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Study on the Dose to Radiation Sensitive Organs and
Structures Qutside the Treatment Field for
Nasopharyngeal Carcinoma

(In Chinese)

ZHOU Juying TU Yu JIANG Dezhi XU Changshao
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ABSTRACT

. The doses to radiation sensitive organs and structures located outside the
radiotherapeutic target volume for nasopharyngeal carcinoma treatment are
determined. Clinically relevant treatment fields were simulated on a tissue-
equivalent anthropomorphic phantom and subsequently irradiated with “Co y rays
and 6 MV X ray beams. Thermoluminescent dosimeters (TLD) were used to
measure absorbed doses of lens, retinals, pituitary, thyriod (isthmus) et al.
Modifications to the basic techniques studied included placement of an eye block
on the tray of ®*Co machine and a block on the surface of testis. The total treatment
doses to lens, retinal, pituitary and thyroid when irritated with ®*Co y rays are
given . When irritated with 6 MV X ray beams, the doses to the organs outside
treatment field were lower than those irritated with ®°Co y rays. The results show
that the total lens dose could be cataractognic, pituitary and thyroid doses have the
potential of causing endocrine deficiencies. The doses to the lens and retinals could
be reduced by placing an additional block and 6 MV X ray beams could be a better
choice to treat nasopharyngeal carcinoma.
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FEEHEHAR, ANERRKBIEEASEREETH, BHEMECERNT —MERL
. EIMVHWERTESMBEERRERXANTEAEHTALD 3500 6], HF 60%~70%HK
WAFEZBSRIT, Tutett A eEESR 1000 HHIEEMBESE, HF4 600 F
BT ROT . (BREMEBUEIT P MINERN T EREPERFTFANHREETN
TZHRFR, Eh EREFSNAASEUZIHAEENENE, XEFEHEMIERRL
FIBBREFIRN. XEHE5MEBE BT RERNEHRNA X, EE BT KEH
'E, WEBRERITREEAFREHERK, RETPEBNERBEMH K, EERLWHER
EHAEGRRE, HINCSIBTBT#ARAMEE. BREXEXREFBEEERTHUER
GHHAHE, FATWESGE, FTHREMNBHEIHAARTNELECKER I, 7T
REEAHS FEENEZIMMARE, Hag@dhERz. B 70 ERAMIRIFH#AT
MESARFEARUTERFEEIAARENAER 3, BRAWXEHATIERS RHR
ANBUERAE, RSB HETRERKTE, MARAREEHERENZTRAE. X
U BRAME B IEN S AR ERIWNSERY, (8 Bl B B 005 T VR IT o B BF AR BT OG0
HAREHZRANE, HIFELIEETHITHRRBRBITHR.

1 #5577

1.1 FEH AL EHIUAKIER (phantom)

R R BATHIHIN SZMC-III &Y, ERHAARKMANGHRERM B EIRE, &3
HEANMFEESE. BAEEHS 170.0 cm, {AE 60.0 kg, NI, 40k, M.
MR =B . SMAR. PRI EXRE. MESK. M. &8, O, BE. B, .
B BEER. B, KA. BERFISZAE 16 MEE. BRTRALS. RS A4 %k E
AR ERAL LASE, FLARBBE A LARE .. ARFEE e RIKEREERPE, EXA
B, FEANRRERZHUFENE, XKBEURLRE X4 CT BRNEEERZER.
FEAPRBEHEN T KOETEESEES FHEL, BRERS, HEBENREASXRT
3.0%. SEIRITFE S LAtk phantom AP0 58 BY () AR AE 55 7 B R BBUT -

1.2 ABRAFTEiIT (TLD) RiEHIX

FrR® TLD & 4 BBt 5B #1f GR-200A LiF (Mg.Cu.P). M EFI ARE
NELRNEEN, SABTNEANBELE, AZRFENNEF oSN T 30%
ERATREMNE:. ATHRIEFUFBETY, FEBAFSMREE LETHEV R
THIEZIE, ZIEFEH 0.00Gy, 0.05Gy, 0.10Gy, 0.15 Gy, 0.20 Gy, 0.25 Gy 1 0.30
Gy, B S -FIBFE Y=—0.004 807+0.000 534 X. b ¥ AFEME, X HiRH,
HHXRE r =0.9953. 8%, HEMIL. RFEE TLD FrllFEE S5 S LzE T
UNIDOS #! PTW FIEHHFTRAIBERTHE, WBRERRNE 1. RBEARBEMNE
7= FI-377 &, WBE &M B 135 °C/15s, %240 'C/20 s, BKAEH FI 411 B0,
B KR 240°C, IBAHTIE 15 min, HAEEIMBRRAREEISEAK. HELHEN
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g AEHNE, &
*1 BEHHE—GE PTW S TLD B9 E B EL

PTW F/ B {H/mGy TLD # B {E/mGy wE/%
4.99 5.03 +0.80
9.90 9.77 -1.26
20.09 21.07 +4.90
23.44 24.38 +4.01
30.54 31.20 +2.16

1.3 2SR TLDHE

7E3E 35 phoB AL B AR A ROT I B R LR, RPN B AT B R B ORI
2, W@ 1 im. EXLHBHEIINBE. BEE, WMNE. E4& (T80 B
WRER CGEESD. FLAR. M. AR B D, BEBE. SRS (L ED. Z2A% 12 MN8F
L, EE—ANIHNEASFEDN TLD HEA=ZR, REHAARSNMEIERES
BE, CAMEWMBRTRMA, HEHRRERELT.

a. B E 5 H b. B IR E
R XOVER Y

1.4 #HEBES

1.4.1 EERE HERl&ERERRBE &N, BT EATHAWE (HH6.0cmX8.0
em), PEFHEFIEN 2.0 Gy: SEAVLEF (EAR 15.0 cmx20.0 cm), HHkE L5
8 2.0 Gy. 2 3ITE ®Co y HEWITH. (LEETFRE] £ 1 FYC-50H &, &R
70cm) Fl6 MV X R THEMER CREIRYE AR 40 SL-18 &Y, JFHEKEEN 100
cm) LS, HEHRBFETE, FARKNA4TEERRS =R, R¥FME. RiE
EFREFEHEZE BN EIMAEEEINETT 60 Gy N EFIE. ATETIE, &L
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RIC &AM E AT R R4 RS AL BANFESHWE . 5.
1.4.2 FERURAT 7E % Coy STERWGITHL LIRS H AT EFnd, Jah B T8 LEWS B ar Hf
BMEE S, RAREM, FRECTHBMAZZT, #HRANA 5.0 cmX5.0 cmX
10 cm, FEHMFHAZRELT, EREFRTE, FRUE LREIBZENZH
FE: ¥ 10.0 cmX15.0 cmX5 cm MRE B AR AR E, BEMER, EHABE
HAZRBELT, EREERATRE, F B LABIBRENNE.

2 4 B

£2 RIMBREETRRSEITHZEAR (CGy)

a8 T DCoy HHEE " “Coy Hek ¥ DCo y LKV 6 MV X 54
Fa ik 470.85 368,72 472.86 356.54
P 732.78 605.47 733.53 45438
0 1030.87 1033.56 1031.44 788.67
Gk /N 987.52 989.24 984.76 647.55
FLAR 121.73 122.80 121.82 113.32
it 108.46 105.68 107.34 86.28
I A 53.32 52.84 53.86 21.92
B AE 31.43 30.98 31.34 8.93
N7 30.36 30.76 30.88 6.30
BERE 28.35 27.74 28.24 4.99
SR 27.94 27.68 27.86 5.08
E=5) 48.92 47.96 13.07 6.26

e DD FHEATRE: 2 HiFRSNAMSRSHESHFE N 3 BENEARBEY.

SERUT I RED BT OBZENZRFENLE 2. BHREERETRIE
M2 E IR SR, M. Eh. FRBAZHERS, BERSTREVELSETZHE
FIEBRE. MEREHNERERHEE, AHESRTLAERE, AaLEBEHT8RE,
FRAEHS, ERHFRI, ZIRAEERK. ANBANFEHES TEBSE, A
RERHFTMIERE. HAPATLLEH, EEGTE RSN NI IMTHEREE, B
. MMEZBAIRTRETA 20%, BARATEMFERGZRAINEATE 75%.
AR g B M5 L RS B BUEIM S E AR IAARMER, 6 MV X 54 BT rT B 4 58
BERREHEMET ©Coy HEBHFMFAE, BRNBRENSZEA TR 20%~40%,
EHENHEENRENE TREARE, 24940 9Co BHRM 1/5 (P<0.001).

33 ®
RSB TS YT S5 B T R A R b4 O P9 ) R BN AR AT BSR4 IE B 448, DR
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AT B AR AL YR TT v Rl BB B SR T R % R R RAE S AR S B 2 A T FIE KR
B, BEREHECESEEASARENZRAE, @alBZRBRETNIEARBENES
W, —BMAAREFEEERBUT=AFTED ¢ (1) BAKABHESS: (2
BITHL. HUBEEE . HESMBUEE: ) BITPVLANRH & . BB HRIE, M
ki ZEAERE, HPAABUREM SRR BRSEFRT, NZRAIE8K,
HNERMFRER AT 50cm B, VEBRHE S EERL: SREMERNBHEED
HRE R BT AT S LIRS 5 RS B R4Sk, KEEZ & 20%~40%. Hit, K
EFBEHXDEERGE. BENE. SUENOME, UEYLSEAETNEL TR,
AREREGR B ERHERFFRENEEREZRANB<MBRE<LTHEE.

RATHBEBRMETHREUNENERAIBSEEFREE. RATET. {8 RE
(TLD), DAREEZIREHENBFEC, RATRH LiF (Mg.Cu.p) TLD tH, HAEREH
MAFREER. ALAFNHEE. RERNET. KEYEUEE. LTEEREKEE. 7
FRBRESMA, WA TLD TA4ER T/ RBATHREMNR, TUBEARANEERRK
MEBAFAEREHOFRES N, XLH TLD FFMENFERES PTW HRIEHIEL,
Wz /DT 5.0%. FrLAAKA TLD FriliFBEIE R ATEMN . 5504 LR KA AR
&, TAMNESSHAAUAGEREX FRAXRTEREEHENEG & KE. XD
KARFRUERXSHEDY, Fit, MENENASSRE NN E L RBEE T Eh 2B
Ho

“Coy HYLVAIT BB, R&MKSZHAEN 470.85 cGy; WA 6 MV X &RIGHT
AR MR B 2 BB R 356.54 ¢cGy, #5h ©°Coy STEIG9T RTIY 3/4. FRIREIRIE T 3 B j&
HTEARRREERXEEORNEMFIEAN 47. 3~50.6 cGy. Merriam #1 Foht KILH
BESERNENENENE SRZ RN EEC, BRBHBEFIESN 200 Gy, 7
3AE 3ANANSREZRERBAER 400 cGy, 76 3 A8 LA 5o E] P 43 K B 5t
FIENWIE 550 cGyY, BREBUTENAE 6 MNATEEKBEITRE, FbARBEH
BIERE, EWEREBUTEFERERS EONBEREERR. Parsons!'EME T
745 B, BIA%E. ENMBEERTRE, MITEZT 3200~6000 cGy K Hi# G &,
BUTIE 8 Bl (#4 10%) REBWME, @HNMMERARESR 2 FIFHRREBTATR, X
Al RE SRR R AR R K.

PRI REAE °Co y SR VAITRT R T 732.78 Gy FU &, T FH 6 MV X &G IT BT K 454.38
cGy, ZRABHREFSE, RABTHRETEEERIET. SAREUMEREHTE
SHRMEARMEE, HAAKRE 30~60 Gy 2/H], BB AN 15~20 Gy Z[a#. #
PR mE ., BEEZERARERERN, UNELMHELZE 10 Gy NEREGRE
R FRAEREHARN, Midena" V&3 5E BIRFEBIT /5 36% M H 5 B P M IR 3R,
BERMNBNPMBLHIE L CRBELKE, —BAKTHREX2HMREE, XTEER
HRATBEER, BN RRAEERS TN M. RENFTUEERE A ZTI]
VLRI A, BN RENER, FENH “Coy STL RS M BEEZHIFE
ERELTHRAR.

BERBYT N EAEZN X REEGTAFTEREX —ERME SR E, BEh
EAXHEBEFNNZER RS R FANASBEETREENE —E 02, B
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% 1900 cGy Kk /R HIRE SR, (B Samaan FMHA N BREBUT B REEATD)
REPERS MR B RN CFER N EE L. Samaan ZWET 166 FIAIRE, 58RI
TERE, MIEAZRBFIEN 400~7500 cGy, FALE 5700 cGy, He 134 Bl KERNS
WIHEET B, 67 PIRIMAR R EAIIGEET . £ 2EENBUR BT — 0 AL
RAERFEAKN, TEABES, RITUERZEFSME4SEAHKZRBFER 1030.87 cGy
(°Co vy P ET) F1788.67 cGy (6 MV X BB Ef), EWARE R &MEEHUT /& &
EHHMEA LT RERM.

L i BEBEERNBUT R, FORRRR T HEE LS, R ETRINEE P,
REWEH UM, BHREFETHASZDRZE—ENRR. ANEREINTIAXES
AFABIE A LA MFEZ B IR TEANMBEA - 54T HEMEF. BRI
BHEPFRBEHHE, “Co yHERBHNMFEN 987.52 cGy, 6 MV X HL&RE
A 647.55 cGy. Fool'S | & 3RS BF A FORAR °Co yHI R R B E R E LA 5500
cGy, 6 MV X #1445 8000 cGy, XEEFFEHHTREXEMHNEN T EREERE. ¥ B
MAFEGIR. FREE, FRENBUTRE IR, 29 1000 cGy #tAe5 & FRRIIGE
KF, BENEINFEEERERI S, AU EREEBREBITRBEITERE
FARIETHAER T, FEit, X—LFRRBIGBETIRARANSEERTEETLER
Fi— 42 R IR D) RERY 259 .

Hi °Coy ST B R Bf BT I, $bAT R B &S , BR fB AT E B 470.85 cGy (%= 368.72
cGy, MMEFIBMH 732.78 cGy P& ZE 605.47 cGy, FIBAMKT 20%, HAHALASBE
MR BZUAHE . BFEDISIARD TILAEEEFENEE, FF R B iEig
LTI R IF LA, Pakisch 5 FHAHE A ER S TRLUML RIS, LHMRE, FA8MVX
L IREEIH BB B RO AL HFIE. RITAERIH 6 MV X 528 B 5 5 ) B8 41 B
FIAHERFRIE “Co vy FELMHE K, XFEEREN X HERES. BKEE
B BB D JUTEEDN.

IRk, MM, Eik, FRIBZEEBEROTH SR EAMMNALRSRE, ENE
KR EFEMFERREMNE TN, BN —CEEREULAMBENZREAE, Xtq
LRESENTHRE—ENESE, ZRMHER D, ©Coy HERHFARLA 28~120
cGy, 6 MV X £ AT 6~90 cGy, BRI “Coy HLLBHRI /N, XATRES YL
KBE&HHExR, BATEREEFMARASENMZIREFITERENSHRHE. EANK
BED, BABKFEERT, EELZEANERHTRMEREES, TREATFEAN
fIEREZ. LRFAEARLFRIXLEETREFREHRN .

FEAL BT RFEERN, BRFREIERN. BHBUERNGFERTIEA
IR R EIRVE . BF9UR M, BEENE—M S NBUBEEBUER, JRIIEEEKERN.
BEBUBBEAALTHERE, IMERNAERKEE EEERERENIEN, #ER
B EBOTH 6000 ) EEEBETREE ZREEMENAERELREBUTHNBAS
1.5 £5U7, ik, REMBEREERERIZAERME, RO RTREEK. 76
0Co y ST RS RHTEALBERS, 2AMNZRAEH 48.92 cGy % 13.07 cGy, A TR
T 75%, RHEREESHHEFEEFRZAFNENERTE. ATREAKRELER
BXABEMNE, I TENERCTAENHETXEEE, TRAEGHER TREHRKEE.



P 60Co y ST K 6 MV X STELLE 1R77 B R I BT BUR U BF AP B B RIFIE
AREVERHF TS TERETERMNFNREE, H o6 MV X HEBHZIHHED
B “Coy HEMMN I ERNE, WA X HEAREHFHFEGEX AR, AR
75 B REIX RN AR P I YR FT RELIE AR X . BT, REELIIE
BHARYE L, CHETEEST BARTEMR ©Co v SHERIGITHL, b MR ARLT F i BF 1) 5
SBRALBTHORE, BUERS RSB SMEUR A SR E S R

2 % X M

1 Foo ML, Mccullogh EC, Foote RL, et al. Dose to radiotherapeutic target volume fortreatment situation. Int. Radiat. Oncol.
Biol. Phys., 1993, 27(2): 403~417

2 Bhatnagar JP. Secondary radiation from supervoltage accelerators—its implication in patient protection. Brit. J. Radial.,
1977, 50: 449~450

3 Mcparland B, Fair H.A. Method of calculation peripheral dose distribution of photon beams below 10 MV. Med. Phys., 1992,
19: 283~293

4 Kase KR, Svensson GK, Wolbarst AB, et al. Measurements of does from secondsry radiation outside a treatment field. Int.
J. Radiat. Oncol. Biol. Phys., 1983, 9(8): 1177~1183

5 " Stovall M, Blackwell CR, Cundiff J, et al. Fetal dose from radiotherapy with photon beams: Report of AAPM radiation
therapy committee task group No.36. Med. Phys. 1995, 22(1): 63~82

6 RFE, HHEE, YER BHEETARIRNENBES, EAEERKIHELMB, 1996, (5):315~317
Nariyama N, Tanaka SI, Nakane Y, et al. Absorbed dose measurements and calculations in phantoms for 1. 5 to 50 keV
photons. Health Phys., 1995, 68(2): 253~260

8 HAeRIMESMNERLEENP. 5 RTHRHER, 19955, 274-280

9 Merriam R, Focht EF. A clinical study of radiation cataracts and the relationship to dose. Am. J. Roentgenol., 1957, 77:
759~785

10 Parsons JT, Fitzgerald CR, Hood Cl, et al .The cffects of irradiation on the eyc and optic nerve. Int. J. Radiat. Oncol. Biol.
Phy., 1983, 9:609~622

11 Elsas T, Thorud E, Jetne V, ct al. Retinopathy after low dose irradiation for an intracranial tumor of the frontal lobe. Acta.
Ophthalmol., 1988, 66: 65~68

12 Midena E, Segato T, Piermarocchi S, et al. Retinopathy following radiation therapy of paranasal sinus and nasopharyngeal
carcinoma. Retina., 1987, 7: 142~147

13 Deschryver A, Ljunggren J, Baryd I. Pituitary function in long-term survival after radiation therapy of nasopharyngeal
tumor. Acta Radiat., 1973, 12: 497~508

14  Samaan NA, Schultz PN, Yang KP, et al. Endocrine complications after radiotherapy for tumors of the head and neck. J. Lab.
Clin. Med., 1987, 109: 364~372

15 EHE, g, SRUS. BRI HERALER T3. 4 M TSH MEMEM. FHEZREMR. 1991, 11(4):
288~289

16 Pakisch B, Stucklschweiger G, Poier E, et al. Rudction of the dose to the lens in prophylactic cranial irradiation: A
comparison of three different treatment techniques and two different beam qualities. Int. J. Oncol. Biol. Phys., 1992, 23:
183~188

17 Klernerman RA. Second cancer of following radiotherapy for cervcal eancer. INCL 1982, 69: 1027~1033

18 Esik O, Schlegel W, Doll J, et al. Three-dimensional photon radiatherapy planning for laryngeal and hypopharyngeal
tumours. Acta Oncol. 1990, 29(4): 439~446



EHEMR&E (CIp) 8iF

thE R & CNIC-01406, SMC-0154: &R U5
BIT RTINS BRI B/ A S E — b
FRFREHRAE, 1999. 12

ISBN 7-5022-2068-2

[.epe I0. & ML ZER-PE-HRBE V. TL-2

FERAEPE CIP BEZFE (1999) 470755

JR 7 g AR AL RROR AT
HiERE: HRE
ik AR TR X AR 43 5 BEB%ES: 100037
b EZ R S RBHHR
BRI IRBTF AT ELRY
FA 787X 1092mm 1/16 EP3K 12 FH 12 TF
1999 4£ 11 AdLEBE—RR 19994 11 b FE—IREN I
ENgY: 1—200
Ef: 5.007T



CHINA NUCLEAR SCIENCE &. TECHNOLOGY REPORT

sy PRI PSPPI SIBISIPIIISIIIPIIBIBIIPIPIISIIISIISSISISIIISIPIISEIIPIISSIIISISIBISIBISBISIESIBISBED N,

»
'

This report is subject to copyright. All rights are reserved. Submission
of a report for publication implies the transfer of the exclusive publication
right from the author (s) to the publisher. No part of this publication.except
abstract, may be reproduced, stored in data banks or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior written permission of the publisher, China
Nuclear Information Centre, and/or Atomic Energy Press. Violations fall
under the prosecution act of the Copyright Law of China. The China Nuclear
Iinformation Centre and Atomic Energy Press do not accept any
responsibility for loss or damage arising from the use of information
contained in any of its reports or in any communication about its test or

investigations.

s » 3PP FPFPIIPIBIBIZIPIIIIIPIISEIEIBIIISIBEIBIBIDD
T M A A CCCC L LA CC AL L CCCCCCCCCLC LA CECC LXK

A € € (A (A A AL CCCCCCCCCCCC L CCCCCCCCCCCCCcccccccct

ISBN 7-5022-2068-2

I



