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Dear Editor,

Thyroid ophthalmopathy (TO) is one of Graves' dis-
eases (GD) most common extrathyroidal complica-
tions. It is present in 20-25% of patients with GD at
the time of diagnosis.[1] Radiological findings of extra-
ocular muscle involvement in asymptomatic patients
are observed on magnetic resonance imaging (MRI).
[2] Although the underlying mechanism is not fully
elucidated, it is assumed to be an autoimmune disease
caused by auto-antibodies developed against similar
antigens of the thyroid and orbit.[3] Orbital fibroblasts
proliferate and induce an inflammatory response by
stimulating the synthesis of glycosaminoglycans. Ede-
ma, pain, total/subtotal vision loss, proptosis, diplopia,
periorbital edema, and compressive optic neuropathy
may occur secondary to inflammation.[4]

Although the primary treatment of TO is steroids;
Rituximab, Selenium, Cyclosporine, Radiotherapy
(RT), and surgery are other treatment options used in
cases that do not respond to primary treatment. High-
dose steroid use can cause serious acute and chronic side
effects such as weight gain, hypertension, immunosup-
pression, and Cushing’s syndrome. RT can be used with
or without low-dose steroids as an alternative to high-
dose glucocorticoid use.[5] The main mechanisms of
RT in the treatment of TO are as follows; reducing the
proliferation of fibroblasts and permanently stopping
the inflammatory process. Side effects that may develop
due to RT are tumor formation, cataracts, and retinopa-
thy. However, there are also studies in the literature in
which these side effects are not observed.[6]

Hyperarc (HA, Varian Medical Systems) is a novel
automated isocentric Volumetric Arc Therapy (VMAT)

technique.[7] With this technique, stereotactic radio-
surgery treatment planning in single isocentric and
non-coplanar areas can be achieved with optimal dose
distribution. The previous studies on the subject have
shown that this technique provides successful results
in stereotactic RT of single and multiple brain metasta-
ses.[8,9] After confirmation of better dose distribution
with HA, the tendency to use HA in the conventional
treatment of many different diseases has increased.[10]
Studies have reported that the plans obtained with the
HA technique are superior to other VMAT and In-
tensity Modulated Radiotherapy (IMRT) techniques
in terms of dose gradient and low dose distribution.
[8-10] There is a long survival expectancy in similar
patients and long-term side effects such as second-
ary malignancy are important in these patient groups.
Which technique is better for low-dose areas, often ne-
glected in current guidelines, is a topic of current de-
bate. In this study, different techniques were compared
in terms of low dose distribution.

In this case report, the HyperArc planning tech-
nique, which is a technique generally preferred in ste-
reotactic RT, was tried to be applied in benign disease,
in a large RT area, and with a low dose. In this study, it
was aimed to dosimetrically compare the HA treatment
planning algorithm with 3D Conformal Radiotherapy
(3DCRT), VMAT, and Helical IMRT techniques in the
RT of a patient diagnosed with Graves’ Ophthalmopa-
thy. In addition, the patient’s short-term treatment re-
sults are presented.

A 39-year-old female patient, who was followed up
for 1 year due to hyperthyroidism and was using Me-
thimazole (10 mg/day), was admitted to the hospital
with eye pain in November 2020. The patient, who was
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evaluated in detail by the ophthalmology and endo-
crine department, was diagnosed with TO, and steroid
therapy (prednol 72 mg/day) was started for treatment.
In the 2™ month follow-up after steroid treatment, it
was observed that eye pain continued and limitation of
eye movements developed. In addition, diabetes mel-
litus and Cushing’s disease were observed due to high-
dose steroids. The dose was reduced in steroid therapy
for side-effect control. The patient was evaluated in the
multidisciplinary council, and it was decided to contin-
ue the treatment with RT. In orbital MRI before RT, an
appearance compatible with proptosis and an increase
in the bilateral retro-orbital adipose tissue thickness
were observed after the contrast agent injection with
edema in T2 sequences reaching 10 mm in the thick-
est part of the extraocular muscles (Fig. 1). Simulation
computed tomography (CT) was performed on the pa-
tient with a slice thickness of 1.25 mm. Extraocular eye
muscles and retrobulbar adipose tissue are contoured
as the Clinical Target Volume. The lens, optic chiasma,
lacrimal gland, macula, brain, pituitary gland, and hip-
pocampus were contoured as organs at risk. Due to the
patient’s young age and long life expectancy, RT plans
were tried with different devices and algorithms to re-
duce the risk of treatment-related complications.

The 3DCRT, VMAT, and HA plans were created
by using the VARIAN planning system; the helical
IMRT plan was obtained using the RadixAct. In treat-
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Fig. 1. Patient’s pre-radiotherapy orbital MRI.
MRI: Magnetic resonance imaging; RHP: Right head-pos-
terior; LFA: Left foot-anterior.

ment plans, it is aimed that 95% of the target volume
receives 95% of the prescribed dose. The degree of
importance of the organ at risk was reported to the
medical physicist who planned the RT (1. Lens, 2.
Frontal Lobe, 3. Macula, 4. Lacrimal gland) and criti-
cal organ dose comparisons were given in Table 1 and
Fig. 2. The plans were compared in detail, then the pa-
tient was treated with the HA plan as it provided the
most negligible OAR doses and optimal target organ
dose-volume values. The target volume dose cover-

Fig. 2. Dose distribution of the patient in different planning techniques with 50% isodose line in green.
A:3DCRT; B: VMAT; C: TOMOTHERAPY; D: HA. 3DCRT: 3D Conformal Radiotherapy; VMAT: Volumetric Arc Therapy; HA: Hyperarc.
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Table1 Dose distributions obtained in plans made with different planning techniques
Parameters 3DCRT VMAT TOMOTHERAPY HYPERARC
(cGy) (cGy) (cGy) (cGy)
Frontal Lobe Mean 329 280 335 398
Frontal Lobe Max 2048 2012 2074 1910
Lens L Max 2063 638 436 504
Lens L Mean 1986 416 246 334
Lens R Max 2063 636 306 478
Lens R Mean 1970 436 206 288
Lacrimal Gland L Max 2078 1968 2129 1982
Lacrimal Gland L Mean 1986 1566 1968 1456
Lacrimal Gland R Max 2076 2026 2150 2014
Lacrimal Gland R Mean 1960 1462 1848 1356
Makula R Max 2096 1826 2094 1844
Makula L Max 2106 1926 2046 1860
Retina R Max 2119 2130 2094 2136
Retina L Max 2120 2106 2111 2114
CTVR
D98 94.7 98.4 93.6 97
D95 96.3 99.6 97.7 98.5
D2 105.0 104 107.7 104.5
CTVL
D98 95 98 94.9 97
D95 96.5 99.6 98.3 98.5
D2 105 104.3 108.1 104.5
MU 231.7 731.1 4715,5 1043,6

3DCRT: 3D Conformal Radiotherapy; VMAT: Volumetric Arc Therapy; Max: Maximum dose; CTV: Clinical target volume; D98: Minimum dose to 98% of the target

volume; D95: Minimum dose to 95% of the target volume; D2: Minimum dose to 2% of the target volume; MU: Monitor unit

age was better and the frontal lobe, macula, lens dose,
and gradient index were lower in the plan performed
with the HA technique compared to 3DCRT, helical
IMRT, and VMAT. Although the lens dose was found
to be lower in the Helical IMRT plan, because the
dose coverage was low and the calculated treatment
time was long, HA treatment was found to be more
appropriate. During the 2-week treatment period, RT
was administered with a fractional dose of 2 Gy and
a total dose of 20 Gy. Pain situations were questioned
at the beginning of RT, on the 6™ day (mid-treatment-
when a total of 10 Gy has been completed), and at
the end of RT. The eye was examined to evaluate the
limitation of movement. Methylprednisolone (8 mg/
day) was given to the patient during the treatment.
Although the patient describes a significant reduction
in pain during the treatment process, there is mini-
mal improvement in eye movement limitation. At
the end of the treatment, an ocular CT scan showed
a decrease in edema of the extraocular muscles (Plan-
ning CT: EOM R:7.1 cc EOM L:7.7 cc, 2™ month CT:
EOM R:6.5 cc EOM L:7.1cc). In the 2" month follow-

up of the patient after RT, a decrease in eye pain and
preorbital edema and a significant improvement in
eye movement limitation were observed compared to
pre-RT. The patient was questioned in terms of side
effects, and no acute side effects were observed. Close
follow-up of the patient by ophthalmology and endo-
crine clinics continues.

Orbital RT has been used in the treatment of TO
since 1915.[11,12] In the past, irradiations were ap-
plied with the Lateral Counter-Field (LOF) technique
due to its easy setup and fast application procedures. In
this technique, since a block was placed in the anterior
part to protect the lens, the entire target volume did
not receive an effective dose, and a homogeneous dose
distribution could not be achieved. In the first studies,
conventional RT was used by opening two lateral areas
from the anterior border of the lateral bone canthus.
Cataract due to lens damage was prevented using the
half beam technique (HBT).[12,13] When the HBT
is used in severe proptosis cases, extraocular muscles
and soft-tissue areas receive low doses, which leads to
a decrease in treatment success.[14] Two lateral area
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techniques without half beam block (non-split beam
technique [NSBT]) were applied as an alternative to
the HBT. In NSBT, the lens and lacrimal glands were
exposed to high-dose radiation.[15] With technology
development, 3D-CRT, a more effective technique for
better target volume coverage and preserving nor-
mal tissues, has replaced this technique. Later, IMRT
emerged as an advanced RT technique that could bet-
ter dose distribution in irregular and complex struc-
tures and began to take its place in orbital irradiation.
[16] There are some reservations about its use in this
benign disease due to RT’s side effects, which are used
as an alternative in cases resistant to steroid treatment.
Cataracts and secondary malignancies that may occur
due to RT are the main concerns. In the study of Bar-
talena et al.,[5] the incidence of cataracts was 10% in
patients who underwent orbital RT. The prevalence of
cataracts was higher, although not significantly com-
pared with the general population. No tumors were ob-
served in 157 patients submitted to CT scans of orbital
and adjacent regions. In the study of Wakelkamp et
al.,[6] when RT (29%) and glucocorticoid groups(34%)
were compared, cataract development rates were found
to be similar. In addition, intracranial tumors were
not detected in any of the patients who received RT.
In summary, although a significant increase in serious
long-term adverse effects associated with RT has not
been reported in the literature.

RT decision should be made with caution in pa-
tients with comorbidities that predispose to retinop-
athy, such as hypertension and diabetes mellitus. In
our case, diabetes mellitus and hypertension devel-
oped secondary to steroid treatment. However, in the
multidisciplinary council evaluation, it was decided
that RT would be appropriate for the patient because
it would take a long time to reach alternative treat-
ment options. In this patient, the retina and macula
were also contoured and there were no hotspots in
these areas (Fig. 2). The target tissue received the ef-
fective dose and normal tissues such as the lens were
below the tolerance dose.

In a recent study evaluating the results of radio-
therapy using the IMRT technique in treating oph-
thalmopathy, Li et al.[16] reported the treatment re-
sults of 178 patients. This study reported that patients
received a significant treatment response within 6
months after treatment. In cases whose symptom du-
ration is longer than 18 months and who continue to
smoke; it has been reported that RT has less treatment
success. In the case series, the rate of cataracts was
reported as 2.25%.
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Dosimetric studies on the treatment of TO are also
available in the literature. Lee et al.[17] reported the
dosimetric superiority of IMRT in their dosimetric
study, in which they evaluated ten patients diagnosed
with TO and receiving IMRT treatment. According
to their results, IMRT is significantly superior than
3DCRT and LOF and it provides better dose toler-
ance in the globe, lenses, and optic nerves and has a
better conformity index and homogeneity index. In
the study by Nguyen et al,[18] in which seven pa-
tients were evaluated retrospectively, Tomotherapy,
traditional HBT, and NSBT were compared dosi-
metrically. Target dose administration was better in
tomotherapy; however, lens doses were higher than
others. Unlike this study, the lowest lens dose was ob-
tained with tomotherapy in our study. The reason for
this is that; there is a comparison with the 3D tech-
nique in the study of Nguyen et al.;[18] in our study,
different IMRT techniques were also compared. In
the study by Valentine et al,,[19] HA, VMAT, and
2FPO (2-Area Parallel Opposite) techniques were
compared dosimetrically in TO. They obtained bet-
ter results with HA in critical organ doses, especially
lens and lacrimal gland doses. In our study, it was
aimed primarily to protect the lens doses. Ten Gy,
the dose limitation specified in the study of Emami et
al.,[20] could not be achieved only in 3DCRT among
the techniques we compared.

Although the HA technique is a widely used meth-
od for stereotactic radiosurgery in brain metastases, its
use has increased in other diseases as it provides better
dose distributions and critical organ doses[8-10] We
planned to use the HA technique to have a long life ex-
pectancy, a better treatment plan and to minimize the
side effects of our patient.

Dosimetric and clinical trials using different and
modern techniques for better RT plans into treatment
are interesting research topics. In this case, we com-
pared HA and other IMRT techniques with conformal
RT in our clinic. In our study, frontal lobe doses were
also evaluated considering the patient’s age. Dose limi-
tations were generally provided with the HA technique
outside of this area. However, the clinical significance
of the higher dose distribution observed in the frontal
lobe is unknown.

RT is an important treatment option for the treat-
ment of steroid-resistant TO. In the treatment of this
benign disease, there is a need for dosimetric and
clinical studies comparing modern RT techniques to
apply the effective dose to the target area with mini-
mum side effects.



Kargioglu et al.

Hyperarc VMAT Technique in the Treatment of Thyroid Ophthalmopathy

REFERENCES

1. Bahn RS. Graves' ophthalmopathy. N Engl ] Med
2010;362(8):726-38.

2. Villadolid M, Yokoyama N, Izumi M, Nishikawa T,
Kimura H, Ashizawa K, et al. Untreated Graves’ dis-
ease patients without clinical ophthalmopathy demon-
strate a high frequency of extraocular muscle (EOM)
enlargement by magnetic resonance. J Clin Endocrinol
Metab 1995;80(9):2830-3.

3. Burch HB, Wartofsky L. Graves ophthalmopathy:
current concepts regarding pathogenesis and manage-
ment. Endocr Rev 1993;14(6):747-93.

4. Wiersinga WM. Advances in treatment of active,
moderate-to-severe Graves ophthalmopathy. Lancet
Diabetes Endocrinol 2017;5(2):134-42.

5. Bartalena L, Marcocci C, Tanda ML, Rocchi R, Mazzi
B, Barbesino G, et al. Orbital radiotherapy for Graves’
ophthalmopathy. Thyroid 2002;12(3):245-50.

6. Wakelkamp IM, Tan H, Saeed P, Schlingemann RO,
Verbraak FD, Blank LE, et al. Orbital irradiation for
Graves' ophthalmopathy: Is it safe? A long-term fol-
low-up study. Ophthalmology 2004;111(8):1557-62.

7. Clark GM, Popple RA, Young PE, Fiveash JB. Feasi-
bility of single-isocenter volumetric modulated arc ra-
diosurgery for treatment of multiple brain metastases.
Int ] Radiat Oncol Biol Phys 2010;76(1):296-302.

8. Ohira S, Ueda Y, Akino Y, Hashimoto M, Masaoka
A, Hirata T, et al. HyperArc VMAT planning for sin-
gle and multiple brain metastases stereotactic radio-
surgery: a new treatment planning approach. Radiat
Oncol 2018;13(1):13.

9. Ruggieri R, Naccarato S, Mazzola R, Ricchetti E, Cor-
radini S, Fiorentino A, et al. Linac-based VMAT ra-
diosurgery for multiple brain lesions: comparison be-
tween a conventional multi-isocenter approach and a
new dedicated mono-isocenter technique. Radiat On-
col 2018;13(1):38.

10.Ho H-W, Lee SP, Lin H-M, Chen H-Y, Huang C-C,
Wang S-C, et al. Dosimetric comparison between
RapidArc and HyperArc techniques in salvage stereo-

501

tactic body radiation therapy for recurrent nasopha-
ryngeal carcinoma. Radiat Oncol 2020;15(1):164.

11.Beierwaltes WH. X-ray treatment of malignant exoph-
thalmos: a report on 28 patients. J Clin Endocrinol
Metab 1953;13(9):1090-100.

12.Gripp S, Doeker R, Glag M, Vogelsang P, Pape H. Con-
ventional and virtual simulation in retrobulbar irradi-
ation. Strahlenther Onkol 2000;176(3):131-4.

13. Marquez SD, Lum BL, McDougall IR, Katkuri S, Levin
PS, MacManus M, et al. Long-term results of irradia-
tion for patients with progressive GRAVES’ ophthal-
mopathy. Int ] Radiat Oncol Biol Phys 2001;51(3):766-
74.

14.Bradley EA, Gower EW, Bradley DJ, Meyer DR, Cahill
KV, Custer PL, et al. Orbital radiation for graves oph-
thalmopathy: a report by the American Academy of
Ophthalmology. Ophthalmology 2008;115(2):398-
409.

15.Goyal S, Cohler A, Camporeale ], Narra V, Yue NJ.
Intensity-modulated radiation therapy for orbital lym-
phoma. Radiat Med 2008;26(10):573-81.

16.Li Y-J, Luo Y, He W-M, Li P, Wang F. Clinical outcomes
of graves’ ophthalmopathy treated with intensity mod-
ulated radiation therapy. Radiat Oncol 2017;12(1):171.

17.Lee VH, Ng SC, Choi CW, Luk MY, Leung TW, Au
GK, et al. Comparative analysis of dosimetric parame-
ters of three different radiation techniques for patients
with Graves’ ophthalmopathy treated with retro-or-
bital irradiation. Radiat Oncol 2012;7:199.

18.Nguyen NP, Krafft SP, Vos P, Vinh-Hung V, Ceizyk M,
Jang S, et al. Feasibility of tomotherapy for Graves’ oph-
thalmopathy. Strahlenther Onkol 2011;187(9):568-74.

19. Valentine R, Schipani S, Cauchi P, Chadha V, Con-
nolly J, Mitchell T, et al. EP-2079 HyperArcTM RT for
thyroid eye disease: a plan comparison with VMAT
and parallel opposed techniques. Radiother Oncol
2019;133:51147.

20.Emami B, Lyman ], Brown A, Coia L, Goitein M,
Munzenrider JE, et al. Tolerance of normal tissue to
therapeutic irradiation. Int J Radiat Oncol Biol Phys
1991;21(1):109-22.



