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Field Localization and Verification System for Proton Beam
Radiotherapy in Deep-Seeted Tumors
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It has been recognized that, for precise localization and verification of radiation fields, a marking
drawn on the skin surface is not entirely reliable because its position relative to bony structures or
internal organs is not stationary. This is especially true when treating deep-seated tumors located
below the clavicle. In proton beam radiotherapy at the University of Tsukuba, we ristrict the margins
around the target volume. Therefore, special care in field localization and verification is needed, and
we make it a rule to take X-ray pictures on each treatment day. To accomplish this, we have developed
a localize-and-verify system by using fluoroscopic techinques and combining it with a real-time digital
image processing device. This allows for the formation of a digital image of the proton field and storage
it in the optic disc. By using this system as well as verificaiton films, filed placement errors were
measured in 10 patients with deep-seated tumors. Out of a total of 190 localizations, 22% exhibited a
field placement error of more than 5 mm, where patient positioning and field localization were done by
using skin drawings aligned with laser beams. This result strongly suggests the necessity for daily
localizaiton and verification of radiation fields, as is being done by us, for precision in the execution of
proton beam radiation therapy.
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The scout view with a proton field overlaid.

Fig. 1
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Fig. 2 The localization film of a proton field for
the patient with esophageal carcinoma. Note
three metal markers (iridium dummy seeds) im-
planted in the upper and lower part of the lesion.
In this case metastatic nodes in the mediastinum
were also irradiated.
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Fig. 3 A block d1agralm of the field localization and verification system.
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Fig. 4 The current localization view of a proton
field is seen on the left TV monitor, while as a
comparison the previously obtained one can be
displayed on the right side.

Fig. 5 A real-time digital fluoroscopic image of a
proton field for irradiation of carcinoma of the
uterine cervix.
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Table 1 Accuracy of field placement

Field placement errors (mm)

Patient ge - Sites No. of loca-
no. irradiated lization 0-1.0  1.1-8.0 3.1-5.0 5.1-7.0 7.1-10.0 >10.0
1 §1  Liver S4 19 42% 42% 5% 5% 5% 0%
57 19 11 21 21 42 0 5
2 &  Esophagus 20 25 15 10 20 30 0
3 70 Esophagus 16 [ 50 44 0 0 0
4 72 Esophagus 23 48 17 17 13 4 0
5 51  Esophagus 7 100 0 0 0 0
6 73 Esophagus 8 13 50 13 13 13 0
7 67 Lung 23 30 39 13 9 4 4
8 38 Trachea 15 27 a7 33 7 7 0
9 59  Prostate 22 18 36 14 23 9 0
10 52 Uterus 18 44 33 6 11 6 0
Total 190 31 31 16 14 7 1

BHHEME B L &MWL 2 o ALE R 13162%
T, BH38%IIImm L h KRELBELLEE L
7o, BFEREECRAIESE L £ v5mm Mk
DT, £E0f5 5D 1 ED2%THELT
Wiedh, ZThidErc AR E LT EBkE T
GELWEDHIREY S, o AFATIE, ok

5 NBEDBENAEERL TH -1,

LiEX D, BFRCHREOSIRBH TR
fedicit, El~ -2 2B 5B RS TR
T4C, BRLT X BERD 5 WA ERERY TR
HEL OWER LTI O LERD B, LiFHRTE 5,

Fig. 6%, M0 X R CRHFOMRE -TERL L
TS B FARIBE 177 o 7 B R R oo B i
Plch s, Bl LT, Zo coinlesion 20 ZJR
BLT, ¥©—27H#E90Gy BB X i, BHEY
6 7 FHOMUEBETRS L, BFHREOREIZE-
THRRDOMRMELAE S TH DD, FhRoER
HTOzh &g 5Tk h, FORILEEOM
DB RO TWIRLWZ L ehs,

v, = S

BORETRIC R T, BEAML Y HECE
BETAZEDEEHITFTADEDL & 25T,
L OB TH L BRI LERTWS, b
FEEFHRERCE VT, B 5/ - <LEE

(72)

HIEFCREI N BN ERFELBIGIC B 2 &
PE DT, Eh 0 b FF S Is G ERBE
NEREh B,
MERBHYTIRS odicit, BEEMLOE
W BERIENO TENANE L v 5, EHHE
BT, AREOBBEERC, BEEICER
LicBHBETEER (=) DAEEHTH
19 EFARIEHETD, BbEMRD L VIR
DOFEM AT ) —=|L, vABHANBEI LD
D OB B MRTBEIZ e > T B, sl
inh, HHHMOBHIICELTAD &4 EHiFN
Rich, WELCBRENRFENR R, EERIC
<= —F v ITERHE ML RCT bR TS
B, ChHPBERNCHEOS S L35 B
RTWBEZATHDHIN,

HRED 3 AL Lo et F -2 2L -
E-ATREL, MEROEYTR-TWA, L
Loh#2d e, BeFEoR) AEL2 TW5HE
g Cu, BEASCZOoBRECMELS S, £F
& LC3mm ko4 hix38%, 5mm L EoFh
1122% CHRE I hic), ZoThoRBERELT,
ISFHRIEERO X 5 B BHEE ER IS
BT, LTLHFETEAMETIRR, EHX

HABERSIE 498 255



i ME MmTa 627

T,

- p—y

L

fa T 6b T~
Fig. 6 A case with adenocarcinoma of the lung. (a) Before the treatment (PA
and lateral). The coin lesion in the right lower lobe was irradiated through an
anterior single port with 90Gy of proton beam. (b) Six months after irradiation
(PA and lateral). The linear fibrotic change is observed along the proton path,
but no change just behind the tumor which regressed remarkably in size.
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