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Hypothyroidism after Radiotherapy to the Neck

Eisaku Y<0den”'2), Toshinori Soejima,
Tsutomu Maruta'? YllSI.lkb Demizu",
Hideki Nishimura', Yasuo Ejlma”
Ryohei Sasaki", Kazunari Yamada'”

and Kazuro Sugimura"

Purpose: The purpose of this study was to investigate the
incidence and possible predictors of hypothyroidism after
radiotherapy to the neck, focusing on radiation dose-volume
factors.

Methods and Materials: Thyroid function was measured in
169 patients treated with radiation ports including the thy-
roid, between 1989 and 2000. Hypothyroidism was deter-
mined with an endpoint of elevated serum thyroid stimulat-
ing hormone (TSH)levels >10.0 xU/ml. In 60 patients, ra-
diation dose-volume factors were calculated; e.g., total volume
of the thyroid, mean radiation dose to the thyroid, and %-
volume of the thyroid which received radiation doses of no
less than 10-70 Gy (V¢-V+o). The evaluated risk factors for
hypothyroidism included these dose-volume factors, sex, age,
primary disease, combined chemolherapy, and follow-up
period.

Results: Hypothyroidism was detected in 33(19.5%) of the
169 patients. None of them had clinical symptoms of hypothy-
roidism. Vg, Vz, and V3 seemed to be possible predictors
of hypothyroidism and had a significant impact on the peak
level of serum TSH.

Conclusion: Radiation dose-volume factors of the thyroid
seemed to correlate with the incidence of hypothyroidism,
and Vg, Vz, and V3o had a significant impact on the peak
level of serum TSH.
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BTG & 2 FIRIRBEEEIE T 3 X < s h -4
EFED—D2TaH Y . R D —8 0 BB b} & nWi-BET
bEELGDLE LD, TOREHEIBFHFNICETL
5 HRPIREA LA T 5 Z LATRBE N T WD, fERDEE
I OREHRAFETIE, FERITE U E AR - i
EFART A EHE L, ) AZIBSEER L EN oS
Wiz hdosz. LizhioT, HIRE~OBEE - (5
ERWASELLODTRIZIZEAERTEETH Y, HBEE
ORFBRERETILOEH/LVAELRBINTE
7z Lal, Eiétfci%ﬁ?éf?ﬁfﬁ‘ﬁﬁ& L, 562t
WIGHDSSEHET A2 L, HHEAHOBHENBL 2o TE
2B, FOFEEEPT OB ERAEET &
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1. &R

19894F 8 H % 520004F 10 H 124 BEIZ BV THIKIR 2 &
TEETES TR EE T S50, DIARRRms 09 12 BRI aE % 5F
fii s 7z169B %355 & L7z (Table 1). H#E13440, 2ot
350, SEln18~875k (FhofE6sHR). JH I EILMESEMET 1451,
B PoE3shl, AEE17E, EIRSERSH, hiEEERE
1250, TURSEAE 4 B, Bt 4 B, FLAE3 %J C1EHE 3 41,
S M 2 BlC, FURMRICIEE Z A L72RER, RIS
ARBRBRRBIE T % RO - fEFNII AT R D S BRI L 72,

2. A

BORGEHEE, MESERE T A A R E (6141), B
1) 2o RELMESERE (X9 B GRS (5561), 1) v/ Hin
BAT$ 5 WS _E@ERgT (1861) 2 L) 2 R4 E
RED S, A7k 3EE 5% T30.6~70Gy TH - 7z,

AARERERE Hod4k 53 %
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Table 1 Patient characteristics
Sex (male/female) 134/35
Age (y.0.) 18-87 (median 65)
Combined chemotherapy
Primary disease (DVH-CT) :
concurrert sequential oral agents none

Laryngeal cancer 71 (22) 0 2 67
Lymphorna 38 (20) 0 36 0 2
Esophageal cancer 17 (6) 9 0 0 8
Nasopharyngeal cancer 15 (6) 13 0 0 2
Oropharyngeal cancer 12 (3) 11 0 0 1
Hypopharyngeal cancer 4 (2) 2 0 0 2
Lung caricer 4 (0) 2 0 0 2
Breast cancer 3 (0) 0 2 0 1
Others 5 (1) 4 0 0 1

n=169 (n=60) 43 38 2 36
Type of radiation fields localized to larynx 61

whole neck 55

bilateral supraclavicular 18

upper and middle neck 12

others 23

83BI TALEBEEAER S, F D% IS AHEHECIHTEHE I
B} Hceisplatin & 5-fluorouracil D [AIRFGEAT, k1) > /<)
2B HCHOPHHESLATTH » 72,

3. FIRBEHEREDFHE

FRCRBR R AE (1M1 HP o) HURBR AR V€ > (TSH) & tEdE+
A 0%y (fT4)RRERIREEE LTIl L7z, JBRIAIZ 1555
BGATT L I T 1 A A, Bl 3~6 7 A T LI E g
ZHRIM % ATV (BRI PE O Sefili 5 7 H), TSHOH » b+
Tl % 10uU/ml (IEF4it0.362~4.044uU/ml) & L, 10% 82
5 EREBDZOORFRREREKTH Y EHlE Lz £
7z, B AP ICRRO 7o TSHO Bl (R )V & ~ fliFeikik &
1T - 72FEBI TIZBIRAIERT O TSHAE) 2 ¥ — 7 TSHE EH L
7=s

4. FERARETFORE

g 3 BT, CT% M = RICIHIRGTHE L R
ORI T2 L7z, 3R OfER TIXGEHERETEiR O
SERTET—F 1%L, KD DIH HICTE g
% 2 LICRIEAR S W ISTREMICH L, BHIREA, L 88 L
HFTOWEMCTE smmlE, SmmBECTHig L7z (LU
DVH-CT). Z##x = RICiGHET % & (FOCUS, CMS
Ltd, St.Louis, MO)IZ#zE%k L, HUIRIEZ ) A g e LT
Bk U729 2 C, BUHRIGRRIEOBRETIHm SRR ) =7 v
7757 4 — %S L CGERR I+ ERagbtbT
Hx L o7 (Fig. 1). ThbEteoflicsv-T, HURIROIRET

FH 1643 H25H

FAEAE 2 A b 7 4 (dose-volume histogram, DVH) %%
H L7,

HURBR RO 9 X Gyl RIS S -G 5o 5 E16
Vx(%) EEFEL, Vio, Va, Vi, Vao, Vso, Ve, V&
FUBR O SRR, P & R AT L LT L
7z.

5. FRBEREE T OREREF

FURBAS IR T ofebrR 7 & L TR, BRETHEaER, i
B, PR, PRIROEYHE, Vie~Va, BI%
BN WTHHBI & ARG L7z, MEEH#HTIC 12 StatView 5.0%
Fivy, HHEIC L Dy " FMRE, Mann-Whitney URRSE,
Pearson DI BI4R%EL, HBIR 54T &2 @M L 7.

#w R

PRI BURFUGRE R £ 0 1~1357 A (P
fiti2s 5 H) T, HURBRERAEIS T 133361 (19.5%) I[ZRED S5 iz
(Table 2). 9 HLUIBNIFTADET 22D 2%, HEMIZH
IRBRBEAE IR T 1R 5 B RAEIRIE 2o 72, 2SEIRGS
LT -~ D IBE 7 & FRIRA RIS S n - fEF
TIX7360P2161(28.8%) &, MEIEHE A % w RIA IR G2
SR D AO RS 5 EFUIRIRO—F D ADHEG S vz
A (7360 hafi], 5.5%) 1 HRT, EERICHFIRBERIE T 2
A7z, HURBEEREIR T O REFEEF ZFig. 2 IIRT.

HURBRARAEI T OERE T & L CHEBE 2 IRES L 74552,
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Vio(p=0.032), Va(p=0.048) DK & W EHIIE &85 H
PSRRI T % J8AE 3 A E71A5% - 72 (Table 3). F72¥ —
7 TSHIZVio(p = 0.038), Vao(p = 0.024) 2N A Vo (p =
0.015) L LBLELS R SN, ThSDETFIAEVIERIT L
DEWE—2fliE 2T AEETH 72 (Table 4). MR &
ZHIMIEELRRTFTTRL, Fil, FER, LFREOH
T HRIBASREIE T S BT R S 2. £ 72, DVH-CTH
SR O HURBRAAE AN S VIEBNZ &, BRI RIS A
TZEHEIEL TV (p=0.002). BEHHIEAHREA S5DVH-
CTHzR £ TOMIRIZ0~120% A (a3 h H) <, 3
TOMED R EFRBERRD YN S WEBASRIR & e
A3 (Fig. 3), HELRMEIZRA>72(p=0.054).

z =

FURPBREEREMC T I21E, fEREET A Eﬂﬂﬁ'#ﬁlb’i&ﬁﬁﬁf:i&
T, fTADEKTIESH 2 BEFERD S D, BBV IITHIIEH
fliz k> TV A D TSHO EFAH S N 2 A AR A e
BTF%E, W{O0DTY FRS Y MoEELED. B
PEFIRPRARREE T 2 RIMKE S 2L, oL x5o—n
IMLAE LRI & AEAT S ¥ A2 ), RENCEMENEE 2 4: ©
AEBRESHSNTHEYY, —#IIZIZTSH > 10pU/mld) 1
A% LR TRV E CHFHE L BMAT 5 2 &2 &
NCnaY, £ THHOMETIX, TSHA10pU/ml%## 2

S B RRE R O PRI B REAX T

&
F

Fig. 1
After marking the thyroid on axial images, radiation fields were
shapecl and overlapped onto digitally reconstructed radiography
images aiming at reproduction of the original fields.

Table 2 Hypothyroidism after radiotherapy to the neck

N A AR AR Type of radiation fields Hypothyroid Euthyroid
FIRBRBRREIR T (2, SEERICIBS 2 203 - BB D#H10~50 Localized to larynx 3 58
WBICHET B ERESNTEYI N, bhbhOBRHTL Whole neck 17 38
FREDWERTH 7>, ERMIZIERubinS 12 & D, HRE4 Bilateral supraclavicular 4 14
iz 45Gy HE S N7BA, SEBRIT1~5% DEERIT FL e Upper and middle neck 11
BREIET 24 L2 LS S RTV22, Lirl, SEtks Others i 5
IR T 12 & 5 1CHEICE L THB Y, $ 7RO — fol 3‘3 19
D AHHS S NHETH BRI T A5 182,
SSTCIRHRET DY KT B2 on, i, Rk
L% DY) A7 [§2%, $51parallelBiEs D12
DVHAHWONE L) oTEL W, j2k 2 .
IEHIZ BT, Ve HEH 2D F R T & 7% 2 1001
DFDHZEDHREENTVAEY, BRI b parallel _‘E All cases
gy £ & 2 b, DVHZ FW-5HlinsA R & Bb 2 801 ’7_'
5. Lo LHRIREEEETICowTid, WREE E‘ Whole thyroid irradiated |
FEBIIC 51T 5 BT OR S & OMBI% L HFHE T £ 607 ]
EERLHE PS50, DVHE V- § 40 JJ_I‘F
FHER I Twhv, SE0KEHE, —EDES ks J;—-
EBRTIREHAHEROCTIC S C DVHEI TR - e _;_;fr'—"" fﬁ:‘i‘ﬂ!&?‘d xraciated
<, MR OBBIIE BT L 7-CTIC st £ il e
7 % I E A A bE fzretrospective R4S T d g o- -d"ff""""""*rl e
B, LIhoTHFICEZE, FRIROME - 4 3 0 1 2 3 4 5 6 7 8 9 10 11
i, HURIR & BBETEHORMRE &, ERoREsHHFO= Year after radiotherapy
RN % EFECIERTETWARVTH A, L

"L, MEEOBENEZ IR L, 4prospectivelldiE
Bl % HRET B 72 DO TFRMIRE L % 2 TiT o 72,
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Fig. 2
Cumulative incidence curve of hypothyroidism according to radiation fields
that included whole or partial thyroid.
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Table 4 Correlation between dose-volume factors and peak level
of serum TSH

Table 3 Evaluated risk factors of hypothyroidism

pvalue  Significant risk factor
p value Significant risk factor
Mean dose 0.125
Vi 0.032 Larger V4o Mean dose 0.056
Vg 0.048  Larger Vy Vio 0.058 Larger V1o
VSB 0.071 VZO 0.024 l_arger VQU
Vi 0.946 Vag 0.015 Larger Vg
\fxs 0.203 Vao 0.877
Vo 0.262 Vso 0.51
V7o 0.466 Veo 0.423
Thyroid volume 0.002  Smaller thyroid volume V7o 0659
Sex 0.13 *) TSH: thyroid stimulating hormone. Vio-Vz: %-volume of the thyroid
Age 0.004 (%) that received radiation doses of no less than 10-70 Gy.
Pri disease 0.011 () (%) All factors were evaluated by simple regression.
rimary di !
Combined chemotherapy ~ 0.005  (*) (%)
Follow up period 0.06
Vip-Vio: %-volume of thyroid that received radiation doses of no less .
than 10-70 Gy. 30 . P--0.054
(*)Sex, primary disease, and combined chemotherapy were evaluated i
by chi-square test; and all other factors were evaluated by Mann-Whitney 25 1
U-test.
(**)Correlation between these factors and hypothyroidism may rep- — 201
resent the impact of radiation dose-volume factors, because age and E .
combined chemotherapy correlated with primary disease, affecting the a |
type of radiation field. —| 15 . . . .
I L
T 10 1 * “ * - .
@ .. - . L A
Z 5 T
MEREE T 0 9 BV, Vah K EWEERIZ & HIRIR B 0 e ———
BRI T DS AERATE &) AR S 7 ds, B T L LA A A
FTd b Ve s TSHA BIUL, % TV B SR E T Interval between radiotherapy and DVH-CT (years)

tEZLNSL, ZRLORFEFW BTz T L v
LV I8EHIA MO RS S IR TE LR VDS, SHROEHR
ST 1330Gy & B WIFE LT & v 9 HBi AR A3
SPEN D PIRBARHCEH T A0 EPH L LB A,
et L7z b o fa bRl 0 5 HEEE M A £ 72
Do tzs, BREEA BN SHE MR X512, FIEMN
IS AR L T B, BURHEIGHRIC & 5 FIRREERR
TIEAES OIEGIAT 3 ELLNICTSHIEO R E 2R T L BDH
HTWB99, S5 CRMIch: 2 AMENLELED
na. 4G, FEE, (LFEEEOF RN ZNHRERGE
T E MBI 2RO 105, HRORHICLEbDEEZD
5. Thbb, W TIT o 7ER O ERRDS9
HTH- 720K L, WHEREOER B %247 o 728 T
FH66ik & BB ERIABREVYH D, TLFEBICL
D FRZFNERM R BTN E OND 2 EDEViD, 4
SR R R O FIEE L IR AT O R A RO L T\ 5. AL
FEIZOWTH, SEHMEE LTS U ¥ EPLHEEEC B
WO S b —F, WEEEEREE O K E 1 FRET
MTHolz. LizdSo THEl, FEE, LFEREOREIC
DWTHSROMNETIHLAZ LidAFA#E L Bbhb,

Z[n], DVH-CTHs R O FURBRERIAY N S WEERIZ &,
EERICHFRBEEE T 2EL T, —2oouf gtk L

SER 16463 H25 H

Fig. 3

Thyroid volume according to interval between radiotherapy and
DVH-CT. No significant correlation was shown by Pearson’s
correlation coefficient.

T, /NSRRI TiEAED D & 7o BUIRIRBERBIE T 2
IET AN E, LA EFEZLNL, HHW
W, HURIREERRIR T % A U7 5Ef) TIRIBIEAIC b R
ROZEHEELTWVAE I EAE W, LW HEELEZL
B, AREISRE LIS 72, BOHGHEeE ( OIRmR
FREDHEATHEICRAT 5 &) WA B 07, 4 E OGS
T b RS A 5 DVH-CTHRE T TOMM A EVIE EHIRBR A
FAVNES WA TH A Z L b, FRHICERHITEZ o T
WA aELbNS, FIREARE L IREET L 0
B DWW TR, 4 Oprospective A THHE M Eh
5THA9.

BRI R T e R T £ H Rk, A%), KWE
1, RIS, ©< A, BFE, FlL EIRERNR S O
%<, BREROADPLBIICERT LI LRBELTE
vy, RS SEONEPIT4 OET 2 ZS 1182w T
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b, FRCEERANE - &) LR SR o7, L
7ehio T, HEAOBHBERE I BN ERICRET 2
BRI BRI T O RS R - WD 201203, El
P DERITD 7D FRBARRE DS AR TR £ £ 2 5.
DINHIIITSHIEA 100 U/ml %8 2 72 W55 TRV F V3T
B2 bG L, 1ZIZEPICTTSHETA O RIFRa Y hao—)
ERTWAH. R IE, B0IE s g
EELAIEICRER L2V OTIEH 555, <6124,
ZRITTIHHEET I RPIMRT % & F HEE O\ IBHEHI 12 & ) 56
TEEDS DA EEEZ EHFTENLL Y BN TH S,
ANE, Z0EET— 4 L L TODVHORKEH %47-7:h
T TH 5%, DVHOL I ATERETE O = kcis ?hrﬁffzfeﬁ'-
IZIREISVTWRWT L, BB SDVH-CTHIY
DA ELELTH D0 =-§~Hﬁ®¢4ﬁﬂﬂ%ﬁn®hﬁ%ﬂ%
WLT5ZE, FRIMEREALTLSEEICTFORTH RN
BEbHDHIERE, retrospective 2 iET Tdh 5 A3 2 DR

S H L. Lo L, FIRBEEREETOFEIRET
LTDVHAFHTHA ) L) RS hi- L - :b
N, ARIGTERERTTIRH P IRIRODVHIL % L — 5 > 12f

W, ERCOMEE R % 5 F 2 Tprospective [ZHE % Bifik L '('
WELN,

" &

1) SR BURHREE & 4T - 7216961933412 EﬁJM]WEnEﬂLT
% L aFAN
2) BUHRHRIB O PR F ORI T & LT, Bk
MR DB T (V10-Vag) OB X h 7=,
.')sﬁxﬁlu[sg)ilﬁ[g"lﬁﬂm{l|‘,\Tfi, i‘rn'tF |T[H FLZ LRI @*ﬂ! i
T2 HI L, prospective ZIEMIHMAUIETES 2 .
B, KGLOEFO—MITFERIIES H 5 HIZH60H
HA R B SREICTBWTIRE L.
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