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Conclusion:
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To investigate the imaging features of hypovascular hy-
pointense nodules on hepatobiliary phase gadoxetic acid—
enhanced magnetic resonance (MR) images in patients
with cirrhosis that may be associated with progression to
hypervascular hepatocellular carcinoma (HCC).

The institutional review board approved this retrospective
study and waived informed patient consent. This study in-
cluded 135 patients with a diagnosis of hepatitis B-induced
liver cirrhosis and 214 hypovascular hypointense nodules on
hepatobiliary phase gadoxetic acid—enhanced MR images.
MR images were analyzed with respect to nodule size, de-
gree of hypointensity at hepatobiliary phase (four grades),
presence of fat, and signal intensity on T1- and T2-weighted
and diffusion-weighted (DW) images. Univariate and mul-
tivariate Cox regression analyses were used to identify var-
1ables that are associated with developing hypervascular
HCC.

On follow-up MR images, 139 nodules (65.0%) had no evi-
dence of HCC (mean follow-up, 522 days) (group 1), but 75
(35.0%) became hypervascular HCC (mean follow-up, 388
days) (group 2). Univariable Cox analysis revealed that the
degree of hypointensity on hepatobiliary phase images (P =
.044 and .001) and hyperintensity on T2-weighted and DW
images (P = .001 and .0001) was significantly related to the
development of hypervascular HCC. According to the multi-
variable Cox analysis, no other variable significantly adjusted
the model once hyperintensity at initial DW imaging was al-
ready included as an associated variable, (hazard ratio, 7.44;
95% confidence interval: 4.28, 12.94; P = .0001).

Hyperintensity on DW images in hypovascular hypoin-
tense nodules on hepatobiliary phase gadoxetic acid—
enhanced MR images in patients with cirrhosis is strongly
associated with progression to hypervascular HCC.

©RSNA, 2012
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ost hepatocellular carcinomas

(HCCs) develop in patients

with underlying chronic hepa-
titis or cirrhosis via a multistep process
of carcinogenesis, ranging from regen-
erative nodules to classic HCC (1-4).
Owing to technical advances in liver im-
aging and surveillance for those at high
risk for developing HCC, we increas-
ingly encounter borderline hepatocellu-
lar nodules in the gray area of multistep
carcinogenesis. By using only dynamic
imaging with extracellular space con-
trast agents, which rely on highlighting
the differences in blood supply, it is dif-
ficult to accurately characterize and de-
tect borderline hepatocellular nodules.
This is because the differences in angio-
architecture are not remarkable among
borderline hepatocellular nodules or
between borderline hepatocellular nod-
ules and cirrhotic liver (1-4). Accord-
ingly, both early HCC and dysplastic
nodules may appear as isoattenuated
(or isointense) nodules or low-attenu-
ating (or hypointense) nodules on con-
trast material-enhanced computed to-
mographic (CT) or magnetic resonance
(MR) images (3).

Gadolinium ethoxybenzyl diethyl-
enetriamine pentaacetic acid (gadox-
etic acid disodium, Primovist; Bayer
Healthcare, Berlin, Germany) has re-
cently been widely used as an MR con-
trast agent for dual imaging, having the

Advances in Knowledge

B In patients with cirrhosis exam-
ined with gadoxetic acid, hyper-
intensity on high-b-value (800
sec/mm?) diffusion-weighted
(DW) images is associated with
progression of hypovascular
hypointense nodules to hypervas-
cular hepatocellular carcinoma
(HCCQ).

B In patients with cirrhosis exam-
ined with gadoxetic acid, the
mean apparent diffusion coeffi-
cient of hypovascular hypointense
nodules that progressed to
hypervascular HCC was signifi-
cantly lower than that of stable
nodules (1.14 = 0.12 vs 1.26 =
0.14; P = .001).

characteristics of an extracellular fluid
space contrast agent during the early
vascular and interstitial phases and
of a liver-specific hepatocellular agent
during the delayed phase (5-7). In the
evaluation of patients suspected of hav-
ing HCC, the most useful feature of ga-
doxetic acid is better depiction of HCC
as hypointensity on hepatobiliary phase
(HBP) images than at equilibrium phase
of conventional dynamic images (7-10).
When the hypointensity on HBP images
is accompanied by arterial hypervascu-
larization, the hypointensity at HBP is
confirmative of HCC (7-10). However,
benign hepatocellular nodules or early
HCCs without sufficient arterial neo-
vascularity can be seen as hypointense
only on HBP images and may transform
into hypervascular HCC on follow-up
imaging studies (10,11). Currently,
there are no exact guidelines to differ-
entiate HCC and benign hepatocellular
nodules in patients with hypointense
nodules seen only on HBP images or
to identify nodules at high risk for pro-
gression to hypervascular HCC. Since
precise histopathologic differentiation
between high-grade dysplastic nodules
and early HCC is still difficult, it is also
challenging to determine the definitive
imaging finding of those borderline
nodules, even with multi-imaging mo-
dalities (12). Thus, unless aggressive
diagnostic procedures such as percuta-
neous biopsy or curative techniques are
considered, those lesions must be fol-
lowed up with imaging and clinical eval-
uation because they are biologically be-
nign until arterial hypervascularization
is shown to develop within the nodules
(11,13).

In this context, we conducted this
study to investigate the imaging fea-
tures of hypovascular hypointense nod-
ules on HBP gadoxetic acid-enhanced

Implication for Patient Care

B DW imaging with gadoxetic acid-
enhanced MR imaging is useful
for early detection of hypoin-
tense nodules in the hepatobili-
ary phase that are at high risk
for progression into hypervascu-
lar HCC.

MR images in patients with cirrhosis
that may be associated with progres-
sion to hypervascular HCC.

Materials and Methods

Patients

This retrospective study had institu-
tional review board approval, and in-
formed consent was waived. Our insti-
tutional database was searched for liver
MR imaging examinations conducted in
patients with a diagnosis of liver cirrho-
sis between September 2008 and Sep-
tember 2010 by using the search term
indeterminate OR borderline hepato-
cellular nodule OR hypointense nodule
on HBP. This search identified 200 pa-
tients. The inclusion criteria were (a)
patients with hypovascular hypointense
nodules on HBP gadoxetic acid-en-
hanced MR images, (b) patients who
underwent liver MR imaging that in-
cluded gadoxetic acid-enhanced imag-
ing and diffusion-weighted (DW) imag-
ing with use of a 3.0-T system, and (c)
patients who underwent follow-up liver
MR imaging because most hypointense
nodules seen only on HBP gadoxetic
acid—-enhanced MR images were not
clearly depicted on multi-detector row
CT images. Of the 200 patients, 65 were
excluded for the following reasons: 41
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had no follow-up MR images or were
lost to follow-up, 20 had hyperintense
borderline nodules on HBP images, and
four had too many nodules (>15) to al-
low a matched analysis. Of the 41 who
had no follow-up MR images, six and
eight hypointense nodules on HBP im-
ages proved to be hypovascular HCCs
and cirrhosis-associated benign hepa-
tocellular nodules (five low-grade and
three high-grade dysplastic nodules),
respectively, based on histopathologic
examination findings via surgery. Six
HCCs and one high-grade dysplastic
nodule were hyperintense on initial
DW images. Thus, the remaining 135
patients (96 men and 39 women; age
range for men, 37-78 years; mean age,
59 years; age range for women, 55-70
years; mean age, 61 years; age range for
all patients, 37-78 years; mean age, 60
years) formed the final study group. All
patients had liver cirrhosis associated
with only viral hepatitis B. Of these
patients, 112 had a history of HCC be-
fore performance of the initial MR ex-
amination. In eight patients, concomi-
tant single HCC was observed at initial
MR imaging. These HCCs were also
treated with surgery (n = 50), trans-
arterial chemoembolization (n = 45),
and radiofrequency ablation (n = 25).
A total of 214 hypovascular hypoin-
tense nodules on HBP gadoxetic acid—
enhanced 3.0-T MR images were iden-
tified in the 135 patients: 87 patients
had one solitary lesion, 31 patients had
two lesions, nine patients had three le-
sions, three patients had four lesions,
four patients had five lesions, and one
patient had six lesions. Of these, 139
nodules did not show evidence of pro-
gression to hypervascular HCC over
time at follow-up imaging (group 1)
(mean follow-up, 522 days; range, 155-
1200 days) (Fig 1), whereas 75 nodules
were found to have transformed to hy-
pervascular HCC at follow-up MR im-
aging (group 2) (mean follow-up, 388
days; range, 92-1020 days) (Fig 2). All
patients underwent single- or multi-
session follow-up multidetector CT
during the interval between the initial
MR examination and the last MR exam-
ination. Fifty patients also underwent
additional single- or multi-session (two

to four) follow-up liver MR imaging
during the interval between the initial
and the last MR examination. Evidence
of hypervascular HCC was not demon-
strated, neither at multi-detector row
CT nor at interval MR imaging.

MR Examinations

All MR imaging examinations were per-
formed by using a 3.0-T whole-body
MR system (Intera Achieva; Philips
Healthcare), with a 16-channel phased-
array coil used as the receiver coil. The
baseline MR imaging included a T1-
weighted turbo field-echo in-phase and
opposed-phase sequence, a breath-hold
multishot T2-weighted sequence, and a
respiratory-triggered heavily T2-weight-
ed sequence. DW images were acquired
by using a respiratory-triggered single-
shot echo-planar imaging with a b value
of 0, 100, and 800 sec/mm?.

For gadoxetic acid-enhanced imag-
ing, unenhanced, arterial phase (20-35
seconds), portal phase (60 seconds),
late phase (3 minutes), and 20-minute
HBP images were obtained by using a
T1-weighted, three-dimensional turbo
field-echo sequence (T1-weighted high-
resolution isotropic volume examina-
tion, THRIVE; Philips Healthcare). The
measured voxel size was 1.5 X 1.5 X 4.0
mm, and the reconstructed voxel size
was 1.17 X 1.17 X 2.0 mm. The time
for the arterial phase imaging was de-
termined by using the MR fluoroscopic
bolus detection technique. By using a
power injector, the contrast agent was
administered intravenously at a rate of
1 mL/sec for a dose of 0.025 mmol per
kilogram of body weight, followed by a
20-mL saline flush. We chose an injec-
tion rate of 1 mlL/sec to reduce ringing
(truncation) artifacts observed during
the arterial phase, which occur if the
contrast agent abruptly flows into the
imaging field when the central k-space
is filled, disrupting k-space homogene-
ity (14). The detailed parameters of
the MR sequences used are shown in
Table 1.

Image Analysis

All MR images were evaluated by two
gastrointestinal radiologists  (Y.K.K.
and M.J.P., with 11 and 6 years of

experience in the interpretation of liver
MR imaging, respectively) in consen-
sus. All images were evaluated by us-
ing a picture archiving and communi-
cation system (Pathspeed; GE Medical
Systems Integrated Imaging Solutions,
Mt Prospect, 1ll), with an adjustment
of the optimal window setting in each
case. The initial MR images of groups
1 and 2 were presented randomly in a
blinded manner to avoid bias. The pa-
rameters evaluated on the initial MR
images included the nodule size, degree
of hypointensity on HBP images, pres-
ence of fat component, signal intensity
on Tl-weighted and T2-weighted im-
ages, and presence of hyperintensity on
high-b-value DW images (b = 800 sec/
mm?). The lesion size was measured
as the longest nodule diameter on the
20-minute HBP image. The degree of
nodule hypointensity on HBP images
was categorized by using a four-point
grading system as follows: grade 1,
higher than that of the psoas muscle
(least hypointense); grade 2, equal to
that of the psoas muscle; grade 3, less
than that of the psoas muscle but high-
er than that of the intrahepaic portal
vein; and grade 4, equal to or lower
than that of the intrahepatic portal vein
(most hypointese). The presence of fat
component in the nodule was deter-
mined on the basis of signal decrease
on opposed-phase compared with in-
phase T1-weighted images. The signal
intensity of the nodule relative to that
of the surrounding liver parenchyma on
T1- and T2-weighted images, as well as
on high-b-value DW images, was classi-
fied as follows: hypointense, isointense
or invisible, or hyperintense. We mea-
sured the apparent diffusion coefficient
(ADC) for each nodule at the initial
DW imaging. The b values of 0 and
800 sec/mm? were used to generate the
ADC map.

Statistical Analysis

The clinical characteristics of both groups
were compared by using a Mann-Whitney
U test for continuous values and a x? test
or Fisher exact test for proportions. The
baseline characteristics of the hypoin-
tense nodules on HBP images that sub-
sequently developed into hypervascular
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Figure 1

c.
Figure 1:

d.

Borderline nodule that did not progress to hypervascular HCC in a 61-year-old man with hepatitis B-induced liver cirrhosis. (a) Axial gadoxetic acid—

enhanced 20-minute HBP image shows a hypointense nodule (arrow). (b) Axial single-shot echo-planar DW image (b = 800 sec/mm?) shows no liver mass. (c, d)
Axial gadoxetic acid—enhanced MR images obtained 16 months later show no enhancing mass lesion at (c) arterial phase and a hypointense nodule (arrow) with an
interval increase in size, compared with that on a, at (d) 20-minute HBP.

HCCs and those that did not were com-
pared on the initial MR images. The
patients’ history of HCC was also con-
sidered as a variable. Hypervascular
HCC-free survival time was calculated
from the date of acquisition of the initial
MR images to the date of acquisition of
the final follow-up MR images or develop-
ment of hypervascular HCC. Univariable
Cox regression analysis of the clustered
data was used to test for the association
between the baseline characteristics and
the development of hypervascular HCC.

Multivariable analysis conducted by using
a Cox proportional hazards model for the
clustered data was performed to identify
predictive variables while adjusting for the
other characteristics. All variables were
included in a full model, and the param-
eter estimates for this full model are pro-
vided. Hazard ratios and the correspond-
ing 95% confidence intervals (CIs) were
reported. For multilevel categorical vari-
ables, 95% Cls for hazard ratios applied
by Bonferroni correction were estimated.
A two-sided P value of less than .05 was

considered to indicate statistically signif-
icant difference. Statistical analysis was
performed by using SAS version 9.1.3
(SAS Institute, Cary, NC) and R 2.13.2
(R Foundation for Statistical Computing,
Vienna, Austria; www. R-project.org) soft-
ware.

Table 2 shows a summary of the de-
mographic and clinical characteristics
of each group. Of 135 patients, 57 had
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Figure 2:  Borderline hepatocellular nodule that progressed to hypervascular HCC in a 62-year-old man with hepatitis B—induced liver cirrhosis. (a) Axial gadoxetic
acid—enhanced 20-minute HBP image shows a tiny hypointense nodule (arrow) in the hepatic dome. (b) Axial single-shot echo-planar DW image (b = 800 sec/mm?
shows a bright hyperintense lesion in the same location (arrow). (c) Axial gadoxetic acid—enhanced arterial phase image obtained 12 months later shows arterial hy-
pervascularization with an interval increase in size (arrow). (d) Axial single-shot echo-planar DW image (b = 800 sec/mm?) obtained 12 months later shows a bright

hyperintense lesion in the same location (arrow).

75 hypointense nodules on HBP im-
ages that transformed into hypervas-
cular HCC (Fig 2). Forty-two patients
had one solitary lesion, 12 had two
lesions, and three had three lesions.
Of 214 hypointense nodules on HBP
images, seven nodules in seven pa-
tients proved to be high-grade (n = 3)
or low-grade (n = 4) dysplastic nodules
at liver biopsy performed after initial
MR examination. On initial DW im-
ages, one high-grade dysplastic nodule

was hyperintense and transformed into
hypervascular HCC (group 2) and the
others were isointense. The diagnosis
of 75 hypervascular HCCs (group 2)
was confirmed on the basis of surgical
specimens in 10 patients and at core-
needle biopsy in two patients. In the
remaining 45 patients who underwent
transarterial chemoembolization (n =
35) or radiofrequency ablation (n = 10),
all tumors fitted into the criteria for the
diagnosis of HCC as recommended by

the American Association for the Study
of Liver Diseases (15), because they
showed arterial hypervascularization
and early wash-out (with hypointensity
at HBP) at both multidetector CT and
MR imaging. All but one of the 75 HCCs
showed hyperintensity on DW- and
T2-weighted images. Five lesions dem-
onstrated a nodule in nodule appear-
ance, that is, hypovascular borderline
nodule containing a distinct subnodule
with typical features of advanced HCC
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Table 1

MR Imaging Sequences and Parameters

TR (msec)/TE Flip Angle Section Bandwidth Field of Acquisition No. of Signals
Sequence (msec) (degree) Thickness (mm) Matrix Size (Hz/pixel) View (cm) Time (sec) Acquired
T1-weighted 2D dual 3.5/1.15-2.3 10 6 256 X 194 1918.6/0.226 32-38 14 1
gradient echo
Breath-hold multishot 1623/70 90 5 324 X 235 255.3/1.702 32-38 55 1
T2 weighted
Respiratory-triggered 1156/160 90 ® 376 X 270 388.9/1.117 32-38 120 2
single-shot heavily
T2 weighted
T1-weighted 3D 3115 10 2 256 X 256 723.4/0.601 32-38 16.6 1
gradient echo
DW 1600/70 90 5 112 X 112 79.5/5.467 32-38 126 2

Note.—TR = repetition time, TE = echo time, 2D = two-dimensional, 3D = three-dimensional.

Table 2

Clinical Characteristics of the Two Groups of Patients

Characteristic Group 1 Group 2 PValue
Age (y)* 61.1 9.0 60.2 + 8.7 .780
Sex .858
Male 55 (70.5) 41(71.9)
Female 23 (29.5) 16 (28.1)

Child-Pugh class 753
A 76 (97.4) 56 (98.2)
B 2(2.6) 1(1.8)

No. of nodules .055
1 45 (57.7) 42 (73.7)
>1 33 (42.3) 15 (26.3)

HCC history 712
Yes 70 (89.7) 50 (87.7)
No 8(10.3) 7(12.3)

Note.—Group fincludes 78 patients with 139 stable nodules and group 2 includes 57 patients with 75 nodules that transformed

to hypervascular HCC. Data in parentheses are percentages.
* Data are means = standard deviation.

(arterial hyperenhancement plus early
wash-out and hypointensity at HBP)
(Fig 3). Of 139 nodules in group 1, two
nodules in two patients proved to be a
high-grade nodule and a low-grade dys-
plastic nodule at liver transplantation.
A high-grade dysplastic nodule dem-
onstrated hyperintensity on initial DW
images.

MR features of both groups for each
variable are summarized in Table 3.
Univariable Cox analysis revealed that

hypointensity at HBP (grade 3 or 4) (P
= .044 and 0.001) and hyperintensity at
T2-weighted and DW imaging were asso-
ciated with the development of HCC (P =
.001 and .0001, respectively) (Table 4).
However, according to the multivariable
Cox analysis (Table 5), no other variable
significantly adjusted the model once hy-
perintensity at initial DW imaging was
already included as a variable associated
with the development of HCC. Thus, hy-
perintensity at initial DW imaging was

the only significant variable associated
with the subsequent nodule progression
to hypervascular HCC (Figs 2, 3). This
feature was found in 42 hypointense nod-
ules in group 2 and in four hypointense
nodules in group 1 (P =.0001). The haz-
ard ratio was 7.44 (95% CI: 4.28, 12.94)
for hyperintensity at initial DW imaging.
Three hypointense nodules depicted at
initial HBP imaging showed hyperinten-
sity on DW images, between MR imag-
ing of the initial and the last examina-
tion, and then subsequently transformed
into hypervascular HCC at the last MR
examination. Thus, these three lesions
were categorized into group 2 (Fig 4).
Eight nodules that were hyperintense on
initial T2weighted images also demon-
strated hyperintensity on the initial DW
images. The history of HCC was not sig-
nificantly related to the development of
HCC (P = .846). The mean ADC of the
transformed group at initial MR imag-
ing was significantly lower than that in
the stable group (1.14 = 0.12 vs 1.26 =
0.14; P = .0001).

Hepatocarcinogenesis is a multifacto-
rial process that includes changes in ar-
chitecture, cellular density, hepatocyte
function, and Kupffer cell numbers or
function (16). Accordingly, combining
gadoxetic acid and DW imaging has the
potential to be robust liver MR protocol
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Figure 3
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Figure 3: Borderline hepatocellular nodule that progressed to hypervascular HCC in a 59-year-old man with hepatitis B—induced liver cirrhosis. (a) Axial gadoxetic
acid—enhanced arterial phase image shows no enhancing mass. (b) Axial gadoxetic acid—enhanced 20-minute HBP image shows a hypointense nodule (arrow). (c)
Axial single-shot echo-planar DW image (b = 800 sec/mm?) shows subtle hyperintensity (arrow) in the same location as b. (d) Axial gadoxetic acid—enhanced arterial
phase image obtained 15 months later shows a small hyperenhancing area (arrow) in the same location as b, representing “nodule in nodule appearance.”

in that it is targeting three processes of
hepatic carcinogenesis: hemodynamic
changes, hepatocyte function, and tissue
diffusivity (17-19). Although the differen-
tiation of solid liver tumors such as HCC,
focal nodular hyperplasia, and adenoma
may be difficult with DW imaging alone,
the presence of a solid mass in a cirrhotic
liver with restricted diffusion may be con-
firmatory for HCC when other MR fea-
tures of HCC are present (17-19).

Our results indicated that hyperin-
tensity on DW images is the only inde-
pendent predictive imaging feature of

hypointense nodules at HBP to transform
into hypervascular HCC. This feature was
found in 42 nodules in group 2 and in
four nodules in group 1 (P = .0001). In
addition, in line with the findings of previ-
ous reports (17-19), most hypervascular
HCCs verified at the last MR examination
in our study (74 of 75) showed hyperin-
tensity on the last follow-up DW images.
In view of this, we questioned whether
hypointense nodules at HBP showing
DW hyperintensity were already HCC.
However, among hypointense nodules at
HBP showing DW hyperintensity, two

lesions proved to be high-grade dysplastic
nodules at histologic examination. This is
also true for one lesion that we excluded
from this study as well. Thus, our study
indicated that diffusion restriction might
not necessarily reflect HCC in the multi-
step hepatocarcinogenetic pathway. This
finding reaffirms the result of a recent
report (20), which demonstrated three
benign hepatocellular nodules showing
hyperintensity on DW images. However,
as was shown in six HCCs ultimately not
included in this study, hypovascular HCC
can also be seen in hypointense nodules
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Table 3

Characteristics of Hypovascular Hypointense Nodules on HBP Gadoxetic
Acid-enhanced MR Images with and without Risk for Developing

into Hypervascular HCC

Characteristic

Group 1 (n=139) Group 2 (n=75)

Degree of hypointensity at HBP
1
2
3
4
Initial lesion size (mm)*
Fat component
T1-weighted imaging
Isointense
Hyperintense
T2-weighted imaging
Hypointense
Isointense
Hyperintense
DW imaging
Isointense
Hyperintense
History of HCC

8(6.0) 3(4.4)
53 (39.6) 9(13.0)
49 (36.6) 30 (43.5)
24(17.9) 27 (39.1)

115+ 47 11.0 = 6.1

8(5.8) 3(4.0)

115 (85.8) 63 (84.0)
19 (14.2) 12 (16.0)
17 (12.2) 4(5.3)
121 (87.1) 64 (85.)
10.7) 7(12.3)
135 (97.1) 33 (44.0)
4(2.9) 42 (56.0)
128 (92.1) 65 (86.7)

Note.—Group1 includes hypovascular hypointense nodules that did not develop into HCC, and group 2 includes hypovascular

hypointense nodules that progressed to HCC.
* Data are means + standard deviation.

at HBP, which were hyperintense on DW
images.

Precise histopathologic differenti-
ation between dysplastic nodules and
early HCC is still difficult (12); thus,
we accept that it is difficult to deter-
mine the exact stage of hepatocellular
nodules in the gray area of hepatocar-
cinogenesis, even with use of MR im-
aging with multiparametric data. We
could not reach any conclusion regard-
ing appropriate image guidelines for
confidently distinguishing between dys-
plastic nodules and hypovascular HCC.
However, to date, an imaging diagnosis
of HCC is achieved only for nodules
larger than 1 cm in diameter and show-
ing typical vascular pattern (15).

It needs to be emphasized that three
hypointense nodules observed on the
initial HBP images first showed hyperin-
tensity on DW images acquired between
the initial and last MR examination and
then subsequently transformed into hy-
pervascular HCC on the last MR exami-
nation. Therefore, it may be a reasonable

assumption that HBP-hypointense nod-
ules that subsequently develop HCC
might be high-grade dysplastic nodules
or early HCC immediately before the
stage of hypervascular advanced HCC
(1-4). This notion could be supported
by five hypointense nodules on HBP im-
ages that showed hyperintensity on DW
images and transformed into a nodule
in nodule appearance during follow-up,
indicating a distinct focus of advanced
HCC within hypovascular high-grade
dysplastic nodule or early HCC (Fig 4)
(21). Given that one of the major his-
tologic differences between dysplastic
nodule and early HCC is the degree of
cellular density (2), DW imaging might
be more sensitive in depicting histologic
changes of borderline hepatocellular
nodules than is liver imaging using an
extracellular-space contrast agent. How-
ever, in consideration of de novo hepa-
tocarcinogenesis, we acknowledge that
all borderline hepatocellular nodules
may not show the aforementioned se-
quential signal intensity changes during

hepatocarcinogenesis. Our results raise
the question whether DW imaging has
the potential to establish the imaging
categorization of borderline hepatocel-
lular nodules, which might be distinct
from the histopathologic categorization
or can be used as a biomarker of the
transition from hypovascular borderline
hepatocellular nodules to hypervascular
HCCGs.

Since the background cirrhotic liver
also shows restricted diffusion, it might
be more difficult to identify hepatocellu-
lar nodules showing diffusion restriction
in the background cirrhotic liver than
in the normal liver (22). Further, when
compared with metastases, HCCs are
less cellular and therefore not reliably
detectable with DW imaging (17,18).
Nevertheless, all but one of the 75
HCCs (98.7%) showed hyperintensity
on DW images in our study. This value
is higher than those of previous reports
with use of 1.5-T MR imager (17,18,
19), in which hyperintensity of HCC
on DW images was demonstrated (ie,
91.2% [114 of 125], 61.1% [11 of 18],
72% [79 of 109], and 82% [89 of 109]).
The interpretation of high frequency
of HCCs, as well as borderline hepa-
tocellular nodules, being hyperintense
on DW images should take the acqui-
sition technique for DW imaging used
in our study into consideration. The
main advantage derived from using
high-field-strength 3.0-T MR imaging
is that it offers theoretical enhanced
signal-to-noise ratio and lesion-to-liver
contrast when compared with 1.5-T
MR imaging. We also applied a paral-
lel acquisition technique with a factor
of four. This allowed us to reduce the
echo train length by decreasing phase-
encoding steps in combination with
the faster k-space traversal per unit of
time, thereby leading to decreased sus-
ceptibility and chemical shift artifacts
by not introducing the latter half of the
echo train, which is much responsible
for those artifacts (23). In addition,
multiple-signal acquisition would have
increased the possibility of acquiring
data during the diastolic phase, which
could reduce the subcardiac signal at-
tenuation due to cardiac motion during
the systolic phase (23).
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Table 4

Univariate Analysis by Using Cox Proportional Hazards Model for Hypovascular Hypointense Nodules on HBP Gadoxetic
Acid-enhanced MR Images to Transform into Hypervascular HCC

Nodule Characteristic Coefficient Robust SE Wald Score PValue Hazard Ratio 95% Cl

Degree of hypointensity at HBP

1 0.526 0.602 0.873 .348 1.692 0.400, 7.157

3 1.001 0.409 2.443 .044 2.719 1.020, 7.247

4 1.379 0.379 3.633 .001 3.973 1.601,9.863
Lesion size —0.031 0.036 —0.848 .398 0.969 0.903, 1.041
Fat component —0.517 0.558 -0.927 .354 0.596 0.199,1.779
T1-weighted images 0.126 0.420 0.299 .764 1.134 0.498, 2.584
T2-weighted images

Isointense —1.718 0.362 —4.749 .001 0.179 0.079, 0.404

Hypointense —2.223 0.613 —3.628 .001 0.108 0.027,0.427
DW images 2.119 0.265 7.968 .0001 8.323 4.942,14.016
HCC history —0.108 0.558 —0.194 .846 0.897 0.300, 2.684

Note.—P value and 95% CI for hazard ratio were corrected by means of Bonferroni method. SE = standard error.

Table 5

Multivariate Analysis by Using Cox Proportional Hazards Model for Hypovascular Hypointense Nodules on HBP Gadoxetic
Acid-enhanced MR Images to Transform into Hypervascular HCC

Nodule Characteristic Coefficient Robust SE Wald Score PValue Hazard Ratio 95% Cl

Degree of hypointensity at HBP

1 —0.087 0.792 -0.110 >.99 0.916 0.138, 6.095

3 0.689 0.394 1.749 241 1.993 0.776,5.118

4 1.032 0.383 2.698 .166 2.329 0.813,6.645
Lesion size —0.003 0.023 —0.138 .890 0.997 0.954, 1.042
Fat component —0.954 0.475 —2.006 145 0.385 0.152,0.978
T1-weighted images 0.634 0.391 1.620 .105 1.884 0.876, 4.056
T2-weighted images —0.699 0.413 —1.694 181 0.497 0.197,1.254

Isointense

Hypointense —0.639 0.798 —0.801 .846 0.528 0.088, 3.158
DW images 2.007 0.282 7.116 .0001 7.444 4.283,12.941
HCC history —0.209 0.584 —0.357 721 0.812 0.258, 2.550

Note.—P value and 95% Cl for hazard ratio were corrected by means of Bonferroni method. SE = standard error.

Our study had several limitations.
First, the majority of lesions were not
surgically confirmed. Thus, we could not
determine the exact stage of borderline
hypointense nodules in the stepwise he-
patocarcinogenetic pathway. Second,
owing to the retrospective study design,
the follow-up interval and follow-up du-
ration were not consistent among the
study patients. Thus, an appropriate
follow-up period for early recognition of
the development of HCC or the cumu-
lative incidence of HCC in the high-risk

group could not be determined in this
study. Third, the selection bias may have
affected our results because our policy
is that liver MR imaging is conducted in
patients suspected of having HCC based
on multidetector CT findings. Thus,
most hypointense nodules observed at
HBP were detected in patients who pre-
viously underwent curative treatment of
HCC or in those with coexisting HCCs.
This might affect our study result that
showed no significant difference in the
prevalence of HCC history between

the two groups. Nevertheless, it is also
highly relevant to recognize the border-
line nodules at high risk for progression
to hypervascular HCC in patients with
HCGCs in order to perform tumor stag-
ing and determine the therapeutic plan.
Future studies need to include patients
who do not have a diagnosis of HCC
who can be studied prospectively to de-
termine whether or not all hypointense
nodules on HBP images would show hy-
perintensity on DW images before pro-
gressing to hypervascular HCC.
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Figure 4

C.

d.

Figure 4:  Borderline hepatocellular nodule that progressed to hypervascular HCC in a 68-year-old man with hepatitis B—induced liver cirrhosis. (a) Axial gadoxetic acid—
enhanced 20-minute HBP image shows a hypointense nodule (arrow). (b) Axial single-shot echo-planar DW image (b = 800 sec/mm?) obtained 9 months later shows subtle
hyperintensity (@rrow) in the same location as a. (c) Axial gadoxetic acid—enhanced arterial phase image obtained 12 months later shows a hyperenhancing lesion (arrow) in the
same location as a. (d) Axial single-shot echo-planar DW image (b = 800 sec/mm?) obtained 12 months later shows a hyperintense nodule (arrow) in the same location as c.

In conclusion, hyperintensity on
DW images was strongly associated
with progression of hypovascular hy-
pointense nodules at HBP of gadoxetic
acid-enhanced MR imaging to hyper-
vascular HCC in patients with hepatitis
B-induced liver cirrhosis. Therefore,
when we encounter hypointense nod-
ules on HBP gadoxetic acid-enhanced
MR images with accompanying hyper-
intensity on DW images, more careful
follow-up or aggressive diagnostic pro-
cedures should be considered.
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