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Abstract
BACKGROUND
The Liver Imaging Reporting and Data System (LI-RADS), supported by the
American College of Radiology (ACR), has been developed for standardizing the
acquisition, interpretation, reporting, and data collection of liver imaging
examinations in patients at risk for hepatocellular carcinoma (HCC). Diffusion-
weighted imaging (DWI), which is described as an ancillary imaging feature of
LI-RADS, can improve the diagnostic efficiency of LI-RADS v2017 with gadoxetic
acid-enhanced magnetic resonance imaging (MRI) for HCC.

AIM
To determine whether the use of DWI can improve the diagnostic efficiency of LI-
RADS v2017 with gadoxetic acid-enhanced magnetic resonance MRI for HCC.

METHODS
In this institutional review board-approved study, 245 observations of high risk
of HCC were retrospectively acquired from 203 patients who underwent
gadoxetic acid-enhanced MRI from October 2013 to April 2018. Two readers
independently measured the maximum diameter and recorded the presence of
each lesion and assigned scores according to LI-RADS v2017. The test was used
to determine the agreement between the two readers with or without DWI. In
addition, the sensitivity (SE), specificity (SP), accuracy (AC), positive predictive
value (PPV), and negative predictive value (NPV) of LI-RADS were calculated.
Youden index values were used to compare the diagnostic performance of LI-
RADS with or without DWI.

RESULTS
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Almost perfect interobserver agreement was obtained for the categorization of
observations with LI-RADS (kappa value: 0.813 without DWI and 0.882 with
DWI). For LR-5, the diagnostic SE, SP, and AC values were 61.2%, 92.5%, and
71.4%, respectively, with or without DWI; for LR-4/5, they were 73.9%, 80%, and
75.9% without DWI and 87.9%, 80%, and 85.3% with DWI; for LR-4/5/M, they
were 75.8%, 58.8%, and 70.2% without DWI and 87.9%, 58.8%, and 78.4% with
DWI; for LR- 4/5/TIV, they were 75.8%, 75%, and 75.5% without DWI and 89.7%,
75%, and 84.9% with DWI. The Youden index values of the LI-RADS
classification without or with DWI were as follows: LR-4/5: 0.539 vs 0.679; LR-
4/5/M: 0.346 vs 0.467; and LR-4/5/TIV: 0.508 vs 0.647.

CONCLUSION
LI-RADS v2017 has been successfully applied with gadoxetate-enhanced MRI for
patients at high risk for HCC. The addition of DWI significantly increases the
diagnostic efficiency for HCC.

Key words: Hepatocellular carcinoma; Liver Imaging Reporting and Data System;
Magnetic resonance imaging; Diffusion-weighted imaging; Diagnosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The aim of this study was to determine whether the use of diffusion-weighted
imaging (DWI) improves the diagnostic efficiency of the Liver Imaging Reporting and
Data System (LI-RADS) v2017 with gadoxetic acid-enhanced magnetic resonance (MR)
for hepatocellular carcinoma (HCC). A total of 245 observations in 203 patients were
analyzed. The Youden index values of the LI-RADS classification without or with DWI
were as follows: LR-4/5: 0.539 vs 0.679; LR-4/5/M: 0.346 vs 0.467; and LR-4/5/TIV:
0.508 vs 0.647. Using LI-RADS v2017 with gadoxetic acid-enhanced MR combined
with DWI may result in a more accurate diagnosis of HCC.

Citation: Zhang T, Huang ZX, Wei Y, Jiang HY, Chen J, Liu XJ, Cao LK, Duan T, He XP,
Xia CC, Song B. Hepatocellular carcinoma: Can LI-RADS v2017 with gadoxetic-acid
enhancement magnetic resonance and diffusion-weighted imaging improve diagnostic
accuracy? World J Gastroenterol 2019; 25(5): 622-631
URL: https://www.wjgnet.com/1007-9327/full/v25/i5/622.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i5.622

INTRODUCTION
Hepatocellular  carcinoma (HCC) is  the  fifth  most  common cancer  and the  third
leading cause of cancer-related deaths[1]. In high-risk patients, HCC can be diagnosed
noninvasively by computed tomography (CT) and magnetic resonance imaging (MRI)
without  the  need  for  further  histopathological  confirmation  when  the  imaging
features are characteristic[2-4].

The  Liver  Imaging  Reporting  and  Data  System  (LI-RADS),  supported  by  the
American College of Radiology (ACR), has been developed for standardizing the
acquisition,  interpretation,  reporting,  and  data  collection  of  liver  imaging
examinations in patients at risk for HCC. Initially released in 2011, the system has
been updated in 2013,  2014,  2017,  and 2018 based on the evolution of  published
evidence, integration of new technology, and incorporation of user feedback[5-7]. Each
liver observation is categorized according to its probability of HCC, from LR-1 to LR-5
(definitely benign,  probably benign,  intermediate,  probably HCC, and definitely
HCC)[5]. In LI-RADS v2017[8], if an observation is probably or definitely malignant but
is not specific for HCC, LR-M is allocated. Moreover, a new diagnostic category, LR-
NC and LR-TIV (previously  LR-5V),  has  been  added.  Ancillary  features  can  be
applied to upgrade or downgrade the initially assigned LI-RADS category based on
major features only[9].

MRI can be used for categorization of liver observations and diagnosis of HCC
based on the major and ancillary features of LI-RADS[10-12]. Gadoxetic-acid disodium
(Gd-EOB-DTPA), a hepatobiliary contrast agent, could provide information on tumor
vasculature and hepatocyte function[13-15].  Diffusion-weighted imaging (DWI) can
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further  quantitatively  measure  tissue  proton  diffusion  and  reflect  tumor
cellularity[16-18]. Thus, the combination of Gd-EOB-DTPA-enhanced MRI and DWI has
the potential to improve the sensitivity (SE) and overall accuracy (AC) for diagnosing
HCC.

The aim of this retrospective study was to evaluate the interrater reliability and
diagnostic AC of LI-RADS v2017 with Gd-EOB-DTPA-enhanced MRI for HCC and to
determine the incremental value of the ancillary feature “restricted diffusion” on DWI
images.

MATERIALS AND METHODS

Patients
This retrospective cohort study was approved by our institutional review board, and
the requirement for patient consent was waived. Between October 2013 and April
2018, a total of 414 consecutive patients who were at high risk [hepatitis B virus (HBV)
infection,  hepatitis  C virus  (HCV) infection,  or  hepatic  cirrhosis]  for  HCC were
enrolled. All included patients were confirmed by surgical pathology, needle biopsy,
or  more than two years  of  follow-up.  Among these  patients,  211 were excluded
because of the exclusion criteria (Figure 1). The exclusion criteria were as follows: (1)
previously treated for HCC (n =105); (2) pathologically proven HCC or benign lesions
before gadoxetic acid-enhanced MRI (n = 52); (3) less than 18 years old (n = 17); and
(4) underwent nonsurgical treatment without obtaining histopathological results (n =
22) or lesions that could not be conclusively diagnosed based on 2-year follow-up
imaging (n = 15).

Imaging techniques
For  all  examinations,  studies  were  carried  out  by  using  a  3.0  T  MR  system
(MAGNETOM  Skyra,  Siemens  Healthcare,  Erlangen,  Germany).  An  18-channel
phased-array torso  coil  was  used for  all  measurements.  Routine  MRI sequences
included in the standardized scanning protocol were a respiratory-triggered axial T2-
weighted turbo spin echo (TSE) sequence with fat suppression; in and out of phase
T1-weighted imaging acquired with a gradient recalled (GRE) dual echo sequence;
and pre- and postcontrast T1-weighted three-dimensional VIBE sequences acquired
with a GRE sequence in the arterial phase (20 s),  portal venous phase (60 s),  and
delayed phase (180 s) after the injection of Gd-EOB-DTPA (Primovist, Bayer Pharma
AG, Berlin, Germany) at a rate of 2 mL/s. The delay time for the hepatobiliary phase
was 20 min. The detailed parameters of each acquisition sequence are shown in Table
1.

Image analysis
Two radiologists (with more than ten years of experience in abdominal radiology)
who were blinded to the clinical, laboratory, and pathology results reinterpreted the
MR images. Each reader measured the maximum diameter and recorded the presence
of  each  lesion  and  assigned  scores  according  to  LI-RADS  v2017[11].  The  scoring
categories were as follows: LR-1 was definitely benign, LR-2 was probably benign,
LR-3 was an intermediate probability of malignancy, LR-4 was probably HCC, and
LR-5 was definitely HCC. Findings that were probably or definitely malignant but not
HCC specific were categorized as LR-M and those with definite tumor in vein as LR-
TIV. The final category results were compared with the pathology to assess diagnostic
AC.

Statistical analysis
Categorical variables are reported as the number of cases and percentages. The kappa
test  was  first  used  to  determine  the  agreement  between  the  two  independent
radiologists in each item. A kappa value of 0 indicates no agreement, kappa values of
0.01-0.20 represent slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate
agreement,  0.61-0.80 good agreement,  0.81-0.99 almost  perfect  agreement,  and 1
perfect agreement[19]. In addition, the SE, specificity (SP), AC, positive predictive value
(PPV),  and  negative  predictive  value  (NPV)  were  calculated  for  the  diagnostic
performance of LI-RADS. Youden index values were used to compare the diagnostic
performance  of  LI-RADS  with  or  without  DWI.  All  statistical  analyses  were
performed using SPSS 23.0 (SPSS Inc, Chicago, IL, United States).

RESULTS
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Figure 1

Figure 1  Flow diagram of the study population. HCC: Hepatocellular carcinoma; OM: Other non-hepatocellular carcinoma malignancy.

Clinicopathologic characteristics
During  the  study  period,  414  consecutive  patients  were  selected  for  potential
inclusion. Of these patients, 203 (mean age: 50.31 ± 10.87 years; range: 26-77 years)
with 245 hepatic lesions, including 157 (77.34%) men (50.06 ± 10.05 years old; range:
26-77 years old) and 46 (22.66%) women (51.17 ± 11.67 years old; range: 30-77 years
old) who met the inclusion criteria, were ultimately included. In the study cohort, 19
patients had multiple HCCs. Of these patients, 195 had Child-Pugh A, and 8 had
Child-Pugh B. In addition, 194 (95.57%) patients had HBV infection, 8 (3.94%) had
HCV  infection,  and  1  (0.4%)  had  both  HBV  and  HCV  infections.  The  baseline
characteristics of all patients are summarized in Table 2.

Histologic results
Of all 245 hepatic lesions, 195 (79.59%) were confirmed as malignant by histologic
analysis, including 165 (67.35%) lesions diagnosed as HCC (Figure 2), 22 (8.98%) as
intrahepatic  cholangiocarcinoma  (ICC)  (Figure  3),  5  (2.04%)  as  combined  HCC
(cHCC), and 3 (1.22%) as sarcomatoid HCC (SHC). In addition, 50 (20.41%) lesions
were diagnosed as benign by liver biopsy (n = 5) or two-year follow-up using CT or
MRI (n = 45). The median diameter for hepatic lesions was 5.3 cm (range: 1.1-12.8 cm).

Interobserver agreement
The agreement of the LI-RADS classification was almost perfect between the two
observers [kappa = 0.813; 95% confidence interval (CI): 0.748-0.871]. When DWI images
were  jointly  viewed for  LI-RADS classification,  the  agreement  between the  two
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Table 1  Parameters of diffusion-weighted imaging, T1-weighted imaging, T2-weighted imaging,
and VIBE sequence

Parameter DWI
In/out of phase

T2-weighted imaging VIBE
T1-weighted imaging

Repetition time (ms) 5600 81 2160 3.95

Echo time (ms) 68 1.4 100 1.92

Field of view (mm2) 380 × 289 400 × 325 433 × 433 400 × 296

Scan matrix 100 × 76 352 × 286 320 × 20288 352 × 256

Slice thickness (mm) 6 6 6 2

Slice gap (mm) 1 2.7 2.7 0

Number of excitation … 1 2 1

DWI: Diffusion-weighted imaging.

observers was markedly increased (kappa = 0.882; 95%CI: 0.834-0.928).

LI-RADS lesion categories and diagnostic efficiency
When MR images were reviewed without DWI, HCCs were diagnosed in zero of 10
(0%) LR-1 lesions, one (5%) of 21 LR-2, 36 (73.5%) of 49 LR-3, 21 (67.7%) of 31 LR-4,
101 (94.4%) of 107 LR-5, 3 (15%) of 20 LR-M, and 3 (42.9%) of 7 LR-TIV. However,
when the MR and DWI images were jointly viewed for the LI-RADS classification,
HCCs were diagnosed in zero of 10 (0%) LR-1 lesions, one (4%) of 24 LR-2, 16 (61.5%)
of 26 LR-3, 44 (81.5%) of 54 LR-4, 101 (94.4%) of 107 LR-5, zero (0%) of 17 LR-M, and 3
(42.9%) of 7 LR-TIV. Regarding the diagnostic efficiency,  when considering only
lesions classified as LR-5, the diagnostic SE, SP, and AC values were 61.2%, 92.5%,
and 71.4% without DWI and 61.2%, 92.5%, and 71.4% with DWI, respectively. For LR-
4/5, the values were 73.9%, 80%, and 75.9% without DWI and 87.9%, 80%, and 85.3%
with DWI, respectively. The Youden index value of this LI-RADS classification with
DWI (0.679) was higher than that without DWI (0.539). For LR-4/5/M, the values
were 75.8%, 58.8%, and 70.2% without DWI and 87.9%, 58.8%, and 78.4% with DWI,
respectively. The Youden index value of this LI-RADS classification with DWI (0.467)
was higher than that without DWI (0.346). For LR- 4/5/TIV, the values were 75.8%,
75%, and 75.5% without DWI and 89.7%, 75%, and 84.9% with DWI, respectively. The
Youden index value of this LI-RADS classification with DWI (0.647) was higher than
that without DWI (0.508).  Detailed information about the diagnostic efficiency is
summarized in Table 3.

DISCUSSION
The results of this study demonstrated that the use of LI-RADS v2017 on gadoxetic
acid-enhanced MR can provide high diagnostic efficacy for HCC. Furthermore, when
DWI and MR images were jointly viewed for LI-RADS classification, the diagnostic
AC was significantly increased. Thus, using LI-RADS v2017 with gadoxetic acid-
enhanced MR combined with DWI may result in a more accurate diagnosis of HCC.

Several  studies  have  compared  the  interobserver  agreement  of  liver  nodule
classification based on LI-RADS. Liu et al[20] showed that the interobserver agreement
was 0.44, and another study showed that the observer consistency was 0.748[21]. The
interobserver agreement in our study was higher than that in previous studies, which
might be explained by the application of the hepatobiliary phase (HBP) on gadoxetic
acid-enhanced MRI. As Gd-EOB-DTPA is a liver-specific contrast agent with a unique
EOB group, it can be specifically taken up by normal hepatocytes (approximately 50%
uptake rate), thereby producing an enhancing effect in liver cells after Gd-EOB-DTPA
administration[22].  However, dysfunctional liver cells cannot take up special liver
contrast agents. Therefore, this imaging modality could provide useful information to
distinguish abnormal hepatocytes (including HCC) from normal hepatocytes.  In
addition, the interobserver agreement of LI-RADS categorization was increased when
DWI and MR were jointly viewed for the classification. The combination of Gd-EOB-
DTPA-enhanced MRI and the DWI sequence can significantly  improve both the
diagnostic AC and SP for chronic liver disease-associated HCC[23]. This finding might
be explained by the ability of DWI to reflect the cellularity of tissue. Compared with
normal  tissue,  tumor  tissue  with  high  cellularity  could  result  in  decreased
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Table 2  Patients’ baseline characteristics

Characteristic Value

Clinical information

Age (yr) 50.31 ± 10.87 (range: 26-77)

Male/female 157/46

Etiology of liver disease

Hepatitis B virus 194 (95.57%)

Hepatitis C virus 8 (3.94%)

Both hepatitis B and C virus 1 (0.49%)

Tumor size (cm) Median 5.3 (range: 1.1-12.8)

AFP level (ng/mL) 102.3 ng/mL (range 1.2-15926.0)

Serum AST (≥ 35 IU/L) 107 (52.7%)

Serum ALT (≥ 40 IU/L) 82 (40.4%)

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransaminase.

extracellular space and limited water diffusion, represented by high signal intensity.
In our study, a small number of lesions were classified as LR-3 without DWI; once
DWI  was  added,  these  lesions  were  downgraded  to  LR-2  due  to  unrestricted
diffusion. In addition, some lesions previously classified as LR-3 were upgraded to
LR-4 due to restricted diffusion. Compared with the final pathological results, lesions
degraded to LR-2 included atypical hemangioma and hepatic angiomyolipoma, and
lesions upgraded to LR-4 were HCCs.

Our study shows that LI-RADS v2017 on gadoxetic acid-enhanced MR and DWI
can improve the diagnostic efficiency for the evaluation of patients at risk for HCC.
When considering only lesions classified as LR-5, the diagnostic efficiency of HCC did
not change with or without DWI. In LI-RADS v2017, DWI is an ancillary feature that
can be applied for category adjustment but cannot be used to upgrade to LR-5. In
addition, observations classified as LR-5 in our study strongly suggested HCCs based
on major features; accordingly, no observations were downgraded to LR-4. For LR-
4/5, LR-4/5/TIV, and LR-4/5/M, all diagnostic efficiencies were improved when
DWI was added (LR-4/5: 0.539 vs 0.679; LR-4/5/M: 0.346 vs 0.467; and LR-4/5/TIV:
0.508 vs 0.647). Although DWI is an ancillary feature, we could upgrade some LR-3
observations to LR-4, and many observations were confirmed as HCCs. Therefore, the
diagnostic efficiency was improved. Our results were consistent with those of Kim et
al[23] who reported similar diagnostic efficacy of LI-RADS on gadoxetate-enhanced
MRI. However, compared with previous studies, the advantage of this study was the
application of LI-RADS v2017, which offered more consummate categorization.

In our study, one of 21/24 (without and with DWI, respectively) category 2 lesions
was ultimately diagnosed as HCC (well-differentiated). Some previous studies have
also confirmed a few LR-2 lesions[20,24] as HCCs. For LR-3, 36 out of 49 lesions were
HCCs without DWI; however, 23 out of the 49 LR-3 lesions mentioned above were
reclassified as LR-2 (n = 3) with hypointensity and LR-4 (n = 20) with hyperintensity
on DWI. Moreover, the final pathological outcomes confirmed the 20 reclassified LR-4
lesions as HCCs and the remaining 3 LR-2 lesions as benign. In addition, 3 LR-M
lesions were reclassified as LR-4 due to DWI characteristics, and all of these lesions
were  confirmed  as  HCCs.  Therefore,  the  application  of  DWI  readjusted  the
categorization and enhanced the diagnostic efficiency for HCC. For LR-1, LR-5, and
LR-TIV, the categorization was the same with or without DWI because the imaging
signs for these LI-RADS classifications were sufficient to make accurate diagnoses.
Some non-HCC malignancies in our study were categorized as LR-3, LR-4, or LR-5,
demonstrating the difficulty of obtaining a perfectly specific diagnosis of HCC using
LI-RADS v2017.

However, our study had several limitations. First, a selection bias may have been
present due to the single-center, retrospective design. Thus, validating these results
with studies in other centers with a prospective design is necessary. Second, a major
feature, the growth threshold, was not investigated because of patients with doubtful
liver malignancy who underwent liver surgery without a long-term follow-up. Thus,
we  lacked  patients  to  meet  the  criterion.  Third,  definitely  or  probably  benign
observations were reported at the observers’ discretion; hence, the numbers of LR-1
and LR-2 observations were lower than the actual numbers of benign lesions, which
may decrease the diagnostic AC for true negative patients. Fourth, the latest version
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Figure 2

Figure 2  Pathologically confirmed hepatocellular carcinoma in a 59-year-old woman. A: A 55.8-mm hypointense mass is seen on the precontrast image; B: The
image shows hyperenhancement (not rim) in the arterial phase; C: Nonperipheral “washout” and enhancing capsule in the portal venous phase; D: Hypointensity in
the hepatobiliary phase; E: Restricted diffusion in diffusion-weighted imaging; F: The mass was confirmed as hepatocellular carcinoma at 200 × magnification after
hematoxylin-eosin staining.

of LI-RADS (v2018) was not applied to these patients. However, we believe that our
data,  a  pool  of  categorization  results  by  several  readers  during  actual  MRI
interpretation, can better reflect clinical practice and may be broadly applied.

In conclusion,  LI-RADS v2017 has been successfully applied with gadoxetate-
enhanced MRI for patients at high risk for HCC. The addition of DWI significantly
increases  the  diagnostic  efficiency  for  HCC.  However,  these  results  need  to  be
validated with studies in other centers in a prospective form.
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Table 3  Sensitivity, specificity, and accuracy of the liver imaging reporting and data system category for diagnosing hepatocellular
carcinoma with gadoxetic-acid enhanced magnetic resonance imaging

Group DWI Sensitivity (100%) Specificity (100%) Accuracy (100%) PPV (100%) NPV (100%) Youden index

LR-5 A-DWI 61.2 (101/165) 92.5 (74/80) 71.4 (175/245) 94.4 (101/107) 53.6 (74/138) 0.537

P-DWI 61.2 (101/165) 92.5 (74/80) 71.4 (175/245) 94.4 (101/107) 53.6 (74/138) 0.537

LR-4/5 A-DWI 73.9 (122/165) 80 (64/80) 75.9 (186/245) 88.4(122/138) 59.8 (64/107) 0.539

P-DWI 87.9 (145/165) 80 (64/80) 85.3 (209/245) 90.1 (145/161) 76.2 (64/84) 0.679

LR-4/5/M A-DWI 75.8 (125/165) 58.8 (47/80) 70.2 (172/245) 79.1 (125/158) 54 (47/87) 0.346

P-DWI 87.9 (145/165) 58.8 (47/80) 78.4 (192/245) 81.5 (145/178) 70.1 (47/67) 0.467

LR-4/5/TIV A-DWI 75.8 (125/165) 75 (60/80) 75.5 (185/245) 86.2 (125/145) 60 (60/100) 0.508

P-DWI 89.7 (148/165) 75 (60/80) 84.9 (208/245) 88.1 (148/168) 77.9 (60/77) 0.647

A-DWI: Absence of diffusion-weighted imaging; P-DWI: Presence of diffusion-weighted imaging; PPV: Positive predictive value;  NPV: Negative
predictive value.

Figure 3

Figure 3  Pathologically confirmed intrahepatic cholangiocarcinoma in a 47-year-old man. A: A 53.2-mm hypointense mass is seen on the precontrast image; B:
The image shows rim-like hyperenhancement in the arterial phase; C: Peripheral “washout” in the portal venous phase; D: Targetoid appearance in the hepatobiliary
phase; and E: Target sign in diffusion-weighted imaging; F: The mass was confirmed as intrahepatic cholangiocarcinoma at 200 × magnification after hematoxylin-
eosin staining.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of
cancer-related deaths. The Liver Imaging Reporting and Data System (LI-RADS), supported by
the American College of Radiology (ACR), has been developed for standardizing the acquisition,
interpretation, reporting, and data collection of liver imaging examinations in patients at risk for
HCC. Ancillary features can be applied to upgrade or downgrade the initially assigned LI-RADS
category based on major features only.

Research motivation
Magnetic resonance imaging (MRI) can be used for categorization of liver observations and
diagnosis  of  HCC  based  on  the  major  and  ancillary  features  of  LI-RADS.  Gadoxetic-acid
disodium  (Gd-EOB-DTPA),  a  hepatobiliary  contrast  agent,  could  provide  information  of
hepatocyte function. Diffusion-weighted imaging (DWI) can further quantitatively measure
tissue diffusion and further reflect tumor cellularity. Thus, the combination of Gd-EOB-DTPA-
enhanced MRI and DWI has the potential to improve the diagnostic accuracy (AC) for HCC.

Research objectives
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In this study, we aimed to determine the usefulness of DWI in improving the diagnostic AC of
LI-RADS v2017 classification. In addition, future research should focus on the comparison of LI-
RADS v2017 and v2018.

Research methods
In this institutional review board-approved study, a total of 414 consecutive patients at high risk
for HCC were enrolled. Two radiologists who were blinded to the clinical,  laboratory, and
pathology results reinterpreted the MR images. Each reader measured the maximum diameter
and recorded the presence of each lesion and assigned scores according to LI-RADS v2017. The
ancillary feature “restricted diffusion” on DWI images could be used at radiologist discretion for
category  adjustment  (upgrade  or  downgrade).  The  kappa  test  was  used  to  determine  the
agreement between the two independent radiologists in each item. In addition, the sensitivity
(SE), specificity (SP), AC, positive predictive value (PPV), and negative predictive value (NPV)
were calculated for assessing the diagnostic performance of LI-RADS. Youden index values were
used to compare the diagnostic performance of LI-RADS with or without DWI.

Research results
For LR-5, the diagnostic SE, SP, and AC values were 61.2%, 92.5%, and 71.4%, respectively, with
or without DWI; for LR-4/5, they were 73.9%, 80%, and 75.9% without DWI and 87.9%, 80%, and
85.3% with DWI; for LR-4/5/M, they were 75.8%, 58.8%, and 70.2% without DWI and 87.9%,
58.8%, and 78.4% with DWI; for LR- 4/5/TIV, they were 75.8%, 75%, and 75.5% without DWI
and 89.7%, 75%, and 84.9% with DWI. The Youden index values of the LI-RADS classification
without or with DWI were as follows: LR-4/5: 0.539 vs 0.679; LR-4/5/M: 0.346 vs 0.467; and LR-
4/5/TIV:  0.508  vs  0.647.  The  remaining  problems  that  exist  should  be  solved  by  using
prospective, multi-center study to verify our results.

Research conclusions
The  ancillary  feature  “restricted  diffusion”  on  DWI  images  could  be  used  at  radiologist
discretion for category adjustment (upgrade or downgrade). The ability of DWI is to reflect the
cellularity of tissue. Compared with normal tissue, tumor tissue with high cellularity could
result in decreased extracellular space and limited water diffusion, represented by high signal
intensity. In our study, a small number of lesions were classified as LR-3 without DWI; however,
when DWI was added, these lesions were downgraded to LR-2 due to unrestricted diffusion. In
addition, some lesions previously classified as LR-3 were upgraded to LR-4 due to restricted
diffusion. Thus, our study also shows that the use of DWI can improve the diagnostic efficiency
of LI-RADS v2017 with gadoxetic acid-enhanced MRI for HCC. We believe that our data, a pool
of categorization results by several readers during actual MRI interpretation, can better be
explained by clinical practice and may be broadly applied.

Research perspectives
Our study shows that LI-RADS v2017 has been successfully applied with gadoxetate-enhanced
MRI for patients at high risk for HCC. The addition of DWI significantly increased the diagnostic
efficiency  for  HCC.  For  the  future  research,  we  intend  to  investigate  interobserver  or
intraobserver variability through a multi-center study and apply the latest 2018 version of LI-
RADS.
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