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Introduction: Thyroid eye disease (TED) is an autoimmune disease of the orbit. In
moderate to severe active disease, orbital radiotherapy (ORT) is a treatment
option. Diabetes is considered a relative contraindication because of potential
induction of retinopathy. The purpose of this study was to decide if ORT remains
a risk towards retinopathy in the era of linear accelerators with 3D computer
aided design. Follow up examinations were performed to detect
radiogenic retinopathy.

Methods: Of the 151 patients who received ORT for TED between 2004-2020 at
the University of Debrecen, 97 patients were available for follow up. In each case,
3D-based LINAC radiotherapy with a total dose of 20 Gy in 2 Gy daily fractions
was administered. Eighteen patients had type 2 and one patient had type 1
diabetes. Median duration of diabetes was 16 (IQR:11.75-17.0) years; most recent
HbAlc before irradiation was 6.55 (IQR:6.22-6.95) %. Ophthalmological follow
up included slit-lamp and fundus examination, visual acuity, exophthalmometry
and clinical activity score (CAS) calculation.

Results: Median time between TED start and ORT was 2 (IQR:1-8) years. At the
time of ORT, median TSH was 0.84 (IQR:0-1.41) mU/L, fT4 18 (IQR:12.15-25.40)
pmol/L and fT3 6.5 (IQR:4.4-11.0) pmol/L, CAS was 5 (IQR:4-6). No diabetic
retinopathy was present before ORT. The median follow-up period after
completion of ORT was 60 (IQR:38-100) months. No patient
developed retinopathy.
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Discussion: The risk of radiation-induced retinopathy after orbital irradiation,
including well controlled diabetic patients, appears to be negligible. In the
absence of pre-existing diabetic retinopathy and with good glycemic control
ORT might be safe if linear accelerator with 3D planning is used. However,
ophthalmic surveillance is still recommended.
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1 Introduction

Thyroid eye disease (TED) is a condition associated with
autoimmune thyroid disease (1). Symptoms of TED are proptosis,
eye irritation, watery or red eyes, double vision and orbital pain (2,
3). Overall prevalence of TED is about 40 % in individuals with
Graves’ disease. Ninety percent of cases are associated with
hyperthyroidism (4). During the active phase of TED, the
autoimmune process leads to thickening of extraocular muscles
and expansion of orbital connective tissue (5). Oedematic swelling
of orbital components is a major contributor to increased orbital
pressure (6). The most severe condition, dysthyroid optic
neuropathy (DON) is seen in 3-7% of the cases (7). In the late,
inactive stage fibrosis predominates (8).

Management of TED is a collaborative work in TED centers;
endocrinologist, ophthalmologist, radiologist, nuclear medicine
specialist and physician with specialization in radiotherapy are
members of the team. TED treatment options are summarized in
recent guidelines (9, 10). Regardless of severity, it is important to
adjust thyroid hormone levels to ensure continuous euthyroidism,
immediately quit smoking, and use artificial tears and eye gels as
lubricants to prevent corneal ulceration (11).

Orbital radiotherapy (ORT) is an effective, well-established
treatment for TED (12). ORT has been used in the management
of TED for over seven decades (12). For moderate to severe active
TED, first-line treatment consists of intravenous steroid
administration alone or in combination with ORT (13). ORT,
when administered concurrently with systemic corticosteroids,
can enhance the anti-inflammatory response, reduce orbital tissue
oedema, and improve ocular motility compared with corticosteroid
monotherapy (14). This regimen is considered to have synergistic
effects and may improve disease outcomes (15, 16). In accordance
with the consensus statement by the American Thyroid Association
and the European Thyroid Association the combined regimen is an
option in active, moderate-to-severe cases, especially if a previous
course of systemic corticosteroid had failed to result in a sustained
therapeutic effect (9, 10).

Most commonly used cumulative dose is 20 Gy, which is
delivered in 10 fractions over 2 weeks (17). Technologies for
external beam radiotherapy are linear accelerator (LINAC) and
cobalt-60-based radiation therapies (18). Cobalt-60 radiation
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sources can result in greater radiation scatter (19). They have
been gradually replaced by LINAC, and are not used since the
early 2000s (20). LINAC generally delivers more controllable, more
precisely targeted radiation, which is further improved by 3D
planning (3D-CRT) and conformal radiation therapy (IMRT)
techniques (21). The risk of retinopathy depends on the total
dose (risk increases above 45-50 Gy with conventional
fractioning), the dose of one fraction (risk increases if one
fraction is above 2Gy) and is influenced by existing comorbidities
(22). Retrospective data suggest that ORT, either alone or in
combination with corticosteroids, may help manage compressive
optic neuropathy in TED, while also improving diplopia and soft
tissue swelling (23). Possible short-term side effects of irradiation
include eye redness, periorbital swelling, and in some cases
temporary worsening of symptoms (17). Long-term putative side
effects are radiogenic retinopathy, early cataract formation, and
radiation induced tumors (24). Development of radiogenic
retinopathy has been described in several reports from the pre-
linear accelerator era, which were linked to outdated equipment,
improper techniques, excessive radiation doses, or the presence of
diabetes (25). Few cases of radiogenic retinopathy have been
reported in the absence of diabetes after the usual 20 Gy dose
(25). Retinopathy may start 6-12 months after ORT completion,
and once it appears, is usually irreversible. Typical fundus
pathologies include vascular occlusions, dilatation of blood
vessels, presence of collaterals and microaneurysms of capillaries
(26). Histopathological evaluation reveals parenchymal
inflammation, leukocyte infiltration in capillaries, glial
hypertrophy, necrotic and gliotic lesions, neuronal swelling and
degeneration (27). In the late phase, regenerated blood vessels,
nonperfusion areas and ischemic fields are present (22).

Cataract formation is a common side effect of cobalt-60
irradiation. Before the linear accelerator era, the lens received
10% of the radiation dose, making it more susceptible to cataract
formation (25).

Cautious patient selection for ORT considering strict criteria is
essential. Untreated severe hypertension and pre-existing diabetic
retinopathy are contraindications (28). Diabetes mellitus without
ocular complications is a relative contraindication to treatment;
professional guidelines currently recommend caution in this regard
(9, 10). Pre-existing diabetic microangiopathy combined with
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radiation exposure may make the retina more prone to
development of retinopathy by increasing vascular damage,
endothelial injury, capillary occlusion, and retinal ischemia.
Further, chronic hyperglycemia impairs DNA repair, disrupts
endothelial and pericyte function, and increases oxidative
stress (29).

The aim of the present study was to retrospectively analyze the
late complications of ORT in TED patients with or without diabetes
mellitus, treated between 2004 and 2020.

2 Materials and methods

Between 2004 and 2020, seven hundred and sixty-six patients
were diagnosed with TED at the University of Debrecen. We are a
tertiary referral center responsible for the care of patients from four
counties in Hungary. One hundred and fifty-two patients
underwent ORT for moderate to severe TED. Data on this cohort
have not been previously reported. None of them had diabetic
retinopathy or uncontrolled hypertension, as these were considered
contraindications of ORT. Patients who had a history of
radiotherapy involving the orbital region before or after ORT
were excluded from the analysis.

During treatment and follow up, the standard interdisciplinary
approach has been used (9, 10). For the present study, patients’
medical history, ophthalmological examination results and
laboratory parameters including TSH, FT4, FT3, TRAb, and
HbAlc were retrospectively analyzed, with particular attention to
the presence of diabetes mellitus. During follow up after ORT,
patients regularly underwent detailed ophthalmic evaluation
including visual acuity testing, detailed slit-lamp examination,
dilated ophthalmoscopy, intraocular pressure measurement and
Hertel exophthalmometry. Ophthalmoscopy was performed by
one of two ophthalmologists (SM, JKA), and the fundus photo
was evaluated by the other. Potential discordant readings for the
presence or absence of retinopathy would have been decided by a
third ophthalmologist (BU). Disease activity was determined by
means of the 10 or 7 item Clinical Activity Score (CAS), as
appropriate (30). Patients with diabetes mellitus either had a
record of being diagnosed with diabetes according to the then
valid criteria, or were diagnosed during pre-ORT screening.
Diabetic retinopathy screening was performed by indirect
ophthalmoscopy with pupillary dilatation. Color fundus
photography was performed according to ETDRS (standard seven
field) and evaluated by two ophthalmologists. If the two opinions on
the presence or absence of diabetic retinopathy were discordant, the
decision was made by a senior expert.

Treatment for the patients was always provided according to the
most recent guidelines. Non-contrast computed tomography (CT)
simulation was performed prior to irradiation, with the patient
immobilized in a dedicated thermoplastic mask to ensure
reproducible head positioning. Target delineation and organ-at-risk
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(OAR) identification was carried out on 3D-based planning images.
The clinical target volume (CTV) included the bilateral retrobulbar
regions, carefully excluding the posterior contour of the eyeball and
adjacent bony structures. The planning target volume (PTV) was
generated by adding a 5 mm isotropic margin around the CTV to
account for setup uncertainties. Treatment planning was performed
using a three-dimensional conformal radiotherapy (3D-CRT)
technique with two opposing photon fields of 6 MV energy,
delivered by a linear accelerator (LINAC). A total prescribed dose
of 20 Gy was administered to the PTV in 10 daily fractions of 2 Gy,
delivered on consecutive weekdays. Image-guided radiotherapy
(IGRT) verification was performed prior to each fraction to ensure
accurate patient positioning and target coverage. During planning,
organs at risk (OARs) including the ocular bulbs, lenses, and brain
tissue were contoured, and dose constraints were applied according to
the ‘Quantitative Analyses of Normal Tissue Effects in the Clinic’
(QUANTEC) recommendations (31, 32). The lenses, being the most
radiosensitive structures in this region, were given the highest priority
for dose sparing. A maximum lens dose of 7 Gy was applied at our
institution as a planning constraint for all patients, aiming to reduce
the risk of cataract formation (33). Both retinas received the
prescribed dose of 20 Gy due to their close proximity to the target
volume. All patients received concomitant high-dose intravenous
corticosteroid therapy, administered according to the institutional
protocol in use at the time of treatment.

Statistical analysis was performed for the data by R Core Team
(2024) Language and Environment for Statistical Computing,
Foundation for Statistical Computing, Vienna, Austria.

The study was approved by the Regional and Institutional
Research Ethics Committee of the University of Debrecen (RKEB/
IKEB 5585-2020).

3 Results

Of the 152 patients who received ORT between 2004 and 2020,
97 patients were available for follow up. For these 194 orbits,
median follow-up time was 60 (IQR:38-100) months. Median
CAS was 5 (IQR:4-6) before ORT and decreased to 2 (IQR:1-3)
after ORT. Patient characteristics are shown in Table 1.

Of patients who received ORT, 19 had diabetes; 18 T2DM and
one T1DM. Median duration of diabetes was 16 (IQR:11.75-17.0)
years. Their HbAlc was in the target range, 6.55 (IQR:6.22-6.95)
mmol/L and 6.7 (IQR:6.30-7.15) mmol/L before and after
ORT, respectively.

As required by the inclusion criteria, no retinopathic lesions
were observed before treatment. By the end of the follow-up period
after ORT, no patient (0/97) developed retinopathy (median follow-
up 60 month, IQR:38-100). Cataract was present in 12 (12.37%)
patients before radiotherapy and in 31 (31.96%) after treatment.
During the follow up period, no secondary orbital malignancies
have developed. (Table 2)
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TABLE 1 Clinical characteristics of the patients.

Clinical parameter Patient data

Female: male 78: 19 (n)

Age at the time of radiotherapy 53 (47-59) years (median, IQR)

Patients with diabetes (n) 19
Type 1 diabetes mellitus (n) 1
Type 2 diabetes mellitus (n) 18

Smokers (n) 29

Non-smokers (n) 35

Stopped smoking (n) 8

Unknown (n) 26

Follow up time (time between first
radiotherapy and last ophthalmic
examination)

60 (38-100) months (median, IQR)

Duration of thyroid disease at the time of
. .l . 4 2 (1-8) years (median, IQR)
irradiation

Time between the diag?osis of moderate 1 (1-3) years (median, IQR)
to severe TED and radiotherapy

0.84 (0-1.41) mU/L, (median IQR)

TSH before irradiati
elore rradiation (normal: 0.40-.4.20 mIU/L)

18 (12.15-25.40) pmol/L (median

T4 before irradiation IQR) (normal: 10.30-24.50 pmol/L)

6.5 (4.4-11.0) pmol/L (median

T3 before irradiati
3 before irradiation IQR) (normal:2.40-6.30 pmol/L)

16 (11.75-17.0) years (median IQR)
Duration of diabetes (n=19) 6.55 (6.22-6.95) mmol/L (median,
HbAlc before radiotherapy IQR)

HbAlc after radiotherapy 6.7 (6.30-7.15) mmol/L (median,
IQR)

TED, thyroid eye disease; TSH, thyroid stimulating hormone; fT4, free thyroxine; fT3, free
Triiodothyronine; HbAlc, hemoglobin A1C.

4 Discussion

ORT is a non-specific anti-inflammatory treatment, which was
first documented in 1936 (34). Probable mechanisms of action are
suppression of orbital autoimmunity and limitation of connective
tissue expansion (35). Intraorbital lymphocytes are particularly
sensitive to radiation, and irradiation can also affect the innate

TABLE 2 The effect of ORT and potential side effects of ORT.

Findings on follow up Eyes/orbits involved

right eye:0/97 left eye:0/97
right eye:0/97 left eye:0/97

Retinopathy before radiotherapy
Retinopathy after radiotherapy

Cataract/cataract surgery before radiotherapy
Cataract/cataract surgery after radiotherapy

right eye:12/97 left eye:12/97
right eye:30/97 left eye:31/97

Eye/orbital regional malignancy right 0/97 left 0/97

CAS before irradiation (n=196)
CAS after irradiation (n=196)

5 (range: 4-6)
2 (range 1-3)

CAS, Clinical Activity Score.
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immune system (36). Furthermore, radiotherapy reduces orbital
fibroblast proliferation and GAG production (37). First line
immunosuppressive treatment in moderate to severe TED is
intravenous corticosteroids that can be combined with ORT
(19, 38).

Based on experience gathered in oncology, development of
radiation retinopathy depends on total dose, size of each
radiation fraction, use of concurrent chemotherapy, and
comorbidities such as hypertension, diabetes and vascular disease.
A total dose of up to 50 Gy is frequently considered the threshold
for the development of radiation-induced retinopathy; radiogenic
retinopathy develops in more than 50% of patients exposed to 65 Gy
with a healthy retina. Radiation doses below 35 Gy are believed to
rarely lead to retinopathy (39). The most radiosensitive region of
the retina is the posterior pole (26).

Coexistence of diabetes and TED often poses a major
therapeutic challenge as corticosteroid administration is a
contraindication in inadequately controlled diabetes (40).
Presence of diabetic retinopathy is a contraindication to ORT,
whereas diabetes without retinopathy requires case-by-case risk-
benefit consideration (41). Older studies utilizing cobalt-60 as the
irradiation source, suggested that diabetes mellitus is a
contraindication to ORT as retinopathy after 20 Gy ORT
occurred in diabetic patients (25). More recent studies, performed
in the linear accelerator era, found post-ORT retinopathy neither in
non-diabetic patients (42), nor in patients with diabetes (18). Our
results are consonant with a study with median follow-up of 9.0
years, which detected no radiation-induced retinopathy in 121
patients, 10% of whom had diabetes (36).

In selected moderate-to-severe TED patients, especially in those
whose principal feature is progressive diplopia, orbital irradiation is
the preferred treatment (9, 10). However, the potential harm by
induction of retinopathy limits its use, or at least requires profound
consideration of the benefit-potential harm ratio. In the present
study, 97 patients received 20 Gy irradiation by a linear accelerator,
in combination with iv. corticosteroids for moderate to severe,
active TED. No patient had developed retinopathy. The lack of
retinopathy in the diabetes group may be related to the 3D
irradiation planning or the well-managed diabetes based on
HbA1c values, or the combination of both.

There are three differences compared to the previous studies. In
the present study (i) all patients received iv. glucocorticoids during
the ORT, (ii) a linear accelerator was used in all cases, and (iii) 3D
computer-aided design was applied during pre-simulation. The
latter enabled us to reduce the radiation dose received by the
retina. Our results suggest that ORT, performed by a linear
accelerator with 3D planning, and in combination with
corticosteroids, is a safe treatment option for active TED in
patients with or without diabetes.

One limitation of our study is its retrospective nature. Further,
the diabetic patients were all of low risk for retinopathy due to
excellent HbAlc values and the absence of uncontrolled
hypertension. Uncontrolled diabetes and hypertension were
considered relative contraindications for ORT. The low number
of TED patients with diabetes may have been insufficient to detect a
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low-probability event. Finally, although the follow up period may
have been sufficient to detect retinopathy, cataract formation and
radiation induced tumor development may occur over a
longer time.

In conclusion, the risk of radiation-induced retinopathy after
orbital irradiation for TED is low. Diabetes with good glycemic
control and without existing diabetic retinopathy may not be a
contraindication if linear accelerator with 3D planning is used.
Ophthalmic surveillance, particularly dilated fundus examination,
is still recommended.
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