[ J
H O} x| "t
D' Focused Issue Of Thls Month ) ?—H‘ﬂ—'—‘j XLIEP'I }'I — UEZ;— ] Korean Med Assoc 2013 November; 56(1 1): 948-955

http://dx.doi.org/10.5124/jkma.2013.56.11.948

pISSN: 1975-8456 eISSN:2093-5951
http://jkma.org

FH|Z O SIARRICIO| £| 2 kR

— i O - =
2 o F* | AMista ME2FAHS HAto|Stal

Recent development of diagnostic imaging of
hepatocellular carcinoma

Myeong-Jin Kim, MD*
Department of Radiology and Research Institute of Radiological Science,Yonsei University Severance Hospital, Seoul, Korea

*Corresponding author: Myeong-Jin Kim, E-mail: kimnex@yuhs.ac.kr
Received October 12,2013 - Accepted October 26,2013

Various imaging examinations, such as ultrasonography (US), computed tomography (CT),
and magnetic resonance imaging (MRI) have played important roles in the evaluation of
hepatocellular carcinoma (HCC). Recent advances in US include contrast-enhanced exami-
nations, fusion imaging, and elastography. For CT, various radiation reduction techniques as well
as perfusion imaging and dual-energy examination techniques have been developed. For MR,
hepatocyte-specific contrast-enhanced imaging improved the accuracy of examinations by de-
tection of smaller tumors and better characterization of equivocal lesions. Recent MRI develop-
ments also include diffusion-weighted imaging, perfusion imaging, and MR elastography. Newer
imaging techniques will increase the roles of imaging examinations in the evaluation of HCC.
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Figure 1. Contrast-enhanced sonography of hepatocellular carcino-
ma. (A) Arterial phase image obtained 16 seconds after the injection
of contrast material shows increased enhancement of the tumor. (B)
Delayed phase image obtained at 2 minutes 21 seconds after the
injection of the contrast material showed decreased enhancement
(washout) of the tumor than surrounding the parenchyma.
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Figure 2. Detection of an additional hepatocellular carcinoma by magnetic resonance imag-
ing (MRI) in a preoperative examination of 60-yearold man. (A-D) Preoperative computed
tomography (CT) and MRI show a small hepatocellular carcinoma (arrows). (F-J) At a different
level, no lesion was seen on a CT exam (F). However, a small hepatocellular carcinoma is well

visible. The both lesions were confirmed on surgery (E,J).

1. M ZE0] =GN J&

THA|ES ] S 2t 29A= 7P ek, 22,
WA Ue HEJdi2(gadobenate dimeglumine; Bracco
Diagnostics, Milan, Italy)2] 7% 7F=7194S 471 ¢
aixte 12k o/ 7Icteof shar, Aol A Ho] HER
i == A Eo] FARES] 5% oA TR ES 0] A2
= Bo] ARg-ER] ekt 2008 3RE ol ARg-H 7] A
3} T 2] H|2~E(gadoxetic acid disodium; Bayer Health-
Care, Berlin, Germany)& 94 A} 5 20 ool 7F
RS 9% 4 T, B s 2ole] ok
FARE] 50%0] o2 IHAEEJENES W e
AL Slo] AA 2 MRIZIAIA 2] AREH AL STk,

DAEZGAS AHEF MRIE 71E9] A EH 237
(extracellular contrast material)Z& ARE3F 9%7] MRIY
g olefoll =7 | e FTIREo A, G719l &
WEEA o= Wws IEwrol Sl vebd = Sl
o] ot B9k A ZEGA MRIE ARSEE FE7]9d
2= it 2GAE AREEE 73R A7) Bl HE ] elA ¢
A ESEe] Eold 27R] A& (washout) BIE FElaHA
UERd 4= Qltk, 2hA| 2 ZIeke] -9, 954 2957 MRI

79 18%0llA F7PgHo] WAE
QJtH14] (Figure 2).
2o} 2ol =7

ol WSS

Y mot oo ) rf 2
=2
r-wr‘
X
I
N
o,
=
=
il
:“\l)j
9‘L
2
o
>

>

}

lo
ol
e
1o

O

Heor
e

Z

il

Mo =
SURNG
k=3
i
*
BN
o2
Y
X

:

)

J

N
-

r_}l_‘—ﬁoim

3]

2,
x
e

2,
o

o

S
Hl
B
o
_‘L_l‘
ol

>,
N

[ex

2]
(focal nodular hyperplasia)& 7Fg
] e S8 Al A = gl eluEtlA

intensity)

o} 53] A53k4
RIO|IA 2+ Hol%]
AR T

e
o,
F\O =)
o B 4l
dlo B
Hoox
T
O o
=1
5 ol
}‘lr[g ;O
Moo X
S
]
g
o=z X2

52

S
?{E
1
?‘5‘1
kg
r_}l_‘
Y
r
]
S
BN
o ©
2

N
o
>
6
o

2

kel

'
o
BN
BN
i

e R T o ST

J3H(diffusion weighted imaging)-<
o) A7) $5AE o] 83t A

- g7 oleh1s). gk
ol ER =2 bkolehe

Asgn} dEoh) BoE w

o -1

o 1%

ﬁ 2
o
o,
N
N
ot

s
rr
]

BN
of

P
k%
> =

O

32,
ol

2R Ao
R RER
REESER

i
o
oy
o2
o
'

o
O_\).'um

)

tlo

i
ol
Ky

e O
o
e
o
SE
iy
J
5
Ho
&
o
o
ﬁ 9
4
BN

£ Mo
i &
rlo mlg
gy Hr
B e
5
of |
Cio&
> ox
rlr%
> o
N
2
o 0
JO—H
g @
-
Sini
(RIS

J Korean Med Assoc 2013 November; 56(11): 948-955



) —
Recent development of diagnostic imaging of hepatocellular carcinoma % |
(=]

o

i

12-20

P
off

¢
}1_1‘
u:)
R
A

1=
~N
N
>

o
i)
-

o
o2
o

i}
N
&
ofl

o
off

ik
2
A
N
tot
offt
o2
o

~
o
ne

(ot
e
du e

=2
L =
3

)
@)
t
=
=~
it
o

z o

~
o2
ox
rlo
D
s

av)
(L
)

2

o
R
-

of m £ op
o H,
= i
Bz
o
S
£ 5
1A
o 1o
=l
B of 2
o
o
4

LV
)
=
=
ot
12
ﬁ‘
bt
il
o ot

il
o
ol ok

DCE-MRIZ ARE3le] 2|5

of
il

N
XN
of
o
3R
o
£
N
ol
=L
o
ofi
o2
oz
e
l
o oX

D
Figure 3. Fusion imaging of magnetic resonance imaging (MRI) and positron emission tom-

paes nol 3

ography (PET)-computed tomography. (A) T1-weighted MRI shows an infiltrative tumor (long o 9] o Afold) Og A s el
white arrow) with portal venous thrombosis (short black arrow). (B) Portal venous phase im- s o

age shows washout of contrast enhancement indicating a tumor thrombosis (arrows) filled = A2 Krans$} Kep FHx A
in the right portal trunk. (C) T2-weighted images show hyperintense tumor thrombosis and & Flrsle Ao y

the infiltrative tumor (arrows). (D) Fusion image of transverse T1-weighted magnetic reso- 5§ Aashe Al AEEe] =2 A
nance and fluorodeoxyglucose (FDG)-PET exams show increased uptake in the tumor (long S =g 31‘3}[19]

white arrow) and in the tumor thrombosis (short black arrow). (E) Fusion image of coronal ’

T2-weighted MRI and FDQ—PET exams show increased uptake in the primary tumor (arrow)

and absence of extrahepatic metastasis. 4 K| 2 ERCIAL

ofl, 3 FFT} Zo] AF7} LHE L FikpFAo] A H 27157 B FMR elastography) 24 9] @Y=
272 bghe wolw el et P epiAT, FH § o= ehlm gFHo e 2% 5w gl /el
ANt 1AER F BAEG, ok 24U o83k} ol Sls) o) Eulel 54 Fuke 5S Lo
of, ZPAEQbolut ot o] A7t U Eo] e ¥ 1 ZEo] Wi Hubd o) Yehd= WskE 9349787
Ae) WASS Fol/ht, Wlel 42 Whshe Wl £8 o= vehich Av)3H e el et Y
St} 2 o= 3709 bk ARS8l s dod Ryl %“—1 2 Skt Ao, 2euk AT H

:L
mlru
u\l

2HAlG(apparent diffusion coefficient, ADC)E AxFe 4=
o, o] gre] Eal vhgo me} Sodo] Tt ohe A=
ol

PRIl 248 EY 2 sl sk 0
(e}

18 2 ol ADCAE ESHS] ATHINE, oIHE e S 0 ehlo] o4 5 o4 el
APl AR F ol I} st o] UeHIG18, o) PR 68 5 IeH20L,
3. TR API3HYY 5. AP|3HYA Y YHACESA| SaiY

B MRIE CTo} vRPHZ 2000 79 F 2959 A PET-CT 47} 9 3 Bofolp] o) Abgwl o)
S| WSS S43he] 22j) RS BSHE M 6|, PETL CT 2% RIS AL SHE R CTE PETS
2T AEGIS 0|88 AEAZYFFIYynamic ol 280l us) pETS] BlolelE EEseh ux

HE
contrast-enhanced MRI, DCE-MRI)7} duk2 0 2 ALR-% Zo] Agks F3 st} oo MRI= 3l5-8+4 A HE o]y
of. dubael 7 MRIOIA ARBEIE o5 MRIE oF 2 rekel 71 H RE AT 5 9lo], MRIZ} PETS]

J Korean Med Assoc 2013 November; 56(11): 948-955 thstelaEislxl 953



Kim MJ

954 7HHZY FAEICte]

AR AIE 715-S S 02 §oet
o] Sff ZHH AlwElo] gir}, e
A7 S A THE PF2 k] Aot ARE
zo] Eek Hhet sl el et A wstE Q1gk Q75 553}
ot FZol= dhutke] A= Aof FAI Al A MRI
37 PET S BoA §tak= A7t 7w o] ARg-w
7] ARSIt eA71elk= 7 7FA] 771 AT, Svks PET
X ok, g ) ella] ZAE
St ohe 22 EHlolE floll g $AlE vhE | g o
9] atolg Hai
313t 5 gl Ao}, thE A2 gk A Qo] PETH]9}
MRAA7} BT YA =]o] QlefA] & ]2 PETH MRS
< BT 4S9l o]tk MR-PET 32 %1887 7HA]
¥ £ 24Tl glojx] PETAHAI} MRIFAE &
|oll Al&YBHEA, Zk2ke] ZAAtollA] ofuljalA] Kol WRE
H|wshe] Fdksl= v 583 Ao 2 7| Elck(Figure 3).

I
, A2 T AR ellA

;lo
rﬂ
;
N

Z4
=

I

i
Al
B

@

SlolA] A 2 who} o] 7)o AHgEIR 283, CT
MRIAAFES AH)o] 71240 a4t 3P A28 471

Mol AEo A ZHAELe)
S H

O:
i

T

EQke] Wit phEzIeke] Ao
EE =Y ¥ ol AR F ke rIshe Ul -85t
Al ARE-E AL Sl
peiCE e,

REFERENCES

1. Singal A, Volk ML, Waljee A, Salgia R, Higgins P Rogers MA,
Marrero JA. Meta-analysis: surveillance with ultrasound for
early-stage hepatocellular carcinoma in patients with cirrhosis.
Aliment Pharmacol Ther 2009;30:37-47.

2. Hennedige T, Venkatesh SK. Imaging of hepatocellular carcino-
ma: diagnosis, staging and treatment monitoring. Cancer
Imaging 2013;12:530-547.

3. Kim TK, Lee KH, Khalili K, Jang HJ. Hepatocellular nodules in
liver cirrhosis: contrast-enhanced ultrasound. Abdom Imaging
2011;36:244-263.

4. Kudo M. Diagnostic imaging of hepatocellular carcinoma: re-

|2 U

™

o

cent progress. Oncology 2011;81 Suppl 1:73-85.

Makino Y, ImaiY, Igura T, Ohama H, Kogita S, Sawai Y, Fukuda
K, Ohashi H, Murakami T. Usefulness of the multimodality
fusion imaging for the diagnosis and treatment of hepato-
cellular carcinoma. Dig Dis 2012;30:580-587.

Friedrich-Rust M, Ong MF, Herrmann E, Dries V, Samaras P
Zeuzem S, Sarrazin C. Real-time elastography for noninvasive
assessment of liver fibrosis in chronic viral hepatitis. AJR Am
J Roentgenol 2007;188:758-764.

Gheorghe L, lacob S, lacob R, Dumbrava M, Becheanu G,
Herlea V, Gheorghe C, Lupescu |, Popescu |. Real time elasto-
graphy: a non-invasive diagnostic method of small hepato-
cellular carcinoma in cirrhosis. J Gastrointestin Liver Dis 2009;
18:439-446.

D’Onofrio M, Gallotti A, Mucelli RP Tissue quantification with
acoustic radiation force impulse imaging: measurement re-
peatability and normal values in the healthy liver. AJR Am J
Roentgenol 2010;195:132-136.

Kwon HJ, Kang MJ, Cho JH, Oh JY, Nam KJ, Han SY, Lee SW.
Acoustic radiation force impulse elastography for hepato-
cellular carcinoma-associated radiofrequency ablation. World J
Gastroenterol 2011;17:1874-1878.

. Davarpanah AH, Weinreb JC. The role of imaging in hepatocel-

lular carcinoma: the present and future. J Clin Gastroenterol
2013;47 Suppl:S7-S10.

. Heye T, Nelson RC, Ho LM, Marin D, Boll DT. Dual-energy CT

applications in the abdomen. AJR Am J Roentgenol 2012;
199(5 Suppl):S64-S70.

. Goh V, Ng QS, Miles K. Computed tomography perfusion

imaging for therapeutic assessment: has it come of age as a
biomarker in oncology? Invest Radiol 2012;47:2-4.

. Golfieri R, Renzulli M, Lucidi V. Corcioni B, Trevisani F. Bolondi

L. Contribution of the hepatobiliary phase of Gd-EOB-DTPA-
enhanced MRI to Dynamic MRI in the detection of hypovas-
cular small (< 2 cm) HCC in cirrhosis. Eur Radiol 2011;21:
1233-1242.

. Cha DI, Lee MW, Kim YK, Kim SH, Park HJ, Rhim H, Lim HK.

Assessing patients with hepatocellular carcinoma meeting
the milan criteria: is liver 3 tesla MR with gadoxetic acid nece-
ssary in addition to liver CT? J Magn Reson Imaging 2013 Sep
30 [Epub]. DOI: 10.1002/jmri.24237.

. Bharwani N, Koh DM. Diffusion-weighted imaging of the liver:

an update. Cancer Imaging 2013;13:171-185.

. Nasu K, Kuroki Y, Tsukamoto T, Nakajima H, Mori K, Minami

M. Diffusion-weighted imaging of surgically resected hepato-
cellular carcinoma: imaging characteristics and relationship
among signal intensity, apparent diffusion coefficient, and
histopathologic grade. AJR Am J Roentgenol 2009;193:438-
444.

J Korean Med Assoc 2013 November; 56(11): 948-955



/.”'”
/

Recent development of diagnostic imaging of hepatocellular carcinoma % |
(=]

17. Suh YJ, Kim MJ, Choi JY, Park MS, Kim KW. Preoperative 19. Jarnagin WR, Schwartz LH, Gultekin DH, Gonen M, Haviland
prediction of the microvascular invasion of hepatocellular car D, Shia J, D’Angelica M, Fong Y, Dematteo R, Tse A, Blumgart
cinoma with diffusion-weighted imaging. Liver Transpl 2012; LH, Kemeny N. Regional chemotherapy for unresectable pri-
18:1171-1178. mary liver cancer: results of a phase Il clinical trial and assess-

18. Bonekamp S, Li Z, Geschwind JF Halappa VG, Corona- ment of DCE-MRI as a biomarker of survival. Ann Oncol

Villalobos CR, Reyes D, Pawlik TM, Bonekamp D, Eng J, Kamel 2009;20:1589-1595.
IR. Unresectable hepatocellular carcinoma: MR imaging after 20. Venkatesh SK, Yin M, Glockner JF, Takahashi N, Araoz PA,
intraarterial therapy. Part |. Identification and validation of vol- Talwalkar JA, Enman RL. MR elastography of liver tumors:
umetric functional response criteria. Radiology 2013;268:420- preliminary results. AJR Am J Roentgenol 2008;190:1534-
430. 1540.

O | Peer Reviewers’ Commentary

Dioz 10| JKsEt B0l T20) YATICIO CHat oot tHS ECt 0] =2 2l
2t AVEHIOH LS| 1l iRl LAl 0IREI= Ol 710l ThsHAl Bl OlsHst| &
[0l S 710l F2TE ZHE CTE MR LS O[30t ofLat M2 A el 2SmkE
A 22T} EHIRATECTE 71202 5t SN T2 X2 71, 0150|Lix]
CT, 27 CT 71, J2/2 MRS 7|20% 5t SHZIZSA, 2= MRI7IE, X712% BN, MR} PETC] SEieiA|

7 LLOOOo, H o O
Y S 04 7ol chohA Bl ofsistr | A | 2lojofM 0] === 2tz | SATIT0] TSt O]
SI=S =0l=0 =301 2 4 WA Mo & 7le=
o

N
Y
b
o
Pz
02
ot
N
2l
[0
E_\
P
0o
E_\
ofo
]
08
el
M
[0
El

O|
N
>
_O'ﬂ
ko
032
iul
IR

A B 2 V= I 2R, TN BIAPL E2 20| ol SldE
42¢et o T TITHf A0M G HAte] 7I2Hel Ant 2N 2 SeE gl Ol 4~ RATh= FolM Qo7 =
=02t T,

0>—

r

J Korean Med Assoc 2013 November; 56(11): 948-955 thstelAEislx| 955



