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Abstract

Objective: To evaluate the long-term effects of intense pulsed light (IPL) combined with meibomian gland ex-
pression (MGX) in the treatment of meibomian gland dysfunction (MGD).

Background: Although IPL has been proven to be effective in the treatment of MGD, any report regarding its
long-term efficacy is unavailable by now.

Methods: The randomly selected study eye received a series of three IPL treatments that were applied directly
on eyelids with an interval of 4 weeks (treatment energy, 14—16 J/cm?). The control eye received three sham IPL
treatments (0 J/cm?). MGX was performed on both eyes. Meibomian gland yielding secretion score (MGYSS) and
tear film break-up time (TBUT) were evaluated at baseline and at 1, 3, 6, and 9 months after treatments.
Results: In the study eyes, MGYSS of both the upper and lower eyelids and TBUT improved at 1, 3, 6 months
after treatments (p <0.01). MGYSS in lower eyelids continued to improve at 9 months (p <0.05). The changes
in MGYSS and TBUT after treatment were larger in the study eyes than in the control eyes at 1, 3, 6 months
(p<0.01), but no difference at 9 months (p>0.05). The percentage improvement in the MGYSS of lower eyelids
after treatment was higher than that of upper eyelids.

Conclusions: Three consecutive IPL treatments combined with MGX improved MG secretion function and
TBUT by 6 months after treatment in MGD patients. The improvement in MG secretion function was greater in
the lower eyelid than in the upper eyelid.

Keywords: intense pulsed light, meibomian gland dysfunction, meibomian gland secretion function, long-term,
efficacy

Introduction Intense pulsed light (IPL) treatment involves the use of a
xenon flash lamp emitting light at wavelengths ranging from

EIBOMIAN GLAND DYSFUNCTION (MGD) is a chronic, 500 to 1200 nm, which are selectively absorbed by various
diffuse abnormality of the meibomian glands charac- chromophores (such as hemoglobin, melanin, and water).
terized by terminal duct obstruction and/or qualitative/ Along with light, the lamp also produces heat. IPL is widely
quantitative changes in glandular secretion." MGD is the used in dermatology and cosmetic fields to treat conditions
main cause of evaporative dry eye and results in an unstable such as facial telangiectasia, facial rosacea, pigmented le-
tear film and symptoms such as eye dryness, eye irritation, sions, and excessive hair growth through selective photo-
foreign body sensation, burning, watering, and eye fatigue.">  thermolysis to destroy vascular structures, bacteria,
The prevalence of MGD varies widely and is especially high  pigments, and hair follicles, and inhibition of inflammatory
in the Asian population.” Among senior Asian citizens, the ~mediators.®” In 2002, Dr Toyos serendipitously observed
prevalence of MGD ranges from 46.2% to 69.3%.> Currently ~ that the symptoms of MGD and related dry eye were re-
available therapies for MGD include eyelid margin hygiene, lieved in patients who had undergone IPL treatment for
hot compresses, meibomian gland expression (MGX), arti-  facial rosacea.® Since then, other ophthalmologists have
ficial tears, anti-inflammatory drops, and topical or oral an- studied the efficacy of IPL treatment for MGD/dry eye.
tibiotics. These treatments onlgl provide short-term relief and ~ Several retrospective studies and a few prospective studies
are generally unsatisfactory.* have shown that three to four treatment sessions of IPL

Departments of 'Ophthalmology and *Dermatology, Peking University First Hospital, Beijing, China.
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applied on the cheeks near the inferior periocular area can
relieve the symptoms of MGD, improve meibomian gland
secretion, and lengthen tear break-up time (TBUT) in MGD/
dry eye patients.>'* The proposed mechanisms underlying
these effects are meibum softening by the thermal effect of
IPL,15 ablation of telangiectasia, which results in a decrease
in inflammatory factors, and reduction of bacteria and other
microorganisms.'®!” However, the long-term efficacy of
IPL treatment has not yet been studied.

In our previous study, we modified the currently used IPL
treatment method and evaluated the short-term effects of our
modified treatment protocol.'® In our method, IPL was ap-
plied directly on the upper and lower eyelids, while the cornea
and sclera were under protection. MGX was performed after
IPL treatment.

In our previous study, the treated eyes showed an im-
provement in both meibomian gland secretion function and
TBUT on the 28th day after the first treatment session, and
these parameters continued to improve over the course of
the treatment. Further, no serious adverse ocular and dermal
effects were detected during the study.

In the present study, we aimed to determine the long-term
efficacy of the combined IPL treatment and MGX protocol
we devised in our earlier study. We followed up the MGD
patients who had undergone a series of three IPL treatments
in our previous study for 9 months.

Materials and Methods
Ethics and consent

This prospective, randomized, double-masked, controlled
study was approved by the ethics committee of Peking
University First Hospital (no. 2015[1009]). The clinical trial
was registered in Chinese Clinical Trial Registry (registra-
tion no. ChiCRT-INR-16010256). The study was conducted
following the tenets of the Declaration of Helsinki. Written
consent was obtained from all participants before their in-
clusion in the clinical trial.

Patients

Patients were recruited from the Department of Oph-
thalmology of Peking University First Hospital between
January 2016 and April 2017. The inclusion criteria were as
follows: (1) age above 18 years, (2) Standard Patient Eva-
luation of Eye Dryness (SPEED) questionnaire score of at
least 6 for both eyes, (3) meibomian gland yielding secretion
score (MGYSS) of no more than 12 for the lower eyelid,
and (4) Fitzpatrick skin type 1-4.'” The exclusion criteria
included the following: (1) any intraocular inflammation,
ocular surgery, or ocular trauma in the past 6 months, (2)
ocular infection or allergy, (3) any eyelid structural abnor-
mality, (4) any systematic diseases that may lead to dry eye
disease, (5) tanning in the 4 weeks before enrolment, (6)
skin cancer or pigmented lesion in the treatment zone, and
(7) pregnancy or lactation.

Forty-four MGD patients satisfied the selection criteria
and enrolled in this study. All of the participants signed the
informed consent form and underwent three treatment ses-
sions of our modified IPL plus Max protocol. Of these, 28
patients completed the entire 9-month follow-up assessment
and were included in this study.
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Treatment procedure

One eye was randomly selected as the study eye ac-
cording to a computer-generated randomization program;
the fellow eye served as the control eye. The study eye
received three IPL treatments at 4-week intervals, while the
control eye received a sham IPL treatment. Both eyes were
treated with MGX and artificial tears.

After washing face with cosmetic face cleanser, the eyelid
skin was numbed with a topical anesthetic (compound li-
docaine cream; Ziguang Pharmaceutical Co. Ltd., Beijing,
China). After 30 min, the numbing cream was wiped away.
A drop of 0.4% oxybuprocaine hydrochloride (Benoxil;
Santen Pharmaceutical Co. Ltd, Osaka, Japan) was instilled
into the conjunctival sac, and another drop was instilled
5 min later.

A layer of cooled ultrasound gel was applied on the upper
and lower eyelid skin. A Jaeger lid plate (Suzhou Mingren
Medical Equipment Co. Ltd., Suzhou, China) was placed in
the conjunctival sac to fully occlude the cornea and sclera
during the treatment. An M22 IPL system with optimal
pulse technology (Lumenis Ltd., Tel Aviv, Israel) was used
in our study. It has a xenon lamp emitting IPL at 515-
1200 nm and a 560-nm filter. The optimal pulse technology
makes IPL pulses more stable and highly repeatable. For the
study eye, the fluence of the IPL system was set to 14-16 J/cm?
depending on the Fitzpatrick skin type of the patient. A
dermatologist applied a series of 12 overlapping IPL pulses
directly on the upper and lower eyelids (Fig. 1). The
distance between IPL pulses and the eyelid margin was
2-3mm. For the control eye, the fluence was set to 0 J/cm?.

After removal of the ultrasound gel, an ophthalmologist
performed MGX on the upper and lower eyelids using the
Arita meibomian gland compressor (Katena Products, Inc.,
Denville, NJ). After the procedure, patients were instructed
to use artificial tears (Systane Lubricant Eye Drops; Alcon
Laboratories, Inc., Fort Worth, TX) on both eyes whenever
they felt it necessary, but no more than three times a day.

The complete therapy included three treatment sessions
performed at 4-week intervals. The clinicians who

FIG. 1. IPL treatment zone including 12 overlapping
periocular areas, each of which measures 8 x 15 mm. IPL,
intense pulsed light.
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performed the treatments were not involved in the subse-
quent examination process to minimize bias. The patients
were examined at baseline and at 1, 3, 6, and 9 months after
the treatment. The following examinations were performed in
the order given: SPEED questionnaire, TBUT, corneal fluo-
rescein staining (CFS), and meibomian gland assessment.

Primary outcome measure

The primary outcome measure was the MGYSS, which
reflected the meibomian gland secretion function. The MGYSS
was measured using a meibomian gland evaluator (MGE; Tear
Science, Inc., Morrisville, NC) according to the Lane proto-
col.?® Fifteen glands of temporal, central, and nasal regions in
both upper and lower eyelids were evaluated. For each of these
glands, the secretion was graded as follows: 0, no secretion; 1,
inspissated/toothpaste consistency; 2, cloudy liquid secretion;
and 3, clear liquid secretion. The scores were then summed to a
single MGYSS, termed u-MGYSS for the upper eyelid and
I-MGYSS for the lower eyelid. The MGYSS thus ranged
from O to 45.

Secondary outcome measures

Tear film break-up time. A fluorescein sodium strip
(Jingming New Technological Development Co. Ltd., Tianjin,
China) was moistened with sterile saline, and fluorescein
was gently instilled into the lower bulbar conjunctiva taking
care not to cause any eye irritation. The patient was asked to
blink naturally several times and then to stare straight ahead
without blinking. The time between the last complete blink
and the first appearance of a dry spot or a disruption in the
tear film was observed and recorded under a slit lamp mi-
croscope with a cobalt blue light filter. The procedure was
performed three times, and the average value was acquired
for each eye.

SPEED score. The SPEED questionnaire®’ was used to
evaluate the severity and frequency of MGD-related dry eye
symptoms. The SPEED score ranges between 0 and 28.
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CFS score. After TBUT measurement, the CFS score
was calculated. The cornea was divided into four quadrants.
Each quadrant was graded from O to 3 using the criteria®?
issued by the Corneal Disease Group of the Ophthalmolo-
gical Society in 2013: 0, no punctate staining; 1, 1-30
punctate lesions; 2, >30 punctate lesions but no confluent
lesions; and 3, confluent lesions or ulcer. The total CFS
score of the four quadrants ranged from 0 to 12.

Statistical analysis

Statistical analysis was performed with SPSS 20.0 (IBM
Corporation, Armonk, NY). Descriptive statistics are pre-
sented as means standard deviations. Outcome measures
before and after treatment were analyzed using the Friedman
two-way analysis of variance, with the pairwise Wilcoxon
test for post hoc testing. Differences between study and
control eyes were analyzed using the pairwise Wilcoxon
test. Statistical significance was set at the «=0.05 level.

Results
General information

A total of 28 patients, including 10 men and 18 women,
completed the entire therapy and follow-up assessment
protocol and were included in the analysis. The average age
of the patients was 42.17 £ 17.62 years (range, 2478 years).
In the study, 8, 18, and 2 participants were of Fitzpatrick
type 2, 3, 4 separately. The study eye (15 right eyes and 13
left eyes) received three IPL treatments performed at 4-week
intervals, while the control eye (13 right eyes and 15 left
eyes) received a sham IPL treatment. Both eyes were treated
with MGX and artificial tears.

Primary outcome measure

The results of the MYGSS are presented in Figure 2 and
Table 1. The u-MYGSS did not differ between the study
eyes (10.21+7.46) and the control eyes (11.18+9.341) at

baseline (p=0.542). In the study eyes, the u-MYGSS
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FIG 2. Long1tud1na1 analysis of MGYSS, TBUT, SPEED scores, and CFS scores in the study and control eyes (**p <0.05,

###1<0.001 compared to the baseline). CFS, corneal fluorescein staining; MGYSS, meibomian gland yielding

secretion score TBUT, tear film break-up time; SPEED, standard patient evaluation of eye dryness.
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TABLE 1. CHANGES IN TREATMENT MEASURES IN THE STUDY AND CONTROL EYES AT EAcH FoLLow-UP TIME POINT

3M vs. BL 6M vs. BL 9M vs. BL

I M vs. BL

BL

3.0016.689 (147.0%)
1.29+5.401 (55.6%)

5.6846.794 (278.4%)
1.11+4.533 (47.8%)

6.93+6.716 (339.7%)
1.07£4.706 (46.1%)

77145227 (377.9%)
0.43+3.479 (18.53%)

2.04+2.937
2.32+3.497

Study eye

I-MGYSS

Control eye
p value

0.001
8.29+8.268 (81.2%)

<0.001
6.8619.392 (67.2%)

0.43+5.941 (3.9%)

<0.001
8.111+8.539 (79.4%)

~0.79+5.757 (=7.1%)

0.775
10.21+£7.460

11.18+9.341

3.61£10.650 (35.4%)
0.46+10.748 (4.1%)

1.96+7.341 (17.5%)

Control eye

Study eye
p value

u-MGYSS

0.002
13.934+10.920 (113.1%)

0.002
13.71£12.907 (111.2%)

0.542
12.32+8.520

5.82+12.821 (47.2%)
1.75+14.089 (12.96%)

1.5+8.834 (11.1%) 3.07+9.775 (22.7%)

15.79£11.080 (128.2%)
-0.36£7.077 (-2.7%)

13.50+£11.054

Study eye
Control eye
p value

MGYSS

<0.001
2.04+2.659 (26.7%)
0.57+3.532 (8.3%)

<0.001
2.18+2.539 (28.5%)

0.68 £2.554 (9.9%)

<0.001
2.18+2.881 (28.5%)

0.07+2.854 (1.0%)

0.466
7.64+£2.231

—0.54+2.848 (7.1%)
~0.1842.829 (2.6%)

6.86+2.690

Study eye

TBUT

Control eye
p value

0.759
—8.041£6.269 (—47.8%)
—7.361£6.099 (—43.8%)

0.005

—8.6417.597 (-51.4%)
—8.86+£7.337 (-52.7%)

0.003
—10.04+£6.466 (=59.7%)
-9.71£5.715 (-57.7%)

0.001
~10.21+5.418 (=60.7%)

—9.641£4.885 (-57.3%)

0.088
16.82+5.478
16.82£5.478

Study eye

SPEED

Control eye
p value

0.029
—0.461£3.346 (—24.5%)

~0.25+3.807 (=13.2%)

0.893

—2.04£3.305 (—89.1%)
-1.50£2.809 (-79.4%)

0.438
-1.96+£3.361 (-85.6%)

~1.54+3.037 (-81.5%)

0.234
—2.04£2.589 (—89.1%)

1.000

2.29+3.125
1.89+£2.726

Study eye

CFS

~1.39+2.872 (-73.5%)

Control eye
p value

0.777

0.194

0.376

0.170

0.362

BL, baseline; CFS, corneal fluorescein staining; M, months; MGYSS, meibomian gland yielding secretion score; TBUT, tear film break-up time; SPEED, standard patient evaluation of eye dryness.
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significantly increased compared to the baseline at 1, 3, and
6 months after the treatment (p<0.01), but did not fur-
ther increase at 9 months (p > 0.05). In the control eyes, the
u-MGYSS did not significantly improve after treatment
(p>0.05; Fig. 2). The changes in the u-MYGSS after
treatment compared to the baseline were significantly higher
in the study eyes than in the control eyes at 1, 3, 6, and 9
months (p=0.001, 0.002, 0.002, 0.042, respectively).

The 1-MYGSS also did not differ between the study eyes
(2.04+£2.937) and the control eyes (2.32+3.497) at baseline
(p=0.775). In the study eyes, the -MYGSS significantly
increased at 1, 3, 6, and 9 months after treatment (p <0.05).
In the control eyes, the 1-MGYSS showed no significant
improvement after treatment (p >0.05; Fig. 2). The changes
in I-MYGSS after treatment were significantly higher in
the study eyes than in the control eyes at 1, 3, and 6 months
(p<0.001), but no difference was seen at 9 months (p=0.127,
Table 1). The percentage improvement compared to the
baseline in -MGYSS at 1, 3, 6, and 9 months after treatment
was 377.9%, 339.7%, 278.4%, and 147.0%, respectively, while
that in u-MGYSS was 79.4%, 67.2%, 81.2%, and 35.4%, re-
spectively (Table 1).

Secondary outcome measures

Tear film break-up time. The results of TBUT are pre-
sented in Figure 2 and Table 1. At baseline, TBUT did not
differ between the study (7.64 £2.231 sec) and control eyes
(6.86%£2.690 sec; p=0.088). In the study eyes, TBUT sig-
nificantly increased compared to the baseline at 1, 3, and 6
months after the treatment (p<0.01, < 0.001, 0.01, re-
spectively). TBUT values returned to baseline at 9 months
(p>0.05). In the control eyes, TBUT showed no significant
improvement after treatment ( p > 0.05; Fig. 2). The changes
in TBUT were significantly higher in the study eyes than in
the control eyes at 1, 3, and 6 months after treatment
(p=0.001, 0.003, 0.005, respectively), but no difference
was observed at 9 months (p=0.759; Table 1).

SPEED score. Statistically significant improvements in
SPEED scores were observed in both the study and control
eyes after treatment at each assessment time point ( p <0.05;
Fig. 2). There were no significant differences in SPEED
scores between the study and control eyes (Table 1).

CFS score. Statistically significant improvements in CFS
scores were observed in both the study and control eyes until
6 months after treatment (p<0.05; Fig. 2). Moreover, the
CFS scores did not differ between the study and control eyes
(Table 1).

Discussion

In this study, IPL treatment applied directly on the eye-
lids combined with MGX provided sustained relief for at
least 6 months to MGD patients by improving meibomian
gland secretion function, increasing TBUT, and improving
symptoms and the ocular surface.

MGD is a common cause of evaporative dry eye and a
highly prevalent ocular surface disease. Current therapeutic
approaches for MGD include physical treatments (like eyelid
margin hygiene, eyelid hot compresses, MGX), drug ther-
apy (artificial tears, anti-inflammatory drops, topical or oral
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antibiotics), and dietary therapy.*> However, the effects of
these treatments are transient and unsatisfactory, and thus,
new therapeutic methods must be developed.

Since Dr Toyos first noticed an improvement in MGD/dry
eye symptoms in a patient who underwent IPL treatment for
rosacea, some retrospective and a few prospective studies
have confirmed that IPL could safely and effectively relieve
the signs and symptoms of MGD and related dry eye.®'*
Due to safety concerns, IPL was only applied on the cheeks
adjacent to the lower eyelid under eye shield protection in
these studies.® ' Further, these studies only evaluated the
immediate and short-term effects of IPL treatment. The
long-term efficacy of IPL treatment has not yet been studied.

In our previous study, we modified the IPL treatment
method by applying IPL directly on both the upper and
lower eyelids with full protection and after MGX. The short-
term results showed that IPL on the eyelids combined with
MGX was safe and yielded effects more rapidly.'®

To further evaluate the long-term efficacy of IPL treat-
ment applied directly on the eyelids combined with MGX in
MGD patients and to identify evidence for determining the
retreatment period, we followed up the patients in our pre-
vious study for 9 months after the therapy. We found that
both u-MGYSS and I-MGYSS significantly improved in the
study eyes at 1, 3, and 6 months after the treatment. At
9 months, the I-MGYSS continued to improve, while the
u-MGYSS showed no further improvement after the initial
treatment. These results indicated that the treatment effects
could last for at least 6 months. It is worth noting that the u-
MGYSS was five times higher than the 1-MGYSS at base-
line. This is consistent with the results of other studies,
which have shown that meibomian gland loss is more ob-
vious in the lower eyelids than in the upper eyelids.>*~**
These results may be attributable to gravity leading to
meibum stagnation in the glandular ducts and orifices in the
lower eyelid.?*** Further, in the tear gradient theory pro-
posed by Bron® et al., tear evaporation leads to an increase
in solute concentration, including pro-inflammatory protein
concentration in the tear meniscus. The resultant protein
accumulation is related to MGD formation. The tear me-
niscus in the upper eyelids is smaller than that in the lower
eyelids due to gravity and eyelid movement and, conse-
quently, contains fewer inflammatory factors. The results of
our previous study showed decreased inflammatory factors
in the tear film after IPL treatment in MGD patients.*®
Maybe reducing the accumulation of inflammatory mole-
cules is the reason why IPL treatment is more effective for
the lower eyelids.

In our study, the percentage improvement compared to
baseline in the 1-MGYSS was 377.9%, 339.7%, 278.4%,
and 147.0% at 1, 3, 6, and 9 months after the treatment,
respectively, while the corresponding improvements in the
u-MGYSS were 79.4%, 67.2%, 81.2%, and 35.4%. As the
percentage improvement in the -MGYSS at 9 months was
still 147%, we conclude that a series of three IPL treatments
combined with MGX produced a greater improvement in
meibomian gland secretion function in the lower eyelids
than in the upper eyelids.

The TBUT results were similar to the MGYSS results.
TBUT was improved in the study eyes at 1, 3, and 6 months
and did not improve further at 9 months, indicating that the
treatment effects lasted 6 months after treatment. Significant

improvement in CFS scores was observed until 6 months
after the treatment, but this improvement did not differ be-
tween the study and control eyes. This may be because
MGX itself is also effective in helping to repair the corneal
surface.

Interestingly, we found a statistically significant im-
provement in SPEED scores until 9 months after treatment,
and the improvement did not differ between the study and
control eyes. This may be attributable to two reasons: (1)
MGX itself is also effective in relieving the symptoms of
MGD and related dry eye; and (2) the SPEED question-
naire is a subjective survey, and our study was designed as a
double-blind study. We found that the results of a recently
published prospective and placebo-controlled study of IPL
treatment for MGD conducted by Craig et al.'> were similar.
Although only one eye was treated with IPL, and the other
served as a control, SPEED scores improved to similar de-
grees in both eyes. So there may exist a complicated con-
nection between the signs and symptoms of MGD and
related dry eye; psychological effects may also have had an
impact. At present though, this finding is difficult to explain,
and further investigation is required.

The long-term results of the present study combined with
the short-term results of our previous study show that IPL
treatment applied directly on the eyelids combined with
MGX is safe, effective, and provides rapid and sustained
relief (for at least 6 months) to MGD patients by improv-
ing meibomian gland secretion function, increasing TBUT,
and improving symptoms and the ocular surface. Thus, this
treatment is a novel alternative for MGD patients. The exact
mechanisms underlying the observed effects of the treatment
are unclear. Thermal effect seems to be the least impactful
component of IPL treatment, because it could only exz]glain
short-term effects but not long-term effects if it works.

This study also provided an initial recommendation for the
IPL retreatment period. On average, the therapy may need to
be repeated at 6 months after three consecutive IPL treat-
ments applied directly on the eyelids combined with MGX.

There are some limitations in this study. First, some pa-
tients were lost to follow-up due to various reasons. Only 28
patients completed the assessments; this might cause po-
tential study bias and affect the representativeness of our
sample. The sample size should be enlarged, and the loss to
follow-up rate should be reduced in future studies. Second,
the number of treatment sessions was fixed, and the treat-
ment energy range (14—16J/cm?) was relatively limited,
which may have influenced the treatment outcomes. More
personalized treatment will require adjustments to the IPL
parameters/protocol to maximize the outcomes for different
skin types, MGD severity, patient feedback, etc.

Conclusions

Three consecutive IPL treatments applied directly on the
eyelids combined with MGX effectively and safely im-
proved meibomian gland secretion function and increased
TBUT in MGD patients, and these effects lasted 6 months
after the treatments. The improvement in meibomian gland
secretion function was greater in the lower eyelid than in the
upper eyelid. IPL treatment directly on the eyelids combined
with MGX provides a novel alternative for MGD treatment
with relatively long-term effectiveness.
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Summary

IPL therapy applied directly on the eyelids combined with

MGX treated MGD effectively in a relatively long term.
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