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HR-CT Evaluation of Lung Parenchymal
Alterations in Patients Following Breast
Conservation Therapy

Etsuyo Ogoh, Kiminori Fujimoto,
Shigenobu Meno, Masafumi Uchida, Seiya Joh,
Emi Tabuchi, Yukihiro Toda, Yoshihiko Onizuka,
Hiroshi Nishimura and Naofumi Hayabuchi

Twenty patients with early-stage breast cancer treated with
breast conservation surgery and definite radiation, underwent
computed tomography (added HR-CT)of the lungs before,
immediately after, and at one, six, and twelve months after
radiotherapy. During the follow-up pericd, 17(85%)of the
patients developed parenchymal alterations in the irradiated
lung volume. We classified the parenchyrmal alterations into
seven patterns: pattern 1 = septal line, 2 = nodular opacity,
3 = ground-glass opacity, 4 = consolidation, 5 = curvilinear
opacity, 6 = aircyst accumulation, and 7 = irregularity of pleu-
ral surface. From one to six months after radiotherapy, 14
patients developed nodular opacities and ground glass opaci-
ties in the irradiated lung field. At 12 months after radio-
therapy, fourteen patients were found to have aircyst accu-
mulation and irregularity of the pleural surface. In this study,
none of the patients presented any abnormal findings imme-
diately after irradiation. There was no relationship between
central lung distance or boost irradiation and the parenchy-
mal alterations in the lung. On the other hand, there was a
close relationship between oral anti-cancer agents and lung
lesions.

In conclusion, HR-CT was useful to evaluate morphologic
changes in the irradiated lung.
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FLE IR (breast conservative therapy) & 13 FHHFLFRIC
L, FLERAEANT (FLEEDCIBRA & % IS REBSH AT ,
WS ) > oSBT, R A FLEE A~ 0 RURR B S (VD4R
B 2 lASEERETH L. L, FOBEMITE,
KETIZ19904F |ZNIH Consensus Development Conference
TREERERE L LTROLNY, DHEIZEWTIZ19944E
7 RICTABIRAFREN S B 2 BEHRIEHR AT A 9 1 > 5%
EHLNIPRETH S, BEEIZBWTH19924% 5 ILEIR
MR IS RERERE 2 1T o T 525, MEHO—2 IZHE
& o TR BRk4 LHEE - GHHESBITONE, £0th
THE DA PEAE (XS F R HiE 4 &1 X Wik e AR
T3, TOHIBEEHPLEBRICOWTOHREII vy %
v Al bbb iU IR RAFHER AT L 7o AR R
DI BT A EAMEY, S, Sy, wHozt
ECTEHVWEB LA ZHBLOTHET S,
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A HIX19924E11 H ~19954E 12 D 3 42 H A, FUE
IBAEHTR I CRRIBET 2 5203, 124 A MOEMHCTIRE % i
1 L 722080 (4511061 - Z@10681) TH B, FLEHRT LIk
(3 4flQuadrantectomy % KE1T L., W@ >/ Eildlevel I ~
ERE#AT o 72, BEFEIZAMV ) =7 v 7 XY 2
9B &} (opposed pairi:) TITVy, BREHEFOELLEIZ B A il
B K& & %787, Central Lung Distance (CLD) (Fig.1) &
2F13.0emE IS 22 5 K 9 IZRGE L7z, IGHRBIIARE I3l 2
S0HEAAE L, 50Gy/25ft/SW Tt o7z, £z, Wimkmidd
TIIEAFMOIE S IZB L 9~12MeVOEF# % Fl v Tl
BER~10Gy/5fr./IW Dboost FBE A 3BIN L, IS » 7 SHidz
R PERC 2 BB LAY o R Ei A OB A aMV )
=T v ZX#E Ry, B —FIBRETHI T50Gy/256r./5W % B
H L7, 2065 boost BE5HE 6 #1247V, $HE LEE~DIBE
X8 BlAT o7z, B, AENEEIHRERSC X Hli~DEE
A DIz, SHELEGTH 1 MBS ~OBEEHIC X BHi%k
HOZEIZDOWTIIBE 2 S B LT 2. i bk




332 HR-CT % J o 7Z GIHUBE A 15 O T kR A 22110

Tangential Simulator Film

1§

+CLD (Central Lung Distance)

Fig.1 Tangential simulator film and Linacgram. The magnified parameters central lung
distance (CLD)and field length (L) measured on the tangential simulator film. The CLD is
measured from the field edge to the posterior part of the anterior chest wall. CLD is at the

center of the field, through the isocenter. " L" is also indicated.

(¥5-FURKECIHUREA 2 10611, PI5I6EA] (Tamoxifen) &
BN L 7.

CT#E(E |ZProSeed scanner (f#iii %), CT/T9200 scanner (GE
BOAMH L, @EOCTE LTAT A AEL XU
10mm T, fgF Lgh SMREEE  TH|RIE L, kv Thigh-
resolution CT(HR-CT) & LT, A7 4 7.EI1P1'OSeed scan-
ner#® 1 ¥ 721% 3mm, CT/T9200 scanner?® 2mm, AT 4 A
MREIZ10~15mmT, MEGL, ERACIRE L. EER
120kVp T, EiftiZ200mAs% Hvy, WE{EIZ3B1T 2 EF OB
%% 3bone detail algorithm THEHRL L, WW 1000~ 1400HU,
WL-870~-700HU & L 7.

EMRCTRAR (LU HUEIRNT - Bk - 1~2 2 Atk -6 7
R# - 124 A&OE 5 [fTw, 3 f\@bﬁ.ﬂﬁ‘&gﬁﬂ@itli -
THFL, &4 ORIZBIT 5 UEBSHNOREIZ BT 5
”’F“ft%pattemf"ﬂlﬁ}i@ L7z. Z@patternfll 53838 F: OHGE
EBEIIELISDT, LT X H12(1)~(7) Dpattern &
L7z(Fig.2). (1)septal line (Hii7» & Ml | 2 HEE (299 5 4
RDFEHI Y L 22w B252) (2)nodular opacity (MR T D4
W) (3) ground glass opacity (MFHAVER T 212D
?ib‘ﬁ'ﬂ,ﬁllifﬁk 2 77 ARERERZ) (4) consolidation (L85

5L T & Vi U T NEEPERL E () (5) curvi-
linear opacity (MBEEL T (1emEAA) THIBR R 24T 7% 2em
VL EO#URFE) (6)aircysts accumulation (Zmm P2 EE o0/ 2EHE
DIEFE ; WeBUIRFEZ) (7)irregularity of pleural surface (fifif
FHOM M),
BREZRZESEY, BFER 12 P ARTEMEN, 67

Linacgram

Atz EaMy, 120 Akt
Hle LTEHiiL7:. 2B, CTHR
A ORI (P + R E) 3,
ERER , BRETOR I ) (2
TRLC)2.8+58H, ih# 1~24
Hi%;402+9.1H, &6 7 A
251883+ 274H, JA#EI2HH
% 3357.5+294HTH -7z,
BEHEBEUTO)~B)0Z
ELTHA.
() EFRDARHAIZ BT 5 CTRY
1 (pattern) @ IR
(2) iiEr A R o MBI B 2 BEH
(DCentral Lung Distance (CLD)
& DB HE
@boostBET A L o) [
CALFEREOF I & ORI
@M (Tamoxifen) OF
i & DRgE:
(3) iGHRT L G EO SIFIHIC B
VI % iitRE (%VC, FEVI1.0%) &
BRI 77 A (PaQ2, PaCO:2) DIt

i
#® B
1. AFEOZEIICE T BCTHRR (pattern) O HEIR

(Fig.3)

FEE b &b 2055 1761 (85 %) BT DZALAA H
7z, BEFRT oo B 2 REFI RIS 1~1270 A 4T ORH
ZHTRDOA LNz DH1261, 6~12 ARIZALNRIZ D
3P, 1~6 W ABB L1 A ABROKICH SN D DA K
161, 1~127 AOMBTRD Lo 12 DA 3 FITH - 72,

TBHR O & & 4 Dpatter G ORTEF AT ORI DN T
1, EBRIZIZFERZASNANMEFT R S & ) EME 2o
TWh. ZhS OFTET FIXTERE T IO S M IZ1Z 1 5]
LEEH LN, BHEE LA ALREICHBLL. £ L T174)
Zafll RS L OD120 A BICIRERF CUEE
ANz EHOEIZOVWTE, 1I~120H%ELT
BEET X 201 (1) septal lineTdH - 72, (2)nodular opacity,
(3)grourd glass opacity (& 1~671 A %0 LAy SR~ i
HzA e, (6)aircysts accumulation, (7)irregularity of pleural
surfaceld 6~ 1277 J DM@ ~ Bl A b7z, &b, @)
consolidationtd 1~1274 A OBJIZE 4 1 BlASN7hS, R
2B EUE L7z %A91213(7)irregularity of pleural surface
P1I2BITH LN, MOBTROMBREIIP o7z,
2. MEBFAMROHRICET 2ER
@ Cetral Lung Distance (CLD) & DBk (Fig.4)

1~127% A MO 2 TORMIZIE DZbATH b 71260 T
1E1.5em 2 B, 2.0cm 7 #, 2.5cm 3BITHY, & TORHE
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1. septal line 2. nodular opacity
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Fig.2 Classification of 7 patterns of radiation-induced parechymal alterations: schemes and referrential CT"images.
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2. nodular opacity
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3. ground glass opacity KXXJ 7. irregularity of pleural surface

. aircysts accumulation

Fig.3 Number of each CT pattern of parechymal alterations after radiotherapy.
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12 & 1%, boostlif(-)FHTH->TDH
I~1247 AT R L7z d D
10 P59 GIH 1, boostlBE () FETH
> THI~124H %@ LT R AH

8 Eehol-b b1y,
boostHE 4 & fili ¥ D22 LIz X B A

T EEEIRRD bl o /.
@ b HEDHE L o B
(Fig.6)

(b2t (+) BRI 1061, 1k
B B0 TH o7 1~12
B A, BREFET R ASH 6 L h
2723 B0 b 2 BlidfbaEai:
) BTHbh, 1613 bEEE(+)

BCThoizhZ?d 1 FliZCLDAS
/| 4. consolidation 0em T 1) B3 BBEFEF A A -
Tz, {bEFEEH %)
septal line - 5. curvi-liner opacity el fo. ALFRR (+)

TA(70%) 11 ~124 AR %8 L
THRBA LM, (2)nodular
opacity, (3)ground glass
opacity, (4)consolidation®Ff I,
DEFEIZHA LN,

@ P43 (Tamoxifen) O 47
| lem & DOBENE (Fig.7)

12{);‘1/ 1.5 cm Tamoxifen (+) B 1X 114,
Tamoxifen (-) #ix 0 fITH -
10 z: Z: 72, 1~127 A %38 L CHrELA
8 i BN hro 7z 3 filld 2Bl Tamo-
- 3.0 cm xifen(+) HETH 722 L L A
a W (Tamoxifen) & BIFOZAL,
4 B B 2 B
L7z, Tamoxifen (+) D 5 & il
2 BRTR A AT B b DA 8 (727
0 _ %) BN, ZhoHDIZLALD

1~2Mm| @ Absent ] @ Absent fEEFERE LR S Tw i,

3. BRI CAREOSECS
6M t hd et ol el o+ 3 BHEE (%VC, FEV1.0%) &
12M o o Absent Absent Absent R A X (PaO2, PaCOz) MELE:

B R ERFRAEIR (8%, S&8L%)

FRELALOERL, TOBED
fitgfe B & UBIRIL A7 A Ol (F
¥ + ) 12, Table. 1Tk
(THY, BIFHE GEPE OLEE CBREICTIT 2 7295,
WIN S AEEEA SN THEREOMERIAL N o7,

Fig.4 Relationship between diameter of central lung distance and existence of parenchymal
alterations on CT.

(24 <A SV D130em 16, 1.5em 161, 2.0cm
1 Bl 3 I TH o7z, CLDALSemEL T Tdh - T H AR
3 5w LRI 2D H 5 —F, 3emDEFTH
>Th6~12H ARIZOAAZ LI, CLD & HEFHT R I H
ZREME IR b o T,
@ boostTBEF DA 1 L D REE: (Fig.5)

boost B85} (+) #f 1 6 5], boostlBSf (-)FEIX14FITH -7z,
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1. BEHERREAIC DL T
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Hh 9 whilTwb, Rothwell 59

W, O Je o0 MR T B A E R L X R
g 1~3A R L higZ ), FORE
I ORI EE I & 5 LT

W5, EXMERIZE W TORERY

| oeaiaips Bl voost (+) |
10 [[ERE: |
o h

PR, BRETEFIC—3 L RIRA R,
consolidation, ;S 72D volume

loss sign (#EFRMRAL - HEPRNEZ: L) ST

&Y, FMPrR & L Thoneycomb ap-
pearance ¥ A A%, INIdHlEfE B

Eﬂﬂﬂﬁ_ {gﬁ

ZHMHEEZALZ IR L T A L vib
nTwab, AED20BIH 1782 IECTT

> o BB L4530 & 7= HSERERAE R Ik
i bhdro 0l WE OBy
6M @ (€] @ Absent Absent NG ONE ol EBbRE,
TSHER % D IREEBIE, B
A Absent Absent N i
R ° - - = AL & AMBIBIRES & U AL O N

T, DENEMROEL, MK

on CT.

Fig.5 Relationship between boost irradiation and existence of parenchymal alterations

B, MEESBEOTEISHED, b
TR E o, Wil b o, Tk

RIZ & DIRIBE DR AR Y, A

[[] Chemo (-)
[E Chemo (+) ||

FEARBH o, AR O
Bhic L B A~ LT T AT & v
hITWah,

2, BEZOBHIECTICH T 2 S
BiZonWT

Schurawitzki 5% 12 X 2 & Ko g%
ZE{LIZHR-CTIC X o THEFZ D1 % IZFT

RO NTZH, £ DT5% EHERXH

EREIZBWTEHThol Lk Tw
L. JLAE, WU e o W% L oOFE

il

filild, FEEESRREICENRACTEHWT

1~2M ‘ o (] Absent fibhTwad, MahH21E, HUHRHEHRE
il & 1EHTR 6 7 A B EMIIZCT 21T
6M ® o o Absent Absent il _mﬁ{%ﬁ A Egﬂ_j}] fT
2 TWVAEY, £DEMENICEIT5RE
12M @ ® Absent Absent Absent ATH.Z, Non-homogeneous in lung den-

sity (85%), Homogeneous increase in

Fig.6 Relation ship between adjuvant chemotherapy and existence of parenchymal alter-

ations on CT.

22) 1TFH LB 2901 T 51, RTOG Acute Radiation Mor-
bidity Scoring Criteria}s & U'RTOG/EORTC Late Radiation
Morbidity Scoring Scheme® |2 X % & BEGSEAG H 2> 590 H LA
NOREEZ SEPREE, DEEZiEEE LTwas, Zh
5% BH I Th b I RSHRGRES T BEMEY, 127
R&SM, 67 A& S, 120 ARz & Like
L7:. Wehiis s 2B gtiie, Met% ) 2k, &
FEFIDRRZEIC & O Ra ), REOBEREITHERR TRl
2~10ATHN, ERIZIFERIT, B, EIHFR, B
ZOERLOTH Y, XFEFITRIGERERZE7~10HT

TR 1046 H 25 H

lung density (65%), Crossing over ana-
tomic boudaries(50% ), Air
bronchogram (25%), Loss of lung vol-
ume (15%), Pleural thickening (15%) £ ii~_Tv+ %, Ikezoe
5190%, pulmonary infiltration & L Thomogeneous, patchy,

discrete & fLFRAYCTHT AL & 8~ T2 5. Schratter-Sehn 5!
&, FLEREE B B ETRIR R O B 2L L BRZAL
FHR-CTHR VTGS L T2, MRAERIIEHAT - 65
#%6~8H -6 [ -9HA - 127 AL LTEY, CTICBITS
FEHMNEE %, Score | = thicked septal lines, 2 = subpleural
line, 3 = parenchymal bands, 4 =honeycoming, 5= ground
glass appearance & L THiET LT 5, #HR & L TldScore 5
EBGHRERERR O 3 A ADPICEZ D, ThbE
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Fig.7 Relation ship between adjuvant hormone therapy (Tamoxifen)and existence of pa-

renchymal alterations on CT.

HDZEETH Y, MMEL~ETL LD DAL L, Score
1 ~4DANT] it D Anddse T it HEEZ AL ISR G R 6 7
Ao ThHRRI A LHs, 1~4%BiA%(L, 5% 2MH
ZAELTWAS, bivbhofETlx, 2 Znodular
opacity & ground glass opacity 23 5 41, Wil Zaircysts ac-
cumulation & irregularity of pleural surface2S% 5L T\ 5,

/NEE IR EE D BRI S & TR § & b B septal linelXi:#HEFE D
HOLWHRERTEL, FICELT LI &% (Bl F TR’
5. BOSGEROMAZ L MEEOELE 5 L, UK
Mg O#F% & L Tldirregularity of pleural surface & B
7z, E7z, subpleural cystsiXHEPEMIZT L < A B, Bl
ROFEFRE LTHEZOBIEZB L Twa2 L vbhTn
575, bbb N Daircysts accumulation | LG EA 12k
o 12T ORiFEE OIS TH Y, irregularity of pleural

surfacelZ @& TH LVOTIELhwvd
I FEZTWA,
L 2{’{] Tamaxdfan i) 3. KC:EED é:)ﬂiﬁ!ﬁﬁﬁﬁ', KonT

. Tamoxien () | g R AR 315 B U
(WD) 2479 \2h 720, BSRAe Rz

8+ THaIGIZ & 0 200 A EIEZS 5 P,
HE BN RS A5 A% . Bornstein &'
67 IR e 2 k) LRSI
4- MBI 2k & HEE 50 T oM o F %
% CLDEEH L T4, —fkA9IZCLD
2 A 3emPANOBE, MioMHELiZ5E
o j LawEWwbiTWwaas, e DR
T, 2.5emBNOGAE1L, SR
i~eM @ Absent s e Aceort EPERIRSE 5 L Ao 7275, 3em
&M ® ® @] Absent Absent DWFEITE, AEFAEOMIHRZE % 780
12M ® @ Absent Absent Absent e t.)hbﬂd)ﬁjf%‘ﬂ;i, CLDY
' 3emDIEFDT 1 FITH Y, BEHTRI
6 ~ 127 H#IZH b7, CLDAS

1~2.5ecmDffiEFHTIL & ol LT % f5 5

b DTlEhd o7, 4ECLDAS

3emd U D REVEFOHIIETE L7255, CLDA 3em
VRThiud, CLDOIRE & RiEFi & oo IR & (24125
Tl Bbhni,

4. boostEBHFDFELMEFFRRIZDONT

A, FFSHEMEHIIE60Gy LT LvibhTwa, Y3y
TCATDN TV S 19864E 7D & Dphase OHFEDFFBHE'S
Tld, HERICHL TIE, 2IFEIC50GyIBET LTI
4%THY, EHEF~boostliH 21T A 2 B TH-
Fo. FERWEIZHI L CIIMEER IS IZA SN Do 7. boost
B O ~DEHEIZONTIEbNbNOF2IRY % h
o725, AROIZEIZ BTG T 5 Hiboost BRI O
i & BEEFET R o SRR R S Uy, e
B, W e kg sE b A 5, B BB 2R

Table.1 Results(means + SD)of pulmomary function test and blood gas analysis before and after radiotherapy.
blood gas analysis
before immediately after | 1~2 month after | & month after 12 month after
no. of cases n=18 n=15 n=10 n=2 n=12
PaO: (mmHg) 91.4+10.8 88.5+10.8 92.6 +9.1 92.0+5.3 92.2+10.1
PaCO: (mmHg) 39.5+5.2 39.0+3.2 38.0+2.1 40.0+ 3.0 38.0+3.0
pulmonary function test
before immediately after 1~2 month after 6 month after 12 month after
no. of cases n=18 n=16 n=17 n=16 n=18
%VC (%) 116.7£24.3 119.3+23.8 112.9+14.2 107.7+13.7 111.5+15.3
FEV1.0% (%) 81.1+7.7 83.2+5.4 81.8 + 6.4 81.9+6.8 2.3+8.1

Differences between pulmomary function test and blood gas analysis before radiotherapy and those after radiotherapy were not

satistically significant.
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5. {bHE - AP EEDHEEMEFHRR (COVT
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h‘f_im F(1.3%) & D BBESFWOLwbhTwa, £

7z, AFIC LB EEERIZBWTIE, PuBEAIBEHIEELIE

ST HSREE I AR PB4 & DB AL ASTREEIZ A B

Nzt HEENTWS, bLbhoBFTL, LEFITIX

HENEAROERTH Y, MIRIC X BILFAEEIER L%

WD~ DB L v Bbih:, 7, NilE

i (Tamoxifen) §f 2B L T4 EOIFFEIC BV TIZIZE A

EOEFITIEEFEZ I ST/ TH EDH S
A5, B THNIEME~OFEI VRO TIE R v

EEZTVA
éﬁfdw%flﬂﬂ%ﬂﬁmﬁﬁﬁ BEEL, 19964

7 A ETITH60B1IH L CARBREE T o 72, ko T & <

mewpmﬁfﬁofwtﬁ,%%QE%TW“W%@ﬁ

Abifz, ZORRIIUFHIBIT M ORERTHY, B

TEIEHEF R DA L Y v & B4 5 Non- opposedpmr

i (Additional gantry rotationi®) T{T\\'®, HiLHILDT type

CHOBELEEBHREH L Cwb LA THE, A0IE 1 FEHO

HAC

fiL 9 %
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PALEME L7275, Gunillab iz & 59 &, FUHBONTHRIST
KRB O OZLIIE TR 4FEITRY, MHH2DF
T LvbhTwa, 4% 0 ERPBSEETY, T0O%
LEFFEL TV S EEELEbh S,

¥ &

bbb Ok CIHERFMHR I T L R R O
THEFIC B30) 2 s, 2050, Eafkl, miloziz
CT# wiligs L7z, FLBEIRFM 2SS (Opposed pair
B) & M7, #985% IZBHEFAT RATH S N7z, N6 I3
*Lﬁrﬁ%r&ﬁ:au&mot FAHADCTIZ BT 5
IiBFii % 7 patterniZ L7z & 2 A, 1~64 A&ICIE
nodular opacity, ground glass opacityA*:EIZA S, 127 H
B IE T D M™% (irregularity of pleural surface) 23312
Aotz F7z, CLDOWESboostIBET DA M & il AT 12
i3, FFCBIRASAR S N h o 7z HR-CTIZBUEHRIGHRZ D
Titi By D AEEHY 7 R B ZAL 2 B ICHE T A S L A5 T
&, UEERTRORLBBIE & L TT ) Bl R CTIRE,
BEET -6 A AR - 120 BASES & Bbhi.
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