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Purpose: According to the American Association for the Study of Liver Diseases (AASLD)
guidelines, biopsy is a diagnostic option for focal hepatic lesions depending on the Liver Imaging
Reporting and Data System (LI-RADS) category. We evaluated the diagnostic performance of
ultrasonography-guided core-needle biopsy (CNB) according to LI-RADS categories.
Methods: A total of 145 high-risk patients for hepatocellular carcinoma (HCC) who underwent
magnetic resonance imaging (MRI) followed by CNB for a focal hepatic lesion preoperatively
were retrospectively enrolled. Focal hepatic lesions on MRI were evaluated according to LIRADS version 2018. Pathologic results were categorized into HCC, non-HCC malignancies, and
benignity. The categorization was defined as correct when the CNB pathology and surgical
pathology reports were identical. Nondiagnostic results were defined as inadequate CNB
pathology findings for a specific diagnosis. The proportion of correct categorizations was
calculated for each LI-RADS category, excluding nondiagnostic results.
Results: After excluding 16 nondiagnostic results, 131 lesions were analyzed (45 LR-5, 24 LR-4,
4 LR-3, and 58 LR-M). All LR-5 lesions were HCC, and CNB correctly categorized 97.8% (44/45)
of LR-5 lesions. CNB correctly categorized all 24 LR-4 lesions, 16.7% (4/24) of which were
non-HCC malignancies. All LR-M lesions were malignant, and 62.1% (36/58) were non-HCC
malignancies. CNB correctly categorized 93.1% (54/58) of LR-M lesions, and 12.5% (3/24) of
lesions with CNB results of HCC were confirmed as non-HCC malignancies.
Conclusion: In agreement with AASLD guidelines, CNB could be helpful for LR-4 lesions, but
is unnecessary for LR-5 lesions. In LR-M lesions, CNB results of HCC did not exclude non-HCC
malignancy.
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Introduction

Study Population

Unlike most malignancies, the diagnosis of hepatocellular carcinoma
(HCC) in high-risk patients can be made according to imaging
features without pathologic confirmation. According to major clinical
guidelines for HCC, including those of the American Association for
the Study of Liver Diseases (AASLD) and the European Association
for the Study of the Liver, percutaneous biopsy is only indicated
when the imaging-based diagnosis is inconclusive [1,2]. In clinical
practice, approximately 60%-70% of primary liver tumors are
treated without pathologic confirmation [3,4]. Some have argued
that percutaneous biopsy should be performed more frequently,
because previous research claimed that the false-positive and
false-negative rates of imaging-based diagnosis are not negligible
[5,6]. However, percutaneous biopsy also has its drawbacks. First,
nondiagnostic biopsy results may be obtained in up to 30% of cases
[7,8]. The possibility of failure increases when the lesion is small
or is located in an area that is hard to approach [9]. Second, the
diagnosis of borderline neoplastic nodules (e.g., well-differentiated
HCC from high-grade dysplastic nodules) is sometimes challenging
[10]. Moreover, it is also difficult to distinguish HCC from benign
hepatocellular tumors such as focal nodular hyperplasia and
hepatocellular adenoma [11,12]. Third, in combined hepatocellular
carcinoma-cholangiocarcinoma (cHCC-CCA), which contains
features of both HCC and intrahepatic cholangiocarcinoma
(iCCA), biopsy samples may contain features from only the HCC
or iCCA, and may consequently lead to an incorrect diagnosis.
Lastly, although they may be rare, biopsy still presents risks of
complications, including bleeding and tumor seeding [13-15].
After the introduction of the Liver Imaging Reporting and Data
System (LI-RADS) [16], imaging-based diagnoses have become
more standardized and stratified. As the risk of HCC varies among
the LI-RADS categories [17], it can be assumed that the diagnostic
performance of biopsies differs according to the imaging features
of the target lesions. In this regard, the diagnostic performance
of biopsies within each LI-RADS category needs to be assessed in
comparison with the proper reference standard of surgical pathology.
Therefore, we evaluated the diagnostic performance of percutaneous
core-needle biopsy (CNB) according to different magnetic resonance
imaging (MRI) LI-RADS classifications in patients at high risk for
HCC using surgical pathology as the reference standard.

Materials and Methods
This retrospective study was approved by the Institutional Review
Board of Asan Medical Center (2019-0665) and a waiver for written
informed consent was obtained.
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A search of the electronic medical records of our institution
identified 8,278 patients who underwent either surgical resection
or liver transplantation for newly developed focal hepatic lesion(s)
between January 2008 and January 2017 (Fig. 1). Among them,
543 patients underwent CNB before surgical treatment. The CNBs
were all performed under ultrasonography (US) guidance. Further
exclusion criteria included: (1) patients under 18 years of age; (2)
no risk factors for HCC suggested by LI-RADS (e.g., cirrhosis of
any cause or chronic hepatitis B) [16]; (3) no MRI examination; (4)
an interval across MRI, CNB, and surgery of more than 180 days;
and (5) CNB for evaluation of hepatic parenchyma. Patients with
a history of previous malignancy within 5 years of surgery and
those who underwent downstaging treatment (e.g., transarterial
chemoembolization) before surgery were also excluded. Two
patients underwent CNB twice for separate lesions, and 147 focal
hepatic lesions in 145 patients were therefore finally included.

MRI Examinations
MRI examinations were performed using either 1.5-T (Magnetom
Avanto, Siemens Medical Solution, Erlangen, Germany) or 3-T
(Magnetom Skyra, Siemens Medical Solutions; Ingenia, Philips
Healthcare, Best, the Netherlands) MRI scanners with a six-element
phased-array torso coil. The MRI sequences included breath-hold
dual gradient-echo T1-weighted images, breath-hold half-Fourier
acquisition single-shot turbo spin-echo T2-weighted images, T2weighted navigator-triggered turbo spin-echo images, diffusionweighted single-shot echo-planar images with b-values of 0, 50,
500, and 900 s/mm2, and contrast-enhanced three-dimensional
gradient-echo T1-weighted images. For the contrast-enhanced
images, the contrast agent was administered at a rate of either
1 mL/s (gadolinium ethoxybenzyl dimeglumine [Gd-EOB-DTPA],
Primovist, Bayer Schering Pharma, Berlin, Germany) or 2 mL/s
(gadoterate meglumine [Gd-DOTA], Dotarem, Guerbet, Aulnay-sousBois, France; and gadobenate dimeglumine [Gd-BOPTA], Multihance,
Bracco Imaging SpA, Milan, Italy) followed by a 20-mL saline flush,
and arterial (5 seconds after peak enhancement of the aorta), portal
venous (50 seconds after contrast agent injection), and equilibrium
or transitional (3 minutes after contrast agent injection) phase
images were obtained. In addition, hepatobiliary phase images
were obtained 20 minutes after Gd-EOB-DTPA administration and
60 minutes after Gd-BOPTA administration. Details of the MRI
parameters are provided in Supplementary Tables 1-3.

LI-RADS Classification-Based Image Analysis
The patients’ MRI images were retrospectively interpreted based on
the consensus of two board-certified radiologists (D.W.K. and S.Y.K.,
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Patients who underwent surgery for newly-developed hepatic tumor(s)
from January 2008 to January 2017 (8,278 patients)
US-guided percutaneous core-needle biopsy (CNB) before surgery
(543 patients)
Excluded:
• 31 Under 18 years of age
• 43 No risk factor for HCC suggested by LI-RADS
• 42 No MRI examination
• 126 Interval across MRI, CNB, and surgery >180 days
• 90 CNB for evaluation of hepatic parenchyma
Patients at High risk for HCC with ≤180 days of interval among MRI,
CNB, and surgery (211 patients)
Excluded:
• 41 Previous malignancies <5 years before surgery
• 25 Downstaging treatment before surgery
Eligible subjects (147 lesions from 145 patients)
16 Nondiagnostic results on CNB
131 Diagnostic results on CNB

with more than 7 years of experience in liver imaging) who were
blinded to the histopathological diagnoses. All focal hepatic lesions
matching the lesions targeted on CNB were categorized according
to LI-RADS version 2018 [16], including LI-RADS category 5 (LR-5),
category 4 (LR-4), category 3 (LR-3), and category M (LR-M).

US-Guided CNB
Patients fasted for at least 8 hours before undergoing CNB, and
any medication that could potentially cause bleeding was stopped
for the appropriate time period. Before biopsy, all patients were
screened to determine their bleeding tendency according to the
Society of Interventional Radiology consensus laboratory threshold
guidelines [18]: an international normalized ratio calculated from
the prothrombin time ≤1.5 and a platelet count >50×109/L. If the
pre-procedural laboratory data did not meet the criteria, prophylactic
transfusion of platelet concentrates or fresh frozen plasma was
performed before CNB. Informed patient consent was obtained for
the CNB.
US-guided CNB was performed by one of 51 board-certified
abdominal radiologists (1-2 years of experience in CNB) under
the supervision of attending radiologists (more than 10 years of
experience in CNB). Before the procedures, the radiologists scanned
the liver and focal hepatic lesions to determine the safest approach,
using one of several US machines (Sequoia 512, Siemens Medical
Solutions; iU22, Philips Medical Systems; or Logiq E9, GE Healthcare,

e-ultrasonography.org

Fig. 1. Flow diagram of patient
selection. US, ultrasonography;
CNB, core-needle biopsy; HCC,
hepatocellular carcinoma; LIRADS, Liver Imaging Reporting
and Data System; MRI, magnetic
resonance imaging.

Milwaukee, WI, USA). Generally, a 1-5 MHz convex transducer
was used. The entire biopsy procedure was performed using
aseptic techniques. After administration of 2% lidocaine for local
anesthesia, biopsy was performed using an 18-gauge automatic gun
(Stericut coaxial, TSK Laboratory, Tochigi, Japan) with a freehand
technique. During the procedure, the operator directly visualized the
needle before and after deployment, and confirmed that the tip of
the needle was located in an appropriate position under real-time
US guidance. The operator tried to traverse normal liver tissue before
entering the focal hepatic lesions, to avoid possible peritoneal
tumor spillage or bleeding. In general, two passes were performed,
with additional passes sometimes being required when the prior
passes were deemed insufficient. After the procedure, Doppler
ultrasonographic examinations were performed to check for active
bleeding along the biopsy track [19]. Patients were instructed to
maintain absolute bed rest and were observed for at least 3 hours
with compression applied at the biopsy site.
The presence of major complications after CNB was determined
through a review of the electronic medical records and follow-up
imaging studies [20,21]. Major complications included needle track
seeding and significant bleeding requiring control procedures such
as embolization or fluid resuscitation.

Histopathology
CNB specimens were preserved in formalin solution in the
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interventional radiology room and sent to the pathology
department, where they were interpreted by experienced abdominal
pathologists. When the histopathologic result stated that a
specimen did not allow a specific diagnosis because of a lack of
content (e.g., nonspecific specimen or necrotic cells) or mistargeting
(e.g., nonneoplastic liver parenchyma), the result was regarded as
being nondiagnostic [21]. CNB and surgery pathology results were
recorded primarily based on pathology reports. However, for cHCCCCA, the definition of which has changed considerably, pathology
slides were re-reviewed and a revised diagnosis according to the
2019 World Health Organization classification was made by an
abdominal pathologist (H.J.K., with 9 years of experience in liver
pathology).

Characteristic
Age (year), mean±SD

No. (%)
56.1±9.9

Sex
Male

121 (83.4)

Female

24 (16.6)
a)

Risk factor

Hepatitis B

113 (77.9)

Hepatitis C

6 (4.1)

Hepatitis B and C

1 (0.7)

Alcohol

18 (12.4)

NAFLD

3 (2.1)

Miscellaneous

3 (2.1)

Child-Pugh classification

Statistical Analysis
Histopathologic results were categorized into three categories: HCC,
non-HCC malignancies (including iCCA, cHCC-CCA, and metastasis),
or benignity. The categorization of a CNB result was considered
correct when the results had the same categorization as the surgical
pathology result. After the exclusion of nondiagnostic results, the
proportion of correct CNB categorizations was calculated as the
number of correct categorizations divided by the overall number
of biopsies. To evaluate the diagnostic performance of CNB within
each MRI-determined LI-RADS category, the proportion of correct
categorizations was calculated for each LI-RADS category.

Results

A

142 (97.9)

B

3 (2.1)

MRI contrast agents
Gd-EOB-DTPA (Primovist)

126 (86.9)

Gd-BOPTA (Multihance)

10 (6.9)

Gd-DOTA (Dotarem)

9 (6.2)

No. of biopsied nodules
1

143 (98.6)

2
Interval between biopsy and operation (day),
median (range)
Method of surgical treatment
Resection

2 (1.4)
13 (3-127)

145 (100)

Liver transplantation

Study Population and Imaging Analysis

0

Surgical pathologyb)

The clinical characteristics of the 145 patients are summarized in
Table 1. Hepatitis B was the most common underlying risk factor
(113 of 145, 77.9%), followed by alcoholic cirrhosis (18 of 145,
12.4%). The majority of lesions (143 of 145, 98.6%) were single.
The median interval between CNB and surgery was 13 days. Surgical
pathology resulted in final diagnoses of 103 HCCs, 23 iCCAs, 16
cHCC-CCAs, one metastasis (from colon cancer treated more than
5 years previously), and four benign lesions (two dysplastic nodules,
one hepatic adenoma, and one inflammatory pseudotumor). Fifteen
lesions (10.2%) were smaller than 2 cm, 37 lesions (25.2%)
were 2-3 cm, and 95 lesions (64.6%) were 3 cm or larger in size
(mean±standard deviation, 4.5±3.3 cm).
The majority (126 of 145, 86.9%) of patients underwent MRI with
Gd-EOB-DTPA as the contrast agent. According to the LI-RADSbased MRI classifications of the 147 focal hepatic lesions, the most
common LI-RADS category was LR-M (64 of 147, 43.5%) followed
by LR-5 (55 of 147, 37.4%), LR-4 (24 of 147, 16.3%), and LR-3
(4 of 147, 2.7%). There was no significant difference in lesion size
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Table 1. Clinical characteristics of the study population

HCC

103 (70.1)

iCCA

23 (15.6)

cHCC-CCA

16 (10.9)

Metastasis

1 (0.7)

Benignity

4 (2.7)
b)

Size of tumor (cm), mean±SD

4.5±3.3

<2

15 (10.2)

≥2 and <3

37 (25.2)

≥3

95 (64.6)

SD, standard deviation; NAFLD, nonalcoholic fatty liver disease; MRI, magnetic
resonance imaging; Gd-EOB-DTPA, gadolinium ethoxybenzyl dimeglumine; GdBOPTA, gadobenate dimeglumine; Gd-DOTA, gadoterate meglumine; HCC,
hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; cHCC-CCA,
combined hepatocellular carcinoma-cholangiocarcinoma; LI-RADS, Liver Imaging
Reporting and Data System.
a)
Including patients with hepatitis B viral infection (regardless of having cirrhosis)
or cirrhosis from any cause in accordance with the patients at high risk for HCC as
suggested by LI-RADS. b)The results were based on 147 lesions. The others were from
per-patient data.
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among the LI-RADS categories (P=0.340) (Supplementary Table 4).
Regarding the location of the lesions, 85.5% of LR-5, 75% of LR3, and 73.4% of LR-M lesions were found in the right liver, whereas
LR-4 lesions were evenly distributed between the right and left liver
(Supplementary Table 4).

considered during MRI interpretation, although they were classified
as LR-5 according to the current AASLD guidelines. In 57.8% of the
lesions (26 of 45), the exact reason for liver biopsy of LR-5 lesions
could not be identified.

Diagnostic Performance of CNB for LR-4 Lesions
Comparison between US-Guided CNB and Surgical Pathology
A total of 16 lesions yielded nondiagnostic results, due to a lack
of content (e.g., nonspecific specimen or necrotic cells; n=4)
or mistargeting (e.g., nonneoplastic liver parenchyma; n=12).
Regarding the LI-RADS categories, the proportions of nondiagnostic
results were 18.2% (10 of 55) in LR-5, 0% (0 of 24) in LR-4, 0%
(0 of 4) in LR-3, and 9.4% (6 of 64) in LR-M. After the exclusion of
nondiagnostic results, correct categorization was achieved for 126
of the 131 lesions (96.2%) (Table 2).

Among the 24 lesions classified as LR-4 on MRI, there were 20
HCCs (83.3%), two non-HCC malignancies (8.3%; one iCCA and
one cHCC-CCA), and two benign lesions (8.3%; one adenoma
and one dysplastic nodule) on surgical pathology (Fig. 2). Correct
categorizations were achieved for all LR-4 lesions (24 of 24, 100%).
Given that the percentage of non-HCC lesions was 16.7% (4 of
24) and that the CNB categorization was perfect, biopsy should be
considered for LR-4 lesions.

Diagnostic Performance of CNB for LR-3 Lesions
Diagnostic Performance of CNB for LR-5 Lesions
All 45 LR-5 lesions were confirmed as HCCs based on the surgical
pathology results, suggesting that the LI-RADS category 5 has
high specificity for the diagnosis of HCC (Table 3). CNB achieved
correct categorization in 44 of the 45 lesions (97.8%) classified as
LR-5, except for one diagnosed as a focal nodular hyperplasia on
CNB. Since all LR-5 lesions were confirmed as HCC, CNB may be
unnecessary despite the high (97.8%) correct categorization rate.
After examining patients’ medical records, biopsy was performed
for 26.7% of the LR-5 lesions (12 of 45) because risk factors for
HCC had not been identified before lesion detection. In 15.6% (7 of
45) of the LR-5 lesions, other possible differential diagnoses were

Among the four lesions classified as LR-3 on MRI, surgical pathology
revealed one HCC (25.0%), two non-HCC malignancies (50.0%;
two iCCAs), and one benign lesion (25.0%; one dysplastic nodule).
All LR-3 lesions on MRI were correctly categorized by CNB.

Diagnostic Performance of CNB for LR-M Lesions
All LR-M lesions were confirmed as malignancies by surgical
pathology; of the LR-M lesions, 37.9% (22 of 58) were HCCs and
62.1% (36 of 58) were non-HCC malignancies (20 iCCAs, 15 cHCCCCA, and one metastasis). CNB correctly categorized 93.1% (54 of
58) of the LR-M lesions. Notably, three of the 24 HCCs on CNB were
confirmed as cHCC-CCAs (i.e., non-HCC malignancies) by surgical

Table 2. Histopathological diagnoses of US-guided CNBs and surgical samples
Surgical pathology (reference standard)
US-guided CNB

HCC

Non-HCC malignancy

Benignity

iCCA

cHCC-CCA

Metastasis

Dysplastic nodule

Adenoma

86

0

3

0

0

0

iCCA

0

23a)

8a)

0

0

0

cHCC-CCA

0

0

5a)

0

0

0

0

0

HCC

a)

Non-HCC malignancy

Metastasis

a)

0

0

0

1

Dysplastic nodule

0

0

0

0

2a)

0

Adenoma

0

0

0

0

0

1a)

FNH

2

0

0

0

0

0

88

23

16

1

2

1

Benignity

Total

US, ultrasonography; CNB, core-needle biopsy; HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; cHCC-CCA, combined hepatocellular carcinomacholangiocarcinoma; FNH, focal nodular hyperplasia.
a)
Compared with surgical pathology (reference standard), lesions were correctly categorized on CNB.
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Table 3. Comparison of histopathologic results between biopsy and surgical samples according to LI-RADS categories
LI-RADS category
LR-5 (n=45)

CNB pathology
Total

LR-M (n=58)

45 (100)
a)

Non-HCC malignancy

Benignity

0

0

44

0

0

0

0a)

0

Benignity

1

0

0a)

2 (8.3)

2 (8.3)

Total

20 (83.3)
a)

20

0

0

Non-HCC malignancy

0

2a)

0

Benignity

0

0

2a)

Total

1 (25.0)

2 (50.0)

1 (25.0)

HCC

1a)

0

0

Non-HCC malignancy

0

2a)

0

Benignity

0

0

1a)

HCC

LR-3 (n=4)

HCC

Non-HCC malignancy

HCC

LR-4 (n=24)

Surgical pathology

Total

22 (37.9)

HCC

21a)

36 (62.1)
3

0

0

Non-HCC malignancy

0

33a)

0

Benignity

1

0

0a)

Correct categorization
44/45 (97.8)

24/24 (100)

4/4 (100)

54/58 (93.1)

Values are presented as number (%).
LI-RADS, Liver Imaging Reporting and Data System; CNB, core-needle biopsy; HCC, hepatocellular carcinoma.
a)
Compared with surgical pathology (reference standard), lesions were correctly categorized on core-needle biopsy.

pathology (Fig. 3).

Discussion
Compared with the reference standard of surgical pathology, USguided CNB correctly categorized 96.2% (126 of 131) lesions after
nondiagnostic results (10.9%, 16 of 147) were excluded. According
to our results, the diagnostic performance of CNB differed according
to LI-RADS category. For LR-5 lesions, CNB may be unnecessary
because all were confirmed as HCC. For LR-4 lesions, CNB is likely to
be advantageous considering the non-negligible prevalence of nonHCC lesions (16.7%) and the perfect categorization of CNB (100%).
For LR-M lesions, the possibility of incorrect categorization of nonHCC malignancies as HCC because of a small CNB sample must be
taken into consideration.
As the AASLD guidelines [2] recommend different approaches
for liver biopsy according to the LI-RADS category, we evaluated
the performance of liver biopsy in the various LI-RADS categories.
Our study supports the guidelines, in that an imaging diagnosis
is sufficient for LR-5 lesions considering the small chance of nonHCC malignancy; this high specificity of the LR-5 imaging diagnosis
is consistent with previous research [22,23]. Our results indicate
that liver biopsy may be appropriate for LR-4 lesions, especially
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considering their variable pathology (ranging from benign lesions to
non-HCC malignancies), the perfect rate of correct categorization,
and the absence of nondiagnostic results. The diagnostic
performance of CNB appears to be limited for LR-M lesions, because
even when the CNB results suggested HCC, there was still a chance
of non-HCC malignancy, especially cHCC-CCA. Our results are in
line with a previous study that reported low diagnostic performance
(48%) of CNB for cHCC-CCA [24]. The low-quantity CNB sample
cannot reliably reflect the intratumoral heterogeneity of cHCCCCA, which contains both HCC and iCCA components in different
locations of the tumor [25]. The imaging-based diagnosis of cHCCCCA is known to be challenging [26-29]; the imaging features
of cHCC-CCA vary widely depending on the relative proportions
of HCC-like and iCCA-like cells, with 7%-72% showing imaging
characteristics of HCC [26-29], although all but one cHCC-CCA
were categorized as LR-M in our study.
Overall, we found that CNB showed a nondiagnostic result rate of
approximately 10%, which is similar to those reported in previous
studies (7%-10%) [21,30,31]. In particular, LR-5 lesions tended
to show a higher proportion of nondiagnostic results (18.2%)
than LR-4 (0%) and LR-M (9.4%) lesions. Nevertheless, since
nondiagnostic results are potentially affected by many factors such
as lesion size, lesion location, and the guidance method, including
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A

B

C

D

E
F
Fig. 2. A case of correct categorization by ultrasound-guided core-needle biopsy in a 32-year-old man with alcoholic liver cirrhosis.
A-D. Axial gadoterate meglumine-enhanced magnetic resonance imaging demonstrates a 6.1-cm mass (arrows) in segment 3 of the liver,
showing non-rim arterial hyperenhancement (B) and persistent hyperenhancement in the portal (C) and equilibrium phases (D) (i.e., no
washout). The mass was categorized as LR-4. E. The morphological features are characterized by well-differentiated hepatocytes arranged
in thin cords or sheets with sinusoidal dilatation (arrows), intratumoral inflammatory cell infiltration (arrowhead), and unpaired arterioles
(asterisk; H&E, ×200). Tumor cells show diffuse cytoplasmic expression of C-reactive protein (inset, ×200) and serum amyloid A (not
included), suggesting inflammatory-type hepatocellular adenoma. F. The microscopic findings of the surgically resected specimen are identical
to those of the biopsy specimen (right side, ×100), indicating inflammatory-type hepatocellular adenoma.
e-ultrasonography.org
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A

B

C

D

E
F
Fig. 3. A case of incorrect categorization by ultrasound-guided core-needle biopsy in a 42-year-old man with chronic hepatitis B.
A-C. Axial multiphase gadoxetic acid-enhanced magnetic resonance imaging demonstrates a 4.0-cm mass (arrows) in the right posterior
section of the liver. The mass shows progressive enhancement in the arterial (A) and portal venous (B) phases. The mass shows a targetoid
appearance in the hepatobiliary phase (C) and on diffusion-weighted images (inset in C), and was categorized as LR-M. D. The histologic
image of the US-guided liver biopsy specimen shows hepatocellular carcinoma (H&E, ×400). E, F. The microscopic findings of the
surgically resected specimen show combined hepatocellular-cholangiocarcinoma, with both a hepatocellular component (E, ×200) and a
cholangiocarcinoma component (F, ×400).
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real-time fusion imaging or contrast-enhanced US, the effects of
LI-RADS categories on nondiagnostic results should be cautiously
interpreted.
This study is subject to a number of limitations that should be
mentioned. First, the included lesions underwent both biopsy and
surgery, which potentially could have resulted in selection bias,
because CNB is not always performed in patients for whom surgery
is planned in daily practice. In addition, because of the retrospective
design of the study, the reasons for the biopsies, particularly of
LR-5 lesions, were not clearly identified. Although a prospective
study in which all patients would undergo biopsy before surgery
might resolve this bias, it could be considered unethical. Second,
we were only able to compare the results of MRI, CNB, and surgical
pathology for a limited number of patients. In particular, there were
only four LR-3 lesions in the study population. We consider it likely
that the majority of LR-3 lesions on MRI were not referred for liver
biopsy, but instead received follow-up, which is consistent with LIRADS recommendations. In this regard, the diagnostic performance
of biopsy for LR-3 lesions could not be elucidated in our study due
to the limited number of cases. Nevertheless, we tried to include
all eligible patients presenting over a long period at a high-volume
hospital performing around 800 liver operations annually. Third, CNB
was performed on some lesions for which the present guidelines
do not recommend CNB (e.g., LR-3 and LR-5 lesions). However, this
was inevitable considering the retrospective design of the study,
which covered a period of 10 years, during which many decisions
to perform CNB would have been based on the recommendations
of the old guidelines [32,33], although some of the CNBs were
requested by clinicians for case-specific reasons. Fourth, most
(87.1%) of the MRI examinations were conducted using Gd-EOBDTPA. The results for extracellular contrast agents might differ, given
that these contrast agents have different diagnostic performances
[34]. Lastly, we did not consider fine-needle aspiration, as we
exclusively perform CNB in daily practice.
In conclusion, the correct categorizations and nondiagnostic
results of US-guided CNB differed according to the LI-RADS
categories. The diagnostic performance of CNB was consistent with
the AASLD guidelines for LR-5 and LR-4 lesions. By contrast, the
CNB results for LR-M lesions should be interpreted with caution, as
the suggestion of HCC on CNB does not exclude the possibility of
non-HCC malignancies.
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