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Purpose: To compare the short-term therapeutic effects of topical corticosteroids in patients 
with refractory dry eye disease (DED) according to the tear matrix metalloproteinase 9 
(MMP-9) point-of-care positivity.
Methods: This study was conducted on 137 patients who were referred from other eye 
clinics, complaining of irresponsive DED or acute DED flares despite routine treatment with 
topical cyclosporin or diquafosol. The patients received treatment with topical corticosteroids 
for 1 month. DED was evaluated by SANDE (Symptom Assessment in Dry Eye) question-
naire, tear film breakup time, ocular surface staining score, and meibomian gland dysfunction 
stage. The InflammaDry MMP-9 immunoassay was conducted in more symptomatic eyes of 
all patients. The changes in the subjective symptoms were additionally surveyed as symptom 
improvement score.
Results: The mean age of the patients was 57.8±13.4 years, and the tear MMP-9 positivity was 
73.0%. Topical corticosteroids treatment showed significant improvement of symptoms and signs 
in the patients with refractory DED irrespective of the positivity of MMP-9 (each p<0.001). The 
changes in SANDE score and OSS, and symptom improvement score were higher in the MMP-9 
positive group than in the MMP-9 negative group (p=0.002/0.010/0.011). The overall rates of 
subjective symptoms improvement and SANDE reduction were 73.0% and 90.6% after topical 
corticosteroids treatment, respectively.
Conclusion: Short-term topical corticosteroids had excellent therapeutic effects in patients 
with refractory DED or acute DED flares, irrespective of the tear MMP-9 level. Tear MMP-9 
positivity may serve as a reliable response predictor of topical corticosteroids treatment in 
DED.
Keywords: dry eye disease, ocular surface inflammation, tear MMP-9 positivity, 
corticosteroid

Introduction
Dry eye disease (DED) is a multifactorial disease of the ocular surface, character-
ized by a loss of homeostasis of the tear film that is accompanied by ocular 
symptoms.1 DED is frequently associated with the instability and hyperosmolarity 
of tear films, inflammation of the ocular surface, and neurosensory abnormalities.1,2 

DED is one of the most prevalent ocular diseases worldwide, and significantly 
reduces the quality of life.
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The inflammation of the ocular surface is a key com-
ponent of the pathophysiology of DED. Owing to the role 
of inflammation in DED, numerous novel therapeutic 
agents have been investigated for inhibiting various 
inflammatory cascades.3–5 To date, the most well-known 
anti-inflammatory agents approved by the US Food and 
Drug Administration (FDA) for the management of DED 
include cyclosporin A (CsA), lifitegrast (LG), 
corticosteroid.6 corticosteroids are widely used for the 
treatment of both acute and chronic inflammation, and 
topical corticosteroids are generally indicated for the treat-
ment of ocular inflammatory diseases.7,8 corticosteroids 
inhibit pro-inflammatory cytokines and chemokines, stabi-
lize macrophages and neutrophils, and repress the key 
enzymes involved in the initiation or maintenance of the 
inflammatory response.8 Therefore, corticosteroids are 
generally thought to be more potent than other therapeutic 
agents for DED, including CsA, LG, and diquafosol, 
owing to acting on the multiple mechanisms by which 
corticosteroids inhibit inflammation. Topical corticoster-
oids are also effective in controlling the signs and symp-
toms of chronic, severe DED associated with the Sjogren 
syndrome, and in the treatment of moderate and severe 
meibomian gland dysfunction (MGD).9,10 Additionally, 
short-term induction therapy before long-term treatment 
with CsA, or combined therapy with corticosteroids and 
CsA, shows greater symptomatic relief and faster recovery 
from the signs of DED, compared to monotherapy with 
CsA.11,12

Matrix metalloproteinase 9 (MMP-9) participates in the 
degradation of the extracellular matrix and the loss of 
epithelial cells at the tight junctions. MMP-9 also triggers 
the release of inflammatory cytokines and the mitogen- 
activated protein kinase (MAPK)/Nuclear Factor-κB (NF- 
κB) signaling pathways, in addition to inducing the 
maturation of antigen-presenting cells (APCs).13 

Desiccating stress and tear hyperosmolarity are known to 
be associated with increased levels of MMP-9 in the 
ocular surface, as observed in an experimental model of 
DED, and the increased levels of MMP-9 induce a vicious 
cycle of inflammation in the ocular surface in DED.14,15 

InflammaDry (Rapid Pathogen Screening, Inc., Sarasota, 
FL) is a disposable, single-use, non-invasive, in-office 
assay that allows the measurement of the tear levels of 
MMP-9.16 Several studies demonstrated that the 
InflammaDry assay is helpful and provides consistent 
results for the diagnosis of DED, but other studies pre-
sented that tear MMP-9 positivity was not related with 

DED parameters.17–19 Recently, ASCRS Cornea Clinical 
Committee recommended the measurement of the tear 
levels of MMP-9 as a method for screening patients with 
ocular surface disease.20 Considering the relationship 
between the tear levels of MMP-9 and DED, it is possible 
to assume that the tear levels of MMP-9 may serve as 
a predictive biologic marker about the response to anti- 
inflammatory treatment in DED.

To the best of our knowledge, the therapeutic effects of 
topical corticosteroids on DED have not been previously 
compared according to the tear MMP-9 positivity. In this 
study, we compared the short-term therapeutic effects of 
topical corticosteroids according to tear MMP-9 level in 
patients with DED who showed no improvement despite 
previous treatments with artificial tears, topical CsA, 
and DQA.

Methods
Study Design and Subjects
A retrospective chart review was conducted at the cornea 
specialty clinic of Gachon University Gil Medical Center. 
The study protocol was approved by the institutional 
review board of Gachon University Gil Medical Center, 
and a waiver for collecting the informed consent along 
with authorization for using research information from the 
patients was also obtained from the review board (IRB 
number: GCIRB2019-388). Privacy data of all patients 
were not included in the analysis. The protocol complied 
with the tenets of the Declaration of Helsinki. The subjects 
who participated in this study enrolled between August 1, 
2018, and August 12, 2020. Patients with DED who were 
aged ≥19 years were enrolled in this study in accordance 
with the diagnostic guidelines of the Korean Corneal 
Disease Study Group and TFOS DEWS II.1,2 The enrolled 
patients had been previously diagnosed with DED and 
referred from other eye clinics because there had been no 
improvement or acute exacerbation with topical CsA, 
DQA, and artificial tears. Only patients who had used 
CsA or DQA for at least 1 month or longer, but DED 
symptoms were not improved, or had had poor compliance 
due to the irritation feeling from those eyedrops, were 
included in this study. Patients with evidence of any active 
ocular infection, eyelid deformity, corneal opacity, or lim-
bal stem cell deficiency were excluded from the study. The 
additional exclusion criteria were ocular surgery within 6 
months of the study visit, ongoing pregnancy, and punctal 
plug placement within 3 months of testing. Subjects who 
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used topical corticosteroids within 30 days of the study 
visit were also excluded. All the patients were adminis-
tered topical corticosteroids and artificial tears, 4 times 
a day for 1 month [0.1% fluorometholone without preser-
vative (Fumelon®; Hanlim Pharm. Co., Seoul, South 
Korea) + 0.15% sodium hyaluronate (New Hyaluni®, 
Taejoon Pharm Co., Seoul, South Korea) or 0.5% lote-
prednol etabonate (Lotepro®; Hanlim Pharm. Co., Seoul, 
South Korea) + 0.15% sodium hyaluronate (New 
Hyaluni®, Taejoon Pharm Co., Seoul, South Korea)]. The 
patients with MGD were recommended to perform warm 
compress and maintain eyelid hygiene.

At each visit, DED parameters of all patients were 
evaluated by an experienced ophthalmologist (DH Kim). 
The Symptom Assessment in Dry Eye (SANDE) question-
naire was conducted for evaluating the symptoms related 
to DED.21 The tear film break-up time (TBUT), tear secre-
tion (Schirmer’s test without anesthesia), and ocular stain-
ing score (OSS) were also measured. The OSS was 
determined using the oxford scheme scale (0–5 points).22 

MGD was classified into 5 stages (stages 0–4) according 
to the guideline prescribed by the International MGD 
workshop.22 The DED parameters were evaluated in the 
eye in which the patient felt more discomfort, and the right 
eye was evaluated if the symptoms were similar in both 
the eyes. Further surveys were conducted for simplifying 
the improvement in the subjective symptoms before and 
after topical corticosteroids treatment. Scores of 0, 1, and 2 
indicated no improvement, partial improvement (better 
than before, but a little discomfort left), and complete 
improvement (no discomfort due to a greater improvement 
than before) after treatment, respectively. At each visit, the 
IOP was measured for all the patients with a pneumatic 
applanation tonometer (KOWA KT-800, Shizuoka, Japan). 
The patients visited the hospital after 1 month of treatment 
for a follow-up examination. The question whether warm 
compression and lid hygiene were performed after 1 
month.

MMP-9 Point-of-Care Immunoassay
The tear levels of MMP-9 were detected using 
InflammaDry (Rapid Pathogen Screening, Inc., Sarasota, 
FL).23 For collecting the tear samples, a fleece was gently 
dabbed at 6–8 locations along the palpebral conjunctiva 
until a sufficient tear sample was obtained. The sample 
collector was firmly pressed to snap the test cassette body. 
An absorbent tip was immersed in a buffer vial for 20 
seconds. The cap was replaced and the test cassette was 

laid flat on a horizontal surface for 10 minutes. After 10 
minutes, the result window was evaluated for obtaining the 
levels of MMP-9 in the tear film. A result window without 
a blue line was considered to be invalid. A result window 
with a blue line was considered to be negative, while a red 
line indicated positive results. When a result window with-
out a red line was obtained, the test cassettes were allowed 
to incubate for an additional 5 min before confirming the 
results and was considered negative when the red line did 
not appear. For the samples that showed positive results, 
the red line was compared with the grading index for 
classifying the result as trace-positive (grade 1), weakly 
positive (grade 2), positive (grade 3), and strong positive 
(grade 4), according to the manufacturer’s instructions. 
The grading index of InflammaDry was interpreted by an 
experienced ophthalmologist (DH Kim).

Statistical Analyses
The data are presented as the mean ± standard deviation 
(SD). Chi-square tests or independent t-tests were per-
formed for comparing the SANDE score, TBUT, OSS, 
and MGD stage between the MMP-9 positive and MMP- 
9 negative groups. Paired t-tests were used for analyzing 
the differences within the groups. The Mann–Whitney 
U-test was performed in the additional subgroup analyses. 
All the statistical analyses were performed using SPSS 
Complex Samples procedures (PASW Statistics for 
Windows, version 21.0, SPSS, IMB Corp., Armonk, NY, 
USA). Differences with P<0.05 were considered to be 
statistically significant.

Results
There were 137 patients enrolled in this study. The base-
line characteristics of the enrolled patients at the first visit 
are summarized in Table 1. The study population com-
prised 34 men and 103 women with a mean age of 57.8 
±13.4 years. The number of MMP-9 positive and negative 
patients were 100 and 37 and the rate of MMP-9 positivity 
was 73.0%. The InflammaDry MMP-9 immunoassay was 
conducted in more symptomatic eyes (137 eyes) of all 
patients. The age, sex, SANDE score, TBUT, OSS, tear 
secretion, MGD stage at the first visit did not differ sig-
nificantly between 2 groups. (p>0.05) Mean SANDE score 
in all patients were 81.9±15.4. In 49 MMP-9 positive 
patients, 21 were trace-positive (grade 1), 56 were weakly 
positive (grade 2), 18 were positive (grade 3), and 5 
individuals were strong positive (grade 4). The numbers 
of patients who treated with 0.5% loteprednol etabonate 
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and 0.1% fluorometholone, were 23 and 77 (loteprednol/ 
fluorometholone) in MMP-9 positive group and 7 and 30 
in MMP-9 negative group, respectively. The patients with 
DED were previously treated with CsA+AT or DQA+AT 
or only AT. The proportion of previously used drug in the 
MMP-9 positive and negative groups did not differ sig-
nificantly (p>0.05, Table 1). A correlation analysis 
between the grade of MMP-9 and the parameters of 
DED revealed that the OSS at the initial visit was related 
to the grade of MMP-9 (R=0.355, p<0.001), but SANDE, 
TBUT, and MGD stage were not related to the grade of 
MMP-9 (for each, p>0.05, Supplementary Table 1). Lid 
hygiene compliance rates were 52.0% and 51.3% in MMP- 
9 positive and negative groups, respectively (p=0.946).

Table 2 demonstrates the therapeutic effects of treat-
ment with topical corticosteroids for 1 month in all the 
enrolled subjects. Treatment with topical corticosteroids 
significantly improved the SANDE score, OSS, and 
MGD stage, and increased the TBUT in all patients 
(each p<0.001). Even when the patients were divided 
into the MMP-9 positive and MMP-9 negative groups, 
all the parameters for DED and MGD stage also 
improved significantly regardless of MMP-9 positivity 

Table 1 Baseline Characteristics of Patients with DED at First Visit

MMP-9 Positive (n=100, 73.0%) MMP-9 Negative (n=37, 27.0%) P value

Age (years) 57.7±14.3 56.5±9.19 0.827*
Sex (M/F) 24/76 10/27 0.716†

MGD stage (0–4) 1.6±0.8 1.7±0.8 0.334*

SANDE score (points) 81.9±15.4 71.9±26.7 0.829*
TBUT (seconds) 3.2±1.5 2.8±1.3 0.127*

OSS (points) 0.58±0.71 0.31±0.47 0.091*

Tear secretion (mm) 10.4±7.9 7.9±6.6 0.239*

MMP-9 grade Grade 1: 21 NA NA
Grade 2: 56

Grade 3: 18

Grade 4: 5

Type of corticosteroid L: 23 L: 7 0.608†

F: 77 F: 30

Previous treatments for DED CsA+AT: 57 CsA+AT: 19 0.171†

DQA+AT: 37 DQA+AT: 10

AT: 6 AT: 5

Lid hygiene compliance rate 52.0% (n=52) 51.3% (n=19) 0.946†

Notes: *Independent t-test; †Chi-square test. 
Abbreviations: DED, dry eye disease; SANDE, Symptom Assessment in Dry Eye; TBUT, tear film breakup time; OSS, ocular staining score; MGD, meibomian gland 
dysfunction; L, 0.5% loteprednol etabonate; F, 0.1% fluorometholone; CsA, topical cyclosporine 0.05%; DQA, topical diquafosol 3%; AT, artificial tear; NA, not available.

Table 2 Comparison of the Parameters of DED in Patients 
Between Pre-Treatment and Post-Treatment with Topical 
corticosteroids

Initial Value After Treatment P-value†

Total

SANDE score (points) 79.17±17.82 54.16±22.24 <0.001

TBUT (sec) 3.1±1.4 4.5±1.1 <0.001

OSS (points) 0.6±0.7 0.3±0.5 <0.001

MGD stage 1.5±0.7 0.9±0.6 <0.001

IOP (mmHg) 10.8±2.7 10.9±2.5 0.912

MMP-9 positive group

SANDE score (points) 80.69±14.27 54.32±20.17 <0.001

TBUT (sec) 3.2±1.4 4.6±1.1 <0.001

OSS (points) 0.7±0.7 0.3±0.5 <0.001

MGD stage 1.5±0.7 0.9±0.6 <0.001

IOP (mmHg) 10.9±2.8 10.9±2.6 0.531

MMP-9 negative group

SANDE score (points) 75.06±24.77 53.73±27.40 <0.001

TBUT (sec) 2.8±1.3 4.4±1.2 <0.001

OSS (points) 0.4±0.5 0.2±0.5 0.032

MGD stage 1.7±0.8 1.0±0.6 0.001

IOP (mmHg) 10.8±2.7 10.9±2.5 0.353

Note: †Paired t-test. 
Abbreviations: DED, dry eye disease; MMP-9, matrix metalloproteinase 9; 
SANDE, Symptom Assessment in Dry Eye; TBUT, tear film breakup time; OSS, 
ocular staining score; MGD, meibomian gland dysfunction; IOP, intraocular 
pressure.
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in the tear [MMP-9 positive: SANDE: 80.7±14.3 to 54.3 
±20.2, TBUT: 3.2±1.4 to 4.6±1.1, OSS: 0.7±0.7 to 0.3 
±0.5, and MGD stage: 1.5±0.7 to 0.9±0.6; for each test, 
P<0.001; MMP-9 negative: SANDE: 75.1±24.8 to 53.7 
±27.4, TBUT: 2.8±1.3 to 4.4±1.2, OSS: 0.4±0.5 to 0.2 
±0.5, and MGD stage: 1.7±0.8 to 1.0±0.6; for each test, 
p<0.05]. The IOP at the first and follow-up visits were 
10.8±2.7 and 10.9±2.5 mmHg, respectively (P=0.137). 
There was no patient whose IOP elevated more than 
21mmHg during treatment with topical corticosteroids.

Figure 1 depicts the changes in SANDE score, TBUT, 
OSS, MGD stage, and subjective symptom change score 
between the MMP-9 positive and negative groups. The 
changes of SANDE score (MMP-9 positive: −27.44 
±19.14; MMP-9 negative: −16.99±17.14; P=0.002) and 
OSS change (MMP-9 positive: −0.4±0.6; MMP-9 nega-
tive: −0.6±1.0; P=0.010) in the MMP-9 positive group 
were significantly greater than in MMP-9 negative group 
[(MMP-9 positive/negative) – SANDE: −27.44±19.14/- 
16.95±17.13 (p=0.002), OSS: −0.4±0.6/-0.1±0.4 
(p=0.010)]. However, the TBUT and MGD stage was 
significantly different between 2 groups (each p>0.05), 
although all the parameters for DED significantly 
improved in both the MMP-9 positive and MMP-9 nega-
tive groups (Table 2). The subjective symptom improve-
ment score was significantly higher in the MMP-9 positive 
group compared to that of the MMP-9 negative group 
(MMP-9 positive: 1.1±0.7; MMP-9 negative: 0.7±0.7; 
P=0.011). The overall subjective symptoms improvement 
rate (symptom improvement score≥1) was 74.5% after 
topical corticosteroids treatment in overall refractory 
DED patients (Figure 2A). The improvement rate was 
79.0% and the complete improvement rate was 27.0% in 
the MMP-9 positive group. In contrast, the overall 
improvement rate was 62.1% and the complete improve-
ment rate was 16.2% in the MMP-9 negative group. 
(p=0.041, Figure 2A, Supplementary Table 2) The overall 
reduction rate in SANDE score was 90.5% after corticos-
teroids treatment. The reduction rate was 94.0% and 
81.1% in the MMP-9 positive and negative groups, respec-
tively. (p=0.022, Figure 2B, Supplementary Table 2)

Table 3 compares the therapeutic effects of 0.5% lote-
prednol etabonate and 0.1% fluorometholone. The changes 
in the TBUT, OSS, and MGD stages did not differ sig-
nificantly between the groups (p>0.05). The SANDE score 
in the loteprednol group had much reduced compared to 
the fluorometholone group (loteprednol: −31.15±21.13; 
fluorometholone: −24.0±19.5, p=0.078). Similarly, the 

symptom improvement score was significantly higher in 
the loteprednol groups (loteprednol: 1.3±0.8; fluorometho-
lone: 0.9±0.7, p=0.021). In the MMP-9 positive group, the 
improvement in the OSS (loteprednol: −0.2±0.4; fluoro-
metholone: −0.4±0.6; P=0.042) and symptom improve-
ment score (loteprednol: 1.3±0.8; fluorometholone: 1.0 
±0.7; p=0.042) were higher in the loteprednol group. 
However, the other parameters were not different between 
the 2 groups (for each group, p>0.05). In the MMP-9 
negative subjects, the TBUT in the loteprednol group 
was higher than in the fluorometholone group. (lotepred-
nol: 2.5±1.2; fluorometholone: 1.4±0.9; p=0.031)

Supplementary Table 3 compares the therapeutic 
effects of topical corticosteroids based on the grade of 
MMP-9 (grades 1 and 2 versus grades 3 and 4). The all 
parameters of DED did not differ significantly between 2 
groups. (each p>0.05)

Discussion
This retrospective clinical study demonstrated that short- 
term treatment with topical corticosteroids shows excellent 
therapeutic effects in patients with refractory DED who 
had previously failed on regular treatment with CsA, 
DQA, and AT, irrespective of the tear MMP-9 positivity. 
The improvement rate in the symptoms of DED was much 
higher in the MMP-9 positive group (79.0%) than in the 
MMP-9 negative group (62.1%), but the OSS improved 
better in the MMP-9 positive group. The therapeutic 
effects of 0.5% loteprednol were slightly higher than 
those of 0.1% fluorometholone especially in symptom 
improvement. There was no significant elevation of intrao-
cular pressure by usage of topical corticosteroids for 1 
month.

The tear levels of MMP-9 have been recently recognized 
as a potential inflammatory biomarker for DED, and the 
InflammaDry test is widely used for evaluating the tear levels 
of MMP-9 in patients with DED.20,24,25 There are numerous 
studies on the clinical results of inflammatory tests and their 
correlation with DED. Sambursky et al reported that the tear 
levels of MMP-9 are significantly higher in the patients with 
DED than in control subjects.17 Aragona et al also reported 
that there is a significant correlation between the levels of 
MMP-9 and several parameters of DED in patients with 
MGD or the Sjogren syndrome.26 However, Lanza et al 
reported that there were no significant differences in the 
signs and symptoms of DED between MMP-9 positive 
(39%) and MMP-9 negative groups (61%).19 Previous stu-
dies have demonstrated that MMP-9 positivity of 
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Figure 1 Comparison of the changes in the parameters of DED between the MMP-9 positive and MMP-9 negative groups. A: SANDE score; B: TBUT; C: OSS; D: MGD 
stage; E: symptom improvement score.  
Notes: *p<0.05, **p<0.01. 
Abbreviations: DED, dry eye disease; MMP-9, matrix metalloproteinase 9; SANDE, Symptom Assessment in Dry Eye; TBUT, tear film breakup time; OSS, ocular staining 
score.

Figure 2 Rate of improvement in the subjective symptoms of DED following treatment with topical corticosteroids. A: Changes in the subjective symptoms; B: changes in 
SANDE score. 
Abbreviations: DED, dry eye disease; MMP-9, matrix metalloproteinase 9; SANDE, Symptom Assessment in Dry Eye.
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InflammaDry test were 39, 40% and 77.5% in Europe, U.S, 
and South Korea (study from other teams), 
respectively.17,19,27 A MMP-9 positivity rate in this study 
was 73.0%. This higher MMP-9 positivity appears to be 
attributed to the higher prevalence of DED in Asians. 
Additionally, the positive results obtained in the 
InflammaDry test may vary according to the loading tear 
volumes.28 The baseline characteristics and DED parameters 
were similar between the MMP-9 positive and MMP-9 nega-
tive groups in this study, and those were similar with the 
results reported by Lanza et al.19 In our study, the grade of 
MMP-9 was only correlated with OSS, while the other stu-
dies demonstrated a significant correlation between the levels 
of MMP-9 and the overall DED parameters, including DED 
symptoms, TBUT, and OSS.26,27 OSS are known to be 
related with ocular surface inflammation in DED and our 
results are matched with this.29 Interestingly, topical 

corticosteroids, which is a potent anti-inflammatory agent 
used in treating DED, showed a greater improvement in the 
symptoms of DED in the MMP-9 positive group, compared 
to that of the MMP-9 negative group in this study. Our study 
also demonstrated that treatment with topical corticosteroids 
improved the symptoms of DED even in the MMP-9 nega-
tive group, although the rate of improvement was lower than 
that of the MMP-9 positive group. This could imply that the 
inflammation of the ocular surface is somewhat etiological 
even in MMP-9 negative patients. Although there are several 
factors for adjusting and verifying the InflammaDry test, we 
believe that the tear MMP-9 positivity may serve as a reliable 
biomarker in therapeutic response with topical corticoster-
oids in patients with DED.

corticosteroids are potent immunosuppressive agents. The 
therapeutic effects of corticosteroids are mediated by the 
transactivation and transrepression of gene transcription via 
the glucocorticoid receptor, and most immune cells are 
affected by corticosteroids.30,31 corticosteroids attenuates the 
innate immune response by inhibiting the activation and dif-
ferentiation of APCs and reducing the secretion of pro- 
inflammatory cytokines. Additionally, corticosteroids reduce 
the activation of neutrophil and B cell, and modulate T cell 
polarization and apoptosis.30,31 These anti-inflammatory activ-
ities of corticosteroids are mediated via its interactions with 
numerous molecules involved in intracellular signaling trans-
duction, including JNK, STAT, MAPK, NF-kB, and guanine 
nucleotide-binding proteins (G proteins).30,31 The exposure of 
epithelial cells in the ocular surface to desiccating stress also 
activates several signal transduction molecules, and elevates 
the levels of proinflammatory cytokines, chemokines, and 
MMPs.15,32 These mediators promote the maturation of 
APCs, and the APCs trigger the expansion of the helper 
T cell subtypes 1 and 17 (afferent arm activation).15,32 The 
activated T cells infiltrate the ocular surface, where additional 
proinflammatory cytokines cause further epitheliopathy of the 
ocular surface, and stimulate a vicious inflammatory cycle 
(efferent arm activation).15,32 This is the pathophysiology of 
DED as we know to date. As topical corticosteroids can 
efficiently inhibit both the afferent and efferent arms in 
patients with DED, it appears to have better therapeutic effects 
compared to the other drugs, including CsA, LG, DQA, and 
AT. Sheppard et al demonstrated that induction therapy with 
topical corticosteroids for 2 weeks before treatment with CsA 
provides a more rapid relief from the signs and symptoms of 
DED compared to treatments with CsA and AT.12 Lee et al 
also demonstrated the efficacy of topical corticosteroids for 
moderate and severe MGD.10 A recent study also 

Table 3 Comparison of the Therapeutic Effects of Topical 
Corticosteroids Between 0.5% Loteprednol Etabonate and 0.1% 
Fluorometholone

Changes in DED 

Parameters

0.5% 

Loteprednol 

Etabonate

0.1% 

Fluorometholone

P-value‡

Total (L/F: 32/105)

SANDE (post-pre) −31.15±21.13 −24.00±19.52 0.078

TBUT (post-pre) 1.3±1.4 1.5±1.2 0.653

OSS (post-pre) −0.2±0.4 −0.4±0.6 0.070

MGD stage (post-pre) −0.4±0.6 −0.7±0.7 0.100

Subjective symptom 

improvement score

1.3±0.8 0.9±0.7 0.021

IOP (post-pre) 0±0.7 0±0.8 0.952

MMP-9 positive (L/F: 24/76)

SANDE (post-pre) −32.15±20.04 −25.73±18.70 0.153

TBUT (post-pre) 1.0±1.2 1.5±1.3 0.075

OSS (post-pre) −0.2±0.4 −0.4±0.6 0.042

MGD stage (post-pre) −0.4±0.5 −0.7±0.6 0.070

Subjective symptom 

improvement score

1.3±0.8 1.0±0.7 0.043

IOP (post-pre) −0.1±0.7 0±0.8 0.815

MMP-9 negative (L/F: 7/30)

SANDE (post-pre) −28.13±25.35 −19.5±21.19 0.333*

TBUT (post-pre) 2.5±1.2 1.4±0.9 0.031*

OSS (post-pre) −0.3±0.5 −0.1±0.4 0.533*

MGD stage (post-pre) −0.5±0.9 −0.7±.1 0.419*

Subjective symptom   

improvement score

1.0±0.9 0.7±0.7 0.289*

IOP (post-pre) 0.3±0.7 0.1±0.7 0.524*

Notes: ‡Independent t-test; *Mann–Whitney U-test. 
Abbreviations: DED, dry eye disease; MMP-9, matrix metalloproteinase 9; 
SANDE, Symptom Assessment in Dry Eye; TBUT, tear film breakup time; OSS, 
ocular staining score; MGD, meibomian gland dysfunction; L, 0.5% loteprednol 
etabonate; F, 0.1% fluorometholone without preservative.
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demonstrated that combination therapy with topical corticos-
teroids and CsA is more effective than monotherapy with 
topical CsA in patients with moderate DED.11 Our study 
also demonstrated the excellent therapeutic benefits from cor-
ticosteroids in patients with DED who showed no improve-
ment despite routine treatments. During the topical 
corticosteroids treatment for 1 month, no patient showed sig-
nificant intraocular pressure elevation. Therefore, topical treat-
ment with corticosteroids can be useful as a short-term rescue 
therapy in acute DED flares or refractory DED, although the 
long-term usage of topical corticosteroids is clinically 
restricted owing to several complications. Additionally, safer 
and more potent anti-inflammatory agents are necessary for 
substituting the topical corticosteroids for a more effective 
treatment of DED. We recently reported that topical 8-oxo-2ʹ- 
deoxyguanosine promotes corneal epithelial healing in a dose- 
dependent manner and shows excellent anti-inflammatory 
effects equivalent to that of 1% prednisolone acetate in ethanol 
injury and alkali burn models, respectively.33,34 Therefore, 
8-oxo-2ʹ-deoxyguanosine is expected to be a promising ther-
apeutic candidate for DED.

This study has a few limitations. First, the study design was 
retrospective. Second, the sample size was small. Third, the 
other clinical factors related to DED were not adjusted during 
analysis. Fourth, we did not perform a molecular assay for 
measuring the inflammation of the ocular surface. Fifth, the 
patients that used LG for the treatment of DED could not be 
included in this study because LG is not yet approved in Korea. 
Sixth, tear MMP-9 and secretion were not measured after 
topical corticosteroids treatment. Seventh, tear MMP-9 tests 
were not performed in both eyes. Despite these limitations, this 
study is significant due in the fact that it is the first study to 
compare the therapeutic effects of topical corticosteroids 
according to the tear MMP-9 positivity. Additionally, this 
study also demonstrated that topical corticosteroids signifi-
cantly improved the symptoms and signs of DED in only 
patients who were refractory to other treatment or patients in 
acute DED flares.

In conclusion, topical corticosteroids showed excellent 
short-term therapeutic effects in patients with refractory 
DED in both the MMP-9 positive and negative groups. The 
subjective symptom improvement rate was much higher in 
the MMP-9 positive group than in the MMP-9 negative 
group. Tear MMP-9 positivity may serve as a potential 
response predictor about topical corticosteroids treatment in 
DED, and topical corticosteroids may serve as a useful as 
a short-term rescue therapy for irresponsive DED or acute 
DED flares. Further investigations are necessary for the 

development of safe and potent anti-inflammatory agents 
for substituting the topical corticosteroids.
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