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Abstract
Background and Aim: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced magnetic resonance imaging (EOB-MRI) has been recog-
nized as a useful imaging technique to distinguish the biological behavior of hepato-
cellular carcinoma (HCC).
Methods: We analyzed 217 hepatectomy recipients with HCCs measuring 10 cm or
less. We divided the patients into a decreased intensity (DI) group (n = 189, 87%)
and an increased or neutral intensity (INI) group (n = 28, 13%) according to the ratio
of tumor intensity to liver intensity during the hepatobiliary phase (HBP). According
to the ratio of the maximum tumor diameter (including peritumoral hypointensity)
between HBP images and precontrast T1-weighted images (RHBPP), we divided the
patients as follows: The group whose RHBPP was ≥1.036 was the high RHBPP group
(n = 60, 28%), and the group whose RHBPP was <1.036 was the low RHBPP group
(n = 157, 72%). We investigated the prognoses and clinicopathological characteristics
of these patients.
Results: DI versus INI was not a prognostic factor for either survival or recurrence;
however, a high RHBPP was an independent predictor of unfavorable survival and
recurrence in patients. In addition, the INI group showed significantly lower
α-fetoprotein (AFP) levels and higher rates of well-differentiated HCC and ICGR15
≥15% than the DI group. The high RHBPP group showed significantly higher rates of
vascular invasion and poorly differentiated HCC than the low RHBPP group.
Conclusions: A high RHBPP by EOB-MRI is a preoperative predictor of vascular
invasion and an unfavorable prognostic factor for survival and recurrence. These
patients might be considered for highly curative operations such as anatomical liver
resection.

Introduction
Liver cancer is the seventh most frequent type of cancer, with an
estimated 841 080 cases per year, and it is the second leading
cause of cancer-related death, causing approximately 781 631
deaths per year.1 Hepatocellular carcinoma (HCC) has a poor
prognosis and accounts for 70–85% of primary liver cancers.2

Curative hepatectomy for HCC is a useful method for achieving
long-term survival.3 Before planning to perform hepatectomy for
HCC, clinicians generally perform imaging studies such as ultra-
sonography (US), contrast-enhanced computed tomography
(CT), and contrast-enhanced magnetic resonance imaging (MRI).

Recently, gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI (EOB-MRI)
has become a common tool for assessing hepatectomy

candidates. Gd-EOB-DTPA is a liver-specific paramagnetic
gadolinium-based contrast agent used exclusively in magnetic
resonance liver imaging. This agent not only pervades the
vascular and extravascular space as effectively as general
gadolinium-based contrast agents but also progressively enters
the hepatocytes and bile ducts during the hepatobiliary phase
(HBP) (20 min after Gd-EOB-DTPA injection). Thus, EOB-MRI
is recognized as a useful modality to obtain additional informa-
tion about the characterization and detection of liver tumors.4

Regarding EOB-MRI, previous studies have reported a sensitiv-
ity of 92–95% and a specificity of 95–98% for the detection of
HCC.5 In general, HCCs show lower intensity than the liver
parenchyma during the HBP.6 However, some HCCs show the
same or higher intensity than the liver parenchyma during the
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HBP.7,8 Previous reports have shown differences in the biological
behavior of HCCs.9,10 Moreover, it has been reported that peri-
tumoral hypointensity during the HBP correlates with microvascu-
lar invasion.11 However, there are relatively few reports regarding
the correlation between these findings and the prognoses or clinico-
pathological characteristics of hepatectomy recipients.

In the current study, we investigated the impact of preop-
erative EOB-MRI findings on prognosis and the correlation
between these findings and the clinicopathological characteristics
of HCC patients.

Methods

Patients. Between January 2008 and December 2018, we per-
formed primary liver resection for 282 consecutive patients with
single HCCs that measured 10 cm or less in diameter at the Gas-
troenterological Surgery I Unit of Hokkaido University Hospital
in Sapporo, Japan. We selected only patients with single HCCs
because we intended to focus on only one tumor for evaluation.
We excluded 65 patients who did not undergo an EOB-MRI
evaluation, leaving 217 patients for analysis.

Technique and analysis. EOB-MRI was performed 8 days
(median, range 1–92) before hepatectomy. MRI was performed
using a 1.5-T system (Achieva A-series, Phillips Medical Sys-
tems, Best, The Netherlands) with a 32-channel cardiac phased-

array coil. Our routine protocol for liver MRI sequences was as
follows: breath-hold T1-weighted dual gradient-recalled echo
(GRE) in-phase and opposed-phase imaging, a respiratory-
triggered T2-weighted fast spin-echo sequence, a half-Fourier
acquisition single-shot turbo spin-echo (HASTE) sequence, and
diffusion-weighted imaging (DWI; b values of 0 and 1000 s/
mm2). For dynamic imaging, 0.1 mL/kg of gadoxetic acid
(Primovist, Bayer Healthcare) was administered intravenously at
a rate of 1.0 mL/s, followed by a 40-mL saline flush. Pre- and
postcontrast images using a T1-weighted, fat-suppressed three-
dimensional (3D) GRE sequence were obtained. The arterial
phase began when the contrast medium reached the distal tho-
racic aorta (approximately 30 s after injection of the contrast
medium), as observed by real-time MRI fluoroscopic monitoring,
and the portal venous phase, delayed phase, and HBP were
defined as approximately 50–60 s, 3 min, and 20 min after injec-
tion of the contrast medium, respectively.

The signal intensity (SI) of each region of interest (ROI)
was measured from HBP images on a DICOM viewer. The SI of
the tumor was measured once in a circular area (1–2 cm2) at the
level of the maximum tumor diameter. The SI of the non-
tumorous liver parenchyma was measured in three different cir-
cular areas (each measuring 1–2 cm2) and placed at the same
level (maximum tumor diameter) to avoid vascular structures,
artifacts, and focal liver lesions. The SI value of the nontumorous
liver parenchyma was calculated as the average of the three

Figure 1 (a) A male in his 60s with hepatocellular carcinoma (HCC). Signal intensity (SI) is decreased in the tumor (white arrow) compared with that
in the liver parenchyma, as shown on hepatobiliary phase (HBP) imaging. The tumor–liver parenchyma index (TLPI) was 0.3901. The SI of each
region of interest (ROI) is shown by red circles. (b) A male in his 80s with HCC. The SI was decreased in the tumor (white arrow) compared with that
in the liver parenchyma, as shown on HBP imaging. The TLPI was 0.3945. The SI of each ROI is shown by red circles.
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sample areas. We calculated the ratio of the SI value of the tumor
to that of the nontumorous liver parenchyma and defined it as the
tumor–liver parenchyma index (TLPI).

First, we defined the patients whose TLPI was <0.9, that
is, the SI value of the tumor was decreased compared with that
of the nontumorous liver parenchyma, as having decreased tumor
SI (decreased intensity (DI) group; n = 189, 87%) (Fig. 1); the
patients whose TLPI was ≥0.9, that is, those whose TLPI was
increased or neutral, were defined as having increased or neutral
tumor SI (increased or neutral intensity (INI) group; n = 28,
13%) (Fig. 2).

Second, we calculated the ratio of the maximum tumor
diameter, including the peritumoral hypointensity (the portion
showing hypointensity around the tumor), on HBP images to the
corresponding diameter measured on precontrast T1-weighted
images and defined this ratio as the RHBPP. We defined the
group with an RHBPP ≥1.036 as the high RHBPP group (n = 60,
28%) (Fig. 3) and those with an RHBPP <1.036 as the low
RHBPP group (n = 157, 72%) (Fig. 4) using a receiver operating
characteristic (ROC) curve for the presence of portal venous
invasion (PVI).

We compared clinicopathological characteristics between
these groups. In addition, we investigated the preoperative prog-
nostic factors for survival and recurrence, including the RHBPP
and DI, on EOB-MRI.

The indications for hepatectomy were usually determined
based on the patients’ liver function reserve, that is, the results of the

indocyanine green retention test at 15 min (ICGR15).12 Essentially,
the patients in whom the ICGR15 was lower than 25% underwent
anatomical resection.

Nonanatomical partial hepatectomy with complete tumor
resection was performed in the other patients. In all hepatecto-
mies performed, the resection surfaces were found to be histolog-
ically and macroscopically free of HCC. We conducted
follow-up analyses every 3 months after hepatectomy; these ana-
lyses included physical, serological (serum α-fetoprotein [AFP],
serum protein induced by vitamin K absence-II [PIVKA-II], and
liver function test), and radiological (CT along with US or MRI)
examinations. Recurrence was diagnosed from the results of
radiological examinations and elevations in the serum levels of
AFP and/or PIVKA-II. Extrahepatic metastasis was diagnosed by
chest and abdominal CT, contrast-enhanced brain MRI, and bone
scintigrams. The median follow-up period was 32 months (range,
1.0–128 months). The correlation coefficient between the maxi-
mum tumor size on precontrast T1-weighted images and that of
the liver resection specimen was 0.9510.

This study was approved by the Hokkaido University Hos-
pital Voluntary Clinical Study Committee (approval 019-0195)
and performed in accordance with the guidelines set forth by the
Declaration of Helsinki.

Statistical analysis. The clinicopathological characteristics
of the high RHBPP group were compared with those of the low
RHBPP group, and those of the INI group were compared with

Figure 2 (a) A male in his 80s with hepatocellular carcinoma (HCC). The signal intensity (SI) was increased or neutral in the tumor (white arrow)
compared with that in the liver parenchyma, as shown on hepatobiliary phase (HBP) imaging. The tumor–liver parenchyma index (TLPI) was 1.1610.
The SI of each region of interest (ROI) is shown by red circles. (b) A female in her 60s with HCC. The SI was increased or neutral in the tumor (white
arrow) compared with that in the liver parenchyma, as shown on HBP imaging. The TLPI was 1.0755. The SI of each ROI is shown by red circles.
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those of the DI group. Univariate comparisons between two
groups were performed using the Mann–Whitney U test for con-
tinuous variables and the chi-squared test for noncontinuous vari-
ables. Overall survival (OS) and relapse-free survival (RFS) were
determined by the Kaplan–Meier method and analyzed with the
log-rank test or Cox proportional hazards model. Pearson’s corre-
lation coefficient was used to analyze the correlation between the
maximum tumor size on precontrast T1-weighted images and
those of the liver resection specimen. Statistical analyses were
performed using JMP Pro 14.0.0 for Windows (SAS Institute,
Cary, NC, USA). Significance was defined as a P-value <0.05.

Results

Clinicopathological characteristics and prognoses
in this cohort. Table 1 shows the clinicopathological charac-
teristics in this cohort. The 5-year OS rate was 73.5%, the 5-year
RFS rate was 44.5%, and the median relapse-free time was
42 months (Fig. 5a,b).

Differences in clinicopathological characteristics
between the DI and INI groups. The median TLPI was
0.5099 (0.2175–2.4945).

The INI group showed significantly lower AFP levels, a
higher rate of well-differentiated HCC, and a higher rate of
ICGR15 ≥15% than the DI group. There were no significant dif-
ferences in the other factors (Table 2).

Differences in clinicopathological characteristics
between the high RHBPP and low RHBPP groups.
The high RHBPP group showed significantly higher rates of
PVI, hepatic venous invasion (HVI), serosa infiltration, and
poorly differentiated HCC than the low RHBPP group. There
were no significant differences in other factors, such as liver
function (Table S1, Supporting information).

Prognostic factors for OS and RFS, including the
RHBPP and DI. Table S2 shows the preoperative prognostic
factors for survival and recurrence.

The univariate analysis revealed that OS was significantly
related to the following factors: albumin <3.5 g/dL, prothrombin
time (PT) <80%, cholinesterase (ChE) <250 IU/L, ICGR15
≥15%, PIVKA-II ≥100 mAU/mL, and RHBPP ≥1.036. These
analyses also indicated that RFS was significantly related to albu-
min <3.5 g/dL, ChE <250 IU/L, ICGR15 ≥15%, AFP ≥20 ng/
mL, PIVKA-II ≥100 mAU/mL, RHBPP ≥1.036, and tumor size

Figure 3 (a) A male in his 60s with hepatocellular carcinoma (HCC). Precontrast enhanced T1-weighted image showing an inhomogeneous tumor
in hepatic segment V. The maximum tumor diameter was 55 mm. (b) Hepatobiliary phase (HBP) images (same patient as described in a) showing
low SI of the tumor. In addition, a portion showing slight hypointensity around the tumor (peritumoral hypointensity) is noted. The diameter was
measured so that the maximum tumor diameter with peritumoral hypointensity was included (64 mm). The ratio of the maximum tumor diameter
including peritumoral hypointensity between HBP images and precontrast T1-weighted images (RHBPP) was 1.163. (c) A male in his 50s with HCC.
Precontrast enhanced T1-weighted image showing an inhomogeneous tumor in hepatic segment VII. The maximum tumor diameter was 25 mm.
(d) HBP images (same patient as described in c) showing low SI of the tumor. In addition, a portion showing peritumoral hypointensity is noted. The
diameter was measured so that the maximum tumor diameter with peritumoral hypointensity was included (37 mm). The RHBPP was 1.480.
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≥5 cm, except in cases of the simple nodular type. A high
RHBPP was an unfavorable prognostic factor for both survival
and recurrence, with 5-year OS and RFS rates of 60% (survival)
and 24% (recurrence) versus 78% (survival) and 51% (recur-
rence) (P = 0.01, <0.01), respectively (Fig. 5c,d). However, DI
was not a prognostic factor for either survival or recurrence, with
5-year OS and RFS rates of 73% (survival) and 25% (recurrence)
versus 85% (survival) and 47% (recurrence), respectively (data
not shown).

The multivariate analysis indicated that ChE <250 IU/L,
PIVKA-II ≥100 mAU/mL, and RHBPP ≥1.036 were independent
unfavorable prognostic factors for OS and that ChE <250 IU/L,
PIVKA-II ≥100 mAU/mL, RHBPP ≥1.036, and tumor size
≥5 cm were independent unfavorable prognostic factors for RFS.

Discussion
The INI group showed significantly lower AFP levels, a higher
rate of well-differentiated HCC, and a higher ICGR15 than the
DI group. The high RHBPP group showed significantly higher
rates of PVI, HVI, and poorly differentiated HCC than the low
RHBPP group. The results of our univariate and multivariate
analyses indicate that DI versus INI is not a prognostic factor for
either survival or recurrence; however, a high RHBPP is an inde-
pendent unfavorable prognostic factor for survival and recurrence

in patients with HCC. Therefore, DI and the RHBPP may be pre-
dictive factors for the malignancy of HCC.

Gd-EOB-DTPA is a contrast agent transported into hepa-
tocytes by organic anion transporting polypeptide 8 (OATP8,
synonymous with OATP1B3) during the HBP.8,13 Therefore,
many liver tumors show hypointensity compared with the liver
parenchyma during this phase. In general, HCCs follow this pat-
tern, that is, hypointensity compared with the liver parenchyma.
However, 6–20% of HCCs have the same or higher intensity
than the liver parenchyma.9,10,13–15 The rate in our study was
13%, which is consistent with previous reports.

Previous reports have shown that the overexpression of
OATP8 in HCC cells is related to isointensity or hyperintensity
during the HBP.7–9 Miura et al. reported that several genes asso-
ciated with normal hepatic metabolism, such as alcohol dehydro-
genase (ALDH)1B, the cytochrome P450 family (CYP), and
solute carrier organic anion transporter family member 1B3
(SLCO1B3; synonymous with OATP8), are upregulated in HCCs
showing hyperintensity during the HBP compared with HCCs
showing hypointensity.9 SLCO1B3 is a transporter found in nor-
mal hepatocytes and is involved in the uptake of Gd-EOB-
DTPA.8,16 Moreover, Kitao et al. reported that the coactivation
of β-catenin and hepatocyte nuclear factor 4α (HNF4α) is an
important regulator of OATP8 expression in HCC, and these
patients showed a significantly higher differentiation grade than

Figure 4 (a) A male in his 60s with hepatocellular carcinoma (HCC). Precontrast enhanced T1-weighted image showing an inhomogeneous tumor
in hepatic segments VI and VII. The maximum tumor diameter was 53 mm. (b) Hepatobiliary phase (HBP) images (same patient as described in
Fig. 4a) showing low signal intensity (SI) in the tumor without peritumoral hypointensity. The maximum tumor diameter was 53 mm. The RHBPP
was 1.000. (c) A male in his 70s with HCC. Precontrast enhanced T1-weighted image showing an inhomogeneous tumor in hepatic segments VII
and VIII. The maximum tumor diameter was 77 mm. (d) HBP images (same patient as described in Fig. 4c) showing low SI in the tumor without peri-
tumoral hypointensity. The maximum tumor diameter was 74 mm. The RHBPP was 0.9610.
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other patients.10 HNF4α expression decreases in accordance with
the progression of HCC.17 Yamashita et al. reported that the
knockdown of HNF4α in HCC cells showing Gd-EOB-DTPA
uptake resulted in the increased expression of AFP.14 Chen et al.
reported that the SI value of tumors during the HBP in patients
with HCC with a Ki67 index >50% was significantly lower than
that in patients with a Ki67 index ≤50%.18 In this study, the INI
group showed significantly lower AFP levels and higher rates of
patients with well-differentiated HCC than the DI group. These
results were consistent with those from previous reports. Some
reports claimed that HCCs with iso- or hyperintensity during the
HBP had significantly more favorable prognoses than HCCs with
hypointensity.14,15 Ariizumi et al. reported that hyperintense
HCC was associated with better long-term survival after curative
hepatectomy than hypointense HCC.15 Their report also showed
that the 5-year OS and RFS rates were 100 and 56% versus
71 and 38%, respectively.15 However, our study did not show a
significant difference in either survival or recurrence. The reason
for this discrepancy may be influenced by the patient inclusion
criteria, which were limited to a single tumor in this study as

Table 1 Clinicopathological characteristics of patients in this study

Characteristic All patients (n = 217)

Epidemiology
Age
<60 35 (16%)
≥60 182 (84%)

Gender
Male 177 (82%)
Female 40 (18%)

HBs-Ag
Positive 59 (27%)
Negative 158 (73%)

HCV-Ab
Positive 54 (25%)
Negative 163 (75%)

NBNC
Yes 106 (49%)
No 111 (51%)

Biochemical factors
Platelets
<80,000/mm3 12 (6%)
≥80,000/mm3 205 (94%)

Albumin
<3.5 g/dL 16 (7%)
≥3.5 g/dL 201 (93%)

Total bilirubin
≥1.0 mg/dL 42 (19%)
<1.0 mg/dL 175 (81%)

PT
<80% 21 (10%)
≥80% 196 (90%)

ChE
<250 IU/L 78 (36%)
≥250 IU/L 139 (64%)

ICGR15
≥15% 94 (43%)
<15% 123 (57%)

AFP
≥20 ng/mL 71 (33%)
<20 ng/mL 146 (67%)

PIVKA-II
≥100 mAU/mL 109 (50%)
<100 mAU/mL 108 (50%)

Tumor factors
Tumor size
≥5 cm 75 (35%)
<5 cm 142 (65%)

Macroscopic type
Simple nodular 109 (50%)
Others 108 (50%)

Histological factors
Growth type
Expansive growth 211 (97%)
Invasive growth 6 (3%)

Tumor capsule
fc(+) 153 (71%)
fc(−) 64 (29%)

Separation form
sf(+) 144 (66%)

(Continues)

Table 1 (Continued)

Characteristic All patients (n = 217)

sf(−) 73 (34%)
Serosa infiltration

s0 199 (92%)
s1–3 18 (8%)

Differentiation
poor 77 (35%)
Others 140 (65%)

PVI
Yes 42 (19%)
No 175 (81%)

HVI
Yes 19 (9%)
No 198 (91%)

Fibrosis
f3/4 78 (36%)
f0–2 139 (64%)

EOB-MRI
RHBPP

≥1.036 60 (28%)
<1.036 157 (72%)

DI or INI
DI 189 (87%)
INI 28 (13%)

AFP, alpha fetoprotein; ChE, cholinesterase; DI, decreased tumor inten-
sity compared with liver intensity; f3, bridging fibrosis; f4, cirrhosis;
HBs-Ag, HBs-antigen; HCV-Ab, HCV antibody; HVI, hepatic venous
invasion; ICGR15, indocyanine green retention rate at 15 min; INI,
increased or neutral tumor intensity compared with liver intensity;
NBNC, patients without HBV and HCV; PT, prothrombin time; PIVKA-II,
protein induced by vitamin K absence-II; PVI, portal venous invasion;
RHBPP, ratio of the maximum tumor diameter including peritumoral
hypointensity (the portion showing hypointensity around the tumor)
measured on HBP image to the maximum tumor diameter measured
on precontrast T1-weighted images.
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opposed to a single or multiple tumors in the study by Ariizumi
et al.15 The presence of multiple tumors is itself known to be an
unfavorable factor.19

In addition, the INI group showed a significantly higher
rate of patients with an ICGR15 ≥15% than the DI group in this
study. This could be because the EOB uptake of the tumor in the
HBP was not dependent on liver function; however, that of the
liver parenchyma was related to liver function.20 Therefore,
the difference between the intensity of EOB uptake between the
tumor and liver parenchyma during the HBP would tend to be
small in patients with impaired liver function. The TLPI of these
patients tends to be elevated.

The precise mechanisms of peritumoral hypointensity dur-
ing the HBP are still elusive, but previous studies have proposed
the following hypothesis.11,21,22 First, tumor invasion into portal
branches alters the hemodynamics and perfusion of the peri-
tumoral liver parenchyma. Second, these changes decrease the
expression of OATPs or the transport protein known as
multidrug resistance-associated protein (MRP) in hepato-
cytes.13,21 Therefore, the uptake of Gd-EOB-DTPA might be
decreased due to hepatocyte dysfunction. Several reports have
shown that peritumoral hypointensity during the HBP is associ-
ated with microvascular invasion.11,21–25 Kim et al. reported that
the specificity and positive predictive value were 93.2 and
88.5%, respectively.21

Moreover, Zhang et al. also reported that peritumoral
hypointensity during the HBP and rim enhancement during the

arterial phase were independent risk factors for microvascular
invasion.25 They claimed that two predictors in combination
identified 32.79% of HCCs with microvascular invasion, with a
specificity of 95.15%, and the sensitivity and specificity of only
peritumoral hypointensity were 49.18 and 89.32%, respectively.

In this study, the high RHBPP group showed significantly
higher rates of vascular invasion than the low RHBPP group,
which is consistent with previous studies. Although Shin et al.
reported that the 3-year RFS rates of patients with tumors with
and without decreased peritumoral uptake were 30.8 and 63.5%,
respectively (P < 0.01),26 and Ahn et al. reported that peri-
tumoral hypointensity on the HBP significantly predicted early
recurrence, microvascular invasion, and a high tumor grade,24

few reports have investigated peritumoral hypointensity associ-
ated with prognoses after hepatectomy. Our study showed that a
high RHBPP was an unfavorable prognostic factor for both sur-
vival and recurrence after hepatectomy. The RHBPP is conve-
nient and useful as a prognostic indicator. Our previous study
reported that anatomical liver resection was a significantly favor-
able factor for both the OS and RFS of HCC patients who had a
single HCC under 5 cm with microscopic PVI.27 Therefore,
patients with a high RHBPP might be considered for anatomical
liver resection because the high RHBPP group showed signifi-
cantly higher rates of PVI and HVI than the low RHBPP group.

Our study has several limitations. First, some relevant
genes or proteins, such as transporters, were not evaluated. Sec-
ond, any tumor heterogeneity might not be reflected because the
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Figure 5 (a) Overall survival curves of this cohort. (b) Relapse-free survival curves of this cohort. (c) Overall survival curves of patients with a high
RHBPP (ratio of the maximum tumor diameter including peritumoral hypointensity between HBP images and precontrast T1-weighted images) and
those with a low RHBPP. ( ), High RHBPP; ( ), low RHBPP. (d) Relapse-free survival curves of patients with a high RHBPP and those with a
low RHBPP. ( ), High RHBPP; ( ), low RHBPP
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measurement of the SI of the tumor was performed at only one
level using axial imaging. Third, selection bias might exist
because we excluded 65 hepatectomy recipients who did not
undergo EOB-MRI. Therefore, further detailed investigations are
needed.

In conclusion, an area of peritumoral hypointensity area
on HBP imaging that is larger than the size of the tumor on
precontrast T1-weighted imaging is a preoperative predictor of
vascular invasion and a prognostic factor for survival and recur-
rence. These patients might be considered for highly curative
operations such as anatomical liver resection.
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