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Purpose: To evaluate diacerein (interleukin-1f inhibitor) efficacy on ocular surface disease (OSD).

Patients and Methods: This prospective observational study included patients who received diacerein for osteoarthritis and had dry
eye (DE). The primary outcome was corneal staining score. Secondary outcomes were ocular surface disease index (OSDI) score, tear
breakup time (TBUT), tear osmolarity (Osm), Schirmer’s test results, interleukin-1a (IL-1a), interleukin-1$ (IL-1p), and interleukin-1
receptor antagonist (IL-1Ra) levels in tears. All measurements were done at baseline and 2-month follow-up visits. Linear mixed
models were used to examine the effect of all parameters, and log-transformed models were used for IL-1a, IL-1B, and IL-1Ra
analyses.

Results: Thirty-four patients (31 females and 3 males) were enrolled. The corneal staining score improved by 1.29 points (P=0.022,
95% confidence interval [95% CI] 0.19 to 2.40) after 2 months, and the OSDI score improved by 17.2 points (P<0.001, 95% CI 10.82
to 23.58) but TUBT decreased by 0.66 seconds (P=0.021, 95% CI 0.10 to 1.22). No significant differences were observed in the tear
Osm and Schirmer’s test. IL-1Ra demonstrated no statistical difference, IL-1a was significantly increased by 80% (P=0.260), and IL-
1B was significantly decreased by 99.21% (P<0.001).

Conclusion: Diacerein can improve corneal staining and decrease IL-1p levels in tears, which reflects better DE symptoms. Diacerein
may be a promising alternative treatment for patients with OSD and osteoarthritis.
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Introduction
Ocular surface diseases (OSD) are a group of diseases wherein dry eye disease (DED) is included.! According to the Tear
Film and Ocular Surface Society (TFOS) Dry Eye Workshop II (DEWS II), ‘dry eye is a multifactorial disease of the
ocular surface characterized by a loss of homeostasis of the tear film, and accompanied by ocular symptoms, in which
tear film instability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnormalities play
aetiological roles’.> DED is a common disease encountered by all ophthalmologists in their clinical practice. Studies in
Bangkok, Thailand, showed that the prevalence of DED in hospital-based patients was 34%,> whereas that in the
community was 14.2%, according to the Romklao eye study.* Patients with DED experience symptoms such as dryness,
foreign body sensation, burning sensation, and blurred vision, which leads them to visit their ophthalmologists.” This
chronic disease may gradually worse if not treated. The economic burden from DED can be estimated at approximately
US$1200 per year.

The pathophysiology of DED can start at multiple levels; one of the most critical steps is the loss of tear film
homeostasis. As a result of loss of tear film homeostasis in DED, tear film instability and hyperosmolarity could directly
damage the ocular tissue and through the inflammation process. Tear hyperosmolarity induces inflammation via pro-
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inflammatory cytokines, including interleukin-la (IL-1a), interleukin-1p (IL-1B), tumor necrosis factor-o (TNF-a), and
matrix metallopeptidase 9 (MMP-9), which causes corneal epithelial disruption that can be evaluated through fluorescein
staining. Clinically, fluorescein stains the area of corneal or conjunctival epithelial tight junction disruption, which is
shown as punctate epithelial erosion.” Additionally, increased interleukin-1 (IL-1) levels in tears can stimulate pain
receptors in patients with DED, leading to chronic pain.®

IL-1 has a significant role in the inflammatory process, not only in OSD but also osteoarthritis. IL-1 involves cartilage
destruction and perpetual inflammatory processes in joints.” Diacerein is the treatment of choice for osteoarthritis, and its
active metabolite is rhein.'®'! Diacerein has two major effects on IL-1. First, it decreases the active form of IL-1B level
by inhibiting the interleukin-1-converting enzyme (ICE). Moreover, diacerein also reduces interleukin-1 receptor (IL-1R)
level and indirectly enhances the production of interleukin-1 receptor antagonist (IL-1Ra).'®'*"'* Diacerein is
a symptomatic slow-acting drug for osteoarthritis, and the onset of action is 1-2 months. It is administered by oral
ingestion at a dosage of 50-100 mg/day; however, the recommended starting dose is usually half of this dose because of
its side effects, including urine discoloration and diarrhea that generally subsides 2 weeks after ingestion.'"*'>"'4

Few drugs involving IL-1 effects have shown benefits for OSD treatment, including topical anakinra, which is an IL-
IRa. A Phase I/II clinical study showed that DED symptoms and corneal epitheliopathy improved after 12 weeks of
topical anakinra treatment.'? Another topical IL-1R inhibitor is isunakinra, which elicited improvement in both symp-
toms and corneal fluorescein staining signs in a phase Ib/Ila trial.* However, canakinumab, the only systemic drug that
modulates IL-1, is a monoclonal antibody against IL-1f and has not improved corneal staining.'> There has been no
evidence for the use of systemic diacerein for OSD. Therefore, in this study, we aimed to evaluate the effectiveness of
diacerein in alleviating the signs and symptoms of OSD.

Materials and Methods
Study Design and Participants

This prospective observational study involved patients who received diacerein for osteoarthritis and had any type of
DED. In this study, we observed the effects of diacerein for 2 months. Thirty-four patients were enrolled in this study,
and all of them returned for the 2-month follow-up. This study was conducted at the King Chulalongkorn Memorial
Hospital in Bangkok, Thailand, between October 2019 and July 2020. The study was approved by the institutional review
board of the Faculty of Medicine, Chulalongkorn University (IRB n0.469/62, approved on 27 Aug 2019) and followed
the tenets of the Declaration of Helsinki. Written informed consent was obtained from all the participants before
enrolment. The study was registered at ClinicalTrials.gov (NCT04351100). The eligibility criteria included age >18
years with an ocular surface disease index (OSDI) score >13 and corneal staining score (National Eye Institute score) >3,
which at least consisted of one area >2 points and one area >1 point. Patients were excluded if they met the following
criteria: allergic to diacerein, used topical cyclosporine within 30 days before enrolment, had eyelid problems
(lagophthalmos, trichiasis, entropion, and ectropion), had active ocular inflammation or infection, used drugs that may
interfere with tear production (ie, anti-depressives, anticholinergics, anti-histamine medications, antihypertensives,
calcium channel blockers, antacids, systemic corticosteroids, and retinoids) within the past 3 months, had previous
ocular surgery or contact lens use within the past 6 months with changes in tear substitutes between the two visits, were
pregnant or breastfeeding, and had no history of systemic autoimmune diseases.

Ocular Surface Assessments
The same investigator (N.T.) assessed the ocular surface using tear osmolarity (Osm), Schirmer’s I test, corneal staining
score, and tear breakup time (TBUT) for each participant. At first, we intended to assess only the right eye. However,
after considering the potential of their left eye if their right eye did not meet the inclusion criteria, we decided to modify
the protocol. We obtained approval from the IRB before the left eye was assessed. We considered the right eye for study
enrolment if it passed the inclusion criteria; otherwise, we assessed the left eye.

The primary outcome was the corneal staining score, which was measured using a single drop of normal saline to
a fluorescein strip, then touching the fluorescein strip to the lower lid and asking the patient to blink. After several blinks,
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corneal staining was examined under a slit-lamp biomicroscope (TOPCON, Tokyo, Japan) using cobalt blue light. The
scoring system was based on the National Eye Institute guidelines by dividing the corneal surface into five areas, each
with a score of 0-3, with 0 indicating no corneal fluorescein staining and 3 indicating severe staining. The scoring was
guided using a standard picture.'®

TBUT was assessed after fluorescein corneal staining by measuring the time (in seconds) since the eye had been
widely opened until a corneal dry spot was detected. A slit-lamp biomicroscope using cobalt blue light was used to
examine the TBUT. TBUT was measured thrice, and the mean value was calculated.'”

Tear Osm was assessed using Tear lab® (TearLab Corp., San Diego, CA, United States) by placing the pin of the test
card at the tear lake that stayed over the lower lid. The test was delayed for 2 hours when prior fluorescein was used to
eliminate dye interference.'®"?

The Schirmer’s I test was used to measure basic and reflex tear secretion. It was performed by placing a filter paper
(Schirmer strip, 32 K Supply, Bangkok, Thailand) at the lower fornix between the eyelids and conjunctiva for 5 minutes.
Then, the filter paper was removed, and the wet part was measured.

To evaluate the tear cytokines (IL-1a, IL-1pB, IL-1Ra), the Schirmer’s I test filter papers were preserved in Eppendorf
tubes at —80°C until processing. The papers were collected between 1 p.m. and 3 p.m. to reduce intraday variation. We
followed the protocol for extracting cytokines as previously described by VanDerMeid et al.>° However, we changed the
centrifuge rate to 300 xg for 30 seconds to maximize the fluid extracted from the filter paper. We did not dilute the
sample after centrifugation because the sample was sufficient for cytokine extraction. For cytokine measurement, we use
Bio-Plex multiplex system (Bio-Rad, Hercules, California, USA) following protocol from the manufacturer.

Assessments of the Symptoms and Frequency of Artificial Tear Use

A research assistant assessed all participants for their symptoms using the OSDI score. The OSDI score consisted of 12
items, and the total score ranged from 0 to 100. Scores range for severity: normal (0—12), mild (13-22), moderate (23—
32), and severe (>33).2! The patients were also asked about the artificial tears they used at the first visit and the 2-month
follow-up.

Statistical Analyses

Demographic data were reported using frequency and mean with standard deviation (SD). The estimated mean changes
in all parameters after treatment were analyzed using linear mixed models and expressed as means with 95% confidence
intervals (CI) and SD. The cytokine concentrations were logarithmically transformed and analyzed using linear mixed
models. The geometric mean and mean ratio were used to describe the cytokine concentrations. Spearman’s rank
correlation coefficient was used to analyze the correlation between tear interleukin levels and other factors.

To obtain the study power, the sample size was calculated based on the decrease in the corneal fluorescein staining
score as described in a previous study.”>** The pooled mean + SD was 3.5 + 2.8. Corneal specialists defined a minimal
clinically significant effect of adding diacerein as a 1.5 decrease in corneal fluorescein staining score. For a power of 80%
to detect a difference of 1.5 at a significance level of 0.05 (two-sided), 28 participants were needed. Three participants
were added to mitigate the risk of loss to follow-up, with an estimated drop-out rate of 10%.

For all analyses, an alpha level of 0.05 was adopted for statistical significance, and Stata version 15.1 (Stata Corp
Release 15, Stata Corp LLC; College Station, TX, USA) was used.

Results
Thirty-four patients were recruited, and all patients completed a 2-month follow-up period (Figure 1). The mean age of
the patients was 54.71 £ 3.79 years, 31 (91.18%) patients were female, and 3 (8.82%) patients were male. The right eye
was examined in 27 (79.41%) patients, and the left eye was examined in 7 (20.59%) patients. Underlying diseases were
found in 23 (67.65%) patients, including hypertension, allergy, osteoporosis, diabetes, dyslipidemia, anemia, asthma, and
psoriasis.

The OSD symptoms and signs data were compared at the baseline and 2-month follow-up after systemic diacerein
intake, as shown in Table 1. The corneal staining score significantly improved (P=0.026). Similarly, the OSDI score
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Figure | CONSORT flow diagram.
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(P<0.001) improved. Additionally, patients used artificial tears less frequently, from 5.05 to 2.47 drops/week. But TBUT
significantly dropped from 4.17 to 3.51 sec (P=0.021). However, the tear Osm and Schirmer’s I test results showed no
statistical difference after 2 months. For tear interleukin levels, IL-1p was significantly decreased by 99.21% compared to

IL-1a, which increased by 80%; however, no significant changes were observed for IL-1Ra.

The correlations between tear interleukin levels (IL-1Ra, IL-1a, IL-1B) and other factors were analyzed and are
shown in Table 2. The OSDI score showed a moderate positive correlation with IL-1B (correlation coefficient 0.40,
P<0.001), but a weak negative correlation with IL-1Ra and IL-1a (correlation coefficient —0.30, P=0.014 and —0.25,
P=0.039, respectively). Ocular surface staining showed a moderate positive correlation with IL-1p (correlation coefficient
0.44, P<0.001). Schirmer’s test showed a strong negative correlation with IL-1Ra and IL-1a (correlation coefficient

Table | Outcomes at the Baseline and After 2 Months

Baseline 2 Months Mean Difference (95% CI) P-value
Corneal staining (score)* 5.53£2.05 424271 —1.30 (—2.40, —0.19) 0.026
TBUT (seconds)* 4.17%1.36 3.511.61 —0.66 (—1.22, —0.10) 0.021
Schirmer’s | test (mm)* 6.44+6.50 7.68+8.27 1.24 (—1.49, 3.96) 0.376
Tear Osm (osmolar)* 303.88+12.44 303.12+10.03 —0.75 (-5.79, 4.27) 0.766
OSDI (score) 44.62+14.57 27.41+20.27 —17.20 (—23.58, —10.82) <0.001
Tear use/week (drop/week)* 5.03+7.88 2.47+5.78 —2.56 (—4.61, —0.51) 0.019

Baseline 2 Months GMR (95% CI of GMR) P-value
IL-1Ra (ng/mL)** (%CV) 1057.57 (195.65) 1449.27 (265.59) 1.37 (0.96, 1.95) 0.079
IL-l1a (pg/mL)** (%CV) 166.36 (266.98) 299.43 (155.55) 1.80 (1.07, 3.02) 0.026
IL-1B (pg/mL)** (%CV) 35.73 (209.73) 0.28 (120.81) 0.008 (0.005, 0.014) <0.001

Notes: *Mean * standard deviation; **Geometric mean.
Abbreviations: Cl, confidence interval; TBUT, tear breakup time; Osm, osmolarity; OSDI, ocular surface disease index; CV, percent coefficient of
variation; GMR, geometric mean ratio; IL-1Ra, interleukin-1 receptor antagonist; IL-1a, interleukin-lo; IL-1, interleukin-1p.
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Table 2 Correlation Between OSDI, TBUT, Corneal Staining Score, Tear Osm, Schirmer’s | Test, and

Interleukins (IL-1Ra, IL-1a, IL-18)

IL-IRa (ng/mL) IL-1a (pg/mL) IL-1p (pg/mL)
OSDI (score) Rho = —0.2958 Rho = —0.2509 Rho = 0.4031
P = 0.014* P = 0.039* P = <0.001*
TBUT (seconds) Rho = —0.1927 Rho = —0.0781 Rho = 0.2219
P=0.115 P =0.527 P =0.069
Corneal staining score (points) Rho = —0.0405 Rho = 0.1003 Rho = 0.4445
P =0.743 P=0416 P = <0.001*
Tear Osm (osmolarity) Rho = 0.0238 Rho = —0.0858 Rho = —-0.0283
P = 0.847 P = 0.487 P=108I19
Schirmer’s | test (mm) Rho = —0.6625 Rho = —0.7785 Rho = —-0.2569
P = <0.001* P = <0.001* P = 0.035%

Notes: Rho=correlation coefficient. *P<0.05.
Abbreviations: OSDI, ocular surface disease index; TBUT, tear breakup time; Osm, osmolarity; IL-IRa, interleukin-1 receptor
antagonist; IL-1a, interleukin-la; IL-1p, interleukin- 1.

—0.66, P<0.001 and —0.78, P<0.001, respectively) and a weak negative correlation with IL-1B (correlation coefficient
—0.26, P=0.035). There were no significant correlations between TBUT or tear Osm and all interleukins.

Discussion

Tear hyperosmolarity, which may initiate the pathological process involved in inflammation, leads to a vicious cycle of
DED. The mitogen-activated protein kinase and nuclear factor kappa B signaling pathways are stimulated by tear
hyperosmolarity, which leads to an increase in inflammatory cytokines in the ocular surface, including IL-1a, IL-1,
TNF-0, and MMP-9. These mediators induce a cascade of inflammation, which in turn causes damage to apoptotic and
non-apoptotic death (ie, necrosis) of epithelial and goblet cells.’

Previous studies have shown that topical IL-1 receptor inhibitors (isunakinra) and topical IL-1Ra (anakinra) improve
OSD symptoms and signs after treatment.®'* However, systemic monoclonal antibodies against IL-1p (canakinumab) did
not affect the signs and symptoms of DED."”

Our study showed improvements in corneal staining and OSDI scores but not in the Schirmer’s test. Corneal staining
showed a statistically significant improvement of 1.30 scores (23.5%). Meanwhile, isunakinra can improve corneal
staining by 33%. This may be a result of different routes of administration. Oral intake of diacerein may not reach the
ocular surface as compared to topical isunakinra, which directly contacts the ocular surface.® The OSDI also showed
a statistically significant improvement (score of 17.2) with a shift from severe DED to moderate DED, as determined by
the criteria recommended by Schiffman et al.?' Nonetheless, the tear breakp time (TBUT) exhibited a statistically
significant decline of 0.66 seconds. This may not be clinically significant. In addition, Schirmer’s test and tear Osm
results did not show significant changes; this may be because our study population had a mild disease that might have
a slight improvement margin. Many reports have also demonstrated an inconsistent association between signs and
symptoms and disagreement among signs in DED.**%’

A strong evidence indicated that artificial tear could alleviate symptoms and signs of dry eye disease including TBUT,
tear meniscus height, and tear ferning pattern.”®*’ As artificial tear use might interfere with the signs and symptoms of
DED, this study also recorded the amount of artificial tear use. Participants used artificial tears significantly less than
before the diacerein treatment, which was in accordance with the significantly improved OSDI score.

The present study was conducted over 2 months according to the onset of diacerein on osteoarthritis.'®'> However,
the onset of diacerein effects on the ocular surface remains unknown, so a more extended period may be needed to
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observe the enhancement of sensory-stimulated reflex tearing, leading to improved lacrimal gland function, such as the
cyclosporin-A mechanism (up to 8 months after initiation), which might improve the Schirmer’s test results.?%!

Diacerein exhibits potential benefits over canakinumab due to its dual action of reducing IL-1p and increasing IL-
1Ra, as opposed to canakinumab solely reducing IL-1B." As a result, diacerein can better reduce the inflammatory effect.
In addition, diacerein is easy to use because it is administered orally compared to canakinumab, which requires
a subcutaneous injection. Furthermore, diacerein is also a common drug used in orthopedic guidelines for osteoarthritis,
with a lower price of US$ 26 per 30 tablets as compared to the cost of canakinumab (US$ 17,000/dose, injected every 4—
8 weeks).

Interleukin-1 is a family of proteins in which major members are IL-1a, IL-1B, and IL-1RA. Each cytokine could
be found in various tissue conditions. IL-1a is found in the cytoplasm of healthy keratinocytes, thymic epithelium,
mucous epithelium as well as epithelium at ocular surfaces.*? Previous studies have shown that IL-1a levels were
higher in DED than in healthy eyes,*>** consistent with our results. From our knowledge, the mechanism of diacerein
does not inhibit IL-1a, so the elevating IL-1a levels after diacerein administration in our experiment cannot be
explained. Further study is needed to investigate the influence of diacerein on the mechanism of IL-1a. It is evident
that IL-1B could be found only in the inflammatory process.*> After administering diacerein for 2 months, the level of
IL-1p significantly declined. This is a result of restriction effect of diacerein on ICE.*** Previous in vivo studies
reported that ICE knockout mice had not exported IL-la and IL-1B, whereas our study showed that IL-la was
upregulated.’® IL-1Ra, a natural pro-inflammatory antagonist, is indirectly increased after diacerein intake;*® however,
our study showed an insignificant increase in IL-1Ra levels in tears. A previous study reported that tear cytokines
could vary during the days.***' Nevertheless, our results are considered reliable because we collected tears from the
same afternoon period to reduce the effect of varying levels of interleukin during the day. Although the influence of
diacerein is great on IL-1B, the clinical examination like corneal staining, improved. Diacerein may be a promising
treatment modality for DED.

A previous study demonstrated that tear hyperosmolarity could stimulate tear cytokine production.*” However, our
study showed no correlation between tear osmolarity and IL-1a, IL-1B, or IL-1Ra. The TFOS DEWS II stated that tear
inflammatory mediators lead to epithelial cell loss, which was observed through corneal staining.” Our study also showed
that corneal staining and OSDI scores have moderate positive correlations with IL-1f levels in tears. Moreover,
Schirmer’s test results showed a strong negative correlation with IL-1a, IL-1B, and IL-1Ra, which could be from
lower tear volume inducing the release of inflammatory cytokines, including IL-1Ra, to encounter inflammation. In
addition, IL-1Ra reportedly negatively correlates with Schirmer’s test results.*® The positive correlation between DE
symptoms and IL-1B was in accordance with a previous study.*’ Moreover, IL-1§ was found to contribute to the loss of
corneal epithelial barrier function in a previous study,** which supports the positive correlation between IL-1B and
corneal staining score in our study.

Some limitations may have influenced our results. First, this was an observational study with no comparison to
a placebo group. Second, the small sample size may have influenced this study. Third, most participants were female;
hence, it might be difficult to generalize the results to the entire population. We suggest conducting a randomized
controlled clinical trial for future research to provide a robust outcome.

Conclusion

This is the first study to investigate the efficacy of short-term (2 months) systemic diacerein treatment on ocular surface
health from a clinical and basic science perspective. Diacerein demonstrated a positive effect on ocular surface damage
by statistically significant improvement in symptoms (OSDI) and signs (corneal staining), as confirmed by the decreased
levels of inflammatory cytokines (IL-1p) and insignificantly increased IL-1Ra. Hence, diacerein may benefit patients with
osteoarthritis and OSD. Based on this finding, other ocular inflammatory diseases involving IL-1p can be investigated in
the future.

Data Sharing Statement

The raw data used in this study are available upon reasonable request from the corresponding author.
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