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In patients at high risk of hepatocellular carcinoma (HCC), such as those with chronic hepatitis
or cirrhosis, the confirmative diagnosis of HCC can be made solely from characteristic imaging
findings on contrast-enhanced CT or MR scans. However, in daily practice, HCCs showing atypi-
cal imaging features are frequently encountered. Since the criteria for diagnosis of HCC is based
on dynamic contrast enhancement patterns, it is essential to thoroughly understand these pat-
terns. In this article, we aim to use gadoxetate-enhanced MRI to comprehensively review the
HCC enhancement patterns and the associated histopathologic findings with their prognostic
factors.

Index terms Hepatocellular Carcinoma; Gadoxetic Acid; Gadoxetate Disodium;
Magnetic Resonance Imaging
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o] ZF A AR /ol de] AREE 2PA = Al L] 2 A o] ZGAl|oltk(3).
AzEe] 2G| = olF iz AlEe] F1tel gt THe it %‘3—'1% soll 7to & S0]7kA]
ZH 37 H(interstitial space)ell 22af 7t 4174 Bl & Hro & uiSHEot MEe] 2PA=
ZFMRI Gl 71 23l A7 59F ARSE| o] & 2gA|0]al, 8 2 E(iodine) 7]8Fe] CT A
o OFE5lA 0 g H|g HHAl 0 7 Barght) Al el £
T2 Bwle] P (vascularity)oll T3 RE A5 4= ATk, 2). TR Bo] 2PA= AEid
© 2 7kA|E (hepatocyte)oll A=A GEAE ol & Hro= vl d2 7Fg de] A
B5= 7ML Eo] 2GR 7HEAM|El4H(gadoxetate, Gd-DTPA-EOB; Primovist, Bayer Health-
care, Germany)- QIA|oll T E Z7]of] Al2e] Z2FA|e}F FAGHA Tt Fals Foff ko g
017k, o] % AdEA o g FhA| 2ol A HTh F, 7E=AM"Ah 2719] AE4] oz R
Fdol TS HEE A= FAlol|, $7]9] 7] /d(hepatobiliary phase)& & 6H 7164 7
HE Zho] A2 4= QItK(1, 2, 4). AF 7] Q2 8ol e oj oz, I7 =4 7t Hwie] A
£ 2o} gesA &elste] 37171 22 Rl e WS 4= Qi Hah i =4 7 A44Ho] &
A o 4 Atk Holok(s). of2] Aol 7He g ik AF
£ ARESF MRIE T THM| 28-S Hhdshet o =
ribdar=s= }x]1(6, 7), 7157 B of| et Wl FEE AT 4 QIrkal HaE] T Qloks).
iR o] mgtat g, kM| E U (hepatocellular carcinoma; ©15F HCC)-2 H2]sh4] zltho]
ol = FA & 4= 9ot n]=7FekE] (American Association for the Study of Liver
Disease; AASLD)%} 7573 (European Association for the Study of the Liver, EASL)2] #
AR ol mEW 9y Fofut TP} 22 TR ek Ul ehate] 49 295 CTH
o AZAREO &2 ThA QRS 2T 4= QITH(9-11). L2t el
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Z2JAE TS BAHOR Stof el o s HdHu= S 7T AH7 1A
ol 7P 523+ 8 A+ organic anion transporting polypeptide 8 (°]5} OATP8; OATP1B3%} &
olo]) £EalZ LA QUTh3). TAIF 7YY (multistep hepatocarcinogenesis)©] %133
s OATPS 5A|9] W Y7t ZhAstal ZHA|EQtof|A] OATPS ~4Al|e] vt 77|
FgolrY A es FoJet o AuAlE ERltk(12). THHatel A3 E 2J4= multi-
drug resistance associated protein 2 (MRP2) 5=&4]0]l oJ5to] @30 2 viEE At thA] 52
& D7 (sinusoidal space) 22 zHAIF| HTH(13).

ZTFeAEA 29578 G0lM TR B3 29A FY F 15~20420] A Aol d=
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Table 1. Summary of Atypical Enhancement Pattern and Associated Histopathologic and Prognostic Features of HCC

Atypical Enhancement Pattern Histopathology Prognosis
Absence of arterial hyperenhancement Early HCC Good prognosis
Poorly-differentiated HCC Poor prognosis
Absence of “washout” Early HCC Good prognosis
Well-differentiated HCC with trabecular type Good prognosis
Scirrhous HCC (intratumoral fibrosis) Poor prognosis

Poorly-differentiated HCC or CC

Irregular rim enhancement
g or combined HCC-CC

Poor prognosis

. Arterioportal shunt or related to microvascular Poor prognosis when related to
Irregular peritumoral enhancement . . . . .
invasion microvascular invasion
Peritumoral hypointensity in the . . . .
. Microvascular invasion Poor prognosis
hepatobiliary phase
Non-smooth tumor margin in the . ) . .
o Microvascular invasion Poor prognosis
hepatobiliary phase
Intratumoral vessels with aneurysmal change Poorly-differentiated HCC Poor prognosis
Intrahepatic CC Poor prognosis
Hyperintensity in the hepatobiliary phase Overexpression of OATP8 Good prognosis
Smooth hypointense rim in the hepatobiliary phase  Fibrous capsule Good prognosis

HCC = hepatocellular carcinoma, HCC-CC = hepatocellular carcinoma-cholangiocarcinoma, OATP8 = organic anion transporting polypeptide 8

o FUE ZHeAlE o] oF 50~70% e AlEe] 2GAAY HE F3tell Fasitirh A
ol Bl AL, U A] oF 30~50% g =7t ZHAlEEo] AH =T FEAIE ol siEE ek wet
A Zrolut A% 7150l ool oW Y] /o] Ao et g 4 Qlok. R Rin 2
Fa g} shajol| A 7hA| 2] 7150 WolA AU & A (cholestasis)Z Qs &3 W]
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9] THe7] AT A (texture) 2412 Fof IF=7] 9742 indocyanine green (ICG)
A FAE HIRSE 7] A QAR ol gt Al S Eoltkal HAE QK19 20).
ZHe AR QIAlofl FR1E| 3L oF 90% o] S7E] ZhAaEo] o3 AHE]7] AJAlStE R AL e]

Fig. 1. Hepatocellular carcinoma without “washout” enhancement patterns, but showing transitional hy-
pointensity. Hepatocellular carcinoma with Edmonson-Steiner grade I-1l was confirmed via surgery.

A, B. A 57-year-old male patient with non-alcoholic fatty liver disease underwent MRI using the extracellular
contrast agent (gadoterate meglumine; Dotarem, Guerbet, France). The signal intensity of the focal hepatic
lesion in the left lateral section is more than that of the adjacent liver parenchyma in both the portal (A, ar-
row) and the delayed phases (B, arrow). The lesion showed nonrim hyperenhancement in the late arterial
phase (not shown).

C, D. After 21 days, the same patient underwent MRI using the hepatocyte-specific contrast agent (gadox-
etate; Primovist, Bayer Healthcare, Berlin, Germany). The signal intensity of the focal hepatic lesion in the
left lateral section is similar to that of the adjacent liver parenchyma in the portal phase (C, arrow). However,
in the transitional phase (D, arrow), the signal intensity of the lesion is less than that of the adjacent liver pa-
renchyma. The lesion showed nonrim hyperenhancement in the late arterial phase (not shown).

(A) (8]
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ZFAIet 22| 3 7(equilibrium phase)7F EAIGHA] =t 7 & oF 22004 5 H=71A]
9] AI7|E WP 0 & o]g¥7|(transitional phase)2tal F-2rt. o] Al7]ofl= vl o] == 1+ Ald
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A Bolok, whebA Alae] 2FAE ARSRTH “A3 " (‘washout”)& HEO|A] eiqts BwHol|A]
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LI-RADSO]| &J5HH THHEFS AlAFSh= 28 4748 v|7HgAke] 597] 22957 (nonrim
arterial phase hyperenhancement), B|7Fg}2] “4A 4" (nonperipheral “washout”), 293574
== “m]2P(enhancing “capsule”)e]tt. B]7FgAE] H27] 3295742 F17] JAJolM =
Fo =7t HRle] AR Z2 Ao FHE IHHET o] &2 95 9fn|ska, 7Pt

=oHE] 2] gfotof gt BI7PgAke] ‘A7 & A2 o] Ao = 7] -2 A[A7]of kst
A, ZHEAEAto| A= 27 o]] 7tstod, S Tholl wfsl BHO] Ao o} W 95 o]
St} R0 2 rlold = go] HhEA] FH7|of| H2PgFde B
29570l A5 HA] o= FAKnecrosis) £2] G2 AelEth. 2YF4 He w2 R
o A7 e ekt BlRe|7h L] AARIA BEE L, FE7]) 2| A 7], o3 7oA 2P
T Hi= S nsith(22). 29T H= “HJDP’A == 42~64%, E0] = 86~96% 2
7] G2FFAol TR A9 Feef vl a2 AT, HE o By 49
7FEol F7HAQ1 21THA] o] 52 E st 15'1‘—} Al 712 8 474 251 cm ©|s}e] B

A= QP dE0] ot MRIQ] HE=7T50% o|sFo]th(11).

r'O

UEEI| Kil=
o]/ A4 (dysplastic nodule)oll 4] 123} T (well-differentiated HCC), 55 =5}
P12 (moderately differentiated HCC) 522 ©A1Z 71} w1} o] Z1ael4~= OATPS
A2 WA A7t skl ofof| whet T 7] Aol Mo e 7hAaghe(12, 13, 28,
29). =] AR S = Ao Rl A7 ETE WA e R 54 29434 o

gollA PS4 EA] %= 27] THME K (early HCC)] RG] £5] TrgoPE}(Fl 2) (30).
7| t2GS glo] IHEET] AL T 20 WRE = ol 27] XM ZHE ofYzt s
= olFd 24, A7 A5+ o1Fd 244, 2 AY/d A4 (regenerative nodule), E% 24 e
9] 7&4‘3 8Hnodular area of fibrosis)= EFE tHFig. 3) (31). {TFEE7] A4S 272 Tk
o] U EE X Eo| = Yo n 2 [ [L[RADSOA H7H4 A7 0 2 IHEHrh22).
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Fig. 2. Early hepatocellular carcinoma without arterial hyperenhancement, but showing hypointensity in the hepatobiliary phase. A 57-year-
old male patient with liver cirrhosis underwent MRI using the hepatocyte-specific contrast agent (gadoxetate). Early hepatocellular carcinoma
was confirmed via surgery.

A. The focal hepatic lesion in the right hemiliver is not clearly delineated due to the absence of arterial hyperenhancement in the late arterial
phase (arrow).

B. In the portal phase, the signal intensity of the lesion is less than that of the adjacent liver parenchyma (arrow).

C. In the hepatobiliary phase, the lesion shows hypointensity (arrow).

7&'7‘* 3717}1 cm ool A whEA] 78 w, T1 AU T ﬂiﬂ S7HE0f % 7%“} AF et

(diffusion restriction)°] SH=| S w 1 Y == B% =TH32). 7&*1]3750& hatof| Al FREE A
WY N7 AL A2 A8 T 52 ALE 9 UHE o Sof . AAYHEITH3, 33, 34).

M7 A 2202 =4 2dY H el 2 dol|: f-85itt. 7&% &9 HeH(arterio-

2 = 5413 (isointensity) o2 7§ (pseudole-

sion)& T 4= Qlek. 7PgRIC] oF 1590004 = =T ]ollA = ofstA| A4l 2E B 4= 9lo]

Ak AR A S At sk A o] ZPEXITe] =g Hrk(35). =4d A/ d1k5A] (focal nod-

TR

H0]31(37), ZHH|EAF(hepatocellular adenoma), EHE hemangmma) ﬁ{\_?‘éﬂé@
(focal eosinophilic liver disease), Z1o]to]ut ZH] Eatetat -2 thi2o] A4/ Bwo] 7
E7] GUdolM ANSG=E HolB g RIEA] 54 2P54 FEIE 7 aesfiof gt

ZHMIZERte| HIT YNl T

ot

El

WA o] 23] A7) 9] 27] DALY S| A2 PSS HolAl Beth(14, 38).
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Fig. 3. Dysplastic nodule showing hypointensity in the hepatobiliary phase. A 61-year-old male patient with
hepatitis B-related cirrhosis underwent MRI using the hepatocyte-specific contrast agent (gadoxetate). The
high-grade dysplastic nodule was confirmed via surgery.

A. In the precontrast T1-weighted image, the focal hepatic lesion in the right hemiliver shows hyperintensity
(arrow).

B. In the arterial phase with the subtraction technique, the lesion shows no arterial hyperenhancement (arrow).
C. In the portal phase, the lesion shows isointensity with the adjacent liver parenchyma (arrow).

D. In the hepatobiliary phase, the lesion shows hypointensity (arrow).
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Fig. 4. Poorly differentiated hepatocellular carcinoma without arterial hyperenhancement. A 61-year-old female patient with hepatitis B-relat-
ed cirrhosis underwent MRI using the hepatocyte-specific contrast agent (gadoxetate). The poorly differentiated hepatocellular carcinoma
was confirmed through surgery. The hematoxylin-eosin staining slide displayed a large area of central necrosis (not shown).

A. The focal hepatic lesion in the left lateral section shows no arterial hyperenhancement in the late arterial phase.

B. In the portal phase, the signal intensity of the lesion is less than that of the adjacent liver parenchyma. The central portion of the lesion
showed no contrast enhancement throughout the entirety of the dynamic sequences (not shown).

C. In the hepatobiliary phase, the lesion shows hypointensity.

fsfiof @E}(Flg 4) (39-41) AlRY T B2 Z5 ol A A 25 TR EQko &2 ZIgE|HA] ThA|
W47 ZhAheh(39, 41). B4 4 7130] HEe] B A QA= 2AIRE AEs) 7&*1]—
AlaEoA 5184 sl (glycolysis) thAke] HI-&o] Ee}71a1(41), B P4 ARHES] o]
ke 7]7 0] HAE ATHAR). T A7 Dehfui A EECh o whE &5 2 A BAIS
T Atole] Ag]7} Hof| L W7 7H o] SEprbHA] BAIEHe] EE Al DR Fu7) 2
ZP34ol HolA] g = Urk43). a7 2P I Uil 2354 HA &=

o] | e 202 Aot LA EYS o5 4= ths Halk QUTH40).

12 &opeh oY o2
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54, TS RS 9 dF
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= 23 (“) S AF8-5F L washout appearance (7 &7)

o
ZHE G012 ASSIES AWK U= GAolA B A 0] A4 WHe] 474e ofnjst
O

nﬁ
N
2
=,
Hl
lo
i)
)
tot
tu
O
o

UNHA O 2 “N7)” o] PE|A] QP THERS F2 2717k 2 T8k 2 EYM Sy

382 jksronline.org



Chgtate

()

&}3|x] 2019;80(3):374-393

EHﬁ‘_FOéIAOF2|T5;!'E|X|

=)
=

(arteriovenous shunt)o] o] g/d=]o] YA &2 79 MRI ZGAS] A7, TF W A

o] ItH44). THM 2] Helshd 4 5 8§59 (trabecular type)S] 4%, E3t=7t £
FHtumor plate) ¥} 524 (sinusoid plate)2] F717} Qo EF7F =2i#] A7lo] Iz
S 4 QlTh45). B5SE Aasts sRkehe Ak A (scirrhous HCC)2 “A 70 70]
HHE] %] k= 797t oz Zolsjof SHoKFig. 5). Zetd 7THHIEY-L UrtA oz IS5k Ful

olﬂ _I_F:l
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off

Fig. 5. Scirrhous hepatocellular carcinoma without “washout” enhancement patterns. A 47-year-old male
patient with hepatitis B-related cirrhosis underwent MRI using the hepatocyte-specific contrast agent (ga-
doxetate). Scirrhous hepatocellular carcinoma was confirmed via surgery.

A. The focal hepatic lesion in the right hemiliver shows arterial hyperenhancement in the late arterial phase
(arrow).

B, C. In the portal (B, arrow) and transitional (C, arrow) phases, contrast enhancement is persistent without
“washout.”

D. In the hepatobiliary phase, the lesion shows a targetoid appearance from the contrast retention at the
central area (arrow).
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Fig. 6. Hepatocellular carcinoma showing irregular rim enhancement. A 61-year-old male patient with
chronic B-viral hepatitis underwent MRI using the hepatocyte-specific contrast agent (gadoxetate). Hepato-
cellular carcinoma was confirmed via surgery. The hematoxylin-eosin staining slide displayed a large area of
central necrosis (not shown).

A. The focal hepatic lesion in the right hemiliver shows irregular rim enhancement in the late arterial phase
(arrow).

B. In the transitional phase, the lesion shows persistent irregular rim enhancement (arrow). The central por-
tion of the lesion showed no contrast enhancement throughout the entirety of the dynamic sequences (not
shown).
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L [s]

Fig. 7. Hepatocellular carcinoma with microvascular invasion. A 58-year-old male patient with chronic B-vi-
ral hepatitis underwent MRI using the hepatocyte-specific contrast agent (gadoxetate). Hepatocellular car-
cinoma with microvascular invasion and infiltrative tumor margin was confirmed via surgery.

A. The focal hepatic lesion is seen in the left medial section. In the late arterial phase, the lesion shows non-
rim arterial hyperenhancement. Irregular enhancement is also seen in the peritumoral liver parenchyma.

B. In the hepatobiliary phase, the lesion shows hypointensity and a non-smooth margin. The peritumoral
liver parenchyma also shows hypointensity.
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.| Fig. 8. Hepatocellular carcinoma show-
ingintratumoral vessels with aneurysmal
change. A47-year-old male patient with
chronic B-viral hepatitis underwent
MRI using the hepatocyte-specific con-
trast agent (gadoxetate). A large mass is
seen in the right hemiliver. Strongly en-
hancing vessels are seen inside the tu-
mor in the late arterial phase, some of
which accompany aneurysmal change
(arrow). Poorly differentiated hepato-
cellular carcinoma was confirmed via
surgery. The hematoxylin-eosin stain-
ing slide demonstrated a large area of
central necrosis and multiple intratu-
moral vessels with a pseudoaneurys-
mal change (not shown).
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Fig. 9. Hepatocellular carcinoma show-
ing hyperintensity in the hepatobiliary
phase. A 73-year-old male patient with
chronic B-viral hepatitis underwent MRI
using the hepatocyte-specific contrast
agent (gadoxetate). The focal hepatic
lesion in the left lateral section shows
homogeneous hyperintensity in the
hepatobiliary phase (arrow). The lesion
showed arterial hyperenhancement
and no “washout” or transitional hy-
pointensity in the dynamic sequences
(not shown). Moderately differentiated
hepatocellular carcinoma was con-
firmed via surgery. Expression level of
the organic anion transporting poly-
peptide 8 was higher in the tumor than
in the adjacent liver parenchyma (not
shown). The tumor did not recur for over
five years after the surgery.
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