-9 when compared with the vehicle in the ConA DED model. Again, in this
model, the HAC eyedrop treatment significantly counteracted the tear volume reduction
and restored tear integrity (p < 0.05) [16]. Altogether, these data suggest that HC, at very
low concentrations, has an important anti-inflammatory effect in both in vitro and in vivo
dry eye paradigms and a good safety profile.

3.2. Clinical Evidence on the Activity and Safety of HAC Eyedrops for the Management of DED

The double-blind, single-center, randomized clinical trial conducted by Cagini and
collaborators was designed to assess the kinetics of hydrocortisone sodium phosphate
penetration into the human aqueous humor after topical application [25]. Patients who had
undergone phacoemulsification with intraocular lens implantation were randomly assigned
on the morning of surgery to receive a single instillation of one of two products containing
hydrocortisone at different concentrations: Cortivis® 0.33% (drug, group 1) or Idroflog®
0.001% (HAC eyedrops, class IIl MD, group 2). A third group of patients did not receive
any treatment and was used to measure endogenous hydrocortisone levels. Immediately
before surgery, an aliquot of aqueous humor was aspirated by means of paracentesis using
an insulin syringe. The aqueous humor sample was promptly transferred to Eppendorf
vials and immediately stored at —20 °C. Hydrocortisone concentrations were obtained
by liquid chromatography-mass spectrometry (LC/MS) analysis; hydrocortisone and
D4-hydrocortisone were identified as [M-H]— ions based on accurate mass and MS/MS
spectra [25]. The mean concentration of HC measured in aliquots of aqueous humor was
higher in group 1 patients (25.2 £ 12.4 ng/mL) compared with group 2 (7.11 £ 1.51 ng/mL)
and compared to the mean HC endogenous levels (3.92 £ 1.18 ng/mL) (p < 0.0001) detected
in untreated control patients. No significant differences between the mean HC concentration
in group 2 and the mean endogenous HC level were found [25]. This study suggests that,
considering the frequent need for prolonged topical steroid therapies and the possible
consequent undesirable side effects, ophthalmologists should consider the lowest clinically
effective dose of hydrocortisone useful to obtain the desired therapeutic effect and at an
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adequate time to minimize the level of steroids in the anterior chamber and to avoid side
effects like an intraocular pressure increase or cataract development.

A randomized, controlled, double-masked study was conducted to evaluate the long-
term (up to 6 months) activity and safety of HAC eyedrops in 40 patients with DED [26].
The treatment with HAC eyedrops was compared with a control 0.2% HA ophthalmic
solution after an initial 7-day treatment with corticosteroid (fluorometholone eyedrop).
This standard corticosteroid treatment aimed to bring all patients to a comparable baseline
condition (para-inflammation), from which the performance of the two artificial tears could
be better evaluated. Significant improvements in the frequency and intensity of DED
symptoms were observed in both groups, but after corticosteroid discontinuation, the
maintenance of the therapeutic advantage was observed only in the HAC eyedrop group,
which also showed a significant reduction in the tear film break-up time (p < 0.05) and
infiltrated macrophages (p < 0.05) after only 1 month of treatment, which was assessed
as the number of infiltrating macrophages (CD14+) compared with the number of total
leukocytes (CD45+; reported as CD14+/CD45+ ratio). This suggests that the HAC eyedrops
are able to control macrophage infiltration better than the control treatment, prolonging the
control of the immune system involvement and, through para-inflammation, leading to
an easier recovery of the homeostasis condition [26]. A significant reduction in fluorescein
and Lissamine staining (p < 0.05) was also observed in the HAC eyedrop group, suggesting
damage reduction at both corneal and conjunctival levels [26]. Intraocular pressure was
maintained within the normal range for both groups, supporting the product’s safety even
in the case of long-term treatment [26]. According to the collected evidence, the use of HAC,
even in the initial stages of DED, can be suggested to achieve the rebalance of ocular surface
alterations, preventing degeneration toward a pathological condition that could become
chronic. Furthermore, the product’s safety has been observed even after continuous use,
allowing a prolonged treatment [26].

In a prospective randomized study, 38 patients with moderate DED were divided to
receive one drop of 0.2% sodium hyaluronate and 0.001% HC (HAC eyedrops) four times
daily for 3 months or 0.15% sodium hyaluronate and 3% trehalose at the same dosage [27].
Patients treated with HAC eyedrops showed significant improvement in all the assessed
signs and symptoms of DED, while in the trehalose group, a significant improvement
was observed only in the TBUT score (p < 0.05). A more in-depth evaluation of both
groups highlighted a different and significant effect of HAC eyedrops on the non-invasive
break-up time (NIKBUT) and lipid layer thickness (LLT) at the end of treatment (p = 0.001
for both comparisons) [27]. This evidence supported the effectiveness and safety of HAC
eyedrops in the treatment of moderate/severe DED over a 3-month period, showing the
ability to restore ocular surface homeostasis by exploiting cortisol activity to regulate
para-inflammation, in addition to the conventional moisturizing effect of HA [27].

Lastly, a very recent study assessed the effectiveness of HAC eyedrops in treating
the signs and symptoms of DED in comparison with standard tear substitutes (STSs)
by means of low- and high-tech assessments [28]. DED diagnosis was related to post-
cataract surgery, meibomian gland dysfunction (MGD), allergy, or glaucoma medications.
The obtained results highlighted the effectiveness of HAC eyedrops in all DED subtypes,
as well as its superiority over STSs in terms of tear film stability improvement when
changes were inspected by NIKBUT-first [28]. In particular, NIKBUT-first in the HAC
eyedrop group was enhanced in patients with MGD after 15 days of treatment and in
patients who had undergone cataract surgery after 45 days of treatment. Moreover, only
patients in the HAC eyedrop group reported a statistically significant improvement in the
NIKBUT class after 45 days of treatment [28]. In this study, although both the tear meniscus
height (TMH) and the Schirmer test indicated significant improvement related to the tear
quantity at follow-up, the TMH was able to identify earlier and more frequent changes
than the Schirmer test, which were all in favor of the HAC eyedrop group. Moreover,
when considering hyperemia in patients with DED after cataract surgery, the improvement
was significant after treatment with HAC eyedrops compared with the baseline, although
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without a difference from STSs [28]. Longer observation periods (i.e., 3-6 months) were
recommended to fully ascertain whether the early improvement detected by high-tech
measures can be confirmed at subsequent time points, even when using low-tech tests [28].

4. Concluding Remarks

The effective management of para-inflammation in DED is crucial for preventing the
transition from a protective response to harmful chronic inflammation. In particular, early
intervention to control para-inflammation can reduce tissue damage, alleviate symptoms,
and slow the progression of DED, improving patient outcomes and preserving long-term
eye health.

Artificial tears are considered the mainstay treatment of DED [19]. HA-based tear
substitutes have gained popularity due to their ability to provide lubrication and hy-
dration to the ocular surface. Furthermore, the addition of low-dose HC (0.001%) to
sodium hyaluronate within an innovative eyedrop formulation (HAC eyedrop, class III
MD) showed the potentiality to modulate dysfunctional para-inflammation without side
effects (Figure 2) [26-28].

CONTINUOUS STIMULI

% % % Progressive increase in the number
and activity of tissue macrophages

Homeostasis Loss of Tending to
homeostasis—disease chronic disease

"

Exogenous low-dose
hydrocortisone

supplementation Extent and duration of disease

Figure 2. A schematic representation showing the process that leads from the homeostasis of the
ocular surface to chronic disease and the potential role of exogenous hydrocortisone supplementation
to restore homeostasis in the case of dysfunctional para-inflammation. Adapted from [26], published
as an open-access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license.

Preclinical evidence from in vitro and in vivo DED models suggests that HC, at very
low concentrations (0.001%), is able to control the expression of inflammatory markers, and
this, together with the hydrating and lubricating properties of HA, leads to an improvement
in DED clinical signs, such as the tear volume and the stability of the tear film [16]. A
good safety profile was also reported, considering that the 0.001% HC dose was shown
to not cross the corneal barrier, thus avoiding potential side effects [16]. This is further
supported by the observation that the aqueous humor’s mean HC concentrations were
not increased after the instillation of 0.001% HC when compared to endogenous cortisol
levels, as observed in a group of patients who had undergone phacoemulsification with
intraocular lens implantation [25,26].

The results of clinical trials demonstrate that the innovative eyedrop formulation based
on 0.2% hyaluronic acid and 0.001% hydrocortisone (HAC eyedrops) is able to improve the
signs and symptoms of DED and that 0.001% low-dosage HC can be helpful in preventing



J. Clin. Med. 2024, 13, 5639 70f8

the progression to chronic stages of DED [27,28]. In particular, when compared with the
use of standard substitutes, HAC eyedrops showed persistent and long-term activity and
seemed to counteract macrophage infiltration, prolonging the control of the immune system
involvement and, through para-inflammation, leading to an easier recovery of homeostatic
conditions [26]. The superiority of HAC eyedrops over STSs in terms of tear film stability
improvement was also reported after an assessment with high-tech parameters (NIKBUT-
first). It was shown to be enhanced in specific subgroups of patients, such as those who
had undergone cataract surgery [28]. Moreover, safety data from clinical trials also indicate
the stability of the IOP parameter during the long-term use of HAC eyedrops, correlating
with data reporting the stability of mean HC concentrations in the aqueous humor [25,26].

An appropriate Post-Marketing Surveillance System constantly monitors the Perfor-
mance and Safety profile of the product. It is interesting to note that HAC eyedrops have
been on the EU market for 5 years; to date, there have been no incidents and/or adverse
events that could compromise the health and safety of the patient/user.

In conclusion, HAC eyedrops represent a promising therapeutic strategy for the
management of para-inflammation and offer a valuable addition to the armamentarium of
treatments for DED, addressing the underlying inflammatory component of the disease
while providing symptomatic relief and improving patient outcomes. Further research is
warranted to better understand the precise role of endogenous tear cortisol and whether low
concentrations of exogenous hydrocortisone supplementation can actually bring cortisol
tear levels to physiological values, helping the system to recover a state of homeostasis,
also better controlling the inflammatory spikes that characterize DED. Overall, these
observations can support and further explain the positive clinical results on the effects of
HAC eyedrops on the signs and symptoms of DED.

Author Contributions: Study design: A.R.B.; data collection and interpretation: A.R.B. and G.Z,;
manuscript writing: A.R.B.; manuscript editing: A.R.B. and G.Z.; approval to submit: A.R.B. and G.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: Editorial assistance was supported by Alfa Intes.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: Editorial assistance was provided by Simonetta Papa, Valentina Attanasio, and
Aashni Shah (Polistudium SRL, Milan, Italy). This assistance was supported by Alfa Intes.

Conflicts of Interest: Anna Rita Blanco and Giuseppe Zasa declare that they are employed in the
Alfa Intes Medical and Regulatory Division, respectively, and have no personal financial interests
regarding the publication of this paper.

References

1.

Aragona, P; Giannaccare, G.; Mencucci, R.; Rubino, P.; Cantera, E.; Finocchiaro, C.Y.; Vaccaro, S.; Aiello, F; Antoniazzi, E.;
Barabino, S.; et al. The Management of Dry Eye Disease: Proceedings of Italian Dry Eye Consensus Group Using the Delphi
Method. J. Clin. Med. 2022, 11, 6437. [CrossRef] [PubMed]

Stapleton, F; Alves, M.; Bunya, V.Y.; Jalbert, I.; Lekhanont, K.; Malet, F.; Na, K.S.; Schaumberg, D.; Uchino, M.; Vehof, |.; et al.
TFOS DEWS II Epidemiology Report. Ocul. Surf. 2017, 15, 334-365. [CrossRef] [PubMed]

Craig, ].P; Nichols, K.K.; Akpek, E.K; Caffery, B.; Dua, H.S.; Joo, C.K.; Liu, Z.; Nelson, ].D.; Nichols, ].].; Tsubota, K.; et al. TFOS
DEWS II Definition and Classification Report. Ocul. Surf. 2017, 15, 276-283. [CrossRef] [PubMed]

Bron, A.J.; de Paiva, C.S.; Chauhan, S.K.; Bonini, S.; Gabison, E.E,; Jain, S.; Knop, E.; Markoulli, M.; Ogawa, Y.; Perez, V.; et al.
TFOS DEWS II pathophysiology report. Ocul. Surf. 2017, 15, 438-510; Erratum in Ocul. Surf. 2019, 17, 842. [CrossRef] [PubMed]
The epidemiology of dry eye disease: Report of the Epidemiology Subcommittee of the International Dry Eye WorkShop (2007).
Ocul. Surf. 2007, 5, 93-107. [CrossRef]

Courtin, R.; Pereira, B.; Naughton, G.; Chamoux, A.; Chiambaretta, F.; Lanhers, C.; Dutheil, F. Prevalence of dry eye disease in
visual display terminal workers: A systematic review and meta-analysis. BMJ Open 2016, 6, e€009675. [CrossRef]


https://doi.org/10.3390/jcm11216437
https://www.ncbi.nlm.nih.gov/pubmed/36362665
https://doi.org/10.1016/j.jtos.2017.05.003
https://www.ncbi.nlm.nih.gov/pubmed/28736337
https://doi.org/10.1016/j.jtos.2017.05.008
https://www.ncbi.nlm.nih.gov/pubmed/28736335
https://doi.org/10.1016/j.jtos.2017.05.011
https://www.ncbi.nlm.nih.gov/pubmed/28736340
https://doi.org/10.1016/S1542-0124(12)70082-4
https://doi.org/10.1136/bmjopen-2015-009675

J. Clin. Med. 2024, 13, 5639 8of8

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ahn, J.; Ryu, S.J.; Song, J.; Kim, H.R. Shift Work and Dry Eye Disease in the Korean Working Population: A Population-Based
Cross-Sectional Study. Int. ]. Environ. Res. Public Health 2021, 18, 5492. [CrossRef]

Qian, L.; Wei, W. Identified risk factors for dry eye syndrome: A systematic review and meta-analysis. PLoS ONE 2022, 17,
€0271267. [CrossRef]

Barabino, S.; Aragona, P.; di Zazzo, A.; Rolando, M.; with the Contribution of Selected Ocular Surface Experts from the Societa
Italiana di Dacriologia e Superficie Oculare. Updated definition and classification of dry eye disease: Renewed proposals using
the nominal group and Delphi techniques. Eur. J. Ophthalmol. 2021, 31, 42—48. [CrossRef]

Rolando, M.; Barabino, S. Are there Clinical Ways to Assess Inflammation in Dry Eye Disease? Ocul. Immunol. Inflamm. 2021, 29,
1183-1189. [CrossRef]

Rolando, M.; Barabino, S. The Subtle Role of Para-inflammation in Modulating the Progression of Dry Eye Disease. Ocul. Immunol.
Inflamm. 2021, 29, 811-816. [CrossRef] [PubMed]

Medzhitov, R. Origin and physiological roles of inflammation. Nature 2008, 454, 428-435. [CrossRef] [PubMed]

Rolando, M.; Barabino, S.; Giannaccare, G.; Aragona, P. Dealing with the Persistent Pathogenic Issues of Dry Eye Disease: The
Importance of External and Internal Stimuli and Tissue Responses. J. Clin. Med. 2023, 12, 2205. [CrossRef] [PubMed]
Pieragostino, D.; Agnifili, L.; Cicalini, I.; Calienno, R.; Zucchelli, M.; Mastropasqua, L.; Sacchetta, P.; Del Boccio, P.; Rossi, C. Tear
Film Steroid Profiling in Dry Eye Disease by Liquid Chromatography Tandem Mass Spectrometry. Int. J. Mol. Sci. 2017, 18, 1349.
[CrossRef] [PubMed]

Terao, M.; Katayama, I. Local cortisol/corticosterone activation in skin physiology and pathology. J. Dermatol. Sci. 2016, 84, 11-16.
[CrossRef]

Bucolo, C.; Fidilio, A.; Fresta, C.G.; Lazzara, F,; Platania, C.B.M.; Cantarella, G.; Di Benedetto, G.; Burgaletto, C.; Bernardini,
R.; Piazza, C.; et al. Ocular Pharmacological Profile of Hydrocortisone in Dry Eye Disease. Front. Pharmacol. 2019, 10, 1240.
[CrossRef]

Kallab, M.; Szegedi, S.; Hommer, N.; Stegmann, H.; Kaya, S.; Werkmeister, R.M.; Schmidl, D.; Schmetterer, L.; Garhofer, G. Topical
Low Dose Preservative-Free Hydrocortisone Reduces Signs and Symptoms in Patients with Chronic Dry Eye: A Randomized
Clinical Trial. Adv. Ther. 2020, 37, 329-341. [CrossRef]

Susarla, R.; Liu, L.; Walker, E.A.; Bujalska, L].; Alsalem, J.; Williams, G.P,; Sreekantam, S.; Taylor, A.E.; Tallouzi, M.; Southworth,
H.S; et al. Cortisol biosynthesis in the human ocular surface innate immune response. PLoS ONE 2014, 9, €94913. [CrossRef]
Rauz, S.; Walker, E.A.; Shackleton, C.H.; Hewison, M.; Murray, PI.; Stewart, PM. Expression and putative role of 11 beta-
hydroxysteroid dehydrogenase isozymes within the human eye. Investig. Ophthalmol. Vis. Sci. 2001, 42, 2037-2042.

Labetoulle, M.; Benitez-Del-Castillo, ].M.; Barabino, S.; Herrero Vanrell, R.; Daull, P.; Garrigue, J.S.; Rolando, M. Artificial Tears:
Biological Role of Their Ingredients in the Management of Dry Eye Disease. Int. ]. Mol. Sci. 2022, 23, 2434. [CrossRef]

Barabino, S.; Benitez-Del-Castillo, ].M.; Fuchsluger, T.; Labetoulle, M.; Malachkova, N.; Meloni, M.; Utheim, T.P; Rolando, M. Dry
eye disease treatment: The role of tear substitutes.; their future.; and an up—dated classification. Eur. Rev. Med. Pharmacol. Sci.
2020, 24, 8642-8652. [PubMed]

Hynnekleiv, L.; Magno, M.; Vernhardsdottir, R.R.; Moschowits, E.; Tonseth, K.A.; Dartt, D.A.; Vehof, J.; Utheim, T.P. Hyaluronic
acid in the treatment of dry eye disease. Acta Ophthalmol. 2022, 100, 844-860. [CrossRef] [PubMed]

European Patent Specification. Ophthalmic Compositions for Use in the Treatment of the Dry Eye Syndrome WHO 2016/092513
(16.06.2016 Gazette 2016/24). EP 3 229 780 B1, 28 November 2018. Available online: https:/ /patentimages.storage.googleapis.
com/60/84/55/6c4e19de97307a/EP3229780B1.pdf (accessed on 9 September 2024).

Manuneedhi Cholan, P; Cartland, S.P.; Dang, L.; Rayner, B.S,; Patel, S.; Thomas, S.R.; Kavurma, M.M. TRAIL protects against
endothelial dysfunction in vivo and inhibits angiotensin-II-induced oxidative stress in vascular endothelial cells in vitro. Free
Radic. Biol. Med. 2018, 126, 341-349. [CrossRef] [PubMed]

Cagini, C.; Muzi, A ; Castellucci, G.; Ragna, G.; Lupidi, M.; Alabed, H.B.R.; Pellegrino, R.M. Kinetics of hydrocortisone sodium
phosphate penetration into the human aqueous humor after topical application. Int. J. Clin. Pract. 2021, 75, €14987. [CrossRef]
Rolando, M.; Villella, E.; Loreggian, L.; Marini, S.; Loretelli, C.; Fiorina, P.; Barabino, S. Long-Term Activity and Safety of a
Low-Dose Hydrocortisone Tear Substitute in Patients with Dry Eye Disease. Curr. Eye Res. 2023, 48, 799-804. [CrossRef]
Borroni, D.; Mazzotta, C.; Rocha-de-Lossada, C.; Sanchez-Gonzalez, ].M.; Ballesteros-Sanchez, A.; Garcia-Lorente, M.; Zamorano-
Martin, E,; Spinelli, A.; Schiano-Lomoriello, D.; Tedesco, G.R. Dry Eye Para-Inflammation Treatment: Evaluation of a Novel Tear
Substitute Containing Hyaluronic Acid and Low-Dose Hydrocortisone. Biomedicines 2023, 11, 3277. [CrossRef]

Fogagnolo, P.; Giannaccare, G.; Mencucci, R; Villani, E.; Orfeo, V.; Aragona, P; Italian Dry Eye Study Group. Effectiveness of a
New Active Tear Substitute Containing 0.2% Hyaluronic Acid and 0.001% Hydrocortisone on Signs and Symptoms of Dry Eye
Disease by Means of Low- and High-Tech Assessments. Ophthalmol. Ther. 2024, 13, 251-266. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijerph18105492
https://doi.org/10.1371/journal.pone.0271267
https://doi.org/10.1177/1120672120960586
https://doi.org/10.1080/09273948.2021.1916540
https://doi.org/10.1080/09273948.2021.1906908
https://www.ncbi.nlm.nih.gov/pubmed/34003707
https://doi.org/10.1038/nature07201
https://www.ncbi.nlm.nih.gov/pubmed/18650913
https://doi.org/10.3390/jcm12062205
https://www.ncbi.nlm.nih.gov/pubmed/36983208
https://doi.org/10.3390/ijms18071349
https://www.ncbi.nlm.nih.gov/pubmed/28672794
https://doi.org/10.1016/j.jdermsci.2016.06.014
https://doi.org/10.3389/fphar.2019.01240
https://doi.org/10.1007/s12325-019-01137-8
https://doi.org/10.1371/journal.pone.0094913
https://doi.org/10.3390/ijms23052434
https://www.ncbi.nlm.nih.gov/pubmed/32964952
https://doi.org/10.1111/aos.15159
https://www.ncbi.nlm.nih.gov/pubmed/35514082
https://patentimages.storage.googleapis.com/60/84/55/6c4e19de97307a/EP3229780B1.pdf
https://patentimages.storage.googleapis.com/60/84/55/6c4e19de97307a/EP3229780B1.pdf
https://doi.org/10.1016/j.freeradbiomed.2018.08.031
https://www.ncbi.nlm.nih.gov/pubmed/30165101
https://doi.org/10.1111/ijcp.14987
https://doi.org/10.1080/02713683.2023.2214948
https://doi.org/10.3390/biomedicines11123277
https://doi.org/10.1007/s40123-023-00833-7

	Introduction 
	Methods 
	Results 
	Preclinical Evidence on Pharmacological Profile of Hydrocortisone in Dry Eye Disease 
	Clinical Evidence on the Activity and Safety of HAC Eyedrops for the Management of DED 

	Concluding Remarks 
	References

