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Abstract
Objective This study was conducted in order to evaluate whether the presence of nonhypervascular hepatobiliary phase (HBP)
hypointense nodules can help determine the treatment method for single nodular hepatocellular carcinoma (HCC) ≤ 3 cm.
Methods This study was approved by the institutional review board. A total of 345 patients with single nodular HCC ≤ 3 cm
underwent pretreatment gadoxetic acid-enhanced MR followed by hepatic resection (n = 123) or radiofrequency ablation (RFA)
(n = 222). We retrospectively analyzed the results of tumor recurrence according to the presence of nonhypervascular HBP
hypointense nodules at each treatment method.
Results Nonhypervascular HBP hypointense nodules were found in 18 of 123 patients treated by hepatic resection and in 63 of 222
patients who underwent RFA. The presence of nonhypervascular HBP hypointense nodules was a significant affecting factor for
recurrence-free survival (RFS) after both hepatic resection (p = 0.004, hazard ratio [HR] = 2.75 [1.38–5.51]) and RFA (p = 0.004,
HR= 1.78 [1.20–2.63]). In patients with nonhypervascular HBP hypointense nodules, 5-year RFS was 34.0% after hepatic resection,
which was not significantly different from the 28.0% after RFA (p= 0.618). However, in patients without nonhypervascular HBP
hypointense nodules, 5-year RFS was 65.0% after hepatic resection, which was significantly better than the 51.0% after RFA (p =
0.042), owing to significantly lower cumulative incidence of local tumor progression after hepatic resection (p< 0.001).
Conclusions While the presence of nonhypervascular HBP hypointense nodules on gadoxetic acid-enhanced MR taken prior to
treatment was a significant predictive factor of tumor recurrence after both hepatic resection and RFA, in patients without
nonhypervascular HBP hypointense nodules, hepatic resection can provide significantly better RFS than RFA.
Key Points
• The presence of nonhypervascular hepatobiliary phase (HBP) hypointense nodules was a significant risk factor for tumor
recurrence after either hepatectomy or radiofrequency ablation (RFA).

• Hepatectomy provided significantly better recurrence-free survival than RFA in patients without nonhypervascular HBP
hypointense nodules.

• In patients with nonhypervascular HBP hypointense nodules, recurrence-free survival after RFA was comparable to
hepatectomy.
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Abbreviations
AFP Alpha-fetoprotein
CI Confidence interval
EM Extrahepatic metastasis
HBP Hepatobiliary phase
HCC Hepatocellular carcinoma
HR Hazard ratio
IDR Intrahepatic distant recurrence
LTP Local tumor progression
MR Magnetic resonance
RFA Radiofrequency ablation
RFS Recurrence-free survival
SD Standard deviation

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignant tumor and the third leading cause of cancer-
related deaths worldwide [1]. Among its various treatment
options, hepatic resection has been considered the most effec-
tive curative option, particularly in patients with early stage
HCCs and wel l -preserved l iver func t ion [2–5] .
Radiofrequency ablation (RFA) has also emerged as another
curative local treatment method which can provide compara-
ble overall survival to hepatic resection, particularly for small
HCCs equal to or less than 3 cm in size [6–8]. Moreover, RFA
is less invasive than hepatic resection, with significantly lower
complication rates and hospital stay durations after RFA of
HCC than hepatic resection. Therefore, considering the com-
parable overall survival after treatment as well as its less in-
vasiveness, RFA is now recommended as the first-line treat-
ment modality for very early stage HCCs [9]. However, with
recent advances in surgical techniques such as in laparoscopic
surgery as well as in postoperative care, the clinical outcome
of hepatic resection for HCC has also improved [10–12], and
thus, controversy regarding the choice of the most appropriate
treatment modality between hepatic resection and RFA in pa-
tients with small HCCs still remains. Therefore, ascertaining
which patient group maymost benefit from a certain treatment
method over another would be an important step in the man-
agement of patients with HCCs.

Recently, gadoxetic acid (Gd-EOB-DTPA, Primovist or
Eovist, Bayer Healthcare), which is a hepatocyte-specific con-
trast agent, has been increasingly used for the evaluation of
HCCs as it can provide both the dynamic and hepatobiliary
phases (HBP) in a single examination. Owing to the excellent
liver-to-lesion contrast obtained from the HBP, gadoxetic
acid-enhanced liver magnetic resonance (MR) imaging could
provide significantly better diagnostic performance in

detecting both HCCs and liver metastasis than dynamic CT
or dynamic MR imaging using extracellular contrast agents
[13–15]. Furthermore, gadoxetic acid-enhanced liver MR can
also provide pertinent prognostic information of HCC patients
as the presence of nonhypervascular HBP hypointense nod-
ules has been reported to be a significant risk factor of tumor
recurrence after curative treatment of HCC through either he-
patic resection or RFA [16, 17]. However, whether the pres-
ence of nonhypervascular HBP hypointense nodules observed
on gadoxetic acid-enhanced liver MR taken prior to treatment
can help determine the treatment method for HCC patients has
not yet been investigated. If gadoxetic acid-enhanced liver
MR can indeed provide information which may be useful in
selecting the treatment method, it would be of great utility in
the management of patients with HCC.

Therefore, the purpose of this study was to retrospectively
evaluate whether the presence of nonhypervascular HBP
hypointense nodules on gadoxetic acid-enhanced liver MR
can inform the decision-making between hepatic resection
and RFA in patients with single nodular HCC equal to or less
than 3 cm in size.

Patients and methods

Patients

Our Institutional Review Board approved this retrospective
study with waiver of the requirement for written informed
consent. From January 2009 to December 2014, 519 consec-
utive patients with a single nodular HCC equal to or less than
3 cm in size without a previous history of HCC treatment
underwent either hepatic resection (n = 194) or RFA (n =
325) at our institution for HCC. The inclusion criteria were
(a) well-compensated Child–Pugh class A liver function, (b)
those who underwent gadoxetic acid-enhanced MR within
30 days prior to HCC treatment, and (c) no concomitant seri-
ous medical illness other than liver disease. The exclusion
criteria for this study were (a) patients who underwent liver
transplantation during the follow-up period and (b) patients
without available medical record and/or imaging study after
treatment for HCC. Among the 519 patients, 174 patients
were excluded according to the inclusion and exclusion
criteria: (a) absence of pretreatment gadoxetic acid-enhanced
MR taken within 30 days prior to HCC treatment (n = 116);
(b) Child–Pugh class B liver function (n = 27); (c) concomi-
tant medical illness (n = 9; history of stomach cancer in 5,
breast cancer in 3, and lymphoma in 1); (d) undergoing liver
transplantation during the follow-up period after HCC treat-
ment (n = 17); and (e) immediate follow-up loss after
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treatment (n = 5). Therefore, the remaining 345 patients (he-
patic resection, n = 123, and RFA, n = 222) finally comprised
our study population (Fig. 1).

Acquisition and evaluation of gadoxetic
acid-enhanced liver MR

All enrolled patients underwent gadoxetic acid-enhanced liver
MR prior to HCC treatment, with the mean interval of
10.0 days (range, 0–30 days; median, 8 days). The detailed
MR imaging protocol are given in the Electronic supplemen-
tary material. Two abdominal radiologists (M.H.Yand B.Y.H
with 11 and 8 years of experience in liver MR, respectively)
independently evaluated gadoxetic acid-enhanced liver MR.
Both radiologists were aware that the patients had undergone
either hepatic resection or RFA for curative HCC treatment,
but were blinded to their clinical outcomes. Presence of
nonhypervascular HBP hypointense nodules was defined as
solid nodules showing hypointensity on the HBP which do
not show higher signal intensity than the spleen on heavily T2-
weighted images [16, 17]. To assess the presence of
nonhypervascular HBP hypointense nodules, both radiolo-
gists carefully evaluated all HBP images including axial and
coronal images to detect hypointense nodules in the liver.
Thereafter, both radiologists decided whether arterial en-
hancement was present or not within the hypointense nodules
detected on HBP images, and both precontrast T1-weighted
image and arterial phase image were carefully evaluated for
the assessment of presence of arterial hyperenhancement. We
also routinely used subtraction imaging obtained from
precontrast T1-weighted image and arterial phase image to
decide the presence of arterial hyperenhancement, especially
for nodules showing hyperintensity on precontrast T1-

weighted image. The readers excluded hemangiomas or he-
patic cysts determined based on their classic enhancement
patterns or nonenhancement on dynamic phase images and
hyperintensity on T2-weighted MR imaging, respectively
[16]. In cases of discrepancy between the two readers as to
the presence of nonhypervascular HBP hypointense nodules
on gadoxetic acid-enhanced MR, consensus was reached
through discussion with a third experienced radiologist
(J.M.L with 25 years of experience).

Procedure and follow-up after treatment

One of the three experienced hepatic surgeons (25, 20, and
14 years of experience) performed the hepatic resections, and
RFAwas performed by one of the four specialized physicians
with 20, 18, 16, and 11 years of experience in thermal abla-
tion, percutaneously, under real-time ultrasound CT/MR fu-
sion imaging guidance with conscious sedation [18].
Development of complications related to the treatment and
duration of the hospital stay of each patient was also searched
and recorded.

One month after treatment, imaging studies and biochem-
ical tests including the liver function test and serum alpha-
fetoprotein (AFP) were obtained in all patients. If there was
no residual tumor on 1 month follow-up imaging, follow-up
examinations were performed every 3 months during the first
year and every 3 to 6 months during the second year.
Thereafter, if there was no tumor recurrence, the follow-up
schedule was maintained at the same frequency as that of the
surveillance program for liver cirrhosis (i.e., ultrasound at 6-
month intervals).

We classified tumor recurrence which developed during the
follow-up period into three categories: local tumor progression

Fig. 1 Flow diagram
summarizing the patient
enrollment process of this study.
HBP = hepatobiliary phase of
gadoxetic acid-enhanced liver
MR imaging
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(LTP), intrahepatic distant recurrence (IDR), and extrahepatic
metastasis (EM). LTP was defined as the appearance of any
arterial enhancing tumor tissue showing washout on the portal
venous and/or delayed phase adjacent to the local treated area
(i.e., resection margin in the case of hepatic resection and the
ablation zone in the case of RFA), and IDR as the development
of one or more HCCs not adjacent to the treated site [19].

Statistical analysis

To compare the baseline patient characteristics between hepatic
resection and RFA, chi-square or Fisher’s exact test was used
for categorical variables and the Mann–WhitneyU test for con-
tinuous variables. Overall survival was defined as the interval
between curative HCC treatment and death or the date of the
last follow-up visit before March 31, 2018. Recurrence-free
survival (RFS) rate was defined as the interval between curative
HCC treatment either hepatic resection or RFA and the first date
of any type of HCC recurrence (either local and/or distant) or
the last follow-up date if there was no recurrence during the
follow-up period. Patients who underwent liver transplantation
during the follow-up period after curative HCC treatment were
censored from the study at the date of their transplantation.
Survival curves were estimated using the Kaplan–Meier meth-
od and compared using the log-rank test. In addition, a

univariate Cox proportional hazards model was fitted to each
clinical, biochemical, and imaging feature. All variables with a
p value < 0.05 at univariate analysis were then included for
multivariate analysis using a stepwise Cox hazards regression
model to evaluate their value as independent predictors. After
the initial analysis, in order to reduce any potential bias caused
by the differences in the baseline patient characteristics of the
two treatment methods, propensity score analysis was done,
and the results after propensity score matching are given in
the Electronic supplementary material. All statistical analyses
were performed using SPSS version 21 (SPSS).

Results

Baseline patient characteristics of the two treatment
methods

Baseline characteristics of the study population according to
their treatment methods are summarized in Table 1. Mean age,
gender distribution, serum albumin level, prothrombin activi-
ty, platelet count, and tumor size were significantly different
between the hepatic resection group and the RFA group. The
prevalence of nonhypervascular HBP hypointense nodules

Table 1 Baseline characteristics
Parameters Hepatic resection (n = 123) RFA (n = 222) p value†

Age (years) 58 (51–63) 60.5 (54–67) 0.003

Gender (n, %) 0.003

Male 103 (83.7%) 153 (68.9%)

Female 20 (16.3%) 69 (31.1%)

Etiology (n, %) 0.432

HBV-related 97 (78.9%) 167 (75.2%)

HCV-related 11 (8.9%) 28 (12.6%)

Alcoholic 6 (4.9%) 12 (5.4%)

Others 9 (7.3%) 15 (6.8%)

Albumin (mg/dL) 4.2 (3.9–4.4) 4.0 (3.7–4.2) < 0.001

Total bilirubin (mg/dL) 0.8 (0.6–1.0) 0.7 (0.6–1.0) 0.190

Prothrombin activity (INR) 1.05 (1.01–1.09) 1.08 (1.02–1.15) 0.008

AFP (ng/mL) 7.5 (3.0–156.0) 7.5 (3.8–28.1) 0.534

Platelet count (K/m3) 147 (121–187) 120 (89–157) < 0.001

Tumor size (cm) 2.2 (1.8–2.8) 1.7 (1.3–2.1) < 0.001

Nonhypervascular HBP
hypointense nodule (n, %)

0.004

Presence 18 (14.6%) 63 (28.4%)

Absence 105 (85.4%) 159 (71.6%)

Continuous variables are presented as median (interquartile range)

RFA, radiofrequency ablation; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized
ratio, AFP, alpha-fetoprotein; HBP, hepatobiliary phase of gadoxetic acid-enhanced liver MR

† p values were determined using the Mann–Whitney test for continuous values and the Fisher’s exact test for
categorical values
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was also significantly different between the two treatment
modalities.

Survival and complication outcomes of each
treatment modality

The mean and median follow-up periods in 345 patients were
45.6 ± 24.0 (standard deviation, SD) months and 42.0 months.
The estimated 1-, 3-, and 5-year overall survival rates of the 123
patients with single nodular HCCs ≤ 3 cm who underwent he-
patic resection were 98.3, 96.6, and 91.5%, respectively. The
estimated 1-, 3-, and 5-year overall survival rates of the 222
patients who underwent RFA were 99.5, 97.0, and 89.6%, re-
spectively. There were no significant differences in overall sur-
vival between the hepatic resection and RFA groups (p = 0.899).

Among the 123 patients treated by hepatic resection, eight
patients experienced major complications (6.5%), namely bile
leakage (n = 3), postoperative hemorrhage requiring surgical
evacuation (n = 1), care for posthepatectomy liver failure (n =
2), and fever with fluid collection requiring drainage (n = 2).
Among the 222 patients who underwent RFA, major compli-
cations developed in five patients (2.3%) including bleeding
requiring angiographic embolization (n = 3), right pleural effu-
sion due to infused artificial ascites during RFA requiring drain-
age (n = 1), and fever with abscess formation (n = 1). The major
complication rate was significantly lower in the RFA group
than in the hepatic resection group (2.3 vs. 6.5%, p = 0.047).
Mean and median hospital stays were 11.7 ± 8.4 (SD) days
(range, 6 to 96 days) and 10 days, respectively, after hepatic
resection in 123 patients, and 3.1 ± 1.8 (SD) days (range, 1 to
10 days) and 2 days, respectively, after RFA in 222 patients; this
difference was statistically significant (p < 0.001).

Recurrence outcomes

Recurrence-free survival for each treatment modality The es-
timated 1-, 3-, and 5-year RFS rates were 90.8, 68.8, and 60.0%,
respectively, in the 123 patients after hepatic resection, which
were significantly higher than the RFS rates of 86.7, 59.9, and
43.7% in the 222 patients after RFA (p = 0.046). The estimated
1-, 3-, and 5-year cumulative incidences of LTP were 0.8, 3.5,
and 5.3%, respectively, after hepatic resection versus 5.1, 12.4,
and 17.3% after RFA; this difference was statistically significant
(p = 0.003). However, the cumulative incidences of IDR (p =
0.525) and EM (p = 0.197) were not significantly different be-
tween the hepatic resection and RFA groups.

Predictive factors of recurrence-free survival after hepatic re-
section Significant predictive factors of RFS after hepatic re-
section are summarized in Table 2. Tumor size was signifi-
cantly associated with the development of tumor recurrence.
In addition, the presence of nonhypervascular HBP
hypointense nodules was another significant affecting factor
for RFS after hepatic resection (p = 0.004, HR = 2.75, 95%
CI = 1.38–5.51): The estimated 1-, 3-, and 5-year RFS rates
after hepatic resection were 88.9, 34.0, and 34.0% in the 18
patients with nonhypervascular HBP hypointense nodules,
which were significantly lower than the 91.2, 75.9, and
65.0% in the 105 patients without nonhypervascular HBP
hypointense nodules (Figs. 2a and 3). The 5-year cumulative
incidence of IDR in the 18 patients with nonhypervascular
HBP hypointense nodules was 56.9%, which was significant-
ly higher than the 32.9% in the 105 patients without
nonhypervascular HBP hypointense nodules (p = 0.004)
(Fig. 2b). However, there were no significant differences in
either the cumulative incidences of LTP (p = 0.092) or EM

Table 2 Cox survival analysis of
the predictors of recurrence-free
survival in 123 patients with
single nodular HCCs ≤ 3 cm after
hepatic resection

Characteristic Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Gender (male) 0.88 0.37–2.11 0.777

Age (per 1 year) 1.01 0.98–1.04 0.549

Tumor size (cm) 2.40 1.30–4.42 0.005 2.24 1.20–4.19 0.012

Serum AFP (ng/mL) 1.00 0.99–1.01 0.628

Serum albumin (g/L) 0.66 0.25–1.74 0.401

Total bilirubin (mg/dL) 1.02 0.88–1.17 0.821

Prothrombin activity (INR) 2.67 0.26–1.27.6 0.411

Platelet count (K) 1.00 0.99–1.01 0.839

Nonhypervascular HBP hypointense nodule 3.14 1.58–6.25 0.001 2.75 1.38–5.51 0.004

HCC, hepatocellular carcinoma; HR, hazard ratio; CI; confidence interval; AFP, alpha-fetoprotein (per
100 units); INR, international normalized ratio; HBP, hepatobiliary phase of gadoxetic acid-enhanced liver MR
imaging
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(p = 0.460) between patients with nonhypervascular HBP
hypointense nodules and patients without.

Predictive factors of recurrence-free survival after RFA
Significant predictive factors for RFS after RFA in the 222
patients with single nodular HCCs ≤ 3 cm are summarized
in Table 3. The presence of nonhypervascular HBP
hypointense nodules was the only significant predictive factor
for RFS after RFA on multivariate analysis (p = 0.004, HR =
1.78, 95% CI = 1.20–2.63): The estimated 1-, 3-, and 5-year
RFS rates after RFAwere 84.1, 48.0, and 28.0% in 63 patients
with nonhypervascular HBP hypointense nodules, which
were significantly lower than the 87.7, 65.0, and 51.0% in
the 159 patients without (Fig. 2c). The 5-year cumulative in-
cidence of IDR in the 63 patients with nonhypervascular HBP

hypointense nodules was 66.5%, which was significantly
higher than that of 41.1% in the 159 patients without
nonhypervascular HBP hypointense nodules (p = 0.001)
(Fig. 2d). However, there were no significant differences in
the cumulative incidences of LTP (p = 0.593) and EM (p =
0.709) between patients with nonhypervascular HBP
hypointense nodules and patients without.

Prevalence of nonhypervascular HBP hypointense nodules
and follow-up resultsGadoxetic acid-enhancedMR taken prior
to treatment showed nonhypervascular HBP hypointense nod-
ules in 81 out of 345 patients (23.5%, 81/345) (18 patients in
the hepatic resection group [14.6%, 18/123] and 63 patients in
the RFA group [28.4%, 63/222]): one nonhypervascular HBP
hypointense nodule in 41 patients, two nodules in 12 patients,

Fig. 2 Recurrence-free survival and cumulative incidence of intrahepatic
distant recurrence after curative treatment of single nodular HCCs ≤ 3 cm.
a Kaplan–Meier estimation of recurrence-free survival in 105 patients
without nonhypervascular HBP hypointense nodules after hepatic
resection compared with 18 patients with nonhypervascular HBP
hypointense nodules. b Kaplan–Meier estimation of the cumulative
incidence of intrahepatic distant recurrence (IDR) in 105 patients
without nonhypervascular HBP hypointense nodules after hepatic

resection compared with 18 patients with nonhypervascular HBP
hypointense nodules. c Kaplan–Meier estimation of recurrence-free
survival in 159 patients without nonhypervascular HBP hypointense
nodules after RFA compared with 63 patients with nonhypervascular
HBP hypointense nodules. d Kaplan–Meier estimation of the
cumulative incidence of IDR in 159 patients without nonhypervascular
HBP hypointense nodules after RFA compared with 63 patients with
nonhypervascular HBP hypointense nodules
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three in eight patients, four in one patient, and more than five in
19 patients. We excluded 19 patients with more than five
nonhypervascular HBP hypointense nodules from further anal-
ysis as exact lesion-by-lesion matching for such multiple nod-
ules can hardly be possible. The mean and medium size of a
total of 93 nonhypervascular HBP hypointense nodules in 62

patients with less than five nodules were 8.2 ± 2.3 mm (range, 5
to 15mm) and 8mm, respectively. Two nonhypervascular HBP
hypointense nodules with 9 and 11 mm size, respectively,
which were located in the same segment to the HCC lesion in
two patients, were simultaneously resected during the hepatic
resection, and histopathologic examination revealed low-grade

Fig. 3 Development of intrahepatic distant recurrence in a patient with a
nonhypervascular HBP hypointense nodule. a Arterial phase gadoxetic
acid-enhanced MR shows a 2.4-cm enhancing nodular lesion in segment
IV of the liver (arrow). b On portal venous phase images, this nodule
shows washout and the capsular appearance (arrow). c, d In addition to
the HCC in segment IV, axial (c) and coronal (d) HBP images show a 9-
mm hypointense nodule in segment VI (arrows in c and d). e On arterial

phase MR image, this nodule shows no arterial hyperenhancement. f On
axial T2-weighted image, this nodule shows iso-signal intensity to liver
parenchyma (arrow). g, h On follow-up gadoxetic acid-enhanced MR
taken 17 months after hepatic resection for a segment IV HCC, the size
of the nodule in segment VI had increased from 9 to 12 mm with arterial
enhancement (arrows in g and h), indicating the development of
intrahepatic distant recurrence

Table 3 Cox survival analysis of
the predictors of recurrence-free
survival in 222 patients with
single nodular HCCs ≤ 3 cm after
radiofrequency ablation

Characteristic Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Gender (male) 0.65 0.42–1.00 0.050 0.65 0.42–1.01 0.053

Age (per 1 year) 1.01 0.99–1.04 0.207

Tumor size (cm) 1.33 0.97–1.83 0.078

Serum AFP (ng/mL) 1.00 0.99–1.01 0.578

Serum albumin (g/L) 1.05 0.64–1.74 0.839

Total bilirubin (mg/dL) 1.22 0.72–2.06 0.458

Prothrombin activity (INR) 5.02 0.80–31.5 0.086

Platelet count (K) 1.00 0.99–1.01 0.237

Nonhypervascular HBP hypointense nodule 1.79 1.21–2.64 0.004 1.78 1.20–2.63 0.004

HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; AFP, alpha-fetoprotein (per
100 units); INR, international normalized ratio; HBP, hepatobiliary phase of gadoxetic acid-enhanced liver MR
imaging
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dysplastic nodule for the 9-mm-sized nodule and high-grade
dysplastic nodule for the 11-mm-sized nodule. Therefore,
follow-up examination to evaluate the development of typical
hypervascular HCC from the pre-existing nonhypervascular
HBP hypointense nodules was available for 91 nodules in 60
patients. During the mean andmedian follow-up period of 44.5
± 24.6 and 41.0 months in these 60 patients, respectively, 25
hypervascular HCCs (25/91, 27.5%) developed in 23 patients
within the 91 pre-existing nonhypervascular HBP hypointense
nodules detected on pretreatment gadoxetic acid-enhancedMR.
The mean and medium size of 25 nonhypervascular HBP
hypointense nodule which progressed into typical
hypervascular HCC were 9.6 ± 2.5 and 9 mm, respectively.
However, the mean and medium size of 66 nonhypervascular
HBP hypointense nodule which did not progress into typical
hypervascular HCC were 7.3 ± 1.6 and 7 mm, respectively:
This difference was statistically significant (p < 0.001). The es-
timated 1-, 3-, and 5-year cumulative incidences of progression
into typical hypervascular HCC from pre-existing
nonhypervascular HBP hypointense nodules were 7.4, 24.1,
and 27.9%, respectively.

Recurrence-free survival according to the treatment
method in regard to the presence
of nonhypervascular HBP hypointense nodules

In our study, 264 patients did not have any nonhypervascular
HBP hypointense nodules on gadoxetic acid-enhanced MR
(hepatic resection, n = 105; RFA, n = 159). The estimated 1-,
3-, and 5-year RFS rates after hepatic resection in the 105
patients without nonhypervascular HBP hypointense nodules
were 91.2, 75.9, and 65.0%, respectively, which were

significantly higher than those of 87.7, 65.0, and 51.0% after
RFA in 159 patients (p = 0.042) (Fig. 4a). The 5-year cumu-
lative incidence of LTP was 3.2% in the 105 patients who
underwent hepatic resection compared to 17.1% in the 159
patients who underwent RFA: This difference was statistically
significant (p = 0.001). However, the cumulative incidences of
IDR (p = 0.658) and EM (p = 0.423) were not significantly
different between the hepatic resection and RFA groups in
patients without nonhypervascular HBP hypointense nodules.

The remaining 81 patients had nonhypervascular HBP
hypointense nodules on gadoxetic acid-enhancedMR (hepatic
resection, n = 18; RFA, n = 63). The estimated 1-, 3-, and 5-
year RFS rates after hepatic resection in the 18 patients with
nonhypervascular HBP hypointense nodules were 88.9, 34.0,
and 34.0%, respectively, which were not significantly differ-
ent from the 4.1, 48.0, and 28.0% after RFA in 63 patients
(p = 0.618) (Fig. 4b).

Discussion

Our study results demonstrated that the presence of
nonhypervascular HBP hypointense nodules on gadoxetic acid-
enhanced MR was a significant predictive factor of tumor recur-
rence after both hepatic resection and RFA for a single nodular
HCC ≤ 3 cm. Considering that nonhypervascular HBP
hypointense nodules are thought to represent borderline hepato-
cellular nodules including high-grade dysplastic nodules or early
HCCs which have the potential to progress into typical
hypervascular HCCs during a patient’s follow-up period [8,
20–23], this result may not be too surprising. We also found that
the cumulative incidence of IDR was significantly higher in

Fig. 4 Recurrence-free survival according to the presence of
nonhypervascular HBP hypointense nodules. a Kaplan–Meier
estimation of recurrence-free survival in 105 patients with
nonhypervascular HBP hypointense nodules after hepatic resection
compared with 159 patients with nonhypervascular HBP hypointense

nodules after RFA. b Kaplan–Meier estimation of recurrence-free
survival in 18 patients without nonhypervascular HBP hypointense
nodules after hepatic resection compared with 63 patients without
nonhypervascular HBP hypointense nodules after RFA
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patients with nonhypervascular HBP hypointense nodules than
in patients without, regardless of the treatment modality. As IDR
can be considered an occurrence of a newHCC in another part of
the liver apart from the pre-existing HCC, the presence of
nonhypervascular HBP hypointense nodules may be a sign of
the enhanced hepatocarcinogenesis of the background liver [17].
In our study, 27.5% (25/91) of pre-existing nonhypervascular
HBP hypointense nodules progressed into typical hypervascular
HCC during the follow-up period, and this result correlated well
with the results of previous studies reporting the conversion rate
of arterial hypervascularization of 26.5 to 35.0% from pre-
existing nonhypervascular HBP hypointense nodules [20, 21,
24, 25]. In addition, the size of nonhypervascular HBP
hypointense nodules progressed into typical hypervascular
HCC was significantly larger than those which did not change
into hypervascular HCC, and this result also correlated well with
the recent meta-analysis result [25]. Therefore, considering the
results of our previous studies, the presence of nonhypervascular
HBP hypointense nodules on gadoxetic acid-enhanced liver MR
would be a significant risk factor for tumor recurrence in patients
with HCC after curative treatment.

As for the results of RFS according to the treatment method,
a significant difference was revealed between patients with
nonhypervascular HBP hypointense nodules and those without.
In patients with nonhypervascular HBP hypointense nodules,
5-year RFS after hepatic resection was not significantly differ-
ent from that after RFA; however, in patients without
nonhypervascular HBP hypointense nodules, 5-year RFS after
hepatic resection was significantly higher than that after RFA
owing to the significantly lower cumulative incidence of LTP.
This difference may be explained by the early occurrence of
IDR in patients with nonhypervascular HBP hypointense nod-
ules. In this study, the median time to develop IDR was
23 months in those who underwent hepatic resection and
36 months in those who received RFA in patients with
nonhypervascular HBP hypointense nodules, and the earlier
occurrence of IDR before 36 months in patients with
nonhypervascular HBP hypointense nodules might have re-
duced the benefit of the significantly lower rate of LTP from
hepatic resection. Therefore, RFS would not be significantly
different between hepatic resection and RFA in patients with
nonhypervascular HBP hypointense nodules. Our study results
were consistent even after propensity score matching to reduce
the potential bias arising from differences in baseline patient
characteristics between hepatic resection and RFA. Until now,
there are still controversies regarding the most preferred thera-
peutic option for single nodular HCCs ≤ 3 cm. The American
Association for the Study of Liver (AASLD) recommends
adults with Child–Pugh class A cirrhosis and resectable T1 or
T2 stage HCC to undergo resection over RFA, whereas the
European Association for the Study of the Liver (EASL) rec-
ommends that RFA should be adopted as the first-line therapy
for small HCC < 2 cm (BCLC-0) in favorable locations even in

surgical patients [26, 27]. In this regard, based on our study
results, patients with single nodular HCCs ≤ 3 cm and Child–
Pugh class A cirrhosis without nonhypervascular HBP
hypointense nodules on gadoxetic acid-enhanced MR would
potentially be the best candidates for hepatic resection. On the
other hand, in patients with nonhypervascular HBP
hypointense nodules, as both hepatic resection and RFA can
provide similar RFS after treatment, RFA might be the better
choice owing to its less invasiveness and shorter hospital stay.

There are several limitations in our study that should be
mentioned. First, due to its retrospective design, there may
have been the potential for selection bias, particularly in the
11.9% of patients (62/519) who were excluded from our anal-
ysis owing to the lack of pretreatment gadoxetic acid-
enhanced MR. Second, we enrolled patients with small single
nodular HCCs ≤ 3 cm so as to compare the clinical outcomes
between hepatic resection and RFA, and therefore, generali-
zation of our study results may be limited for patients with
HCCs larger than 3 cm. In addition, further studies with mul-
ticenter design and large number of patients are warranted to
externally validate our study results, especially in Western
populations, as the causes of liver disease and/or HCC may
be different from that in our study (i.e., hepatitis B viral infec-
tion in our study and hepatitis C viral infection or other
alcohol-related disease in Western countries).

In conclusion, the presence of nonhypervascular HBP
hypointense nodules on gadoxetic acid-enhanced MR taken
prior to treatment was shown to be a significant predictive
factor of tumor recurrence after both hepatic resection and
RFA. However, in patients without nonhypervascular HBP
hypointense nodules, hepatic resection may provide signifi-
cantly better RFS than RFA.
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