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Abstract

Background: Radiation therapy (RT) is the treatment of choice in patients with low-grade ocular adenexal mucosa-
associated lymphoid tissue lymphoma (OAML) and many of them experience post-RT dry eye with varying severity.
The purpose of the present study was to investigate ocular effects of RT on meibomian glands and dry eye by
directly visualizing structural changes. Secondly, we focused on the comparison of two groups of patients
according to tumor location and radiation technique.

Methods: Sixty-four eyes with OAML of conjunctiva, orbit, lacrimal gland, or lacrimal sac were grouped into
conjunctival lymphoma and “orbital-type” lymphoma (i.e, orbit, lacrimal gland, and lacrimal sac). Subjects were
investigated for morphological changes in meibomian glands by meiboscore grading system. Radiation technique
was examined and Ocular Surface Disease Index (OSDI) questionnaire, Schirmer's test, tear film break-up time
(TBUT), slit lamp examination of corneal surface and lid margin abnormality were conducted before and after RT.

Results: The increase in meiboscore was statistically significant over time after RT in both groups (P < 0.001). The
extent of increase in meiboscore was significantly greater in the “orbital-type” lymphoma group than in the
conjunctival lymphoma group (P < 0.001). The changes in OSDI, TBUT, corneal fluorescein staining score and lid
margin abnormality score after RT were significantly different across two groups (P =0.042, 0.001, 0.035 and 0.001,
respectively). Schirmer’s value decreased after RT in both groups. Dry eye symptoms were most severe right after RT
in both groups, but a gradual resolution was noted in most patients with conjunctival lymphoma, whereas
symptoms persisted in “orbital-type” lymphoma patients. The OSDI score and corneal fluorescein staining score
were positively correlated with meiboscore in “orbital-type” patients at post-RT 6 months (r =043, P =0.04; r = 0.39,
P =0.03, respectively).

Conclusions: Patients with OAML had different degrees of morphological changes in meibomian glands according
to tumor location and radiation technique. “Orbital-type” lymphoma patients are more likely to experience severe
injury to meibomian glands, which eventually leads to persistent dry eye. Patients with “orbital-type” lymphoma
should be well informed of post-RT damage on meibomian glands and persistent dry eye.
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Background

The most common subtype of primary ocular adnexal
lymphoma is marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT) [1]. Radiation therapy is the treat-
ment of choice for low-grade primary ocular adnexal MALT
lymphoma (OAML) as it is very effective in terms of local
control and generally well-tolerated [2—5]. However, toxicity
following irradiation is inevitable and results in adverse ef-
fects to the ocular structures [6, 7]. Previous studies have re-
ported serious ocular morbidities that can occur after
radiation therapy (RT) [8, 9]. However, because low-dose
radiation is predominantly the treatment of choice, complica-
tions such as cataract, retinitis, and optic neuropathy are
rarely encountered [10-13]. Above all, one of the most com-
mon adverse effects after RT is dry eye syndrome. Concern-
ing symptoms of ocular dryness can occur during a course of
fractionated radiotherapy [12] and a progression of dry eye is
commonly experienced by patients. Meibomian gland dys-
function (MGD) is one of the most common causes of dry
eye syndrome [14, 15] and, to our knowledge, there has been
no study aimed at directly visualizing structural changes in
the meibomian glands sequentially over time beginning with
the initiation of RT. In the current study, meibomian gland
morphology was sequentially examined at each visit during
the post-radiation period for 6 months and compared with
that of the pre-radiation meibomian glands. Additionally, we
focused on the comparison of two groups of patients (those
with conjunctival lymphoma and those with “orbital-type”
lymphoma) because the radiation technique used was differ-
ent depending on the location of the tumor [16-18].

Methods

A prospective study was performed from March 2017 to
December 2018. The institutional review board of the
Catholic University of Korea approved the research
protocol and the study was conducted in accordance
with the tenets of the Declaration of Helsinki. Sixty-four
patients were identified as having presented with OAML
of the conjunctiva, orbit, lacrimal gland, and lacrimal
sac. Patients in whom external beam radiation therapy
(EBRT) was selected as a primary treatment were in-
cluded in the study. Patients who had received RT or
chemotherapy previously or those who had severe dry
eye, conjunctival or corneal disease, a history of contact
lens use, medications such as glaucoma medications or
other systemic diseases such as androgen insensitivity
syndrome, and Sjogren’s syndrome that could have an
influence on the meibomian gland were excluded. The
patients underwent at least 6 months of follow-up after
completion of RT. All ophthalmologic examinations
including meibography were carried out by a single
examiner (SK). Patients with post-RT dry eye syndrome
were treated with artificial tears, ointments and anti-
inflammatory agents or topical steroids according to the
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severity of the condition. They were encouraged to take
omega-3 fatty acid dietary supplementation and carry
out warm compresses.

Radiation technique

Radiation records were reviewed with respect to radiation
dose, radiation energy, and direction of the radiation beam
(gantry angle) in each subject. The patients with OAML
in the orbit, lacrimal gland, and lacrimal sac were newly
grouped as “orbital-type” lymphoma and compared with
patients with conjunctival lymphoma because the radi-
ation protocol could be largely differentiated between
these two groups according to the primary site of OAML.
Therefore, we expected the influence of radiotherapy on
the meibomian glands to vary between the two groups
according to the different radiation protocols used.

Meibography analysis

The non-contact infrared meibography system used in
this study was described by Hwang et al. [19] The pic-
tures of glands in the upper and lower eyelids were
obtained and analyzed by a single ophthalmologist (SK)
at each visit. The morphological changes were analyzed
using the following “meiboscore” grading system intro-
duced by Arita et al. [20]: grade O, no loss of gland;
grade 1, gland loss of <33%; grade 2, gland loss of
between 33 and 67%; and grade 3, gland loss of > 67% of
the total area.

Ophthalmologic examinations

Patients were examined before and after one, three, and
6 months of RT. At each visit, visual acuity, Schirmer’s
test, the Ocular Surface Disease Index (OSDI) question-
naire [21], tear film break-up time (TBUT) test, slit lamp
biomicroscopic examination of the corneal staining by
Oxford grading scheme from 0 to 5 under cobalt blue il-
lumination and lid margin abnormality were conducted
in order. The post-radiation change in parameters was
compared between the two groups at each visit and
correlation of meiboscore with the ocular surface param-
eters was analyzed at the last follow-up.

Ocular surface disease index

The OSDI questionnaire is comprised of 12 questions,
with each question graded on a scale of 0 to 4. The total
OSDI score was calculated on the basis of the formula:
OSDI = [(sum of scores for all questions answered) x
100]/(total number of questions answered) x 4]. Thus,
the OSDI was scored on a scale of 0 to 100, with higher
scores representing greater disability.

Lid margin abnormality
Lid margin abnormality was scored from 0 to 4 depending
on the presence or absence of the following abnormalities:
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irregular lid margin, vascular engorgement, plugging of
the meibomian gland orifices, and anterior or posterior re-
placement of the mucocutaneous junction [20].

Statistical analysis

Statistical analysis was performed using the IBM SPSS Sta-
tistics for Windows, version 20.0 (IBM Corp., Armonk, N.Y.,
USA). A comparison of the mean change in meiboscore
over time after RT between the conjunctival lymphoma
group and the “orbital-type” lymphoma group was done
using repeated measures analysis of variance (ANOVA).
The mean change in the value of each ocular parameter
before and after RT was compared using Wilcoxon signed
rank test and between the two groups using Mann Whitney
U-test. The correlation of meiboscore with the ocular
surface parameters was analyzed by Spearman’s correlation
test. Statistical significance was defined when the P value
was < 0.05.

Results

A total of 64 eyes of 64 patients, of whom 44 eyes had
conjunctival lymphoma and 20 eyes had “orbital-type”
(i.e., orbit, lacrimal gland, and lacrimal sac) lymphoma
were included in this study from March 2017 to Decem-
ber 2018.The demographics of patients and the radiation
techniques used are shown in Table 1. The median age
at diagnosis was 41 years (range: 21years to 79 years;
two patients were older than 70years), with a female
predominance (males/females: 25/39). The mean age of
those with “orbital-type” lymphoma was older than that
of conjunctival lymphoma (54.9 years and 43.2 years, re-
spectively, P =0.147).

The total radiation dose and energy used were differ-
ent among the two groups. In the conjunctival lymph-
oma group, megaelectron-volt (MeV) electron beams
were used, whereas mega-volt (MV) X-rays or higher
MeV was used in cases of “orbital-type” lymphoma.
Conjunctival lymphomas were treated with an energy
amount of 6 to 8 MeV and “orbital-type” lymphomas
were treated with an energy amount of 12 to 15 MeV or
6 to 10 MV (X-ray).
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The total radiation dose did not exceed 4000 centigray
(cGy) in either group. Patients with conjunctival lymph-
oma received 2340 to 2520 cGy in 13 to 14 fractions
over a period of about 3 weeks and those with “orbital-
type” lymphoma received 3060 to 3600 cGy in 17 to 20
fractions over 4 weeks. A single anteroposterior field
was used in all patients with conjunctival lymphoma,
while various angles were individualized in patients with
“orbital-type” lymphoma according to tumor size and
location. Among 20 eyes of “orbital-type” lymphoma,
two eyes of lacrimal sac and one eye of lacrimal gland
lymphoma, respectively, received intensity-modulated
RT (IMRT) with the radiation field centered on the
tumor only. The other eyes of “orbital-type” lymphoma
(17 eyes) received conventional three-dimensional con-
formal RT (3D-RT), with the radiation beam covering
the entire orbital socket.

In both groups, the comparison between the pre-
radiation meibography and post-radiation meibography,
and also with the non-treated fellow eye is described in
Figs. 1, 2, 3 and 4. One patient with conjunctival MALT
lymphoma had progressive changes in meibomian gland
morphology during the 6 months of the follow-up
period, as shown in Fig. 1 and the other patient experi-
enced shortening of meibomian glands after RT, as
shown in Fig. 2. The presence of morphological damage
could also be demonstrated in the irradiated eyes as
compared with in the normal eyes, and such case is
shown in Fig. 3. Figure 4 shows the most severe cases
with significant damage in the meibomian glands.

In the conjunctival lymphoma group, 11 eyes (25%)
experienced morphological changes and the average of
the meiboscore increased from 0.1+0.3 before RT to
0.4+ 0.6 at 6 months post-RT in the upper eyelid and
from 0.2 + 0.5 before RT to 0.4 +0.7 at 6 months post-
RT in the lower eyelid (P <0.001). In the “orbital-type”
lymphoma group, on the other hand, 12 eyes (60%) ex-
hibited morphological changes. The increase in meibo-
score was much greater than that in the conjunctival
lymphoma group, as it increased from 0.3 £ 0.5 before
RT to 1.7 £ 1.0 at 6 months post-RT in upper eyelid and

Table 1 Demographic data for the patients and the values for their radiation parameters

Primary site Conjunctiva Orbit Lacrimal Lacrimal sac
(n=44) (n=11) gland (n=6) (n=3)
Age (years) 432+159 604+ 12.5 465+ 165 513+17.2
Gender (M:F) 16:28 74 1:5 12
Total radiation dose (cGy) 2340 - 2520 3060 - 3600 3060 - 3600 3060
Radiation energy 6-8 MeV (electron beam) 12-15 MeV (electron beam) or 6-10 MV (X-ray) 6 MV (X-ray) 6-10 MV (X-ray)
Underlying disease
Diabetes Mellitus 3 (0.07%) 1 (0.09%) 0 (0%) 0 (0%)
Hypertension 5(0.11%) 1 (0.09%) 1 (0.16%) 0 (0%)

Data are expressed as mean * standard deviation or number
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Fig. 1 Post-radiation morphological changes in meibomian glands of a 38-year-old male. A total radiation dose of 2520 cGy and 10 MeV was
delivered to conjunctival mucosa-associated lymphoid tissue lymphoma in both eyes
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from 0.0 £ 0.0 before RT to 1.3 + 1.3 at 6 months post-RT
in the lower eyelid (P < 0.001). The increase in meiboscore
was statistically significant over time after RT (P < 0.001)
and the extent of increase in meiboscore was significantly
greater in the “orbital-type” lymphoma group than in the
conjunctival lymphoma group (2 < 0.001). (Table 2).

The periodic changes and comparison of OSDI, Schirmer’s
test, TBUT, corneal fluorescein staining score and lid margin
abnormality score between the two groups are summarized
in Fig. 5. In terms of the measured values, all parameters
except Schirmer’s test demonstrated a statistically significant
increase in impairment at 6 months post-radiation. The
changes in OSDI, TBUT, corneal fluorescein staining score
and lid margin abnormality score at 6 months after RT were
significantly different across the two groups (P = 0.042, 0.001,
0.035 and 0.001, respectively). Notably, the increase in scores
of OSD], corneal fluorescein staining and lid margin abnor-
mality and the decrease in TBUT were greater in patients
with “orbital-type” lymphoma. Schirmer’s test value de-
creased after RT in both groups, but its difference was not
found to be statistically significant between the groups. The
correlation of meiboscore with ocular surface parameters is
shown in Table 3. The OSDI score and corneal fluorescein

staining score were positively correlated with meiboscore in
“orbital-type” patients at post-RT 6 months (r=043, P=
0.04; r = 0.39, P = 0.03, respectively).

The symptoms of ocular dryness were at their most
severe right after RT in both the conjunctival lymphoma
group and the “orbital-type” lymphoma group (OSDI score;
29.5+23.5 and 39.2 +28.3 at 1 month post-RT, respect-
ively) but a gradual resolution of dry eye was noted in most
patients with conjunctival lymphoma with the application
of artificial tears and lubricating eye drops, whereas symp-
toms remained persistent in patients with “orbital-type”
lymphoma, as shown in Fig. 5 by OSDI score. Patients in
whom the increase in meiboscore was less than 1 at 6
months post-RT demonstrated an average OSDI score in-
crease of 2.5. On the other hand, those with an increase in
their meiboscore of more than 1 had an average OSDI
score increase of 19.4. This difference showed statistical sig-
nificance (P < 0.001), indicating that with minimal or absent
morphological changes in the meibomian glands, dry eye
symptoms were also either entirely absent or only mild in
nature (i.e., the patient demonstrated occasional mild tear-
ing, foreign body sensation without a reduction in visual
acuity, and easy improvement with medical treatment).

Fig. 2 A 42-year-old female with conjunctival mucosa-associated lymphoid tissue lymphoma had a total radiation dose of 2520 cGy and 10 MeV
in her left eye. Note the shortening of the meibomian glands
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Fig. 3 Comparison of the meibomian glands of irradiated eye with the fellow non-irradiated eye. A 54-year-old female patient with lacrimal
gland mucosa-associated lymphoid tissue lymphoma in the right eye received a radiation dose of 3060 cGy and 6 MV X-ray. Note the distortion,

No patient had development of severe dry eye with
corneal erosion or vision compromise. Severe cases re-
quiring autologous serum, punctal plugs, or therapeutic
contact lenses were not present. The only observed
corneal reactions were superficial punctate keratopathy,
affecting 13 (29.5%) eyes in the conjunctival group and
14 (70%) eyes in the “orbital-type” group.

Discussion

This study investigated the adverse effects of the EBRT on
the meibomian glands in patients with OAML. The EBRT
induced changes in their morphological structures and
concomitantly gave rise to dry eye syndrome. In the
current study, these adverse effects seemed to be irrevers-
ible during the 6 months follow-up period. Generally, it is
thought that the gland tissue cannot be recovered once
destroyed, but further study with longer follow-up period

is required to reveal the reversibility of the meibomian
gland damage after radiation.

Radiotherapy techniques typically varied according to
the disease location in the orbit. Tumors confined to
superficial structures such as the conjunctiva were usu-
ally approached with a direct electron beam, whereas
orbital tumors were treated with X-ray or photon beams
[16-18]. The electron beam is effective in managing
superficial lesions yet does not penetrate to deeper
tissues, thereby having a relatively protective effect on
the inside structures. On the other hand, while X-rays or
photon beams were used to treat “orbital-type” lymphomas
as they can penetrate deeper, this inevitably irradiates the
adnexal ocular structures. The eyes that received RT at a
higher radiation dose and energy level or that received X-
rays rather than electron energy were more vulnerable to
dry eye syndrome, making patients with “orbital-type”

Post-RT 6m

Fig. 4 A 79-year-old female with orbital mucosa-associated lymphoid tissue lymphoma had a total radiation dose of 3060 cGy and 15 MeV in her
left eye (a). A 41-year-old male with orbital mucosa-associated lymphoid tissue lymphoma had a total radiation dose of 3600 cGy and 12 MeV in
his right eye (b). Note the slender ducts with invisible acinar. Distortion and loss of meibomian glands can be seen
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Table 2 Mean changes in meiboscore after radiation therapy (RT) according to the location of OAML

Primary site Pre-RT Post-RT T m Post-RT 3m Post-RT 6 m P value
Conjunctival Upper 0.1+£03 03+£0.7 04+05 04+06 <0.001*
(n=44 eyes) Lower 02405 04+06 04+07 04+07 <0001*
Orbital-type Upper 03405 1.3+09 15+08 1.7+10 <0.001*
(n=20 eyes) Lower 0000 1210 13213 13£13 <0001%
P value* <0.001* <0.001* <0.001* <0.001*

OAML: ocular adnexal mucosa-associated lymphoid tissue lymphoma; RT: radiation therapy *Values with statistical significance are indicated with an asterisk (*)

lymphoma more susceptible because of the deeper location
and relatively large size of the tumor.

In this study, the morphological changes in the meibo-
mian glands occurred in early period after RT. In most
cases, the irradiated eye did not progress over time,
though some patients did demonstrate progressive
changes. The probability of damage occurring in the
meibomian glands and the development of MGD or dry
eye were dependent on the radiation dose and, possibly
on energy type. Post-radiation dry eye syndrome was
more likely to occur in cases of EBRT with higher radi-
ation doses and energy levels. Moreover, the use of X-
rays seemed to predispose irradiated eyes to being more
vulnerable to dry eye syndrome. The post-radiation mei-
bomian gland injury was more notably found in patients
with “orbital-type” lymphoma. Taken altogether, the
patients with conjunctival lymphoma had better post-

radiation prognoses than did those with “orbital-type”
lymphoma with respect to meibomian gland injury, tear
film instability and dry eye syndrome.

Normal meibomian glands have the appearance of
grape-like clusters with visible saccular acini that are ar-
ranged perpendicular to the lid margin [22]. Abnormal
meibomian glands often show dilated ducts and tortuous
glands, which eventually results in gland dropout or
shortening. These features are consistent with previous
histopathologic study of exenteration specimens that
were irradiated due to malignant tumors. In the study by
Karp et al. [23], as sequelae of irradiation, acinar atrophy
and cystically dilated meibomian ducts were seen along
with squamous metaplasia of the meibomian glands.
They reported that histopathologic findings seemed to
indicate that the meibomian glands, which are sebaceous
in nature, are more sensitive to irradiation and are more

e
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Fig. 5 Comparison of ocular parameters in patients with ocular adnexal mucosa-associated lymphoid tissue lymphoma. Ocular parameters before
radiation therapy (RT) and at 1, 3, and 6 months after RT were compared according to the location of OAML. Values with statistical significance
are indicated with an asterisk (*). OSDI: ocular surface disease index; TBUT: tear film break-up time
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Table 3 Correlation of meiboscore with ocular surface parameters in conjunctival and “orbital-type” OAML

Conjunctival OAML
Meiboscore (U + L)

“Orbital-type” OAML
Meiboscore (U + L)

OsDI r=038 r=043
P=045 P=0.04°
Schirmer's test (mm) r=-0.14 r=-018
P=027 P=043
TBUT (s) r=0.12 r=-040
P=067 P=0.20
Corneal fluorescein staining score r=0.28 r=039
P=048 P=003°
Lid margin abnormality score r=0.30 r=0.16
P=0.18 P=051

Spearman'’s correlation test was used

Meiboscore (U + L) meiboscores of upper eyelid and lower eyelid at post-RT 6 months were added up; OAML ocular adnexal mucosa-associated lymphoid tissue

lymphoma, OSDI ocular surface disease index, TBUT tear film break-up time
Values with statistical significance are indicated with an asterisk (¥)

permanently altered than are the sebaceous glands of
Zeis. In the present study, ducts and acini seemed to be
constricted as slender ducts were seen in meibography
in early period of RT. It is believed that obstructive type
of meibomian gland dysfunction is the most commonly
found type, with cornification of the lid margins and
dilatation of ducts. However, dilatation of ducts was not
found in this study. Possible pathogenesis of post-RT
meibomian gland dysfunction may be the direct damage
from irradiation which could induce acinar cell dysfunc-
tion and atrophy of the gland tissue and this would
eventually result in the loss of the gland.

Among patients with no significant injury to the mei-
bomian glands, most did not develop dry eye or only
had mild dry eye symptoms. However, with acknow-
ledgeable structural damage to the meibomian glands,
ocular dryness was persistently symptomatic even after
the subsidence of the acute radiation reaction. With con-
siderable loss of gland, conventional treatment, such as
warm compression and massage of lid was ineffective.
Instead, such patients were treated by topical lubricants
such as replacement of the lipid layer.

Three patients with lacrimal gland lymphoma had
more pronounced dry eye symptoms. There is not yet
any study that has aimed to identify whether the cause
of post-radiation dry eye is more attributable to meibo-
mian gland dysfunction or to lacrimal apparatus atrophy
in the case of lacrimal gland tumor. However, this study
clearly suggests that when both the meibomian glands
and lacrimal gland apparatus are damaged by RT, severe
dry eye syndrome is unavoidable.

It is reported that RT planning using IMRT reduces
the dose administered to the surrounding structures and
may help to minimize the risks of RT-induced dry eye
[24]. Surprisingly, meibomian gland damages were not

found in the eyes that received IMRT with the radiation
beam target being the mass only. These patients had less
dry eye symptoms than did the patients who received
conventional 3D-RT with the beam directed on the en-
tire orbital socket. However, further study with a large
number of such cases is needed for statistical analysis.

The limitation of the current study is that the two
groups had a different number of patients. The “orbital-
type” group had a small number of subjects compared to
the conjunctival group because most patients with con-
junctival lymphoma had primary radiotherapy whereas
many of those with “orbital-type” lymphoma had chemo-
therapy rather than radiotherapy according to physi-
cian’s clinical judgement.

Conclusions

The present study tried to differentiate the radiation
effects in two groups of patients according to the location
of OAML as higher radiation energy and dose are re-
quired in deeply placed tumors or large tumors. This new
approach provides evidence that after RT, more severe dry
eye is inducible by the presence of more morphological
damage in the meibomian glands in “orbital-type” lymph-
oma. Thus, we carefully suggest that clinicians should be
cautioned, as many “orbital-type” lymphoma patients will
have some degree of injury to the meibomian glands and
that those patients should be well informed of post-RT
persistent dry eye which may not be easily curable. An
examination of the meibomian glands should be especially
considered in patients with “orbital-type” lymphoma hav-
ing post-RT dry eye.

Abbreviations
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