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Orbital radiotherapy for proptosis in patients with Graves’
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Background: Graves’ ophthalmopathy (GO) is an autoimmune disease of the retro-ocular tissues. The
pathognomonic manifestations progressively develop from the intense recruitment of circulatory and local-
infiltrating orbital immune cells followed by orbital fibroblast activation. Immunomodulatory therapy or
orbital radiotherapy (ORT) is generally indicated in active GO. We evaluated the efficacy of low-dose ORT
for proptosis in patients with GO.

Methods: This retrospective study included patients with moderate to severe GO and proptosis who
received bilateral ORT (10 fractions of 1 Gy over 2-3 weeks). The correlation between the decline of
proptosis and low-dose ORT was systematically analyzed.

Results: Of the 23 patients analyzed, the overall regression and nonprogression rates of proptosis were
respectively 30% and 90% at 6 months, 45% and 85% at 1 year, and 56% and 89% at 2 years after low-
dose ORT. The patients with <6 months of GO symptoms, a smoking habit, a euthyroid state, and female
sex experienced a more favorable treatment response. The presence of extraocular muscle enlargement on
computed tomography within 6 months of GO presentation was associated with a superior response. No side
effects were observed.

Conclusions: ORT alone at 10 Gy in 10 fractions is safe and effective for proptosis in patients with GO.
This low fractional dose (1 Gy per fraction) may have achieved not only fewer side effects but also possibly
more immunomodulatory effects compared with the results of studies using a dose of 1.8-2.0 Gy per
fraction. Low-dose ORT likely produces the best outcomes when administered within 6 months of proptosis

presentation, thus necessitating early referral to an ophthalmologist and radiation oncologist.
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Introduction (GD) and sometimes in patients with chronic autoimmune
thyroiditis in a euthyroid or hypothyroid state. Its clinical

Graves’ ophthalmopathy (GO), also known as Graves’ features include eyelid retraction, erythema, periorbital and

orbitopathy, is an autoimmune disease of the retro-ocular conjunctival edema, strabismus, and proptosis (1).

tissues. It is typically seen in patients with Graves’ disease A pathomechanism underlying GO involves orbital
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fibroblast activation induced by T cells and other
mononuclear immune cells infiltrating the orbit (2). Other
mechanisms and details are provided in a review (3).
Patients with GO are assessed in terms of disease activity
and severity score, including the clinical activity score
(CAS) (4), NOSPECS classification (5), European Group
on Graves’ Orbitopathy (EUGOGO) classification (6),
and the vision, inflammation, strabismus, and appearance
classification system (7). GO is treated by correcting
hyperthyroidism, relieving ocular symptoms, reducing
periorbital inflammation and swelling, and restoring the
visual axis and vision, along with encouraging smoking
cessation. Mild disease without progression may be
treated with local therapy, such as artificial tears and
topical steroid eye drops. For moderate to severe disease,
if in an active stage, immunomodulatory therapy or
orbital radiotherapy (ORT) is usually indicated. Oral or
intravenous corticosteroids have been used as first-line
immunosuppressors for decades in patients with active GO;
however, a side effect, known as corticosteroid withdrawal,
in GO patients has been noted during treatment courses or
after completion. In the inactive stage of moderate to severe
GO, because the enlarged extraocular muscle (EOM) and
excessive orbital soft tissue do not regress, rehabilitative
surgery might be indicated, usually in a staged fashion (8).

ORT has been used for GO for approximately
80 years (9), and its efficacy has been long debated. In
2012, a Cochrane meta-analysis including five randomized
controlled trials (244 participants) evaluated the efficacy
of ORT and concluded that the regression rate—defined
as improvement in diplopia, visual acuity, soft tissue, or
proptosis—of patients who received ORT was 1.92 times
higher than that of patients who did not. A combination of
ORT and steroids may yield better outcomes than steroids
alone (10). Reported effective doses of ORT range widely
from 2.4 to 30 Gy, such as 20 Gy in 10 fractions over
2 weeks, 10 Gy in 10 fractions over 2 weeks, 20 Gy in
20 fractions over 20 weeks, 16 Gy in 8 fractions, and 2.4 Gy
in 8 fractions (11-23).

In Taiwan, ORT is fully covered by National Health
Insurance, whereas most target-specific immunomodulators
are not. Thus, we considered ORT to be an alternative
incurring a lower economic burden on patients with GO.
Plus, at our institute, many patients with moderate to severe
GO prefer nonsurgical treatment due to concerns about
surgery and surgical complications; in particular, those with
active-phase GO can experience rapid adverse cosmetic
changes and desire immediate management.
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Accordingly, ORT is arranged in a timely manner
after patients visit our clinic. Among the wide selection of
effective doses, we chose 10 Gy in 10 fractions over 2-3
weeks over the commonly used 20 Gy because it causes
fewer side effects. We prefer the 2-3-week treatment
period because it has superior compliance to that of a 20-
week course (22). In our institute, the main concern for
patients with moderate to severe GO seeking treatment is
proptosis. Severe cases of proptosis involve disfigurement,
corneal ulceration, and optic neuropathy, causing cosmetic
and visual morbidity. We therefore evaluated the efficacy of
ORT in treating proptosis in Taiwanese patients with GO.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tro-21-10).

Methods
Patient population

This retrospective study included patients with GO and
proptosis who received bilateral ORT (10 fractions of
1 Gy over 2-3 weeks). All patient data, including sex,
smoking habit, signs of active GO, types of GO, duration
of GO symptoms, thyroid function before ORT, EOM
enlargement, first dates of ORT, and side effects were
retrieved from the medical records of Shin Kong Wu
Ho-Su Memorial Hospital in Taipei City, Taiwan, from
April 2007 to March 2020. The indications for ORT
referral were (I) active and moderate to severe GO with
proptosis, irrespective of thyroid function and (II) inactive
and moderative to severe GO with rapid progression and
proptosis in the euthyroid state for more than 1 year,
with patient refusal to undergo surgery. The activity and
severity of GO were retrieved from the medical records.
The degree of proptosis (mm) was measured by the same
ophthalmologist with a Hertel exophthalmometer (Inami
& Co., Tokyo, Japan) before and after ORT during regular
follow-up visits. We excluded patients receiving steroids
12 months prior to RT, concurrent steroids, or rituximab,
and those lost to follow-up. This study was approved by
the Institutional Review Board of Shin Kong Wu Ho-Su
Memorial Hospital (20190407R), along with a waiver of
consent. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Orbital radiotherapy and treatment techniques

Each patient’s head was immobilized with a thermoplastic
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Figure 1 Simulation CT images in axial view. (A) CT images acquired of the head and orbital fossa. CTV (red rim) and PTV (green rim) as

depicted. (B) isodose distribution calculated via the treatment planning system with 6-MV photons.

mask on a fixed-height rigid headrest. A computed
tomography (CT) scan of the orbital fossa was performed
for treatment planning. The target for ORT, or the clinical
treatment volume (CTV), included the bilateral orbital
fossa, comprising EOMs and retrobulbar soft tissues.
Bilateral ORT was given irrespective of the laterality of
proptosis. A 5-mm margin allowance for daily radiotherapy
set-up error was added to the CTV for generating the
planning treatment volume (PTV). PTV was administered
in 1-Gy fractions delivered 5 days a week for a total dose of
10 Gy over 2-3 calendar weeks. The CTV, PTV, and dose
distribution were as depicted (Figure 1). A dose-volume
histogram was shown in Figure 2. Patient position was
aligned with treatment plan utilizing 0° and 90° port films
acquired 1 day before ORT initiation. ORT was planned
and delivered using volumetric modulated arc therapy
(VMAT) and 6-MV photons using a Pinnacle treatment
planning system. The dose administration was optimized
to avoid the brain and the lens of the eye. Daily isocenter
alignment was achieved by using marks attached to a
thermoplastic cast.

Variable definition and statistical analysis

Regression/improvement, nonprogression, and progression
of proptosis were defined as >1 mm of regression,
nonprogressive change of <1 mm, and >1 mm of progression,
respectively. Post-ORT degree of proptosis was defined as the
follow-up exophthalmometry measurements minus the first
exophthalmometry measurements before ORT. Post-ORT
duration was defined as the duration between follow-up dates

© Therapeutic Radiology and Oncology. All rights reserved.

and the first dates before ORT. Hyperthyroid function status
was defined as elevated free T4 level within 1 month before
ORT. Activity of GO was based on Clinical Activity Score
(CAS), active defined as CAS >3/7. Severity of GO was based
on EUGOGQO classification, where moderate to severe GO
was defined as any of the followings: lid retraction (>2 mm),
moderate or severe soft tissue involvement, exophthalmos
(23 mm), and inconstant or constant diplopia (6). Types of
GO, including predominantly fat compartment enlargement
(type I) and predominantly EOM enlargement (type II) (24),
were based on formal CT imaging reports by radiologists.
Measurements of proptosis by a Hertel exophthalmometer
were performed a median of four times (range: 2-7),
totaling 101 patient points during the follow-up period.
Continuous data are expressed as mean and standard
deviation (SD) or 95% confidence interval (CI), and
categorical data are expressed as number and percentage.
Examination of the normal quantile-quantile plot showed
a non-normal distribution in measurements of post-ORT
duration; thus, the mean, median, interquartile range IQR),
minimum, and maximum are shown. Student 7-test was
used to determine the difference of post-ORT degree of
proptosis between the left and right eyes. For continuous
post-ORT degree of proptosis, linear mixed regression with
exchange matrix was used to examine the correlations from
repeated measures. The coefficients (effect), standard errors
of the coefficients, and P values are presented. Data missing
was excluded from analysis. Multivariable analysis of sex,
smoking habit, duration of GO symptoms, thyroid function
status before ORT, EOM enlargement, and post-ORT
duration was conducted in final models. Subgroup analysis
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Figure 2 A dose-volume histogram exhibiting the cumulative dose for the PTV and organ at risk was shown. PTV was given 10 grays in 10

fractions. Bil: bilateral; op: optic; I: left; r: right.

was conducted in all variables with linear mixed regression.
Statistical analysis was performed using SPSS 26.0.0.0. A P
value of <0.05 was set as statistically significant.

Results

We included 23 patients (12 men and 11 women) who
received bilateral ORT (mean age: 51.1£26 years; range:
21-72). Of the 23 patients, 5 (22%) were smokers, 17 (74%)

© Therapeutic Radiology and Oncology. All rights reserved.

were in active stage of GO, 23 (100%) were moderate to
severe GO, 5 (23%) were predominantly fat compartment
enlargement, 17 (77%) were predominantly EOM
enlargement (one patient had no CT image available), 3
(13%) were in hyperthyroid status within 1 month before the
start of ORT, and 7 (30%) had a proptosis-to-ORT duration
of <6 months (Tible 1). The initial mean measurement of
proptosis of the right eye was 19.4+3.7 mm. The following
statistical analysis is presented with the right eye because no
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Table 1 Patient characteristics
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N/total or mean/median Percentage or SD/IQR Min Max
Gender: male 12/23 52%
Smoking 5/23 22%
Active GO 17/23 74%
Severity: moderate to severe 23/23 100%
EOM enlargement on CT' (missing n =1) 17/22 7%
Hyperthyroid status 3/23 13%
Proptosis-to-ORT duration <6 months 7/23 30%
Last measurement after ORT (months) 18.9/14.0 1.23/11.5 12.7 50.4
Age (years) 51.1 25.9 21 72
Initial degree of proptosis (right eyes, mm) 19.4 3.7 15 24
Initial degree of proptosis (left eyes, mm) 19.2 5.0 14 24
T, same population as type Il GO.
o The relationships between sex, smoking habits, duration
é of GO symptoms, thyroid function before ORT, EOM
g,g P enlargement, and post-ORT duration and degree of
G& o proptosis after treatment were analyzed. ORT was effective
Q
g'g: 0 N in reducing proptosis in this cohort overall. Multivariable
@ < . . .
CE O NS analysis showed that among those with <6-month history of
g v 2 proptosis (P<0.001), smoking (P<0.001), a euthyroid state
3 . before ORT (P<0.001), no EOM enlargement (P<0.001),
© 0 1 > 3 2 and female sex (P<0.01) yielded regression coefficients

Post-ORT duration (years)

Figure 3 Each colored-line of the spider plot represents the
proptotic change of a single patient during follow-up. Dashed
lines represent 1 mm change in proptosis: 1 mm as the cut-off for
progression; -1 mm for regression. A follow-up period of up to 4
years revealed 20 (91%) patients with nonprogressive proptosis (<1
mm of progression) 3 months after ORT. Throughout follow-up,
only 4 patients had progression (=1 mm of progression). A trend of

favorable treatment response to ORT was observed.

difference in proptosis was observed between the left and
right eyes before treatment (¢ test, P=0.114). A spider plot
depicting the degree of proptosis and the duration of follow-
up up to 4 years revealed that 3 patients had progression
of proptosis within 1 year after ORT, and 17 (85%) had
nonprogressive status 1 year after ORT, and only 4 patients
had progression throughout follow-up. A trend of favorable
treatment response to ORT was observed (Figure 3).

© Therapeutic Radiology and Oncology. All rights reserved.

of -1.84, -2.21, -1.89, -2.06, and -2.10, respectively,
suggesting that a patient with these characteristics would
expect, on average, a regression/improvement in proptosis
by the absolute value of the above coefficients (1able 2). To
sum up, GO symptoms for <6 months, history of having a
smoking habit, a euthyroid state, female sex, and no EOM
enlargement were factors significantly favorable to ORT
reducing GO-related proptosis.

Subgroup analysis was conducted for smoking,
hyperthyroid status, EOM enlargement on CT, male
sex, and post-ORT duration in years, respectively. It was
significant only for subgroups based on proptosis-to-
ORT duration. The analysis between the patients with a
proptosis-to-ORT duration of <6 and >6 months to ORT
treatment response revealed results consistent with those
of the overall analysis for all but one variable (Table 3).
Among those with <6 months of proptosis, CT-confirmed
EOM enlargement was associated with, on average, greater
proptosis regression by 1.14 mm, 95% CI: 0.482, 1.789
(P<0.001); conversely, among those with >6 months of
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Table 2 Multivariable analysis of the effect of ORT on the degree of proptosis (mm)

Coefficient 95% ClI P value
Proptosis-to-ORT duration <6 months -1.84 -2.839, -0.849 0.0003***
Smoking -2.21 -3.505, -0.912 0.0008***
Hyperthyroid status 1.89 1.239, 2.535 0.0000**
EOM enlargement on CT 2.06 1.212,2.914 0.0000***
Male sex 2.10 0.549, 3.644 0.0079**
EOM hypertrophy x male sex interaction -2.27 -3.898, —-0.644 0.0062**
Post-ORT duration in years -0.53 -0.961, -0.091 0.0178*

Negative values represent regression/improvement of proptosis by millimeter, *, P<0.05; **, P<0.01; ***, P<0.001, the model is adjusted for
proptosis-to-ORT duration, smoking habit, thyroid function status before ORT, EOM enlargement, sex, and post-ORT duration. Analyses of
proptosis-to-ORT durations of <6, 9, 12 months were conducted and only 6 months reached statistical significance; analysis of 3 months

was not conducted because of insufficient data (only three cases).

Table 3 Subgroup analysis of the effect of ORT on the degree of proptosis (mm) after multivariable adjustments

Parameter Coefficient 95% Cl P value
Onset of proptosis to ORT duration >6 months
Smoking -1.89 -3.161, -0.624 0.0035*
Hyperthyroid status 2.10 2.020, 2.186 0.0000***
EOM enlargement on CT 2.27 1.401, 3.137 0.0000**
Male sex 1.34 0.057,2.619 0.0406*
EOM enlargement x male sex -1.88 -3.496, -0.267 0.0216*
interaction
Post-ORT duration in years -0.57 -1.054, -0.084 0.0223*
Onset of proptosis-to-ORT duration <6 months
Smoking ot NA NA
Hyperthyroid status 2.24 1.806, 2.666 0.0000***
EOM enlargement on CT -1.14 -1.789, -0.482 0.0007***
Male sex 0.60 0.044, 1.148 0.0343
EOM enlargement x male sex ot NA NA
interaction
Post-ORT duration in years -0.33 —-0.645, -0.004 0.0469*

Negative values represent regression/improvement of proptosis by millimeter, *, P<0.05; **, P<0.01; ***, P<0.001. %, redundant; NA, not
available, the model is adjusted for smoking habit, thyroid function status before ORT, EOM enlargement, sex, and post-ORT duration.

proptosis, CT-confirmed EOM enlargement was associated
with an even greater proptosis progression, by 2.27 mm
on average, 95% CI: 2.020, 2.186 (P<0.001). The overall
regression and nonprogression rates were 5% and 91% at
3 months, 30% and 90% at 6 months, 45% and 85% at
1 year, and 56% and 89% at 2 years after ORT (Table 4).

© Therapeutic Radiology and Oncology. All rights reserved.

Comparison of CT images before and after ORT revealed
prominent regression of proptosis in a patient with EOM
enlargement 2.5 years after ORT (Figure 4). No patient
experienced any grade of corneal ulcer, conjunctivitis, skin
reaction, vision-related complications, or any secondary
malignancies.
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Table 4 Effect of ORT on the degree of proptosis

Follow-up 3 months 6 months 1 year 2 years
Case number 22 (96%) 20 (87%) 20 (87%) 9 (39%)
Days 109 (37)° 202 (53)° 369 (64)° 702 (86)°
Regression 1(5%) 6 (30%) 9 (45%) 5 (56%)
Progression 2 (9%) 2 (10%) 3 (15%) 1(11%)
Non-progression 20 (91%) 18 (90%) 17 (85%) 8 (89%)

Presented as cross-sectional data, §, data presented as mean (SD).

Figure 4 Comparison of CT images before and after ORT treatment in axial view. Panel (A) CT image before ORT (arrow showed EOM

enlargement). (B) CT image 2.5 years after ORT (arrowhead showed regressed EOM enlargement).

Discussion

This is the first report in Taiwan using ORT with 1 Gy
per fraction for 10 fractions to treat moderate to severe
GO patients with proptosis. Hsu et a/. reported an 83.3%
improvement in proptosis after ORT with 20 Gy in
10 fractions in a retrospective study of 19 patients in
Taiwan (25). However, they did not specifically define
improvement. Grassi et a/. conducted a prospective
randomized study with 35 patients receiving ORT and
reported no significant change in proptosis for 12 months
after ORT (26). However, they defined improvement
as >2-mm regression, which may underestimate the
percentage of GO regression, compared with the definition
of >1-mm regression that was used in our study. Another
factor impeding proptosis improvement in their study may
be the heterogeneity of proptosis components (soft tissue
swelling, EOM enlargement, or both), which are common
in patients with GO (26). Li er 4l. evaluated 78 patients with
proptosis who received bilateral ORT at 2 Gy per fraction

© Therapeutic Radiology and Oncology. All rights reserved.

for 10 fractions over 2-3 weeks. Of them, only 10% and
41% of patients had complete and partial improvement of
proptosis, respectively, 6 months after ORT. Their study
did not describe the grading system for proptosis in detail.
However, they indicated that 73% of patients with GO had
benefited from ORT within 6 months, 95% of whom had
long-term maintenance effects (median follow-up period:
62 months). Furthermore, 18% of their patients received
concurrent steroids, but no synergistic effect of steroid and
ORT was observed in the results (27). This is somewhat
comparable to our 30% regression and 90% nonprogression
rates at 6 months after ORT. Sisti ez a/. (28) reported that a
combination of ORT (20 Gy in 10 fractions) and intravenous
corticosteroids for moderate to severe GO led to an overall
improvement in 67.7% of patients and 29.1% of patients
were stable. They defined improvement as any of >2 mm
regression of proptosis, CAS reduction of >1/7 points,
regression in lid retraction, and improvements in diplopia.
All their patients underwent ORT within 6 months of
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GO symptoms, and 63% of them were euthyroid during
ORT (28). The combination of steroid and ORT may lead
to more favorable outcomes than ORT only, which was
the case in our study. Limited literature was available for
ORT at 1 Gy per fraction for 10 fractions. Kahaly ez 4l
reported similar response rates, defined as improvement
in any three of lid fissure width, proptosis, intraocular
pressure, diplopia, and EOM enlargement, for 1- and 2-Gy
fractions for 10 fractions (22).

We believe it is reasonable to choose 1 mm instead of
2 mm as the response threshold for several reasons. First,
the mean and upper limits of exophthalmetric values for
normal adults were fundamentally lower for Chinese in
Taiwan than those of Caucasian and African American,
likely due to rounder and shallow orbit in Asian people
(29,30). Moreover, Hertel exophthalmometry may
underestimate exophthalmos in GO patients with orbital
edema (31). Plus, improving discomfort and subjective
appearance were noted in patients with >1 mm regression
of proptosis. Also, a 0.6-0.9 mm decrease in proptosis was
reported 6 months after ORT (23).

Our results from the subgroup analysis of proptosis-
to-ORT duration showed a better reduction of proptosis
in patients treated within 6 months of GO presentation.
Therefore, our data imply that the best treatment effect
with ORT may be within 6 months of GO symptoms with
CT-confirmed EOM enlargement. This may be because
within 6 months of GO symptoms, the retro-orbital tissues,
including EOM, may still be in an acute or subacute
inflammatory stage. In the early stages of GO, type 1
helper T cells produce interferon-y and tumor necrosis
factor (I'NF)-a, and macrophages produce interleukin
(IL)-1 (32), stimulating orbital fibroblasts to produce
prostaglandin (PG) E2 and hydrophilic hyaluronan (HA),
which may accumulate between EOM fibers, causing EOM
enlargement and periorbital edema (24,33). After 6 months,
however, preadipocytes, which constitute a portion of
orbital fibroblasts, may differentiate into mature adipocytes
because of PGs produced by activated T cells (34), thereby
enhancing de novo adipogenesis and increasing resistance
to ORT. Moreover, HA accumulation in the EOM makes
it more fibrotic and refractory to ORT. Thus, ORT is
recommended to be administered within 6 months of
proptosis.

Progression of proptosis after ORT was noted in four
patients with initially active GO. The first case underwent
orbital decompression surgery to further reduce proptosis,
but proptosis and diplopia recurred soon afterwards. The

© Therapeutic Radiology and Oncology. All rights reserved.
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second case underwent radioactive iodine (RAI) ablation
at outside hospital because of uncontrolled long-standing
hyperthyroidism. The third case had normal thyroid
function with persistent high-titers thyrotropin-related
antibodies during follow-up. The last case experienced a
relapse of hyperthyroidism. Following oculoplastic surgery,
GO reactivation might be triggered due to retroorbital
inflammatory response (35-37). RAI ablation was also
positively associated with GO activation (38-40). Factors
associated with the relapse of GD, such as orbitopathy,
smoking, free T4, thyrotropin-related antibodies had been
reported in a meta-analysis (41).

Differences in ORT response rates with the same dose
have been observed in different studies, possibly because
of the differences in the time of administration of the
intervention. Most studies have concluded the effects
of GO treatment may be inversely associated with the
duration of ophthalmopathy. A study reported that patients
with GO who receive ORT within 2 years after symptom
onset may have better overall results, especially when
ORT is combined with corticosteroids (42). However, this
window of treatment is likely even shorter (6 months) with
ORT only. A prospective randomized double-blind trial of
patients with moderate GO administered ORT of 20 Gy;
the study demonstrated no difference in the treatment effect
on proptosis from that of the natural course. However, the
cutoff value for symptom-to-ORT duration, 1.3 years, was
slightly longer than that in our data, and fewer than 10% of
patients received ORT within 6 months compared with 30%
in our study (43). This may explain why ORT was not as
effective in their study. Another study reported a lower dose
of 12 Gy, compared with 16 and 20 Gy, might be sufficient
to improve soft tissue signs (44). A review suggest that
lower dose could be considered in young patients without
orbital dysmotility , while minimize theoretical oncogenic
risk (45). Therefore, although most contemporary studies
have reported using 2 Gy per fraction of ORT for patients
with GO, we chose 1 Gy per fraction for lower toxicity.

Low-dose radiotherapy (LDRT, defined as <1.0 Gy per
fraction) has an immunomodulatory effect (46). LDRT
induces transforming growth factor-f1 and IL-10, leading
to decreased E-selectin expression on epithelial cells,
which eventually causes reduced adhesion of peripheral
blood mononuclear cells, including T cells, B cells, and
macrophages, to the endothelium (46). It also decreases
the activity of stimulated macrophages in inflamed tissues
by reducing the activity of inducible nitric oxide synthase,
which decreases nitric oxide, thereby reducing oxidative
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stress to the tissues. Decreased TNF-o expression and
increased IL-10 expression are also observed in peripheral
blood mononuclear cells following LDRT (46). To
summarize, compared with the most commonly used
1.8-2.0 Gy per fraction in the treatment of cancer, the 1-Gy
dose likely yields not only fewer side effects but also more
immunomodulatory effects on lymphocytes, macrophages,
and inflammatory cells and is thus more effective for GO-
related proptosis.

The reported side effects of ORT using intensity-
modulated radiotherapy (IMRT) with 20 Gy in 10 fractions
include eye redness (7.8%), sideburn hair loss (16.4%),
and milphosis or madarosis (19.8%) (27). However, in our
patient population, no side effects were observed. One
study applied 20 Gy in 10 fractions using three-dimensional
(3D) radiotherapy using opposing fields plus concomitant
steroids. Acute toxicities of grade 1-2 keratitis were reported
in 19.5% of patients, and grade 3 keratitis was reported in
2.4% of the patients; late cataracts were reported in 7.4% of
patients at a median follow-up time of 24 months (47). Use
of 3D conformal radiotherapy (3D-CRT) with opposing
fields led to RT-induced conjunctivitis in 18% of patients
receiving 10 Gy in 10 fractions over 2 weeks, 36% of patients
receiving 20 Gy in 10 fractions over 2 weeks, and of no
patients receiving 20 Gy in 20 fractions over 20 weeks (22).
Because of the planning limitations of 3D-CRT, hot spots of
the radiotherapeutic dose may be present; dose homogeneity
has since been improved with IMRT and further improved
with VMAT, which is the technique used in our study (48,49).
The recommended dose of radiation based on normal
tissue tolerance administered at 2 Gy per fraction is <10 Gy,
<50 Gy, and <55 Gy for the lens, retina, and optic nerve,
respectively, with complication rates of 5% for cataracts,
<1% for retinopathy, and <3% for optic neuropathy (50). In
our study, the dose was considerably lower—half the fraction
dose (1 Gy), which may explain the lack of side effects or
complications, including no corneal erosion or retinopathy,
in our study; moreover, the VMAT technique may have
allowed the administration of an optimized homogenous low
dose to the cornea and lens.

The limitations of this study are its retrospective and
nonrandomized character. Prospective randomized studies
should be conducted to validate our findings. Also, the follow-
up time could be longer to observe late recurrence. Although
10 Gy in 10 fractions was shown to be effective for GO, a boost
dose depending on GO severity or in patients with relapse, if
any, may be considered in the future—a reduced-field boost
to the site of gross disease is common in cancer treatment.

© Therapeutic Radiology and Oncology. All rights reserved.
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Furthermore, targeting the application of ORT to only
the affected eye in recurrent cases may also be an option to
prevent administration of unnecessary doses to the unaffected
eye. Moreover, studies of concurrent steroids and ORT are
ongoing in our institute. Future studies should evaluate the
combination of ORT with concomitant steroid or promising
biologics with known immunopathological implications for
GO, including mycophenolate mofetil (51), methotrexate (52),
cyclosporine (53), TNF-a blockers [adalimumab (54),
etanercept (55)], IL-6 receptor antagonists (tocilizumab) (56),
B-cell depleting agents (rituximab) (55), and anti-insulin-
like growth factor-1 receptor agents (teprotumumab) (57). In
addition, in patients refractory to low-dose ORT and requiring
surgery, pathological analysis of the retro-orbital tissues could
yield a better understanding of the possible methods for the
improved treatment of this disease. Finally, personalizing ORT
according to EUGOGO and CAS may also be a direction for
further research.

Conclusions

In our retrospective cohort study, ORT with 10 fractions of
1 Gy daily was found to be a safe and effective alternative for
proptosis in patients with moderate to severe GO. ORT alone
led to modest proptosis regression during the 4-year follow-
up. LDRT may be especially beneficial to patients receiving
treatment within 6 months of proptosis, in a euthyroid state,
with female sex, or with prominent EOM enlargement on
CT images. LDRT not only reduces the visual complications
but remains effective. Thus, ORT with 10 Gy in 10 fractions
applied at an early state of GO, in addition to corticosteroids,
surgery, or other targeted biologics, may serve as a reasonable
option for the treatment of proptosis in patients with
moderate to severe GO. To achieve the best possible results
with the lowest complication rates, use of a multidisciplinary
team, including endocrinologists, general surgeons,
ophthalmologists, and radiation oncologists, is crucial. Based
on our results, LDRT may be considered a treatment option
for moderate to severe GO and proptosis within 6 months.
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