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Abstract

e Thyroid-associated ophthalmopathy (TAO) is the most
common orbital disease in adults, and its incidence is
increasing year by year. The clinical manifestations
include proptosis, eyelid retraction, ocular motility
disturbance and visual impairment, which seriously
damage the physical and mental health of patients.
Treatment options for TAO mainly include
glucocorticoids, radiotherapy and orbital decompression.
Among them, the glucocorticoids are the mainstay of
treatment for moderate - to - severe and active disease;
Orbital decompression is mainly for patients with severe
proptosis and increased orbital pressure leading to optic
nerve compression injury; And radiotherapy is used for
TAO patients who are intolerant of glucocorticoids and
who refuse orbital decompression. Radiation therapy can
effectively improve the clinical symptoms of patients by
exerting a non-specific anti-inflammatory effect, and it is
an important means of treating TAO. With the continuous
update of computer technology and medical imaging,
radiotherapy techniques have developed rapidly. The
emergence of three-dimensional conformal radiotherapy
technology and intensity - modulated radiotherapy
technology has made it possible to locate the lesions
accurately. Recently, a large number of clinical results
show that radiotherapy for TAO has good curative effects
and manageable adverse reactions. This article reviews
the mechanism of action, technical characteristic, clinical
protocol, radiation dose parameter selection and
complications of radiotherapy for TAO, in order to
provide clinical reference for peers and formulate
personalized TAO treatment plans.
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BRI, HBE AR T R
AR AR TR DA S B e L TAO A6 Y7 D DU Ay 410 ok R HEE
RAE I3/ MR HMIL HRIE i 77 740 H A R ) 85 20 2 ) 4 41
I MR AR AT B HART R L AR 0
I S PR HE AR R BOR R A6 7 58 . Wl B B R J2
A E TG STk TAO A e T7 %, {5 T 5 & S 1k T 46
5 SR O I IR TR A AN RO R
XoF AT R IO IR I il s AR 38 5 2 R 98 1 B
JUE T A M o 2 AR, B it MEE vy T, il = S0 38 MR A IR S
FEHRANIL , TR BE , (EA AT RE AR5 AN & HE R
PR IRRABEL S L R VR A 2 AR IR R IR
A R BRYE B XPHE B M B SCR 22 s H A A R
DA B i 17 328 2 300 P o 22 22 T A REA T MR HIE sl 1 A )
WS TAO BB U R YT = — R T AT TR T 7 ik,
ILAER  VF 25 TR A YT TAO Jr i 1T K iEsE , 1
27 MG K25, A SCHE TAO TG 7 9 0F 52 2F Jig

TR,
1 SR RO
11518 PR AEAET AR X LUT A IR0, A

MIRTELR K AT ST 06 T 19 2R, BRI th 45 Fh s 5
PR R O FAERE RS B p R ST ) B R E B
PR BOETF AR . BCEHATT TR 54 20T L4y
R =2 BRI R & I o By il X ZRIBITHL
IS 20 28 7= A AN TR X 4.5 PR 45 2R s 25 77 A= 1)
IR N i a7 N L o (L
1.2 MGHET  BG T = R FHBUR 6 7 Mg i —Fh
JRAERIGIT I, BAEA 100 ZAERY DTS, AR R
], 43 SR AR YRR T FIAR SR YT o RS IR YT,
NORRIT BB AT, SR B A R TR AT R
LUV (LR R ) BN AR R SR B 9 (R YRR ), 1
e AR R S SRR A R AT ATl T AR R
ANERRE ARSNGB T, SORR I IR B RO R T, B8 G
TR SR A RN AR & 00 St AR SME R IR S 7
OYAT FL AR A) il A VB R R YT Y L W BT
T BT AR E R R LR A A A i
RAFEALGHTH A (2D) GER T H A (3DCRT) | 5%
T H AR (IMRT) | S7 A48 )OSR 7 A EUR 515 0 T?
AR (IGRT) .
1.3 MEHEITAREBMIA A 1903 4, Hilgartner B K X
ST L SRS A0 IR, TT R TS IR T TR MR R Y
FH o TR TT AR AR/ B Ry 50 B S B A 3, 7 HR 30 1
TN UEANWTYT R, H RTIE R FE F HR S e B 4% s v R
YA YT, L FE W D) B 200 e | fok 4% B D €0 3R TH R
Jah MR MEAh 3 | 28 v ABUR . HOR IR AR G IR IR 251 R T
HEL R R I e 251 ey ek v MRS TR S0 7 A il A Jmg i A e
&l e O I B R A O e BT AN OB 7 e
PRAR G KL BT AL B AN [ BE AN IR 0T 7 48, AT fig
P& R CAHIR T BORS T
2 g ati& T TAO IR A

FCHHIAYT TAO By 52 vl B ) 28 1936 4F, Kt Sk
I, BHIA IT R TAO () H IR YT ik, A R
ik 60%'"
2.1 FgHia T TAO RIMERAMLE  TAO Kbl & 4%, i
I8 BT 20 A 95 i) AR HIR HIE 5 27 24 40 B A 5 B, fel A 3R
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B (GAG) BIR TERJG 414, i 5| R HE & 20 20K i HR Bk
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T AR R ST A VE A0 X O A U T 4
JLTE Ak 30 ) BT 2 20 s 5 N 8 22 W A st DT il
HE He RIS K e, i MR i bk . T 4 A S5 1) RE 7
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2.2 AT TAO BB ARYF S 1K L TAO MBUHTIRYT
FERHMRSNIA T o T 3 T B2 o 4% & 5 1Y)
ST A HR G PRl 3 A AR HE R FER I X 4 R A
WK IS RENG o AR GERITS IR YT R AR T X LBl E
07 JESRF X 35K, 38 3 46 - 60 TR YT HILFE 2 K7 S AR 5 TR
Y7 7 TR BT AT T N T TAO (9 IE 5 U R
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5° AR X N A TR 2300 A A AN 50T IR R R
FE, BEZIRIT R A & B, = 4E3E SR 97 (3DCRT)
BT — e AT ,3DCRT 18 B CT #4E Fit &L
PERe ARSI T S A BRG 5 1) 5 80 X O R R 4 —
Y R, 3DCRT 0] LA B B w5 790 b 4 v 7 o5 A
BEIX R R O X YR YT R, AT R I R A

VAR AR YT (IMRT) 78 3DCRT (&5l L 38 I 1 46
TIE R A A 35 ) ik R i = 2 T IR YT R 5 RO
e 5 3DCRT A1 L, IMRT £ #8 X PN 57 & 20 A 5 3
5 KB IX AR B R AR AL TR R, Re i — B4 R iR YT
A RCRUL B E > %) JE B IE B SR IR L
FEXF LT 3 AR R 25 R R, 51550007 Fl 3DCRT
AHLE  IMRT HA B 4 0 X 7 55 A 7, %o ol 3 HR Bk 2 H A
PR AR T 8 2 T e AN RO AR B PR IR
Je B B HE N B 45 40 1 8 IX 3E B &2 4%, BRI IMRT H
3DCRT Hid& H TRY7 TAO,
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7., BLAh, A BT T IR B IR YT AT % e
38 P A 259 2% ( compressive optic neuropathy, CON) Xif
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Rt Lee 2578005 28 ] TAO FR & - 1443 0 o L3 i
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S IR SR AR | AR AR R TE AR T 2R B 52 BT
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HHELTIR SRR G RV R 7 S 4 R B AT
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FIHE T 20 (B 20Gy/20 ¥/20 JE, 1Gy/ U)o WL il 5
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252 FIEHEE MR A2 SRR AR T T S 2k v B R ik
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B A A 5 RO TR B B TR R AE S B PR
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10~20( 7 18) mo"™ it 5 43 50Gy B B YR 5
KT 2Gy B, 25 55 175 T OS2 A8 1 R A
Sanchez—Orgaz %™ 238 1 1] TAO & I K IR R 1Y 4F 42 51
HHZARYT R 20Gy/10 /2 J&,2Gy/¥K) ,3mo
JG %2 RION, EUGOGO Hi i, ™ o e i 5 5o PR 1R
D] B 72 2 MR HEE FICSRHIA T R 4 X 28 S i, 17T 2 A 400 I
A5 (VR DR A A AR A R E . IR B IR T S
AR TR 4 RS i A 7 12 S sk A xsf 35 4 DL 1 A
HR BN o SEAAE—E A ROV AHBUHARYT
SV A B A RN 52
SHESRE

TR YT A B EE TG sh ] TAO B3 1A BRI
2, AE I 1) A AE | Vol e HIR HIE 2 2H 2B Bk % A R R 28 14
R DT 24 B g R I A TG Bt . KAt R I
Y, BRI BEAE S5 ik 17 e 90 TR A A, 550 K BT
RIRAIRIT BA UMEEH], AT AT 528 B B R s
BER A SUERH R T I

TSR ST AT I AAE B RUBS: {8 I 38 7 A 1 4 A AR
HELL R S OB DT 58 IR 7 AT 02 2 4 iR 97 1 =X
BEA BB 7 BOR 2D 0T RORS TR 022 A VA T 12
e AR S T AR AR B i IR T R I R
8 BT R RN 3 0 5 2Kt B S AR U I R 7 2
BB NIRRT AT 20 4 B Al L) N 251
OLAEARSS G RIRIERE A Y BUHA T T %8 JF kT K
IR VT B W T ARE I R
SE
1Sl X3, ZEBl4E, 45, FAR AR DGR S s AR G & s 1L Ay BF
IR S . HRBLHTHEE 2019;39(8) :790-794
2 Bartalena L, Piantanida E, Gallo D, et al. Epidemiology, natural
history, risk factors, and prevention of Graves’ orbitopathy. Front
Endocrinol ( Lausanne) 2020;11:615993
3 Smith TJ, Hegediis L. Graves® disease. N Engl J Med 2016;375(16) :
1552-1565
4R, BUK, BREDT, S5 FURMRAE SCPEN R B &AL &
GBE R IR YT AR AT 2R . 1L A BE 25 2020;60(28) :90-93
5 Men CJ, Kossler AL, Wester ST. Updates on the understanding and
management of thyroid eye disease. Ther Adv Ophthalmol 2021;
13.25158414211027760
6 sk, B, RETY, A%, MG Sl AT iRy T HOR AR IR 99 i)
I RBCR I ER. Hp [E e 22k 2020;36(14) :1740-1744
T2, AR FOIR AR OGRS TR T R R R R R A 5 R
2018;38(12) :1795-1798
8 RM, M, FhER, 25, Graves AR IR ME WL E AR AR Rk KT &
IERIAFFE . R BRIRBN AR 2021521(9) 1 1576-1579
O WAL, M, JEAT, 4. HORBRACIA RO Y. e
Bluik 200633:218-221
10 B R, XNBe. BT 1 72 BR by BR BEE s v 97 vh iy g . b
IR A 2435 (TR 2021511(5) :257-261
L1 AR, WA XA, BT 2E R IRYT TN AR5 k.
MR BE2F 2019;27(14) :2608-2611
12 RAG, REE. TG BUR. BB MALE 2001511
(4):172-174,180

1146

13 Durkin SR, Roos D, Higgs B, et al. Ophthalmic and adnexal
complications of radiotherapy. Acta Ophthalmol Scand 2007; 85 (3):
240-250

14 780, 3RF5 2%, BRI, BOR P e s iRy R . R
RIS 2013;37(1) :69-74

15 Ting DSJ, Rana—Rahman R, Ng JY, et al. Clinical spectrum and
outcomes of ocular and periocular complications following external—beam
radiotherapy for inoperable malignant maxillary sinus tumors. Ocul Oncol
Pathol 2021;7(1) :36-43

16 Mourits MP, van Kempen — Harteveld ML, Garcia MB, et al.
Radiotherapy for Graves’ orbitopathy: randomised placebo — controlled
study. Lancet 2000;355(9214) :1505-1509

17 Li YJ, Luo Y, Xie XQ, et al. The efficacy of intensity modulated
radiation therapy in treating thyroid — associated ophthalmopathy and
predictive factors for treatment response. Sci Rep 2017;7(1) :17533

18 Bartalena L., Marcocci C, Tanda ML, et al. Orbital radiotherapy for
Graves’ ophthalmopathy. Thyroid 2002;12(3) :245-250

19 Choi JH, Lee JK. Efficacy of orbital radiotherapy in moderate —to—
severe active Graves’ orbitopathy including long — lasting disease: a
retrospective analysis. Radiat Oncol 2020;15(1) ;220

20 Mazonakis M, Tzedakis A, Lyraraki E, et al. Risk of developing
radiogenic cancer following photon — beam radiotherapy for Graves’
orbitopathy. Med Phys 2018;45(10) :4775-4782

21 AR HEifE. WRHE R 16T B . AR SCRR IR BLALAR 2020538
(11):983-988

22 J5FF, BXUKTE. HURMRRE G IR I (4 B 6 36 7 1k e ) B i 4 B2 2
BiBE 242436 2014;38(2) :126-129

23 Li Y], Lwo Y, He WM, e al. Clinical outcomes of Graves’
ophthalmopathy treated with intensity modulated radiation therapy. Radiat
Oncol 2017;12(1) : 171

24 Bartalena L, Kahaly GJ, Baldeschi L, et al. The 2021 European
Group on Graves’ orbitopathy (EUGOGO) clinical practice guidelines for
the medical management of Graves’ orbitopathy. Eur J Endocrinol 2021;
185(4) :G43-G67

25 Prummel MF, Terwee CB, Gerding MN, et al. A randomized
controlled trial of orbital radiotherapy versus sham irradiation in patients
with mild Graves” ophthalmopathy. J Clin Endocrinol Metab 2004 ;89(1) .
15-20

26 Grassi P, Strianese D, Piscopo R, et al. Radiotherapy for the
treatment of thyroid eye disease —a prospective comparison; is orbital
radiotherapy a suitable alternative to steroids? Ir J Med Sci 2017; 186
(3):647-652

27 Gold KG, Scofield S, Isaacson SR, et al. Orbital radiotherapy
combined with corticosteroid treatment for thyroid eye disease —
compressive optic neuropathy. Ophthalmic Plast Reconstr Surg 2018 ;34
(2):172-177

28 THIER, B85, B R ARAH 5 M B 58 F 5 3 ik . [ o R B 2% 5
2009;9(7) :1334-1337

20 AR%E, BEiATH, BRABN. MR« 2021 BRI Graves HR R B2 7 45 B S
7. IR R 2021;41(11) :1001-1005

30 Wei RL, Cheng JW, Cai JP. The use of orbital radiotherapy for
Graves’ ophthalmopathy: quantitative review of the evidence.
Ophthalmologica 2008;222( 1) :27-31

31 s, A, QI S5 W BUMER AR 42505 67 b E
JiE HUR AR CHEIR G 1Y Meta 5347, ARFL 2018;27(4) :269-275

32 MGIE s, X BURNR TS B SRR i T R B S )
ARBRAR S R 7 O R, [ = B F 253 4 55 0 AT 201818
(10) :1333-1335

33 Kim JW, Han SH, Son BJ, et al. Efficacy of combined orbital
radiation and systemic steroids in the management of Graves’ orbitopathy.

Graefes Arch Clin Exp Ophthalmol 2016;254(5) :991-998



Int Eye Sci, Vol.22, No.7 Jul. 2022 http .//ies.ijo.cn
Tel.029-82245172 85263940 Email.1J0.2000@163.com

34 I, AR, LT, HUIRBRAHSCHEIR WS 1912y ke vh S
RN 2019;39(4) ;384-388

35 Onal C, Guler OC. Longer treatment time and lower radiation doses—
an alternative for Graves’ ophthalmopathy treatment. Strahlentherapie Und
Onkologie 2021[ Online ahead of print ]

36 Kahaly GJ, Rosler HP, Pitz S, et al. Low — versus high — dose
radiotherapy for Graves’ ophthalmopathy: a randomized, single blind
trial. J Clin Endocrinol Metab 2000;85(1) :102—108

37 Cardoso CC, Giordani AJ, Wolosker AMB, et al. Protracted
hypofractionated radiotherapy for Graves” ophthalmopathy ; a pilot study of
clinical and radiologic response. Int J Radiat Oncol Biol Phys 2012 ;82
(3):1285-1291

38 Lee SM, Im JH, Shin H, et al. Clinical outcomes of hypofractionated
radiotherapy for thyroid — associated ophthalmopathy. BJROpen 2020; 2
(1) :20200013

39 Limone PP, Mellano M, Ruo Redda MG, et al. Graves’ orbitopathy :
a multidisciplinary approach. Q J Nucl Med Mol Imaging 2021;65(2) .
157-171

40 Prummel MF, Mourits MP, Blank L, et al. Randomized double—blind
trial of prednisone versus radiotherapy in Graves’ ophthalmopathy. Lancet
1993;342(8877) :949-954

41 Sobel RK, Aakalu VK, Vagefi MR, et al. Orbital radiation for thyroid
eye disease; a report by the American academy of ophthalmology.
Ophihalmology 2022;129(4) :450-455

42 Bartalena L, Marcocci C, Gorman CA, et al. Orbital radiotherapy for
Graves’ ophthalmopathy: useful or useless? safe or dangerous? J
Endocrinol Investig 2003;26(1) :5-16

43 Hamada N, Azizova TV, Little MP. An update on effects of ionizing
radiation exposure on the eye. Br J Radiol 2020;93(1115) ;20190829
44 Chundury RV, Weber AC, Perry JD. Orbital radiation therapy in
thyroid eye disease. Ophthalmic Plast Reconstr Surg 2016;32(2) :83-89
45 Petersen 1A, Kriss JP, McDougall IR, et al. Prognostic factors in the
radiotherapy of Graves’ ophthalmopathy. Int J Radiat Oncol Biol Phys
1990;19(2) :259-264

46 Marquez SD, Lum BL, McDougall IR, et al. Long—term results of
irradiation for patients with progressive Graves’ ophthalmopathy. Int J
Radiat Oncol Biol Phys 2001;51(3) :766—774

47 EA, KT 2, SR, ORI R A A S U, AR IR EY
7R 2012;48(12) :1132-1135

48 . HhE B I Sl LR B DG IR G 110 e o R T 98 2 T HIE S
SHAYTHISE. LSS 2018

49 Gupta A, Dhawahir-Scala F, Smith A, et al. Radiation retinopathy :
case report and review. BUC Ophthalmol 2007 ;7.6

50 Sahoo N, Ranjan R, Tyagi M, et al. Radiation retinopathy; detection
and management strategies. Clin Ophthalmol Auckl N 7 2021; 15;
3797-3809

51 Garefa — O’Farrill N, Pugazhendhi S, Karth PA, et al. Radiation
retinopathy intricacies and advances in management. Semin Ophthalmol
2021[ Online ahead of print ]

52 Polak BCP, Wijngaarde R. Radiation retinopathy in patients with both
diabetes mellitus and ophthalmic Graves’ disease. Orbit 1995;14(2) .
71-74

53 Marcocci C, Bartalena L, Rocchi R, et al. Long—term safety of orbital
radiotherapy for Graves’ ophthalmopathy. J Clin Endocrinol Metab 2003 ;
88(8) :3561-3566

54 Hurtikova K, von Arx G, Fichter N, et al. Radiation retinopathy 15
years after orbital irradiation for thyroid orbitopathy. Klin Monbl
Augenheilkd 2016;233(4) :508-510

55 Ataides FG, Silva SFBR, Baldin JJCMC. Radiation —Induced Optic
Neuropathy; Literature Review. Neuroophthalmology 2020; 45 (3) .
172-180

56 Danesh — Meyer HV. Radiation — induced optic neuropathy. J Clin
Neurosci 2008;15(2) :95-100

57 Speckter H, Bido J, Hernandez G, et al. Inversion recovery
sequences improve delineation of optic pathways in the proximity of
suprasellar lesions. J Radiosurg Sbrt 2018;5(2) :115-122

58 Aldrees S, Micieli JA. Catastrophic vision loss from radiation—induced
optic neuropathy. BMJ Case Rep 2020;13(2) :e233706

59 Sanchez — Orgaz M, Grabowska A, Royo — Oreja A, et al. Optic
neuropathy following orbital irradiation for Graves’ ophthalmopathy: a
case report and literature review. Orbit 2012;31(1) :30-33

60 Bartalena L, Baldeschi L, Boboridis K, et al. The 2016 European
thyroid association/European group on Graves® orbitopathy guidelines for
the management of Graves’ orbitopathy. Eur Thyroid J 2016;5(1) :9-26

1147



