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Accuracy of Magnetic Resonance Imaging located rectal tumors. With a different CRM criteria for the

; g ; ; B measured distance in MR imaging, the accuracy of the
in Predicting TNM Staging and Circum 2-mm CRM criterion was 77.1% (k=0.53). Conclusions:

ferential Resection Margin Compared with MR imaging in predicting T stage showed fair agreement ac-
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Purpose: Recently, magnetic resonance imaging (MRI) has

become the preferred diagnostic tool for preoperative M =

assessment of TNM staging and circumferential resection

margin (CRM) in patients with rectal cancer. The aim of this

study is to evaluate the accuracy of preoperative MR

imaging in the prediction of T, N stage and CRM compared g

with pathologic results on whole- mount sections. Methods: o i 63
. X . . . Eoﬂ D] X] h== o]:

Thirty-five consecutive patients with rectal cancer were N

enrolled between Dec. 2005 and Apr. 2006. 1.5-T MR ks

=

imaging, was performed, and pathologic results were o] Ad| 2 gk Zr} AAore =ur G o=
investigated on whole-mount sections. The agreement bet- g6 ol = o= o
ween MR imaging and pathologic examination for the as- HE A7 T8 F2AEJAAR AR 3
sessment of T, N stage and status of CRM were analyzed olof whe} AR A7k A A < (total mesorectal excision)
using kappa statistics. Results: The accuracy of MR imaging ) - b o= N
compared with pathologic assessment of T stage was o 7idel ERE ol dAl T, sk At e
82.9% (k=0.56), and that of N stage was 74.3% (k= 289 TFZFQ HHo g Ay itk ey A
0.31). Of the MR imaging planes, the oblique axial plane _ N

o X} 71Er A A= B Z] R} Z oo | = A uLE
showed the most accurate prediction of CRM, regardless A3 AAlEE 3 ARAA FAE S2ALE
of tumor position within the circumference of the rectum. o 4~81%2>

The accuracy of MR imaging in the oblique axial plane for

predicting the CRM was 81.0% (k=0.62) in anterior and i =

posterior rectal tumors and 71.4% (k=0.43) in laterally 1 T 7] 3, 47] 2749F Shapol] Qlof =AxA)d
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Rt Bavt lomf AR AAES A g G s, & A ARG FFEE e
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Fig. 1. T3 mid-rectal cancer in a 69-year-old male. Measurement from the outermost margin of the tumor to mesorectal fascia
is demonstrated. The sagittal T2 weighted turbo spin echo image shows rectal cancer in the anterior rectal wall. Predicted CRM
was 2.61 mm (A). On T2 weighted axial image, predicted CRM was 1.48 mm (B). On T2 weighted oblique axial image, predicted
CRM was 1.17 mm (C). Ordered display of sliced specimen. Orientation of specimen was marked with ink and the straitened
rectum was sliced perpendicular to the long axis at 3 to 5 mm intervals (D). Corresponding histology finding. After fixation
in buffered 10% Formalin, for 48 hours, each block was embedded in paraffin. Whole-mount sections were sliced transversely
on the embedded tissue blocks, stained with hematoxylin and eosin, and examined microscopically (E) (H&E stain, x12.5).
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A AW 10 cm oW A4S Yo E AL, F o whet gk s F-8HA uhEE P A AetE Al
& A A71EH FGold TNM Z274° T 7] 4719 73, FHANAFE BESE AR AA &S A8
B &Y AAZE 2 R (peritoneal reflection) Tk FEAd A AA §HAAS A st 2
ol AAXT A= ALttt AFd = A v AfrZEe] S0 gleA, ZA &40 ddeEE 5
T&olY Ao q &S Wdd A ZRbe| mm O WA FF3a, HA HRke] AX =gk o
WA A 2E B2 A= A3 g Adoly] EHo] seve AES 23
2) RK7IZE QA W ol mE O}tﬂ NE=A] 5:/\}'5?"4 A7 dA|&o] A3
A= A=A H7reka
A} 718 94742 4-channel SENSE Body coil (Philips 5 TR ES N U 24 MRl BE
Medical Systems)S ©]-83%F 1.5-T whole-body system
(Achieva, Philips Medical Systems, Best, the Netherlands) Hy 23 AAl=s A5 W Z3 74 AKwhole-mount
< o] &3ttt FAAE F o S AAAY] =H section) 2 A&t Th WA AA® 22 TR W
2 PACS viewer?] electronic caliper (Centricity™ PACS 3o oaw RAEA, SoF BFstY 2o ALHE
solutions, GE Medical Systems, Milwaukee, Wis.)S A}-& gtetsl & A=of o] HA dA45H 3~5 mm

3
Aoz Aek of 4847k F 10% E2T

Sttt #o @i Aol 7+A-e ZH A g (sagittal 7 A
plane)2 3 mm, ¥ @ (axial plane)> 3~5 mm, TA4H of sty vt FdES APt dH
(cosronal plane) % 74 A8 T (oblique axial plane)< 3 ZHo g 4w AoF Hol= AL oFA 2

YN A
N AR

o Y o R omy W ooX 12 i

mm= 898 AP Aol cefol=g WEol H& E 94 % o
Qs g e WA ATt A=k GlaL, < AlstAth ZF Afeioh Sk HAF & S0 FA
FH AL ARG dof TR Aol AT T AL AL KU A FwE A0 Hol: 7
AQR FEo] AT o2 JdHgoA 2GS 4 Au|F o g #Fste AE ASHSHA Ll
29Z Yol AFALE BUSAL, BE FRE T AAD) 5 o) 9415 E(threatened CRM) 71
Wrlel 42 ol {7, S HAA Aol At A7) < 2 mm ool T H&o] FAH= FFE AT
W Gl THY AT 71ES TIS 99 4l (Fig. 1D, E)."
SHAE7 A g Juketgol gk A7) T2
FolA HAE A2 #FEE 25T o] §l
© B, T2 T4 AZFE 253 A B+, Table 1. Patients characteristics
T3= T4 ASHAE7}F A7 T2973 A ALls
I = - 1 Frequency (%),
Az BRHE 2822 P 1405 AE2 I Predueney o0
S ARFW AT 290 A B9, T 1Y P
- - - — Sex
Z7o HAEF A2 hro] =S AT dxd A
:O X};j ﬂ:‘f _ijﬂx . - O = Male : Female 23 (65.7) 1 12 (34.3)
kel 3T ==
]‘/] gl ] =4 Eoﬂ EH pid \:»—é‘/] 37] 7]T’: ] giﬂ Age (years) 63 (30”81)
ol A, "Hxde] AAT B8 A U (indis- Operation methods
tinct), %73 ¥ (speculated), == WH NS F =7} B4 Low anterior resection 31 (88.6)
A SH(mottled heterogeneity) 4% Zo]7} A= Ho=Z Hartmann’s operation 1 (2.86)
A5 AAEE FT AL T A o dominoperineal fescetion o
tra-low anterior resection )
Az} 7}ak xlol o 2} e} =239 3. *
4783k Arel o] 714 7}_7]]_—[ Az 3 © shsiaL, 7 Distance from the anal verge 9 3~10)
7139 9 9% 4 FFARGE, Jad, A 0~5 cm 3 (8.6)
W, AArggw)el wet 747 S8 F 7155 thFig. 5.1~10 cm 32 (91.4)
1A~C). Tumor position within the circumference
of the rectum
3) T2 3 FoF HAL Anterior wall 8 (22.9)
B ) Lateral wall 14 (40.0)
TEE o B HFefatel s AL, FE Posterior wall 13 37.1)
W A dedA AR0eE Ao Qe AFaA



Fig. 2. Histological T2 rectal cancer in a 49-year-old male, overstaged by MRI as a T3 tumor. Axial T1 weighted image
shows a tumor with fine perirectal speculations (arrow), suggesting a T3 tumor (A). Corresponding histology reveals a tumor
confined in muscularis propria with peritumoral lymphocyte infiltration (B) (H&E stain, x40).

A7 FEolA 22 AR 24 e &9
e Aol dxx=E Hr1atr] s SPSS (version
13.0 for Windows, Chicago, IL, USA)E ©]-& 3} Ksta-
tisticsE AH&3FA AL, kgt oo} o] =3
K%k <0, poor; 0.00~0.20, slight agreement; 0.21~0.40,
fair agreement; 0.41~0.60, moderate agreement; 0.61~
0.80, substantial agreement; 0.80~1.00, almost perfect

12
agreement.
4 ot

1)

o

A S

T2 239(65.7%), A 1278 (34.3%) 1 N H, o]
= T4 634130~ 81 AT FEHH L 31 = A
AARAAE, FER &2 14, F3H A& 14,
AAZHAAE 2 2FGEEgdsE 208 474 A3

T RHH AZe T 90 em

(3~10 cm)Z FFAAA 5 cm o] S 39

(8.6%), 5.1~10 cmol| A g FH+2 324(91.4%) A

E‘ioﬂ?ﬂ 7];?_.;_5‘;} io]:A xqvm-

ol e A= HAH ddel d= P57} 84(22.9%),

S8l -9 149(40.0%), FH ol A 97} 134
(37.1%) . TH(Table 1).

TH 71 359 F 2991(82.9%)7F LA5ted kg2 0.56
O] ATHO95% A FF3Y, 0.42~0.71). & HAME T1 3
o F 20 9 BEY T2 R TIR AFHAL, T2
74 Tl A= 3¢7F & A T3 A5 FJAhFig 2). 1
I T3 259] 7}$0 1604 GAREN 22 BE
= AH(Fig. 3) (Table 2).

@) = Mo|: A7)1FH
A BZA Hole

Fd Ade Be =4
359 F 2691(74.3%)7F A&
ako] kg 031010 TH95% 1= T3, 0.16~0.45). ¥
BEE 25%, E0]5+= 100% Gt 22 AAY 923
4017} W 12¢] Z 9dl= 94 BE=A Aol7} 9
Ao 2 ZAHAAL, Fxd o7t INUW 23 =

oA & A 27T GaeA Hol7t YE AL
7= 5] A th(Table 3).
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(1) EL HE| et A|&H (sagittal plane): =

2 mmE VEoR T HAF AFE 4 }Eiu‘r.
o] AFe] YA FFL 2142 AT
A Zodw = A AHI A 22 HA} A3 H]lmﬂ
A 219 F 11 7F A5 (52.4%) ki 0.057F L}
$kTH(Table 4). 27189 G242 AT E 60.0%, SOl
TE 454% Gt =9 AR A0 2 mm oW E Ko
AR 104 Z 697} AREH L, Fao] gD 11
o T 597k AV1e G Aok dAEAT

(2) S4 HHoint & THH (axial plane): ¥ THH 7)o
vl o A 214 F 137} X81(61.9%), K3k 0.24
(95% 2 F7F, 0.02~0.45)7F Uitk A71EE 94

ol

.l

N e



406 oS LEES A Al 22 A A 6 & 2006

Fig. 3. Histological T3
rectal cancer in a 64-year-
old female, understaged by
MRI as a T2 tumor. Oblique
axial T2 weighted image
shows a tumor without pe-
rirectal fat invasion (arrow),
suggesting a T2 rectal can-
cer (A). Corresponding his-
tology shows a tumor pen-
etrating muscularis propria
about 1 mm in depth (B)
(H&E stain, x12.5).

Table 2. Comparison of MRI predicting T stage and his-
topathologic findings

Table 3. Comparison of MRI predicting N stage and
histopathologic findings

Histology Histology
MRI Total MRI Total
T1 T2 T3 LN negative LN positive
T1 1 0 0 1 LN negative 3 0 3
T2 1 4 1 6 LN positive 9 23 32
T3 1 3 24 28

MRI = Magnetic resonance imaging.

o YIFAEE 60.0%, 5ol 63.6%Ath S AAA
°] 2 mm o2 F&o] ANL 109 F 647} °‘il*8}
R, ol gy 11e] F 747 A7) T F
7o} Y28} A th(Table 4).

(3) =2t HX|odn} ZALE EHH (oblique axial plane):
A A dE k] Bl 214 F 1797} A5
(81.0%) k&L 0.629TH95% A T3, 0.45~0.79).

03%9] U EE 70.0%, S°l%E 90.9% A

Aol 2 mm oW E HHo] AAYD 104]
°1i]—5—}921, Afol AAY 114 F 1097}
) x5} 4 TH(Table 4).
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1) =8t A|odn} 2HAH (coronal plane): 272 =}
G =0 Y3 FUL 42 AT G B
HAzto] vl A 14¢] F 47} X3 L(28.6%) KAk
& —043°] Ut A7|FH Gate] W EE 20.0%,
Eo| & 333% A THTable 5). =% AA<30] 2 mm oW
2 o] AW 54 T 147} RsHA L, Faol I

LN = Lymph node.

| 94 F 347} AU G A

(2) &2 ZExoint 2tHH: oA % W AA A
Hlw g Ao A SH o] X3 14¢]
Z 77F A X314 (50.0%) k7t
]:r_ug og)\]-_,] 1:!]7]—1:‘:-_ 400% .__o]c__
(Table 5). =% AA|A0] 2 mm o]HE J&o] AU
59 F 2417F €AFA T, HEol GAE 94 F 597}
A28 dd Aol I sk

() S AT AT AT S
HAAAS vlugk Ao A 144 F 109 7F LA o}&l
(71.4%) k3= 0430 Yghth95% A3 F3F 020~
0.66). ;(].7]5’—1::1 o:]z\]-_q 1:1]7L1:1— 80%, E—;o]cl— 66.7%
A tH(Table 5). =% AAHo] 2 mm oW E HH0]
RAE 56 F 4o 7F AR, HFo] fIAD 99

6ol 7} A7) A4 Aster AA A

N

O{N?-Z
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Table 4. Agreement between MRI and histologic assessment of CRM in patients with anterior and posterior rectal cancer

Histology
Scan plane of MRI Total
CRM 2 mm CRM >2 mm

Sawittal pl CRM<2 mm 6 6 12
agittal plane CRM >2 mm 4 5 9
Axial plan CRM <2 mm 6 4 10
al plane CRM >2 mm 4 7 11
CRM <2 mm 7 1 8

Obli ial pl
1que axial plane CRM>2 mm 3 10 13

CRM = Circumferential resection margin.

Table 5. Agreement between MRI and histologic assessment of CRM in patients with laterally located rectal cancer

Histology
Scan plane of MRI Total
CRM 2 mm CRM >2 mm

C 1 ol CRM <2 mm 1 6 7
oronal plane CRM >2 mm 4 3 7
Axial plan CRM <2 mm 2 4 6
al plane CRM >2 mm 3 5 8

. . CRM <2 mm 4 3 7
Oblique axial plane CRM >2 mm 1 6 7

st 7459 4 mm oW E V|FCE 3 A
#14 Art Aol Bl st

&l 2 mmZ H|WSt A A7|FH 9
e S AAA 2 mm oW E 4F & TIES
Sk vlalol A 359 F 2797} AX3Fd(77.1%) kEk
05301044(95% N T7Y 0.39~0.68). A& GAFY
= 733%, E0)%E 800%aL, W 27 AAME
%— AA 0] 2 mm oJHZ Ffo] AR 159 T 114
= A A7 FAAM 2 mmE HEF VIEeE ¢
A5 dASE Ao} A, HEo] gl 204 F
16917k 2718 &g Aot e‘il*é}%‘\v}(Table 6).

@ && 7IE2 3 mmZE Hust 29 A7eH 9
N E IF AR Vo= g vl
354 = 2497} YX]3}4(68.6%) kit 0.399TH95%
AZ)F3E, 025~054). A71EH B UREE
86.7%, E°l=E 55.0% % THTable 6).
S Aol 2 mm oW E HFo] YAD 159
Z 1397} & A A7EH el A 3 mmE %‘—’5— 71
o2 3 Af d3FE Aot A, Haol sl
| 209 F 1197} A7 eHEE 2o} oéxlo P

Q) A& 7|22 4 mmZ H|WE 2 A7)3E o

\
=
o

N
-

=
=
(SIS
Fun
)\]-)\ 3 mm

27 24

Table 6. Agreement of MRI with histologic assessment of
CRM when the definition of predictive margin involvement
is tumor within 2, 3 and 4 mm of the mesorectal fascia

Histology
MRI Total
CRM 2 mm CRM>2 mm

CRM <2 mm 11 4 15
CRM >2 mm 4 16 20
CRM <3 mm 13 9 22
CRM >3 mm 2 11 13
CRM <4 mm 13 13 26
CRM >4 mm 2 7 9

47 4 mm o E F HE VT E $ HlaolA
35¢] F 2097} YR8 (57.1%) kFES 0.209TH95%
A F 7Y 0.07~0.33). A7) Fae] N EE 86.7%,
Eo|E & 35.0% N THTable 6). W& 23 A S
Aol 2 mm oJHE Ffo] AAND 159 F 1 17}
= A A7NFH FgAA 4 mmE HF 71%
A5 dEE Aot A s, HAao

F 747 A7¥HES A o 13}%‘\3}.
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A7) V3 AFGNN TXF F& F Ao oF
= 445 2 FaAte) uie} A==, 9740
= A2 B35 H(grade)oltt HYlo B JFS
W= B, AR QlojA e A e A
o] QA AART AL PEL 7=
F Ao}, gxte] Hho] A8 A A7, A A F
S Fe Ao EZ, ALY FEe il & F 29 Y
of A FEEA AAAANA YA =HH, 234
Fo T FL ALEL 3~R%7HA BaEH Q)

t}h! 1982\ Heald 5°] 2749t Shajol| A £oko] 193
2 cm ©|3+e] AT Yo JE MELTL Aol &
3!

8ol we o] o5 2%

g 2 S
S A1 Je g4, 888 xgsta e A
< 3 992 dF AA We A-Z0 A&
T, 3 ALY BFE FEAEE AlPEH TR
g 9o S ALES HolA HAY T4 ALES
Zo]7] 93 Wyer FhHor J3yd THY| 37,
4719 A & A WAL, sheta o] AlgEo] ARt 3l
O Barh dlew® olo whe} 2g¢t satel A
A IarAd AEHES A9 = A & F= &
A P A G840 AAA HAG

Fe A 94 A B AFx29, AFH 95
2o, A713H 9 Y 5] Jdon, olF AFES
= vnd g, Eg4A4 T4 Jex 2 59
dzd do] oJRE I FP A2 de 2ol A
718 G4 AHerE FSH kg Fr)9e
BAE A3 & 5, ZHk S P=FH do] F#
F 2 ARz HE2E g7 AdL FEAZY IF
AR}t dEHe S A ASE F Jdvd= A
ojt}.'’ ol wel & A AT H FAe AHRE F&
F 24 FEY Huste HgEE 4HES o B
7 gox oy, S R =8 Aot

2 Aol A7eH G2 Ao AA T 719 H
oA kFk2 0.56 95% A =B F7L, 0.42-0.71)LC.E 35

o F 299(82.9%)7F XA A71FH G T2E
A=9 6o F AA A= T2 49, T1F T3 ZH2} 14
2 g dollA W77 GEA g dlollA =4 BEEA
2718 97 T3 284 F AA A= Tio] 14, T27}
3¢, T37} 249l 2 440l A W77} =A B =AU 9
= EFoMe X8-S 67~83%, ki 0.52~0.77%
B A Ae} v A RuE Aok W) Ao

2

9} e E stATh &£ 359 = 264 (74.3%)7}
3to] kgke 0310 ATH95% A1 F]T7E 0.16~0.45
A wet Y= H Aol AHEE 39~95%F ThFS

AL ) T2 W 7] T3 e oA
HlE 5w, Brown 5ol 95 T3 AF a1/
oo ¥ H& A¥Pow gH Ay dTH
Thal 3F%aL, Beets-Tan 5'°& 5% FHo dFo
ARt 271 % AFH] ES oA str=
A i A ddolu e Bds Hol
T TYA AE T3Z 1 dlof doba Fsnh
A71E 9 A3 T dzA dole Hert =
4ot gle A2 #5845 Ve 9=
o A7) skA ¥a ArjE G A=
LA E

H

~

-

A RnHgomS 47139 G AZE 2P
U ol A% 2% gugelx gmae v Mol
£ wRsy) o295 71Fe] Bsta AR
T 9zd A9 vEsyA 2@ 4ge)n”
do] 2 g ARE v B9e 483

d

0o 2609 AAY F& AL AL £ F A
718 4 ZFE 3t o] =4 A Hlwske
=2 XSS Ho|7|% 3ttt Beets-Tan 5'°2 76
o o] A9t FAE oz 3 APl & H J
ARG oddE = S dAAe] 1~10 mmel A5
AA 22 HAF 23 2 mm ]3] A7t SEE 7
AalM = Hag A71E3H FFAA 6 mme] S 4
Aol ASE Wt F4e71% kAt

2 e SRt Ft Aol A SRR WE vk
Zo] © W FEE A3 4 72 Z9He
mret 2ol AA A @ £QF0] hestEE, A
TFolM= A71FE FAe] JH A T HAE
AES2 Ura 7z FYdd e q4dEe S
HAAAE S43A9 3, ol A 2o} vlustHh
Tdol Ao AR A ArEH G 2AE9E F
TFHE AL A, JdH, FAEGHA A 2}
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