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Aastal Q7= sHA T R E %Q—X]E (palliative
treatment)o] B o} = o F= w9 2] oot F
& AE 717 4014 1870E FEo|tt (5-8). Foll= &
A& oA g e AAE T3 oY HEA R
o] AA =L Sl o] & HdliA= A73t et A o]
Zgeolt} (9-11). o] &AF Agof SlojA 71 T8 84
% 3l A3t o W7 (cancer stage)S oF= A olth
9, 11). HEFI4FYFY & H715 2=t oA &
83 AL FY (chest wal)o|U $25 (mediastinum)
o Ayl o & 2 FZA (lymph node)J—} H 29| Ho| of F
A FFEEFEY (computed tomography, CT)el &
A2e e 2 7], 281 (& 92 Heg oA o

AA < A7 o2 de] AHEEI gl (6, 12-15), 18
U CTE 4 A¥S Bagrtste Aol gl & dzd
AR o RE Frlst= o= Agto] At (14, 16). A7)
B A4 (magnetic resonance imaging, MR) S22 9]
e 2 =7} o ¢ ot TFY FHolu A AW o
HE ot &84 & 5 o S4Y & dA s B
7Vet=dl w2kt (14, 15). E #Zo|= T1-weighted
image (WDE 3—dimensional gradient recalled echo
(3D GRE) sequence? 7|¥& 53 g2 &2 =9 AL

A& A= Ao 7}—0111]_1_ resplratory dynamic cine
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MR7IY 9A] o & A8ttt (17-19). o] AFEoNA
2 2 TS Ee ¥ B oA CT2 MR&
v a7l SFEAT A Aol AY o] & AF Hne
dTE =& (13, 14, 20, 21). ol& dAFLFHF ¥
2 Y 7]Qle Aoz HoE FZToE HY (ung
cancer)o| A= MR7]¥ 9] & mpat A o F&st A
o] e sithal B A A Q)L o] GA| oA FurE T F o
A apR7EA] 9] g0 7HeE Ao R AR (18, 19). ©]
of F7HA7E Bo¥ AR Hol 2 Ao A= 45Tt
9% ¥7] A oA MR B % (accuracy)s
Yot 1 CTE G5O = A3yt S wfete] Hju g si=
1A} g}
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o o] 5 AL FA] CTE MR % & 7HA] HAMEE A
yotA] F2 A= Aol A AQste] F 207 (o =
14:6)0] ZE AT}t A BEZE= 414 A T3M7HA F 1L,
FFAF-LE 53,544t}

Ao 23 I T &2 U7 EE @ F
1393 (65.0%)°19 o] AEE AL 2 &4 §7|%
CT, MR ZtZte] 44 ¥7|& vlastnt, & AA IS
Ao R CTE G522 AP5HAS wot CTS MRS &
A N FstgS Wo] d4A )& A2 Bttt

CT gaoIH

29 9 oy R AA gt 71F o2 AIPH CT
ol Aol 2FEHUT HEE 16 £+= 643 CT
(Sensation 16, 64, Definition AS+, FLASH; Siemens
Medical Solutions, Forchheim, Germany; Light-
Speedl16, VCT; General Electric Medical Systems,
Milwaukee, WI, USA; Mx8000 IDT 16; Philips
Medical Systems, Best, Netherlands)7} AMHE-E 1o
gk ShAbo A 439 Q) CTE AHE-E Tt (LightSpeedQx/1T;
General Electric Medical Systems). &= ZAFol A AR
thoracic cage® X3t 2YFFF CT7F ozl 4
H (slice)d] 714 € F7= 3 mmolA 6 mmAlo|2 A
o7 At

MR ST
2E MR2 1.5T MR7]¥0]%1 2™ Magnetom Avanto
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scanner (Siemens, n=5), Vision scanner (Siemens,
n=4), Integra (Philips, n=10), Achieva scanner
(Philips, n=1), Signa scanner (GE, n=1)522 ZAAM}
A Y= A},

R E 3Rlol| A AA| thoracic cageS E¢sle] 29F
glo] TIWI, T2WI, 283 2J27% TIWIES S
(axial plane), A|A® (sagittal plane), 218
A (coronal plane)] 33k 2 ALAS At H¥
HAL 6.6~10 mm, 1831 FHY FAL 6~8 mm=
H Abolofli= 1.2~2 mmY| & (gap)= FL AHE &8l
T 117 (55%) 9 SAqM = 9548 35 A7 FH I
(dynamic breathing MR imaging)< 97] 3}l real

ok

R
N (oA = )

time true Fast Imaging with Steady-—state
Precession (FISP) sequencett 3D GRE sequences 3
7t= 2ok 3% (15%)9 Aol A= 295743 3D GRE
sequences F7I2 ¥t} 3D GRE sequence? F$ &
A volume datag €& ¥ 2~4 mm? 4" FAZ dH
Ao 9] & glo] A& o2 ARE A4 (reconstruction)
Blpi=g

Ak HI|EA

279 YY) YA (47 139, 499 w5 HE B
7t e 274 9 ¥e 248 HE= AHE FYE 59
CT &%, 182 MR @522 A4 7|14 & Adystal
o}, YA 7| BA 2 Petavision (Asan Medical Center,
Seoul)®]2}= picture archiving and communicating
system (PACS) £2ZEojF o] &3] o]RojH Tt H7|
HA2 International Mesothelioma Interest Group®]
A A8t New International Staging System for MPM&
otk (22).

ZEHAL Y
ZAHA = CT 9 FA] f& ofef A9 3 7 A AA
9 F77 (thoracoscopy)= &3 ¥ XZAAE 53| o]
o it A AEE Tl e T e AT H
H 3AE A Ystie I FHA U #H AFs
(exploratory thoracotomy)< &3l &4 ¥7] 44
SIAY F2H9] #AA|& (extrapleural pneumonectomy)
= 3 e A87} o] RojF o o|F T3 &F H
71#7g o] o] Fo|Ft},

e, T

=2 U SH 2M

2 AFoA AHEH 2E FA = SPSS (version 12,0
for Windows, Chicago, IL, USA)E o|-&3}4 3}t
FeS AT AR =4 BHIE 7SR CT 95
4 CTE MRE &/ AlBstdS WY H79 B
(accuracy)E B7FstEth & A A4 A CT T H7]
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St MR 2 CTE 3 ABetS 1] 3712 vlwshelct

E

AA gAre] AZA EA, A7), e B71E & 19
[kttt (Table 1). TS T 225H4 oty F
Au] A $1% (epithelial mesothelioma)o] 119
(52.0%) 0.2 7% weoka o]A4 3 % (biphasic
mesothelioma)©] 3% (15.0%)2.2 F HAZ Wokomw A4
Sz A £9% (desmoplastic mesothelioma)©] 1%
(5.0%)Z 7F¢ At 789 SR A= 22 A ot F S
By o g wostr] o ity AE7]7t (survival time)
<2 70904 556847HA 2 F7Hk (median) 45820l
ok 778 (35.0%)9] Ao =&H X 27} o] FoFH L 10

8 (50.0%)9] Aol A A&, 12 3% (15.0%)9 ¢
Ao A= &4sl2 ¥ (palliative therapy)qte] o]FoiFth,
T staging®l 1A =& ¥7|< B3 HE W CT=
(3/13, 23.1%)9] A¥=E Hom CT ¥ MR &4 Al
B 7F (5/13, 38.5%)8 HE=E EAH (Fig. 1). &<
7)o B3l S W MR2 53 oA & ¥7| 2} 51
A (downstaged)= SFAAT 3B A A = & H7|Eth
A9 AHS st (Fig. 2). AA SAE 42 CT &
5 % CT9 MRE 37 Al8et §7|5 A= v wstgs o
(Fig. 3), 20% 179 (85.0%)°] LA3tA 1L ELX|5 73
% (15.0%, 3/20) MR ¥ CTE &7 Al&gt Z$-oA CT
SR A AES 8kl (Fig. 4). 3D GRE sequence
£ 0|85t HARRE 37 9 SRt A= CT9F MRo] 5 H%h
T4 stageE B o™ oo wat 54 BH7| AL o]F
2| A] g3ttt N stagingoll 3lolAl= == 7|9} vlast

Table 1. Clinical Characteristics Including Clinical and Surgical Staging of Subjects

Patient Age Sex Histology Survival Procedure Treatment

MR Surgical CT MR  Surgical MR

No. day TNM TNM TNM stage  stage stage technique
1 49 F U 144 Bx C TANOMO  T4NOMO v v 3D+DB+B
2 &2 M E 659  Bx C T4NOMO TNOMO 000N N 3D+DB+B
3 4 M U 180  ET C  TNOMO TANOMO T4NOMO I IV IV DB+B
4 6 F U 1511  EPP S T2NOMO T2NOMO T3NOMO I @ Il DBB
5 %5 M E 48 Bx C  TNOMO T4NOMO IV IV DBB
6 44 M B 128  Bx P T4NOMO TANOMO 000N IV ] Basic
7 60 M E 1085 EPP S TNOMO T4NOMO TINOMO IV IV Il  DBB
8 338 F B 458 ET C  TNOMO TINOMO T4NOMO I m IV | Basic
9 &4 F E 41 Bx C  T4NOMO THNOMO 00N NV 3D+DB+B
10 & M D 70 EPP S  TNOMO T3NOMO TNOMO I m | Basic
1 4 M B 517 VATS C  TNOMO TANOMO TINOMO IV IV o | Basic
2 42 M E o4 BT C  TINOMO TINOMO T4NOMO I m IV | Basic
13 s M E 137 EPP S TNOMO T2NOMO TNIMO I O o | Basic
4 %2 M E 248 EPP S TANOMO T4NOMO T2N2MO N IV m | Basic
15 60 M U 51 Bx C  TINOMO TINOMO I 1 DB
16 60 F  E 300 EPP S TONOMO T2NOMO TNIMO I I IV DB+B
17 50 M E 651  VATS P T2NOMO T2NOMO TNOMO O Om IV ] Basic
18 58 M E 123 EPP S TNOMO T2NOMO TNOMO I O Ol DBB
19 3% F U 83 Bx C T4N3MO THNBMO 0 IV IV DBB
20 28 M E 191 BT P T4NOMO TANOMO TANOMO N IV IV ] Basic

Note.— E, epithelial; B, biphasic, D, desmoplastic, U, unknown; Bx, image-guided biopsy; ET, exploratory thoracotomy; EPP, extrapleural
pneumonectomy; VATS, video-assisted thoracoscopic surgery; C, chemotherapy; S, surgery; P, palliative therapy; 3D, contrast-enhanced, 3-dimensional,
gradient recalled echo sequence; DB, dynamic breathing imaging; B, Basic, basic MR sequence (3 direction T1 weighted image, T2 weighted image,

contrast-enhanced T1 weighted image)
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F= 1 CT+ 85.0% AZEE Y1 MR 80.0%9)
A= E Bt 9538 38 A7|3H A4S 1199 31}
of| A o]ZolH&=d o]of ot F714 7] Hsk= it

3

i

AT LFTHEY A= ol T & FHAA S| &
FHAA&/9dA A& (extended pleurectomy/
decortication)& HIEE 2R o] HEE FA =
o] HeAe w2o] AAT S8 &4d FA (macro-
scopic complete resection)7} 753ttt 44 AA&

100% —
80% . .

40%

® Downstaged from clinical

® Unchanged from clinical

Upstaged from clinical
20% —

0%

cT CT+ MR

Fig. 1. Differences between clinical T stage and corrected
surgical T stage in patients with available surgical stage.

oM K| BH S| TE R84 B

olez 9 235

S APt Zo 2 o] Bopx|aL gl (11, 23). AAY
= o £29 A8 MARS (Mesothelioma and
Radical Surgery)ll ©]o] MARS-27} A3 o2 223
T 2] gzt 22 HolE AL 7Y e o
(24). o12g 22 A & o RE AA5t= ol dolA=
tro], B8t A% 59 A Yoll= dAHE B Aol mf
+ F835it} (9). ol AT LFHFTY & A 42
o B2 CT, MR, fluorodeoxyglucose positron
emission tomography (FDG-PET), positron emission
tomography (PET)-CT &< o8] 7}x] g4 Xt #o]
AHEE I YUk (6, 21, 25). LY o] && o] &3k Zdout
A7 HY 9@ QA A B v A mfe F
3 AAoltt (16, 21, 25). @A 7P ] 20]1 Q=
International Mesothelioma Interest Group®] A| A%t
AT LT I BRRANE =4 FA 78S
FAABtA FAH O R AP HPA T FA M F-E
T3, 7€ o2 AA E7lee B¢E T42 2RS4
(22). 1Y ot 7R CTH MRE ©]&3 A Fur5u S
o] At & A H7| WAL ¢ oL AR g A
Atk (6, 14, 26). & AN E FYFHFHFTY 5 A
H71HAE o S uus S o CT (23.1%), MR
(42.9%) TN F2 AL BT}, ot¥7kA H7|w
Ao A vugt A4t= gATE E7] B di |
T e =EEdAE T AT E THHA S Z AJAL
st= 235 A XS Patz 5 (13)2 dAAFEFIF

Fig. 2. A representative case of upstaging by MR compared to surgical stage.

a. A CT image shows circumferential pleural thickening involving visceral and parietal pleura. Areas of obliteration of extrapleural fat
probably over the expected line of endothoracic fascia suggest chest wall invasion (T4) (arrows).

b. Gadolinium-enhanced T1-weighted MR image shows some indentation of chest wall by the pleural mass suggesting chest wall
invasion (T4) (arrows). However, patient underwent pleuropneumonectomy and surgical and histologic findings revealed no evidence

of chest wall invasion (T2).
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Ao A CTY FZ9 2 F9 JH =S 2442 94%
© 93%% R85 3 MR A% 944 4 549 9
A4S BE 100%2 B 5+9t Heelan S (14)2 3
Au AH A= E CT © MR 22 52% £} 82%, 12|1
ST (endothoracic fascia) A L AA| 753 §4
Ao A=E CT 9 MR 22 46%%} 69%= 231 3%
=2

2 AFollA CTY & A ¥r7|Hg e ZAg=rt F2 A
2 A Aol e 24 4 7HeAel d=dl, 27] A
| CTE WA AP & CTAA §2 € 5285 59 AW
5, & 97171 BT B9 MRe A8kl ol gt
Aso| F2 AT 2FEQ o2 AR

>

100% -
80%

60% -
® Unchanged from CT only

40% -
¥ Corrected upstaging from

20% - CT only

0% -
CT+ MR

Fig. 3. Differences between clinical stage by CT only and CT and

http://www.ksmrm.org

MR9 ¢ CTEO = B =7t %A 7S A=
7 A= Fot sHAITE B S W2 A= o7l sHA|F CT
of Hlg) FHACZ MRoA & Ag=E 2 H& CT
oA W7)E BHs7] ofF& AT o] Yth= HollA gn
7} Tk E O o2& 7 BTV 2A A F
FY MR 715 @ ZEEFZ 0|85t thFet MR g4l
dolxl Aol g agle] d £ AT 27| ZREEF&= &
4 oZ ALGY TIWI, T2WI, 182 29Z7}-S 3 TIWI
Tro] Z3tEglom HAHY FAE FHAL 3 Y EE W
otttk 7HA H2o) Ags 2 E oL 3D IS HA &
< & 9 Hol 29574 ¥ 3D GRE sequence’} ZFHE|
Aok (17, 27). 379 &Ao| A o] F A Estglon BF
stage [VE BAE o] &5 312 GkAT FHlolLt g4
g o] E2 e 9 o= HY Ao R 7|dEY
(17). 9548 5 A7 TH B GAl & A olA 47 &
Ao A FA AL P REY Fokol WA HA
ol FHIe] gzl Al #7] wA o =Fo| HA| sk

|3 ol ofA MRE Al&ste 7H & ©
9, 3283 FEFY AW o7 T3
o|th (9). MRolA T A% 3|
% sh= F9¢) A9 (extrapleural fat)Zo] &
PR ¢Fa EA =4 Bdst= Aot (15). & 9%
soft tissue) R E7} 7] W&o CTAA ARZF &
| 2590 A= A olA ol &5 AA o Y&t SFUA

3
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Fig. 4. A representative case of
upstaging by MR compared to CT.

a. A CT image shows pleural effusion
with diffuse pleural thickening. Soft
tissue density lesions are suspicious in
intercostal spaces in the lower portion
of hemithorax, however chest wall
invasion is not clear.

b. Gadolinium-enhanced, 3-dimensional,
gradient recalled echo sequence MR
image clearly shows enhancing soft
tissue lesions in the intercostal spaces
suggesting diffuse chest wall invasion
(T4) (arrow).
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eSS HIEHHIM A |SEILe| T

TFY o 9t AQJAA &7] oJHA R MRoA = €4
T4 7hsstet (14, 15). & AFA = MRS CTS 34
ANPetgs o CTH SO E W7 A S o AR A9
AEE gt e 25 old AxZ tfRx 9 zpo]d 93|
Hoh A S AW ARE & 5 7] dZoltt

2 A7 2FE o d= 47 FEdA= MRAA = &
Holu} T4 52 WS AAH BRI AR e 2 H
g 270 JAWeHA ¢S BEE AT ol FE=
BB B ol FE (partial volume artifact)ol] 3+ A2
2 oJAA™ 3D MRYEE €224 4 7tssttt
(28). MROIA] Y= TIWIONA &) 2G5 7 ol T2WI
oA TAZ = FFY JHEY op et FH 229 HF
of oJsfA = - wIZsHA vehdtt (29).

2 A7 AP e R SFH Aol v =2 2
olgt= A wiZol ALY 427t Fot TAH BAS T
U BEFE A4 Z¥oh= Aot E g 228
E2 CT ¥ MRS Al dstith= A IA] Al o] Ao
U 27|19 MR Z2& 23 $7]9] 3D GRE sequence”}
Z3E 22 EFTo vzt ¢Ho 2 9] MR protocole] o
g AQte] & & & Aoltt,

2 E

FFGFHFY F71EE A A1 MRE CTe EA
Ao PE o CTE G522 A AT 2 4
=9 Y71 BHE AFs e ddol He A s
A HAARA T83 F7HA 985 £ A2 7|giE
o 284 MRe o7 Al3steete 7|9y Jo=r)
&3] ¥4 Yol fast imagingS o183 HFA ZREF
= A= MR 9489 §7184 9 A= 5o dig 74
o A7 Eed Ao,
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Added Value of Magnetic Resonance Imaging in Staging of Malignant
Pleural Mesothelioma

Eunsol Lee, Eun Jin Chae, Sunji Kang, Yoo Kyeong Yeom, Hyun Joo Lee, Jong Chun Park,
So Youn Shin, Yoon Young Choi, Joon Ho Choi, Kyung-Hyun Do

Department of Radiology and Research Institute of Radiology, University of Ulsan College of Medicine, Asan Medical Center

Purpose : We investigated the possible added value of magnetic resonance imaging (MR) in staging of malignant
pleural mesothelioma (MPM) compared to computed tomography (CT).

Materials and Methods: \We retrospectively enrolled 20 patients (M;F = 14:6; mean age, 53.5 yrs) who diagnosed
as MPM by histology and underwent CT and MR at initial evaluation from Jan 1997 to Dec 2012. Two radiologists
performed clinical staging by using CT alone or MR alone in consensus. In patients underwent surgery (n = 13), we
evaluated the diagnostic accuracy of CT and MR in terms of staging compared to surgical staging. In all patients,
we compared clinical staging of CT only and CT with MR.

Results: The diagnostic accuracy for T staging of CT only was 23.1% (3/13) and that of combined CT and MR was
38.5% (5/13), respectively. Among 13 patients underwent surgery, surgical stage was higher than combined CT
and MR stage in 5 patients, but lower in 3 patients. CT only and combined CT and MR agreed in 85.0% (17/ 20).
In cases of disagree (15.0%, 3/20), combined CT and MR showed higher stage than CT only.

Conclusion: Combined CT and MR increases the diagnostic accuracy in staging of MPM compared to CT only and
is important in determining the appropriate treatment in patients being considered for surgery.
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