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Abstract
Purpose: Few studies have evaluated the methodology by which radiation therapy (RT) for thyroid eye disease and compressive optic
neuropathy is performed. The objective of this study was to retrospectively review our experience from a radiation planning standpoint
and to determine whether current treatment methods provide adequate dose to target and collateral structures.
Methods: A retrospective review of 52 patients (104 orbits) with bilateral thyroid eye disease and compressive optic neuropathy treated
with RT (20 Gy in 10 fractions) at our institution. RT plans were analyzed for target volumes and doses. Visual fields, color plates, and
visual acuity were assessed pretreatment and at last available follow-up post RT. A standardized, anatomic contour of the retro-orbital
space was applied to these retrospective plans to determine dose to the entire space, rather than the self-selected target structure.
Results: Compared with the anatomic retro-orbital space, the original contour overlapped by only 68%. Maximum and mean dose was
2134 cGy and 1910 cGy to the anatomic retro-orbital space. Consequently, 39.8% of the orbits had a mean dose <19 Gy (<17 Gy
16.4%, <18 Gy 27.6% <19 Gy 37.8%, <20 Gy 59.2%, 20-21 Gy 35.8%, >21 Gy 5%). There was no significant association of
improvement in color plates (P Z .07), visual fields (P Z .77), and visual acuity (P Z .62), based on these dose differences. When
beam placement was retrospectively adjusted to include a space of 0.5 cm between the lens and the anterior beam edge, there was a
39.4% and 20.3% decrease in max and mean dose to the lens.
Conclusions: Without a standardized protocol for contouring in thyroid eye disease, target delineation was found to be rather varied,
even among the same practitioner. Differences in dose to the anatomic retro-orbital space did not affect outcomes in the follow-up
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period. Although precise contouring of the retro-orbital space may be of little clinical consequence overall, a >0.5 cm space from the
lens may significantly reduce or delay cataractogenesis.
� 2020 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The pathogenesis of thyroid eye disease (TED) is
subject to a variety of postulated mechanisms including
the activation of immune-related cells and fibroblasts.
This auto-immune activation causes inflammation and
adipogenesis, resulting in the well-known signs of TED,
such as soft tissue inflammation and proptosis. Radiation
therapy (RT), in conjunction with corticosteroids, has
been used to curtail these immunomodulatory mecha-
nisms, shortening the active disease phase and reducing
the chance of poststeroid rebound inflammation.1-3

Although the efficacy of RT in TED continues to be
debated,4-8 its utility in cases complicated by compressive
optic neuropathy (CON) appears more definitive. CON is
infrequent, occurring in 1% to 8% of patients with
TED.1,9,10 When RT is combined with oral corticoste-
roids, patients have shown a robust >90% response rate,
with improvements in visual acuity, visual field, and
dyschromatopsia.3 The use of RT also appears to prevent
the subsequent development of compressive disease and
reduce the incidence of disease relapse.10,11

The majority of studies evaluating the efficacy of RT in
TED use a prescription dose first established by Donaldson
et al in 1973, of 20Gy in 10 fractions, instituted over several
weeks.12 With its perceived efficacy and low complication
rate, this study has become the historical standard by which
patients receive treatment.1 As a heterogeneous disease
process, however, no clearly defined protocol exists for
target delineation. In addition, several small studies have
deviated from the historical standard, comparing the
response of TED patients (without compression) to lower
doses of RT, ranging from 2.4 Gy to 16 Gy, with no sig-
nificant difference in outcomes.13-15

The primary objective of this study was to assess
contour variability in RT for TED-CON by comparing the
dose and volume metrics of practitioner demarcated tar-
geted volumes of the retro-bulbar space, to a standardized
anatomic definition of the retro-bulbar space.
Methods

This was an institutional review boardeapproved
retrospective review of 104 orbits from 52 patients who
received a diagnosis of bilateral TED-CON and who were
treated with combined RT and oral corticosteroids. Pa-
tients with possible concomitant causes for CON other
than TED, such as malignancy or sarcoidosis, were
excluded. Patients with prior orbital surgery or subsequent
orbital surgery, including orbital decompression, were
also excluded.

Disease status was updated in the institutional database
for all patients in the electronic medical record or physical
chart using data from patient visits and imaging. De-
mographic data was not routinely collected for all patients
and were thus not included in this analysis. CON was
determined by the cardinal signs of optic nerve dysfunc-
tion, which include decreased visual acuity (VA), the
presence of an afferent pupillary defect, visual field def-
icits by mean deviation on 24 to 2 Humphrey visual fields
(MD), and dyschromatopsia on Hardy-Rand-Rittler
pseudoisochromatic plates (CP). MD, CP, and VA were
assessed at the pretreatment visit and last available
follow-up, an average of 305 days post-RT (49-1008
days), after the last fraction.

Practitioner demarcated target volume

The retro-bulbar target contoured by the treating ra-
diation oncologist, referred to as the practitioner contour,
was reviewed. The plans were analyzed for volumes and
doses to target and collateral structures. All patients were
planned and treated in a similar fashion. The patient was
laid supine with the head midline. The isocenter was
aligned with the patient’s lateral canthus, usually ensuring
isocenter placement posterior to the lens. Two lateral (and
sometimes oblique) beams (6 Mv) were placed opposi-
tional to one another in a horizontal fashion, with the
anterior beam edges matched posterior to the lens so that
they appear parallel. Multicollimeter leaflet blocking was
added posteriorly to reduce dose to the central nervous
system. Plans were normalized to coverage of the plan-
ning target volume with a minimum of 95%, maximum
less than 107%, and lenses under 4 Gy. There were no
gross tumor volume or clinical target volume consider-
ations. Maximum dose and mean dose were reported for
the planning target volume, not as point dosing.

Identification of anatomic retro-bulbar space

Practitioner contours were then compared with the
dose received when a standardized anatomic definition of
the retro-bulbar space was retrospectively instituted.16,17

The anatomic contour started at the most superior open-
ing of the orbit, excluding bone. Once the orbital aperture
was reached, a straight line was drawn from the medial to
lateral orbital wall, from the tip of the zygomatic bone to
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Figure 1 Practitioner contour (white outline) versus anatomic contour (black outline).
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the point at which the frontal bone reflects back toward
the orbit. As the demarcation moves inferiorly, this
straight line eventually connects the posterior edge of the
frontal process of the maxillary bone to the zygoma, and
even more inferiorly, from the anterior lacrimal crest to
the zygoma. This straight line marked the anterior most
portion of the orbital contour, with exclusion of the globe.
The posterior demarcation of the orbital contour is
rounded at the posterior edge of the zygomatic bone, or
once the diameter of the optic canal is <4 mm. The
contour is continued inferiorly till closure of the inferior
orbital space, excluding bone. Although minimal in vol-
ume, the nasolacrimal duct and superior orbital fissure
were excluded. Within the anatomic contour, additional
measurements were taken for total muscle volume and
total fat volume.

Statistical analysis

Disease and patient characteristics were summarized
using descriptive statistics. Percent overall improvement
in CP, MD, and VA were reported by comparing changes
in mean values from pretreatment to last available follow-
up. The practitioner contour was compared with the vol-
ume of the anatomic contour. The percent volume overlap
was described. Maximum and mean dose (in Gy) to the
practitioner contour and the anatomic contour were re-
ported for all orbits when keeping with the original beam
placement and dosimetry. Based on the overall dose to the
retro-bulbar space using the anatomic contour, subjects
were divided into 5 subgroups; retro-bulbar spaces
receiving less than 17 Gy, 17 to 18 Gy, 18 to 19.5 Gy,
19.5-20.5 Gy (~prescription dose), and >20.5 Gy. All
analyses were performed on Philips Pinnacle Systems,
Amsterdam, Netherlands (V.2-V.10). Outcomes with
respect to mean differences in MD, CP, and VA among
the 5 subgroups were assessed using one-way analysis of
variance with an a of 0.05.
Results

The final analytical sample consisted of 52 patients and
104 orbits. The average age of the analytical sample was
62 (54% female). There was an overall 12.5% improve-
ment in CP (mean, 4.05; range, 0-6), 21.4% improvement
in MD (mean, e4.1; range, e25.94 to 1.48), and 38.3%
improvement in VA (mean, LogMAR 0.202; range, 0-1)
between pretreatment and last follow-up. Average pre-
treatment steroid dose was 55.3 mg (0-100 mg) and
average posttreatment steroid dose was 3.46 mg (0-40
mg), resulting in a 93.7% reduction in corticosteroids.

Dose to the practitioner demarcated target tissue was a
max of 21.6 Gy (range, 20.5-28.7; standard deviation
[SD] of 1.15) and mean of 20.7 Gy (range, 16.9-25.9; SD
1.09). Mean planning volume was 14.4 cm3 (4.6-24.0),
with a standard deviation of 4.6. Mean muscle volume
was 6.0 cm3 (2.9-13.3) with a standard deviation of 2.2.
Mean fat volume was 15.0 cm3 (10.7-23.2) with a stan-
dard deviation of 2.3. The mean volume of the anatomic
retro-bulbar space was 23.2 cm3 (16-34.1) with a standard
deviation of 4.0. The practitioner contour overlapped with
the anatomic contour by only 68% (25%-90%; Fig 1).

Maximum and mean dose to the anatomic retro-bulbar
space was 21.5 Gy (range, 20.4 Gy-26.7 Gy; SD of 2.3)
and 19.1 Gy (range, 11.6 Gy-23.4 Gy; SD of 2.1),
respectively. Of all or 76.8% received a maximum dose
>20 Gy. Maximum and mean dose to the retina was 20.3
Gy and 8.0 Gy, with a maximum dose range of 11.5 to
28.7 Gy. Maximum and mean dose to the lens was 2.9 Gy
and 1.4 Gy, with a maximum dose range of 0.36 Gy to
16.5 Gy (only 2 >8 Gy).

Using the anatomic contour of the retro-bulbar space,
38.9% of the orbits had a mean dose <19 Gy (16.6%
<17, 12.5% 17-18 Gy, 15.3% 18-19.5 Gy, 27.8% 19.5-
20.5 Gy, 26.4% >20.5 Gy). Six orbits received 16 Gy, 1
received 13 Gy, and 2 received 11 Gy. There was no
significant association with outcome in CP (P Z .07), VF
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(P Z .77), VA (P Z .62), or in steroid dose (PZ .34) by
subgroup. Incidentally, when anterior beam edges were
retrospectively adjusted to 0.5 cm posterior to the lens
there was a reduction in maximum dose by e39.4% and a
reduction in mean dose by e20.3% to the lens, without
compromising overall dose to the target tissue.
Figure 2 Lens-sparing method: approximately 0.5 cm from
posterior edge of lens. Note the anatomic contour in 3-
dimensions.
Discussion

Without a standardized protocol for contouring in
TED, target delineation was found to be rather varied,
even among the same practitioner, overlapping the
anatomic retro-bulbar space by only 68% (25%-90%).
Although the objective of this study was not to establish
guidelines for the contouring and treatment of patients in
TED-CON, the authors did note improved homogeneity
in mean dose when practitioner contours overlapped more
with the anatomic retro-bulbar space. The meticulous and
specific nature of the anatomic contour is not feasible in a
practical setting but does involve improved coverage of
the superior, inferior, and apical regions, which are of
particular importance in the development of CON and
visual field deficits.18-20 There is repeated support in the
literature regarding the benefit of established contouring
guidelines. It significantly improves reproducibility and
accuracy in treatment planning across a myriad of sites
and allows for the treatment of patients in centers with
limited experience.21,22 It also reduces the risk of dosage
error, target delineation error, and human error, which in
the context of RT for TED, has led to poor outcomes,
such as radiation retinopathy.23,24

Contour variability in RT is not unique to TED. In the
malignant setting, studies evaluating breast, prostate,
esophageal, and lung cancer, for example, have found
similarly wide degrees of overlap. These same studies
have found that variability in the malignant setting can
result in clinically meaningful underdosage, and a
reduction in tumor control.25-27 The variability in TED-
CON, on the other hand, appears to be less concerning,
with orbits that received less than 17 Gy overall versus
those at 21 Gy (a difference of 25% in prescription dose),
demonstrating no significant difference in outcomes dur-
ing the post-RT follow-up period. This is consistent with
findings from previous smaller studies on noncompressive
TED and RT, at doses as low as 2.4 Gy.13-15

Although limited by our small sample size and retro-
spective nature, this is the first study to analyze the
plausibility of lowering radiation doses to the retro-bulbar
space in cases of TED-CON. Although a cumulative dose
<35 Gy is usually considered safe for the development of
optic neuropathy, there are several published instances of
optic neuropathy occurring at lower treatment doses,
especially in smokers and cases with nerve compression
(2 common characteristics in the TED-CON population).
Studies have also identified optic nerve sensitivity to
fractionation, finding a significant reduction in optic
neuropathy at fractions <2.0 Gy.28-32 Cases of radiation
retinopathy have also been reported in the 10 to 40 Gy
range in TED.24,29 The use of low dose RT, or fractions
<2 Gy, could allow for retreatment in cases of recurrent
TED-CON (which occurs in 15.7% of TED patients),
while reducing the risk associated with cumulative dam-
age to collateral tissues.33 This possibility would also
allow for retreatment as a salvage option in cases of re-
fractory or recurrent disease.

In this study, overall lens dose was well below the
cataractogenic dose, although the fractionation model
(dose tolerance of <2 Gy fractions) remains a risk fac-
tor.31,32 The authors noted that the use of a 0.5 cm space
between the anterior beam edge and the lens appeared to
reduce dose to the lens even further (�39.4% in
maximum dose and �20.3% in mean dose), though the
clinical benefit of this method is unknown (Fig 2). The
average age of patients with TED-CON reported here
coincides with the natural progression of senile cataract
and therefore lowering RT dose even further may be of
little consequence (cataract status pre and post RT was not
uniformly collected).

This study is limited by its retrospective nature.
Considering the wide contour variability that allowed for
the dose comparisons to be made, it is unclear whether
previous studies evaluating RT efficacy (or lack thereof),
were patients who received a full 20 Gy. A larger study
instituting controlled contours and varied prescriptions in
radiation dose, such as 10 Gy, 15 Gy, and 20 Gy, would
help confirm the findings suggested here.
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