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Evaluation of Therapeutic Effect Using En-
hanced MRI in Lung Cancer: Evaluation of
methods in terms of necrosis

Yoshiharu Ohno, Masahiko Kusumoto
and Michio Kono

To evaluate therapeutic effect in terms of necrosis or cavity,
enhanced MRI was performed in 40 lung cancer patients
treated by conservative therapy. We provided the reduction
ratio of the viable tumor as calculated by a volume method
and a cross-sectional method. In the volume method, the
volume of necrosis was subtracted from the volume of the
tumor, and in the cross-sectional method, the product of the
longest diameter and widest perpendicular diameter of ne-
crosis was subtracted from the product of the longest diam-
eter and widest perpendicular diameter of the tumor. We then
examined whether we could substitute the cross-sectional
method for the volume method. The reduction ratios of vi-
able tumor calculated by the two methods were in good cor-
relation. The limits of agreement of each method and their
repeatability coefficients were considered small enough for
clinical use. Therefore, we concluded that the cross-sectional
method could be used in place of the volume method for clini-
cal purposes. In evaluating therapeutic effect in terms of ne-
crosis when using contrast-enhanced MR imaging, the re-
duction ratio of the viable tumor determined by the cross-
sectional method can be substituted for that determined by
the volume method.
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BAE, WiHE O EARED R E IR iz ko
X, FICHEXHELRLCTIC L AEELSEOKE S DB
(fi/NR) &, 2 HIMHEIER fEZR b O TIIESEORER L Fh
\ZEMAIZAE D D RREDOFRICT, 2 HlER a1
FEDAEDEGEIZTIT>TwaBY, L, HITOKE 312
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B DIEFEERN AL ATFED SN B FEF 2DV TIEIE L £
WMEEHE LELRVITREESH S, LEZONL.
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5. L7chsoT, AFRYIBIEE 2 72 lif B E O MR
*HWT, BESEOFEEE LT, EEOKESDAT
2K, BEBAEROIEI & 25 L e L BRI D o0 fif /e
B, BEMICEHTH AN DERFT AL, 0
A FEREB O BRI TORLFEORE FEII >V TIRE
5=
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784 MR X 2 BEFEL & E R L2 A7l o0 15 SR St 52

ZOWERIZ, RFLEEME176, BRE 8 51, AElAEL
Bl, KHifaRE 4 BITH 5. HERHIIBEME31H], o pITa
b, EHIZA0HD HTTRET, F1965.4 £ 9.4 (FH + {ZHE(R
Z)RThA. BRATOBRKRBEL. 11252 6, 1WHH» 1
B, 1 A#IAS1161, T BEAAS 1260, IVHIAS146ITH 5.
WHRE G EHORE SIIWEXHEERLCTIZBIT A&
REDBEIZT, 49.4 +£20.0(FH + EEFZE) mmTH -
7=

TEAT S NZIERIIEPIAM LR L SRR T
5. b, FAMEETIEY A 75 F >~ (CDDP)
100mg/m* TEREXBIRIEABREL 1 7 — VHfT#%,
CDDP80mg/m?, ¥ A k<A ¥ »C(MMC)8mg/m?, ¥ 7
7 (VDS)3mg/m TEHEREE 2 2V L 3 7 — )il
mL7z. /Alfg#EicB\Tid, CDDP9Omg/m?, T FE F
100mg/m?(Z TaF L% 3 vl 3 7 — VT 72, 1L
FREROBRGTHRIERTFEFRE & 5O MRS TI3s0 %
v L60Gy, FEAMEREHE TIz60% > L70GyfT L 7=.

A L 7B (5544 E |3 Philipst L34 1. STHE(ZE2% {8 Gyroscan
S-158 X U'Gyroscan ACS-NTTH 5. #fHlL LTH F~
7 M#(Gd-DTPA)0.1mmol/kg % #HE L& MRI Z (8 L
7=

W2 HEESER I &£ A T15RF12500/15/4 (TR/TE/
excitation), AF 4 AE 8~10mm, ¥+ v 70.8~2mm%
W7z, DWT, EEMRIC L) EFENTOEEEZIT LW
o2 BIeE L L, GERIHR TOEFEEEIE DL % 5Ff

(volurne method) & @EACHE (¢cross-sectional method) @ —
EICTRD

REETIIFig IR T & 9 12, MRIZEDCRTHEH -,
[EBEFREENTVILETDAT A AZBNT, £A54
AT EESGB L OB EEEL, BFEMIZ L —Z L
T, HffzRdD7/z, £ LT, RKOAMFEIC (slice thickness +
slice gap) ¥ LT, 1 A7 A AEOEPIEREZE KD, #
(D#*ﬂl ICTIESHERB L UBEREEROFHEE L. #

T, OERETDORESFROMARE (V) 5 & IGHR OEFCER O ik
\v) TR U 7B R WG D B OBIE (V- v) &1 5.
TBHBOIER O HIE (W) 2 & G R OEIEE D4R (w) %
WU 7GRS O ERES O (W -w) & LT, iHEmioLt
PRS2 O W B A DAFERESE % 5 [V 7B ((V-v) - (W-w))
& IGHR DA FRES S OBFE (V- v) TBRL T, AffEIc X
B A7 NEBAE/NE % K&d 72 (Fig.1, Fig.2C, Fig.3C).

RIZ, EZEE: (cross-sectional method) & LTI, Fig.1i2
Y &) SRR TMRIZEE OCRTEIE L, EEORKRA
FHERTOESERHB L UCBIEREHEL, BRI OEELD
REL ZFNICERT 2B KEOH (ab) 5 & [6—FH L oiE
FEERD R & 2 NITEZET B AKEDOHM (cd) %3k U 721 (ab
-cd) 6, EREOEHBORZEL TNCERT 2 RAR
DR (ef) 70 5 [Fl—FHE_LOBIFEMORE L ZUIERT 5k
KEDH (gh) i 7= fl (ef —gh) EZELF /2, %D ((ab
—cd) — (ef — gh)) & {GHERT O REHBFER D & BIEER 2 B\ 7-1E

(ab — cd) T L THEREIC L 2 £ FEEBH/INEL RO 7

TH20IC, EFEGHIELED, BT sOEME (Fig.1, Fig.2D, Fig.3D, E).
1) Volume method: Reductionratio _  (V-v) — (W-w) %100 (%)

of viable tumor (V-v)

2) Cross-sectional method: Reduction ratio

(ad —cd) — (ef -

V: volume of tumor before treatment.
v: volume of necrosis before treatment.
W: volume of tumor after treatment.
gh) iy w: volurme of necrosis after treatment.
» 100 (%) a: longest diameter of turnor on the largest

of viable tumor ~

(ad - cd)

slice of tumor before treatment.

b: widest perpendicular diameter of tumor on
the largest slice of tumor before treatment.
c: longest diameter of necrasis on the larg-
est slice of tumor before treatment.

d: widest perpendicular diameter of necrosdis
on the largest slice of tumor before treatment.
e: longest diameter of tumor on the largest
slice of tumor before treatment.

f: widest perpendicular diameter of tumor on
the largest slice of tumor before treatment.
g: longest diameter of necrosis on the larg-
est slice of tumor before treatment.

h: widest perpendicular diameter of necro-
sis on the largest slice of tumor before treat-

Fig.1 Measurement of reduction ratio of viable tumor.
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ment.
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‘ Fig.2 Squamous cell carcinoma of
left upper lobe in 62-year-old female
before treatment.

A: On precontrast T1-weighted im-
age, the tumor was observed as a
1 homogeneous low intensity mass.
B: On Gd-DTPA enhanced T1-
weighted image, the tumor was ho-
mogeneously enhanced. Non-en-
hanced area (necrosis)was not ob-
served in it. The higher intensity band
around the tumor was supposed to
be collapsed lung.

C: The sum of sreas of the tumor
measured by trace was multiplied by
slice thickness and slice gap (volume

' & method of the tumor).
= D: Product of longest diameter and

JREn— ‘I I wides‘:\t pe:rpendicular riiaTet.er o_fthe
——l_ -—-_--lll.l o of the tumor = oetona

ZLT, MfELRAFETHLIEREIZL > TROLNA kb, ERICELIWERELZZEL T, EEHKUHE
FNEGHEANERDS, S EEEL L BRETRO N R 130 1em? L EB LT, 0.1em*LlED D G’DCT,J%& L, FRE
fEgHE/ NI L CRATRETH 20 E) », ZHETTA Wb DL, EHEEHE XU E SFHIL 2 o7z, &F
1201, MERIZTE4 2 BT SEFERG/NELRD, W i3 FIZFHIBICEFEEOA E L, Y iRz ow
HIZE B I 6O, Blandd OFRE$ 5 "Limits of TIXFHI O R & Uiz, 72750, JREE L) o EE#
agreement", B LG4 OFEBRMEICOWTRE LAY, FHE =& o TWAEAIZIE, Thbaefhrifions s
DR 1213 British Standards Institution D5 ¥ 5 "Repeat- Lz, F7z, EEMEE L CTEEICEE D et 213 i
ability Coefficient" % F 272607, LT, BEOKS S ZFHIIL 7.
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Fig.3 Adenocarcinoma of left upper lobe in 63-year-old male before treat-

ment.
A: On precontrast T1-weighted image, the tumor was observed as a ho-

mogeneous low intensity mass.

B: On Gd-DTPA enhanced T1-weighted image, the viable tumor was en-
hanced and the very low intensity area considered to be tumor necrosis
was observed in it.

C: The sum of areas of the tumor except necrosis measured by the trace
was multiplied by slice thickness and slice gap (volume method of the tu-
mor except necrosis).

D: Product of long diameter of the largest slice of perpendicular diameter
of the largest slice of tumor (cross-sectional method of the tumor).

E: Product of long diameter of the necrosis on the same slice (cross-sec-

tional method of necrosis).
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Table 1 Patient profile and reduction ratio of viable tumor measured with volume method and cross-sectional method.
. Volume Volume Volume |Cross-sectional [Cross-sectional | Cross-sectional
r? L?rtrll?)gtr Sex | Age| Histology | Stage | method method method method method method
1st (%) | 2nd (%) |2nd-1st(%) | 1st (%) ond (%) |2nd-1st(%)

1 Female | 62 | Squamous A 58 60 2 48 48 0
2 Male 65 Lage B 28 30 2 31 32 1
3 Female | 73 | Squamous I\ 50 54 4 58 59 1
4 Female | 50 Adeno v 30 30 0 32 30 -2
5 Male | 78 | Sguamous A 67 65 -2 61 60 —1
6 ‘Male | 63 Adeno v 76 75 -1 74 76 2
7 Male | 71 Small v 28 30 2 32 a1 =y
8 Male 68 | Sguamous A 50 48 -2 50 50 0
9 Female | 71 | Squamous B 17 17 0 17 17 0
10 Male | 68 | Squamous | [lIB 71 67 -4 66 67 1
11 Male 61 | Squamous A 49 52 : 53 51 -2
12 Male 65 Large 1A 44 44 0 44 44 0
13 Male | 67 Small v 86 86 0 86 86 0
14 Male | 60 | Squamous Y 80 78 -2 78 80 2
15 Female | 60 Small 1\ 85 89 4 90 90 0
16 Male | 64 Adeno A 53 50 -3 56 55 -1
17 Male | 77 Small | 70 67 -3 72 72 0
18 Male | 72 Adeno A 47 52 5 57 57 0
19 Male | 67 Small % 80 75 -5 80 82 2
20 Male | 60 | Sguamous A 85 85 0 80 78 -2
21 Male 75 | Sguamous B 10 10 0 7 3 -2
22 Male 63 Adeno B 8 9 1 9 9 0
23 Male 40 Adeno v 47 48 1 48 47 -1
24 Male 75 | Sguamous A 80 80 0 80 80 0
25 Male | 78 Large B 49 50 1 47 48 1
26 Female | 68 Small v 90 90 0 90 90 0
27 Female | 65 | Squamous B 96 96 0 96 96 0
28 Male | 49 Small A% 87 90 : 90 90 0
29 Male 81 | Squamous A 46 45 -1 38 38 0
30 Male | 68 | Sqguamous 1B 45 46 1 50 50 0
31 Female | 44 | Squamous A% 27 29 2 29 29 0
32 Male | 61 | Squamous B 25 25 0 27 27 0
33 Male 74 Adeno I 72 70 -2 71 72 1
34 Male | 63 Small 1B 70 70 0 70 70 0
35 Male | 66 Small B 75 75 0 76 76 0
36 Male 64 | Squamous 1B 70 68 -2 63 62 -1
37 Male | 77 Adeno Il 1 0 -1 2 2 0
38 Male 54 Small v 98 95 -3 95 95 0
39 Male 52 Large v 49 48 -1 47 49 2
40 Female | 75 Small 1A 95 95 0 97 94 -3

Squamous: Squamous cell carcinoma, Adeno: Adenocarcinoma, Large: Large cell carcinoma, Small: Small cell carcinoma.
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FREBIOMEN, A, MHRE, 3 X OEISE L AEEC
& % AR/ NS P E R R 2 Table 1R
1) A FFRES N R OB I D W T ORRE

MR L AR & B A FFRE A N RO I I3 E B
PAASES 57z (r=0.99, 12=0.98, p<0.001) (Fig.4).

FHE9EI10HA25H

2) B AFNE B4/ NFE O Limits of agreement!Z DT ORES
TERICTHNE S N AR IR RN SR O IE R AR & R

L, ¥ (Mean)ld —0.1, fEHE(F7E (Standard deviation: SD)

138.0TH o7z,
L7z#%> T, Bland® @Limits of agreement(ZMean + 2SD

=-0.1%+8.0CHsH5, ZOLRHEIZ7.9%, THEMHEIZ-8.1
% Td o7 (Fig.5).
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volume method (%)

y=0.97x + 1.6, r=0.99, r*=0.98(p < 0.001)

Fig.4 Correlation between reduction ratio of viable tumor meastred with
volume method and cross-sectional method.

D95 % ZHHIX M iZMean + (t x SEa)=-0.1 +(2.02 x
0.6), $4bbh, -13%~1.1%TH5. F7, Limits
of agreement® T [ (Mean — 2SD) 1295 % {2 H[X [
{2 (Mean - 2SD)+(t x SEb)=-8.1 + (2.02x 1.1), ¥
Hhbh, -103%~-5.9%Tho7. Fi, [FHEIC
Limits of agreement® L BRAE DS % SHAK [H] 1L (Mean
+2SD) £ (tx8Eb) =794 (2.02x1.1), T4hbb,
5.7%~10.1% T o 7.

3) BRMOBE

RS/ NEOBREORE 21T o 1240418
W 1 BIH & 2 [ H 0ZEOEHERZE (SD) 25 FiE T
322% LERTIHLI%TH o7, LizdT>T, i
tEDRepeatability coefficient (2SD) 134.4%, EAZHED
Repeatability coefficient132.2% C& - 7= (Fig.6, 7).

Z =

B, B ORAE RO G FH & (S ERCT
RIEXREEIZ BT BH/NEFH SN TWABY,
HOHEIMWECTZHAWT, BEICLIEEOREZXD
ZALIRERE DR AFEORAEL FICER T 51F
DI TEHETRETH B & LT AHY,

TR DEFEFHADEOEDOFY DOEMEEE
(Standard error : SE) #SEat €A &, SEa= (SDn) =
0.6(n : JEBIEL) TH Y, Mean + 2SD T & L5 Limits of
agreement DEEHEFRE # SEb & EH 5 &, SEb =/ (3SD¥n)
=11TH-o7:. HEHEM-1)IF39T, t=2.02k 0, ZFHH

LA L, BFALEmORIESFIZ BTk, PIIRAYE
EEHR ECIZHS DR EEOKE SO ND R, G
BB Lo LHE S 2B VIBETH, REBE
BAERLNEWERASEELTBY, 20k RE41i3
EEEDUEDATIEIATHTHLLEZLNEY0, &

30
Bg 20E
E 4
E,—..‘ -
28
o= -
-gg 10 - Q] Mean + 2SD
B o On
a ?J
%% o Ao LT =u= S05 05 H! vean
cx 1 0O =) qﬁhmﬂ o
S3 ]
*6;:? i ] P 1 U -4 Mean — 28D
2% -10 o
oE ]
= .
@9 1
275 —20 7
=71 ]
a g ‘—30 LI N ) IR D I B BN BN N B B BN BN R
s 0 20 40 60 80 100
Average reduction ratio of viable tumor
by two methods (%)

Mean =-0.1, SD = 3.0
Fig.5 Differrence against mean for reduction ratio of viable tumor data.-Limits of
agreement of reduction ratio between volume method and cross-sectional method-Limits

of agreement were -8.1% and 7.9%.
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Fig.6 Repested measures of reduction ratio of viable tumor using volume method.
Repeatability coefficient was 4.4%.

Difference in reduction ratio of viable tumor

by cross-sectional method (%)
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Mean =-0.1, SD=1.1

Fig.7 Repeated measures of reduction ratio of viable tumor using cross-sectional
method. Repeatability coefficient was 2.2%.
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5, ELTWw5Y,
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E7£13-1.3%~1.1% T, Limits of agreement® T FRAED95
%IEHEX AIE-10.3%~-5.9%, LIRIEDIS%ISHEX XS5
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L72h o T, @EEMRIC X ) HEIEE % FapR 9|12 5F0l 5
LUEFZETHZ Z L, @B TRD ARSI R
THhbIl, BLUV, @CRTETHFMIZFL—ALT,
[EEORESERDZ L, ##2HbE5SE, Limits of
agreement, iftaizeS X ULimits of agreement b FRAt &
TRRIEDIS BEFXMIZ, FFEINELHVWNI VLD
THHLEEZLNDDT, FRELERERIZEIVHIESH
TEEBBURA—HTEIDLEZ b,

BHRMEICOWTIE, 40HICB VW THRIEES X UHEERED 1
BIE & 2 [ OEDFINIFEREETO%, ERETIE-0.1%
THY, 1 EEE 2 b HOZEDEEREIEREED22% &
EAED1.1% T o7z, L72H%> T, British Standards In-
stitution D %E & % Repeatability coefficientiZ AT T4.4%,
BEIETIH22% TH o7, ZhbdRidh, fnbe Rk
BHICT, FESNELCOHOWNEVLDTHHEELD
n, WiEEDHRESHE EEZ LN, 70, bbb
T, BRETHE LA ERBEEL Y bREER LR TE
5T LA S .

PLEX Y, kL EREICL > TELRD SN
JEFEHR RO IIFE MM, —3B L UHEHREIGO
bbb EEZON, MELERECTRATETH L L%
Abihiz,

S, ARG L TIUHWRTH L EEXONLE
ZiEE HWT, WEEE DAL Z ek U 72 iEEsh R ik
Th b EFEGMRENELRDD L LB, BEOEENR

DIEFNY —  DEAL, RFTEREL TR T 05 217
Vv, BHITOEROKRE SOROE L% T AHAERE
BREPLETHE, LEZL.

& B

1) MR & 2 BRFEH0 % E R A AL 72 It o0 i R h 5
ke L CHEFEERHIELED, COHEEIIDWTIR
L7

2) EASHE: & B0 TR 7 IR RN R D12
WBAEELRMEER S (P<0.001).

3) A& & RO IS TR AR R I B
% Limits of agreement X35 FMRIZ THEHRAY I IGHRD5 % 47
I ODUEETHD I L 2 EBIIAND LFFES LSS
LWhEWbDOTHY, —HANEH S,

4) E2CH: & RO iR TR 1 A IR RN R OB
HEIZEEMRIC TERRIICTEBER R E 1T ) O DWEET
HHIEEEBILANDEHREEINLEBVWAEWLOT
HY, BRUATEH SN,

5) 58 % F A ATl O iGN AL 5 O BRAR Y S 13
EAEICTRAITRETHh o 72,

FaaiisIC0FhR, #EY, FHREZBY F LT @k
BICER DO R LT, T, RIGESKELEG L%
50 F LBGHREAHEHRE R SIS0 RS L 7.

% BAG L O RIL B30 MRS S84 (R, 1995), #5370
IfiffEsE sy (FE, 1996), 455500] H ARS8 4 (b
g, 1996) THFELT:.

X

1) i & L M) B SGTE 4 ML 1234133,
1995, SEHIRT, BR

2) KEZE— | RGHEEEIC L5 ¢ MM o EIEER —E 3K
IeDHH 6 —. HMOER 16 651-657, 1970

3) TEEEM | AREENI A OBEHRIGHE — 5120 6 TN
HEORTFLEREIZOWT—, FEOBE 15 :261—265,
1969

4)FUH g, MR B, R M b - SHRIEEIC BT
Gd-DTPA enhanced MRID A F 14 —early TIWI & delayed T1WI
DI —. HARERSRIE 51:504-515, 1991

5) WAEZ @ lli#E1241F 5 Gd-DTPA enhanced MRIDA 12
B4 2 REARIgE. AARERSSE 52 358-371, 1992

6) Bland JM, Altman DG: Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet
8476: 307-310, 1986

7) British Standards Institution: Precision of test methods. Guide

16

for the determination and reproducibility for a standard test
method. BS5497, part, 1979, BSI, London

8) Mori K, Eguchi K, Saijo N, et al: Evaluation of the effects of
chemotherapy in lung cancer by thoracic computed tomography.
Cancer 62: 2631-2634, 1988

9) MUFEME, YoldiiEkE, RIFG © M E & in R A
AL ICHRZMIC BT 2MRIQIGH, BARERSHE 49
831-840, 1989

10) WK EZ, W@, RIFHFG W X5 EERE —
A LRI —. WIREZHT 13 1 427-434, 1993

11) Hiraoka M, Akuta K, Nishimura Y, et al: Tumor response to
thermoradiation therapy: Use of CT in evaluation.Radiology 164:
259-262, 1987

12) BANA =4 — 3 7 2SI R E 2 R R & L
A 73=4— I 7 DIGHEERFIEREE () (20T, BENS
N—=H—3T7FE 71482, 1991

HARBERSRE 8576 £ 125



