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ABSTRACT

Purpose: Dry eye disease (DED) is a highly
prevalent ocular condition with a significant
burden on affected patients. Regardless of the

underlying etiology, DED is associated with
increased ocular surface inflammation. We
investigated the safety and efficacy of a short-
term treatment with topical low dose hydro-
cortisone in patients with chronic DED and
ocular surface inflammation.
Methods: A total of 60 patients (mean age
51 ± 14 years) with chronic DED and conjuncti-
val hyperemia greater than grade 2 on the Efron
scale were included. Patients were randomized to
receive either preservative-free hydrocortisone
0.335% (Softacort, Laboratories Thea, France) for
12 days four times daily followed by 2 days twice
daily instillation (intense treatment group) or
8 days three times daily followed by 3 days twice
daily treatment (standard treatment group).
Ocular redness was assessed at baseline, day 14,
and day 28. Measurement of intraocular pressure
(IOP) and clinical tests to assess signs and symp-
toms of DED were performed.
Results: Conjunctival hyperemia and Ocular
Surface Disease Index (OSDI) significantly
decreased in both treatment groups (p\0.001
each) after hydrocortisone treatment. A signifi-
cant increase in tear film thickness was seen
4 weeks after treatment start (p = 0.03 and
p = 0.04, respectively). IOP did not change in
either of the two treatment groups (p = 0.45).
Conclusion: Treatment with low dose hydrocor-
tisone 0.335% reduced ocular inflammation and
decreased OSDI score. No change in IOP was
observed in either of the two treatment schedules.
Because of its good safety profile, low dose
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hydrocortisone may be an interesting alternative
to standard corticosteroid treatment in DED.
Funding: Laboratories Thea.
Trial Registration: Clinicaltrials.gov registry:
NCT03907865.
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Key Points

Why carry out this study?

Dry eye disease (DED) is a common ocular
condition of the ocular surface and the
tear film.

The prevalence of DED is high with 5–30%
being affected.

Anti-inflammatory agents are warranted
for patients not sufficiently treated with
topical lubricants alone.

This study set out to investigate the safety
and efficacy of two different treatment
regimens (standard and intense) of a
recently introduced low dose preservative-
free formulation of hydrocortisone
0.335%.

What was learned from the study?

Ocular redness and DED symptoms
significantly decreased in both treatment
groups after hydrocortisone treatment
accompanied by a significant increase in
tear film thickness.

Because of its good safety profile, low dose
hydrocortisone may be an interesting
alternative to standard corticosteroid
treatment in DED.

INTRODUCTION

Dry eye disease (DED) is a common ocular
condition of the ocular surface and the tear film
caused by tear deficiency or excessive evapora-
tion, leading to damage to the interpalpebral

ocular surface [1]. The prevalence of DED is
high, especially in the elderly. Data from epi-
demiological studies report a prevalence for
DED between 5% and 30%, depending on the
method of evaluation and the definition of the
disease [2]. From a pathophysiological point of
view, ocular surface inflammation, hyperosmo-
larity, and tear film instability have been iden-
tified as the main triggers for the development
and progression of the disease [3, 4].

Currently, topical lubricants are the main-
stay for therapy in particular for mild and
moderate forms of DED [5]. However, since
topical lubricants have no pharmacologically
active ingredient, their effect on pathogenetic
factors such as ocular surface inflammation is
limited and only secondary to their moistening
effects. Thus, in particular for patients with
chronic DED, where the inflammatory compo-
nent is predominant in their clinical manifes-
tation, concomitant pulse therapy with potent
anti-inflammatory agents may be useful. This is
also reflected in the guidelines of the Dry Eye
Workshop II (DEWS II) report recommending
pharmacological treatment with anti-inflam-
matory agents in cases where topical lubricants
alone are not sufficient [6].

Although anti-inflammatory agents such as
cyclosporine or lifitegrast have been shown to
be effective for the treatment of DED with sev-
ere keratitis, topical preservative-free (PF) corti-
costeroids still remain an interesting therapy
option. The major advantages of corticosteroid
treatment including their well-known anti-in-
flammatory potential and the fast onset of the
therapeutic effect have to outweigh their
potential side effects most importantly the
increase of intraocular pressure (IOP) and cat-
aract formation [7]. New formulations of low
dosage topical PF soft steroids with limited
penetration in the cornea may overcome these
limitations and have evoked interest in corti-
costeroid treatment for DED.

Thus, the current study set out to investigate
the safety and efficacy of two different treat-
ment regimens of a recently introduced low
dose formulation of hydrocortisone 0.335%
(Softacort�, Laboratories Thea, France).
Although its active agent hydrocortisone has
been known for a long time, the low solubility
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and the low penetration through the ocular
surface have limited its use for the treatment of
intraocular inflammatory conditions. However,
as for the treatment of DED the site of action of
the drug is not within the eye but on the ocular
surface, the low penetration of the drug is a key
advantage because it may limit the unwanted
ocular side effects caused by high corticosteroid
concentration in the anterior chamber such as
increase of IOP and cataract formation.

METHODS

Patients

Sixty patients with chronic DED were included
in this study. The study protocol was approved
by the Ethics Committee of the Medical
University of Vienna. The study was performed
in adherence to the guidelines of the Declara-
tion of Helsinki including all revisions as well as
Good Clinical Practice guidelines. Written
informed consent was obtained from all study
participants prior to participation and Spring-
er’s policy concerning informed consent has
been followed.

All patients included in the study passed a
screening examination 14 days prior to study
start. Screening included medical history, a
pregnancy test in women of childbearing
potential, followed by subjective assessment of
symptoms of DED using the Ocular Surface
Disease Index (OSDI). In addition, an oph-
thalmic examination was performed, including
best corrected visual acuity (BCVA), slit lamp
biomicroscopy with indirect funduscopy, mea-
surement of tear film break-up time (TFBUT),
corneal fluorescein staining, and measurement
of IOP. Redness of the eye was assessed by slit
lamp biomicroscopy and graded as described in
detail later.

Only patients who were diagnosed by a
trained ophthalmologist as having DED and
who were already under topical lubricant treat-
ment for at least 3 months were included. The
exact inclusion parameters for the study were as
follows: age of at least 18 years, normal oph-
thalmic findings except history of DED for at
least 3 months, and current therapy with

topical lubricants for at least 3 months. Further
inclusion criteria were OSDI score of at least 22
points and conjunctival hyperemia of at least
grade 3 on the Efron scale.

The study eye was defined as the eye with the
higher score on the Efron scale at visit 1. If the
score was identical for both eyes, the eye with
the higher corneal fluorescein staining score
was chosen. If also those results were identical
for both eyes, the right eye was used for
analysis.

Patients were excluded if they fulfilled at
least one of the following criteria: clinically
significant slit lamp findings at screening visit
except DED, participation in a clinical trial in
the 4 weeks preceding the screening visit, and
symptoms of a clinically relevant illness in the
3 weeks before the screening visit. Further,
patients with presence or history of a severe
medical or surgical condition as judged by the
clinical investigator, with intake of parasympa-
thomimetic or antipsychotic drugs, wearing of
contact lenses, glaucoma in the medical history,
history of IOP increase caused by systemic or
topical treatment with corticosteroids, IOP
greater than 22 mmHg, treatment with corti-
costeroids in the 4 weeks preceding the study,
or topical treatment with any ophthalmic drug
except topical lubricants in the 4 weeks pre-
ceding the study were excluded. Further exclu-
sion criteria were ocular infection or clinically
significant inflammation, ocular surgery in the
3 months preceding the study, Sjögren’s syn-
drome, Stevens-Johnson syndrome, history of
allergic conjunctivitis, pregnancy, planned
pregnancy or lactating, or known hypersensi-
tivity to any component of study medication.

Eye Drops

On the first study day, patients were random-
ized to receive hydrocortisone 0.335% eye drops
(Softacort, Laboratories Thea, Clermont-Fer-
rand, France) in two different application
schemes: Group 1 was treated for 12 days four
times a day followed by 2 days two times a day
(14 days in total, intense treatment group).
Group 2 received treatment for 8 days three
times a day and 3 days two times a day resulting
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in a total treatment period of 11 days (standard
treatment group). Patients in both groups were
asked to continue and document the use of
their own topical lubricants in a diary.

Description of Study Days

For included patients four study visits were
scheduled. On the first visit (visit 1) a pregnancy
test was performed in women with childbearing
potential, followed by the assessment of symp-
toms using the OSDI test and a dry eye visual
analogue scale (VAS). Then, measurements of
tear film thickness (TFT) using the ultra-high
resolution spectral domain optical coherence
tomography (UHR-OCT) system were per-
formed. After the assessment of TFT, slit lamp
biomicroscopy including grading of conjuncti-
val hyperemia was done, followed by measure-
ments of tear osmolarity, TFBUT, corneal
fluorescein staining, impression cytology for
human leukocyte antigen-DR (HLA-DR) assess-
ment, and measurement of IOP. On visit 2,
7 days after the first visit, patients returned to
the department for IOP measurement only. At
day 14 (visit 3) and day 28 (visit 4) all exami-
nations were repeated as described for visit 1.
All examinations were scheduled at the same
time of the day and were performed in exactly
the same order as described for visit 1.

Measurement Techniques

Assessment of Conjunctival Hyperemia
Conjunctival hyperemia was assessed by the
investigator during slit lamp examination
according to the 5-grade hyperemia scale
introduced by Efron [8] as follows: 0 = none,
1 = trace, 2 = mild, 3 = moderate, 4 = severe
hyperemia.

Intraocular Pressure
IOP was measured using a Goldmann applana-
tion tonometer after topical anesthesia with
oxybuprocaine hydrochloride combined with
sodium fluorescein.

Ocular Surface Disease Index
For the assessment of symptoms, the well-de-
scribed OSDI was used [9]. This questionnaire is
specifically designed for patients with DED and
asks patients about the frequency of specific
symptoms and their impact on vision-related
tasks of daily life.

Dry Eye Visual Analogue Scales
Subjects were asked to rate their ocular symp-
toms (both eyes simultaneously) by placing a
vertical mark on a horizontal line to indicate
the level of discomfort (0 corresponding to ‘‘no
symptoms’’ and 100 corresponding to ‘‘maximal
symptoms’’). The assessment line length of the
scale was 100 mm. Patients were asked to rate
the following questions: ‘‘I feel satisfied using
this treatment’’, ‘‘With these eye drops, I have a
feeling of freshness’’, ‘‘With these eye drops, I
have a feeling of relief’’, ‘‘This product con-
tributed to reduce my pain due to eye dryness’’,
‘‘This product is comfortable’’.

Best Corrected Visual Acuity
BCVA was measured using the standard Early
Treatment Diabetic Retinopathy Study (ETDRS)
acuity chart and reported in ETDRS letters.

Tear Film Break-Up Time
TFBUT was assessed following the guidelines
published in the report of the DEWS 2007 using
Minims fluorescein sodium 2.0% eye drops [10].
Measurements were repeated three times and
the mean value was used.

Corneal Fluorescein Staining
Minims fluorescein sodium 2.0% eye drops were
used to detect corneal epithelial defects. Cor-
neal staining was graded according to the
Oxford scale [11].

Tear Film Thickness as Measured with Optical
Coherence Tomography
To assess precorneal TFT a previously developed
UHR-OCT system for imaging of the anterior
segment was used. The technique and data
regarding the reproducibility have been published
in detail previously [12]. In principle the UHR-
OCT is based on a broadband Ti:sapphire laser
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operating at 800 nm with spectral bandwidth
170 nm allowing for an axial resolution in tissue
of about 1.2 lm. For measurement of TFT, 3-di-
mensional data sets centered on the apex of the
cornea and with a size of 4 mm 9 4 mm 9 1 mm
(horizontal 9 vertical 9 depth), each containing
512 9 128 9 1024 pixels were acquired. Central
TFT was assessed using the tomograms around
the central reflex of the probe at the corneal apex.

To obtain reliable measurements, the
subjects followed the same measurement
procedures: subjects were asked to look onto
an internal fixation target and blink nor-
mally. Data acquisition started immediately
after reopening of the eye and patients were
asked to keep the eye open until the end of
the measurement. A total of three volumes
were acquired during the measurement per-
iod of 3 s. TFT was then calculated on the
basis of the second and third recorded
volume.

Impression Cytology for HLA-DR Assessment
Two samples were taken from the upper con-
junctiva of the study eye using EYEPRIMTM

(Opia Technologies S.A.S., Paris, France). The
subject was instructed to look down and the
device was positioned upon the conjunctiva.
Then, the push-button was pressed until the
stop position was reached and the device was
held in this position for 2–3 s. Afterwards, the
pressure was released and the device was
removed from the eye. The sampling membrane
was ejected in a storage container by pressing
the push-button once again. The samples were
stored according to the manufacturer’s instruc-
tions and were sent under observer-blinded
conditions to an independent laboratory
(Eyenostics, La Gaude, France) for analysis and
assessment of HLA-DR levels.

Tear Film Osmolarity
Tear film osmolarity was measured using a non-
invasive, commercially available instrument
(TearLab�, OcuSens Inc, San Diego, USA) at the
indicated time points. Reproducibility of the
instrument has been published previously
[13, 14].

Sample Size Considerations and Statistical
Analysis

As the effect of hydrocortisone on the inflam-
matory component of DED was of particular
interest, the primary outcome of the study was
defined as change in conjunctival hyperemia at
visit 3 (2 weeks after treatment start). A total of
60 patients entered the study. This sample size
was calculated on the basis of a power of 95%
and a two-sided alpha-level of 0.05. A clinically
relevant change in conjunctival hyperemia
grading was considered 20% or more compared
to baseline. The sample size calculation was
based on the assumption that the standard
deviation of the main outcome variable is 15%
or less as published previously [8].

Additional outcome variables were OSDI,
TFBUT, corneal staining, TFT, percentage of
HLA-DR-positive cells, and frequency of artifi-
cial tear instillation. IOP was measured at three
time points after treatment start as safety vari-
able. Statistical analysis was carried out as a ‘‘per
protocol’’ analysis. To detect differences
between treatments, a repeated-measures anal-
ysis of variance (ANOVA) model was applied for
analysis of all outcome parameters. Planned
comparisons within the ANOVA model were
performed to assess contrasts between time
points and treatment groups. A p B 0.05 was
considered significant. All statistical analyses
were carried out using CSS Statistica (version
6.0; Tulsa, OK, USA). All data are presented as
mean ± SD.

RESULTS

Demographics

A total of 60 patients were included (mean age
51 ± 14 years) and finished the study according
to the protocol. Of those participants, 20
patients were male and 40 patients were female.
The mean duration of DED in the study popu-
lation was 8.2 ± 8.7 years. All included patients
completed the screening visit and the first study
day within 2 weeks.
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Outcome Variables

As shown in Fig. 1, conjunctival hyperemia as
assessed using the Efron scale significantly
decreased in the study eye by - 25.0 ± 24.2%
in the intense treatment group and by
- 18.6 ± 18.8% in the standard treatment
group, at the end of the treatment period
(visit 3). At visit 4, this effect was still present
(- 23.9 ± 21.2% in the intense treatment group
and - 27.5 ± 23.3% in the standard treatment
group, p\ 0.001 each vs. baseline). No statisti-
cally significant difference in the change in
Efron scale was observed between the two
treatment groups (p = 0.26, intense and stan-
dard treatments).

OSDI decreased during the study period in
both study groups (intense treatment group:
- 10.8 ± 37.8%, p = 0.08 vs. baseline; standard
treatment group: - 41.3 ± 28.2%, p\ 0.001 vs.
baseline) 14 days after treatment start. A signif-
icant decrease was seen 4 weeks after treatment
start in both groups (- 19.5 ± 39.1% and
- 24.1 ± 33.9%, p\0.01 vs. baseline each,
Fig. 2).

TFT tended to increase from baseline to
visit 3, but this effect did not reach the level of
significance (? 2.0 ± 8.6% in the intense treat-
ment group, p = 0.24 and ? 3.8 ± 9.5% in the
standard treatment group, p = 0.11, Fig. 3). At
visit 4, however, a significant increase in TFT
was observed in both groups (5.3 ± 8.9%,
p = 0.03 vs. baseline and 5.6 ± 13.1%, p = 0.04
vs. baseline, respectively). No difference in the

TFT changes was observed between the two dose
groups (p = 0.94).

As shown in Table 1, a significant decrease in
corneal fluorescein staining was observed in the
intense treatment group at visit 4 only. No
change in tear osmolarity, TFBUT, or percentage
of HLA-DR-positive cells was observed in either
of the two dosage groups (Table 1).

Frequency of artificial tear instillation was
3.0 ± 2.4 drops/day at baseline in the intense
treatment group and significantly decreased to
1.2 ± 2.3 drops/day at visit 3 (p\ 0.001 vs.
baseline) and to 2.5 ± 2.2 drops/day at visit 4
(p = 0.04 vs. baseline). In the standard treat-
ment group, frequency of artificial tear instilla-
tion decreased from 3.4 ± 3.1 drops/day at
baseline to 0.9 ± 1.2 at visit 3 and
2.4 ± 3.1 drops/day at visit 4 (p\ 0.001 vs.
baseline each). No difference was observed
between the two groups (p = 0.42).

Assessment of subjective parameters revealed
that patients were satisfied with the treatment
in both groups with no differences between
groups (Table 2).

Safety Evaluation

As illustrated in Fig. 4, IOP did not change at
the end of the treatment period in either the
intense dose (baseline, 14.1 ± 1.8; day 14,
13.9 ± 2.0 mmHg) or in the standard dose
group (baseline, 12.8 ± 1.9; day 14,
13.3 ± 2.1 mmHg). No difference between the
two groups was observed (p = 0.45).

Fig. 1 Conjunctival hyperemia grading over time (mean ± SEM). *Significant vs. baseline for both groups
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No serious adverse events (AEs) were
observed during the study. Most AEs were mild
and none was severe. No AE was judged as
‘‘definitely’’ or ‘‘probably’’ related to the study
drug. Most frequent eye-related AEs that were
judged as ‘‘possibly’’ or ‘‘unlikely’’ related to the
study drug were burning sensation in the eyes
(n = 4), burning sensation (n = 3), and blurred
vision (n = 2).

DISCUSSION

The results of the current study show that the
new formulation of low dose PF hydrocortisone
0.335% improves the signs and symptoms in

patients with DED. This was observed using an
intense as well as the standard treatment
schedule with no difference between these two
groups. In addition, the safety analysis shows
that the formulation is safe and does not affect
IOP. The safety profile with respect to potential
effects on IOP is of critical importance when
using corticosteroids as an anti-inflammatory
therapy for DED. Finally, our study shows that
treatment with a topic anti-inflammatory drug
increases TFT and re-establishes a normal tear
film in patients with DED while also reducing
the concomitant use of artificial tears.

Both preclinical and clinical trials show that
topical corticosteroids are effective in treating
the inflammation associated with DED.

Fig. 2 Change in Ocular Surface Index (OSDI) scores from baseline (Visit 1) at the end of the study (Visit 4). Data are
presented as mean ?/- SEM. *Significant vs. baseline

Fig. 3 Tear film thickness (TFT) over time (mean ± SEM). *Significant vs. baseline for both groups
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According to the current pathophysiological
concept of DED this allows one to break the
vicious circle that includes tear film hyperos-
molarity and instability [3]. On a cellular basis,
corticosteroids exert their biological effects on
several different molecular mechanisms
including the lipocortin-1-induced suppression
of phospholipase A2, thereby reducing eicosa-
noid production and the inhibition of various
leukocyte-related inflammatory events [15].
Reducing both inflammatory mediators and
cellular immune response explains their fast
onset of action and their strong anti-inflam-
matory effect at the ocular surface.

The data of the current study shows that the
new low dose PF formulation of hydrocortisone
0.335% reduces signs and symptoms of DED in
both an intense treatment scheme and a 12-day
standard treatment. In particular, our data
indicate that treatment with hydrocortisone for
12 days four times daily or 8 days three times
daily followed by a short taper off phase sig-
nificantly reduces ocular redness as measured
using the Efron scale. Furthermore, this reduc-
tion is accompanied by the decrease of OSDI up
to - 25%, indicating also pronounced

Table 1 Changes in secondary outcome parameters

Time
point

Intense
treatment
group

Standard
treatment
group

p value

Corneal fluorescein staining (Oxford scale)

Visit 1 1.7 ± 0.9 1.7 ± 0.9 1.00

Visit 3 1.4 ± 0.8 1.5 ± 0.6 0.70

Visit 4 1.2 ± 0.7* 1.4 ± 0.7 0.36

Tear osmolarity (mmol/L)

Visit 1 307.3 ± 14.6 305.1 ± 21.5 0.64

Visit 3 305.1 ± 19.0 300.8 ± 11.8 0.25

Visit 4 303.6 ± 17.4 309.8 ± 17.8 0.18

TFBUT (s)

Visit 1 3.5 ± 1.3 3.5 ± 2.0 0.93

Visit 3 3.6 ± 2.0 3.8 ± 1.8 0.69

Visit 4 3.4 ± 1.1 3.4 ± 1.9 0.93

HLA-DR expression (% of HLA-DR-positive cells)

Visit 1 82.1 ± 10.7 80.3 ± 11.1 0.54

Visit 3 78.4 ± 11.1 77.8 ± 11.5 0.83

Visit 4 81.0 ± 9.6 77.0 ± 12.0 0.18

Corneal fluorescein staining score, tear osmolarity, tear
film break-up time (TFBUT), and human leucocyte anti-
gen-DR (HLA-DR) expression over time in the two study
groups (mean ± SD)
*Significant vs. baseline within group. p values show dif-
ferences between groups

Table 2 Subjective parameters

Time
point

Intense
treatment
group

Standard
treatment
group

p value

‘‘I feel satisfied using this treatment’’

Visit 3 81.7 ± 19.3 83.1 ± 20.2 0.74

Visit 4 80.4 ± 21.2 85.7 ± 18.9 0.31

‘‘With these eye drops, I have a feeling of freshness’’

Visit 3 56.8 ± 30.8 55.1 ± 33.6 0.83

Visit 4 69.7 ± 23.2* 67.1 ± 29.3* 0.70

‘‘With these eye drops, I have a feeling of relief’’

Visit 3 61.8 ± 28.9 59.0 ± 31.5 0.73

Visit 4 67.6 ± 23.4 69.1 ± 27.8* 0.82

‘‘This product contributed to reduce my pain due to eye

dryness’’

Visit 3 60.9 ± 27.0 59.0 ± 34.2 0.82

Visit 4 67.5 ± 28.4 64.2 ± 33.4 0.69

‘‘This product is comfortable’’

Visit 3 75.8 ± 22.8 71.4 ± 29.0 0.52

Visit 4 78.1 ± 22.0 67.8 ± 30.1 0.14

Mean VAS score

Visit 3 67.4 ± 19.6 65.5 ± 23.6 0.74

Visit 4 72.7 ± 19.9* 70.8 ± 23.0* 0.74

Visual analogue scale score (mm), mean ± SD
*Significant vs. baseline within group. p values show dif-
ferences between groups
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amelioration of subjective symptoms for DED as
well as an increase in TFT.

The current study is the first to show in a
longitudinal design that a hydrocortisone
treatment for 2 weeks significantly increases
TFT thickness over time. Although the observed
change in TFT is small, the strength of the OCT-
based measurement of TFT is that with a coef-
ficient of variation of less than 4% the instru-
ment is capable of detecting subtle changes in
TFT in patients with DED [12]. As such, we have
reported in previous experiments using the
same UHR-OCT system that treatment with
topical lubricants leads to a short-time increase
in TFT depending on the physical properties of
the agent applied [16–19]. The data of the cur-
rent experiment extend these previous findings,
showing that a short-time topical anti-inflam-
matory therapy can increase precorneal TFT.
Whereas we have previously shown that there is
a correlation between TFT and the severity of
DED [20], the threshold TFT value that differ-
entiates DED from normal has not been estab-
lished. In this context, it needs to be further
investigated to what extent changes in TFT
reflect clinical changes in DED. Nevertheless
our data indicate that hydrocortisone treatment
leads to an improvement of TFT towards normal
values, which is accompanied by a decrease in
hyperemia and may reflect tear film
homeostasis.

With respect to the change in subjective
parameters, our data shows that there is a

significant decrease in OSDI symptoms score in
both treatment groups indicating a reduction of
symptoms after treatment. However, the OSDI
score was still in the pathological range at the
end of the study period, indicating that patients
still experience symptoms at the end of the
study that require clinical follow-up. On the
basis of the data in the current study, it remains
unclear whether a longer treatment period
would have led to a further reduction in
symptom scores. However, it needs to be con-
sidered that patients were generally satisfied
with the treatment as reflected in the VAS
scores.

In this context, it needs to be mentioned
that the treatment effects on conjunctival red-
ness, OSDI, and TFT were still visible 14 days
after the end of the instillation period. This
indicates that low dose corticosteroid treatment
as used in the current study has a prolonged
effect not limited to the actual treatment period
and may help to break the viscous circle in
patients with DED, which is in keeping with
previous reports indicating a long disease-free
state after pulse therapy with topical corticos-
teroids [21]. In contrast to our findings on
OSDI, Efron scale, and TFT, no effect on TFBUT
or tear film osmolarity was observed after low
dose corticosteroid treatment. The reason why
the decreases of symptoms and redness are not
reflected in signs of DED such as TFBUT or tear
film osmolarity is not entirely clear, but might
be related to the high variation of these

Fig. 4 Intraocular pressure (IOP) over time (mean ± SEM)

Adv Ther (2020) 37:329–341 337



measurements [14, 22]. Further, it is generally
known that there is a poor correlation between
different signs and symptoms in DED [23].

Finally, although we observed a decrease in
HLA-DR expression at the end of the treatment
period, this effect did not reach significance.
Data from clinical trials show that soluble and
cellular inflammatory mediators such as HLA-
DR, Intercellular adhesion molecule 1 (ICAM1)
and others are increased on the ocular surface of
patients with DED [24] and decrease in response
to corticosteroid [25] or cyclosporine A treat-
ment [26]. The current study was, however, not
designed and powered to detect changes in
HLA-DR. Patients included in the aforemen-
tioned studies had longer treatment periods and
more severe DED compared to the current
study, which might well explain the more pro-
nounced reduction in HLA-DR.

Our data is comparable with previous results
investigating the effect of corticosteroids on the
signs and symptoms of DED. As such, it has
been shown in an experimental model of mur-
ine dry eye that treatment with topical corti-
costeroids reduces inflammation paralleled by
an improvement of ocular surface damage
[27, 28]. These findings are also reflected by data
from human studies. Studies mostly performed
in patients with severe DED show that treat-
ment with methylprednisolone 1% improves
symptoms and corneal staining [29, 30]. Fur-
ther, data from prospective randomized clinical
trials show that with both prednisolone 0.1%
and loteprednol etabonate 0.5% administered
for 1 month there is an improvement of symp-
toms, hyperemia, and impression cytology
scores in patients with DED [31, 32]. In addi-
tion, more recent data show that treatment
with loteprednol etabonate or fluorometholone
up to 2 months significantly reduces symptoms
and conjunctival redness in patients with Sjög-
ren’s syndrome or meibomian gland disease
[33, 34].

Although treatment with topical corticos-
teroids is effective, the side effects of commonly
used topical steroids such prednisolone or dex-
amethasone limit their long-term use for the
treatment of DED. These adverse effects include
ocular hypertension, cataract formation, and
infections of the ocular surface, even after short-

time administration [29]. Thus, topical corti-
costeroid treatment is usually recommended
only as a short-term pulse therapy in patients
not sufficiently responsive to treatment with
topical lubricants.

In contrast to the commonly used corticos-
teroids, the formulation tested in the current
study offers considerable advantages. First, the
low concentration of only 0.335% and the low
penetration of hydrocortisone through the
ocular surface reduce the risk of side effects, in
particular with respect to IOP increase and cat-
aract formation. Data from the literature sug-
gest that corticosteroids that show less
pronounced penetration through the ocular
surface such as loteprednol or hydrocortisone
are associated with a reduced likelihood for side
effects such as IOP increase [35]. This is also in
keeping with the good safety profile seen in the
current study. Most importantly, our results
show that no change in IOP occurred at any of
time points within the 4-week study period.
Secondly, in contrast to most of the available
topical corticosteroid-containing eye drops, the
current formulation is PF, which avoids toxic
side effect and leads to good tolerability on the
ocular surface.

Two different treatment regimens were tes-
ted in the current study. Patients received either
hydrocortisone for 12 days four times daily fol-
lowed by 2 days twice daily instillation or
alternatively for 8 days three times daily fol-
lowed by 3 days twice daily. Interestingly, both
treatments showed efficacy and a good safety
profile, with no statistical difference between
the two dosage groups in any of the outcome
parameters. As a reduced instillation frequency
increases patients’ compliance, reduces topical
drug exposure, and is more convenient for the
patients, the standard treatment regimen with a
three times daily administration might be more
appropriate for clinical use.

Some limitations have to be considered
when interpreting the results of the current
study. First, the study did not include a formal
control group. Although a randomized, pla-
cebo-controlled study is the gold standard for
clinical trials, a placebo selection for dry eye
studies is difficult since pharmacologically
inactive agents also exert a lubricant effect on
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the ocular surface. However, the data of the
current study may form a basis for a further
active controlled randomized study. Further-
more, only a total of 60 patients were included
in this trial and the observation time was lim-
ited to 14 days after cessation of treatment. A
higher number of subjects with a longer obser-
vation period may be required to detect changes
in clinical signs of DED such as TFBUT. Finally,
patients were recruited at different seasons of
the year. As environmental conditions could
affect DED tests outcomes [36], we cannot fully
exclude that different outdoor conditions may
have an impact on the study outcome variables.

CONCLUSION

It was demonstrated in the study that low dose
PF hydrocortisone reduces conjunctival redness,
increases TFT, and improves symptoms of DED
after both treatment schemes. Further, the
treatment effect was also visible 2 weeks after
the active phase, indicating a prolonged effect
of the hydrocortisone treatment. Finally, no
change in IOP was seen, which underlines the
good safety profile of the hydrocortisone for-
mulation. In conclusion, treatment with low
dose PF hydrocortisone appears to be a safe and
well-tolerated novel therapeutic approach with
corticosteroids for patients with chronic DED.
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