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Abstract: Background: Liver Imaging Reporting and Data Systems (LI-RADS) Treatment Response
Algorithm (TRA) was created to provide a standardized assessment of hepatocellular carcinoma
(HCC) following loco regional therapy. The aim of this study was to compare sensitivity of standard
MRI protocol versus abbreviated protocol (only T1-Weigthed fat suppressed (FS) sequences pre-
and post-contrast phase) in the detection of ablated area according to LI-RADS Treatment Response
(LR-TR) categories. Methods: From January 2015 to June 2020, we selected 64 patients with HCC,
who underwent Radiofrequency ablation (RFA) or Microwave ablation (MWA) treatment. According
to inclusion criteria, 136 pathologically proven treated HCC (median 2, range 1–3 per patient; mean
size 20.0 mm; range 15–30 mm) in 58 patients (26 women, 32 men; median age, 74 years; range,
62–83 years) comprised our study population. For each ablated area, abbreviated protocol, and stan-
dard Magnetic Resonance Imaging (MRI) studies were independently and blindly assessed in random
order within and between three expert radiologists. Each radiologist assessed the ablated area by us-
ing the following categories: “LR-TR Non-viable” = 1; “LR-TR Equivocal” = 2 and “LR-TR Viable” = 0.
Results: According to the concordance between MRI and Contrast enhancement ultrasound (CEUS)
among 136 treated HCCs, 115 lesions were assessed as non-viable or totally ablate and 21 as viable or
partially ablate. The accuracy for standard MRI protocol and abbreviated MRI protocol for predicting
pathologic tumor viability of a consensus reading was 98.6% (sensitivity = 100%; specificity = 98.3%;
positive predictive value = 91.3% and negative predictive value = 100%). No differences were found
in sensitivity or specificity between standard MRI LR-TR viable and abbreviated MRI LR-TR viable
categories (p value > 0.05 at McNemar test). Conclusion: The abbreviated dynamic protocol showed
similar diagnostic accuracy to conventional MRI study in the assessment of treated HCCs, with a
reduction of the acquisition study time of 30% respect to conventional MRI.
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1. Introduction

Ablation treatment is a minimally invasive tool that is commonly employed in the
hepatic primary or secondary liver tumors [1–5]. This treatment is considered a possible
first-line tool in small hepatocarcinoma (HCC) or the best therapeutic choice for nonsurgical
patients with early stage HCC [1]. Patients are required to have either a single tumor smaller
than 5 cm or as many as three nodules smaller than 3 cm each and no evidence of vascular
invasion or extrahepatic spread [1,3]. Tumor size is a prognostic aspect to expect the
outcome of therapy. The target tumor should not exceed 3–4 cm in longest axis to ensure
complete ablation with most of the currently available devices [2–7].

Among all the ablation therapy, radiofrequency ablation (RFA) is a frontline technique
for HCCs smaller than 20 mm [1]. Several studies have assessed the efficacy of RFA com-
pared to surgical procedure and have established that RFA is a safety and effective [5,8].
With the microwave (MW) technology progress and a continuously cooled electrode devel-
opment, Microwave ablation (MWA) has recently been used more frequently in treatment
of HCC [1]. In patients with HCC treated with MWA (compared with RFA), overall sur-
vival varies between 22 months for focal lesion >3 cm (vs. 21 months) and 50 months for
focal lesion ≤ 3 cm (vs. 27 months), local recurrence between 5% (vs. 46.6%) and 17.8%
(vs. 18.2%), complication rate between 2.2 % (vs. 0%) and 61.5% (vs. 45.4%), disease-free
survival, between 14 months (vs. 10.5 months) and 22 months (vs. no data reported), and
mortality between 0% (vs. 0%) and 15% (vs. 36%) [1].

Response evaluation of ablation therapy is problematic and is correlated to the type
of them used. RFA and MWA are hyperthermic treatment that use energy to heat the
target area to at least 60 ◦C [9]. In oncology, tumor response was initially measured
according to the bi-dimensional World Health Organization (WHO) criteria and afterward
according to the mono-dimensional Response Evaluation Criteria In Solid Tumors (RECIST)
guidelines [10]. RECIST are unfitting to evaluate locoregional treatment, since the current
morphologic response criteria do not offer the sufficient data to define the efficacy of
therapy. Hence, response criteria dedicated to ablation therapies are needed in clinical
practice, other than in clinical trials [10–19]. According to Lencioni et al., it is mandatory to
obtain a dual-phase imaging of the liver, arterial and portal phase, while the equilibrium
phase is useful but not necessary [11]. Additionally, Liver Imaging Reporting and Data
Systems (LI-RADS) Treatment Response Algorithm (TRA) has been conceived to offer a
standardized evaluation of HCC following loco regional therapy (LRT). LI-RADS TRA
offers a step-by-step method to assess each nodule individually for precise treatment
evaluation [20]. Although the adoption of imaging tool (computed tomography (CT) or
magnetic resonance imaging (MRI)) can be subject to patient characteristics and institutional
inclination, it is critical to maintain consistency in the imaging performed before and
after treatment. Precise assessment of post-treatment imaging is critical to guide further
management decisions and requires comparison of post- treatment with pre-treatment
imaging to recognize the original lesion diameter and enhancement features [20]. Follow-
up imaging of patients with treated HCC is performed to evaluate for new lesions, monitor
for evidence of early recurrence and observe for neovascularity that may allow for detection
of pathological angiogenesis within the ablation zone. The presence of an enhanced area
and washout in a treated lesion raises the suspicion for local recurrence. However, the
absence of wash-out does not exclude the suspicion of recurrence [10]. Earlier detection
of these suspicious lesions would lend itself well to early retreatment. CT or MRI are
considered the standard imaging modalities for evaluating therapeutic efficacy in the
follow-up of the patient treated with ablative therapy, because of high diagnostic accuracy
and large field of view which permits complete evaluation of the tumor and the whole
liver parenchyma [10]. CEUS is recommended in the post-treatment follow-up when CT
and MRI are inconclusive or contraindicated. However, CEUS can be utilized as a method
for secondary surveillance, normally performed every 3–4 months, allowing for an early
detection of the recurrence, while still screening via intermittent CE- CT or CE-MRI along
with clinical status, biochemical liver function tests, and AFP serum level [10].
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LI-RADS TRA is formed after mRECIST, and it primarily depend on post treatment
arterial phase hyper enhancement (APHE) to identify viable tumor. Additionally, LI-RADS
TRA is unique. In fact, in addition to APHE, the classification of viable lesion includes
washout appearance or enhancement similar to that seen before therapy. During image
analysis of treated HCC, each liver observation should be reported separately according to
the LI-RADS Treatment Response (LR-TR) categories [21]. Treatment response categories
include: “LR-TR Non-viable”, “LR-TR Equivocal”, and “LR-TR Viable”. In instances where
the technical limitation precludes characterization of the tumor, an “LR- TR Nonvaluable”
category can be assigned [21].

The aim of this study was to compare sensitivity of standard MRI protocol versus
abbreviated protocol (only T1-W fat suppressed (FS) sequences pre- and post-contrast phase)
in the detection of ablated area according to LR-TR categories. The gold standard was
concordance between MR LR-TR categories with contrast enhancing ultrasound (CEUS) data.

2. Methods
2.1. Study Population

Institutional review board of National Cancer Institute of Naples approved this retro-
spective study, and the patient’s informed consent requirement has been waived. From
January 2015 to June 2020, we selected 64 patients with HCC, who underwent RF or MWA
treatment. The inclusion criteria for the study population were as follows: (a) patients
with radiological diagnosis of HCC; (b) patients who had subjects to MRI study within
one month before treatment and who underwent MRI post 1 month after treatment; (c)
patients who had less than a one-month between radiological and pathological diagnosis
and (d) patients with pathologically proven HCC. The exclusion criteria were as follows:
(a) divergence between radiological and pathological diagnosis and (b) no accessible MR
study pre- or post-treatment.

In total, 58 patients with treated HCC confirmed at pathological analysis satisfied the
inclusion criteria. Three patients were excluded because MRI studies post treatment were
no accessible and 3 because there was divergence between radiological and pathological
diagnosis. Finally, 136 pathologically proven (51 well, 48 moderately, and 37 poorly differen-
tiated) treated HCC (median 2, range 1–3 per patient; mean size 20.0 mm; range 15–30 mm)
in 58 patients (26 women-32 men; median age, 74 years; range, 62–83 years) comprised our
study population. Characteristics of the 58 patients are summarized in Table 1.

Table 1. Patients’ characteristics.

Description Numbers (%)/Range

HCCs patients 58
Gender Men 32 (55.2%)

Women 26 (44.8%)
Age 74 years; range, 62–83 years

Number of hepatic nodules 136 HCCs (51 well, 48 moderately, and 37 poorly differentiated)
Single nodule 10 patients

Multiple nodules 48 (2 nodules in 18 patients and 3 in 30 patients)
Nodule size (mm) mean size 20.0 mm; range 15–30 mm

Risk factor for liver cirrhosis 58 (100%)
Chronic hepatitis B 32 (55.2%)
Chronic hepatitis C 26 (44.8%)

Alcoholic liver cirrhosis 0%
Child–Pugh Classification

A 58 (100%)
B 0%

Treatment
RFA 36 patients (98 HCCs)

MWA 22 patients (38 HCCs)
Note. HCC = hepatocellular carcinoma; RFA: radiofrequency ablation; MWA: microwave ablation.
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2.2. MRI Protocol

MR studies was performed with a 1.5 T scanner (Magnetom Symphony, with Total
Imaging Matrix Package, Siemens, Erlangen, Germany) with an eight-element body coil
and a phased array coil. Comprehensive data on MR parameters is reported in Table 2. A
non-specific agent the Gd-BT-DO3A (Gadovist, Bayer Schering Pharma, Berlin, Germany)
was employed, according our department guidelines. All patients received 0.1 mL/kg
of Gd-BT-DO3A by means of a power injector (Spectris Solaris® EP MR, MEDRAD Inc.,
Indianola, IA, USA), at an infusion rate of 2 mL/s. Arterial phase was acquired 7 s after
contrast agent arrival at the thoracic aorta by using a fluoroscopic monitoring system. After
contrast medium injection portal and equilibrium phase were obtained 60 s and 3 min
after, respectively.

Table 2. MR acquisition protocol.

Sequence Orientation TR/TE/FA
(ms/ms/deg.)

AT
(min) Acquisition Matrix ST/Gap (mm) FS

Trufisp T2-W Coronal 4.30/2.15/80 0.46 512 × 512 4/0 without

HASTE T2-W Axial 1500/90/170 0.36 320 × 320 5/0 Without and
with (SPAIR)

HASTE T2-W Coronal 1500/92/170 0.38 320 × 320 5/0 without

SPACE T2-W FS Axial 4471/259/120 4.20 384 × 450 3/0 With (SPAIR)

In-Out phase T1-W Axial 160/2.35/70 0.33 256 × 192 5/0 without

DWI Axial 7500/91/90 7 192 × 192 3/0 without

VibeT1-W Axial 4.80/1.76/12 0.18 320 × 260 3/0 with (SPAIR)

Note. Trufisp = True fast imaging with steady state precession; T2-W = T2-wegthed; T1-W = T1-weigthed; HASTE = HAlf fourier Single-
shot Turbo spin-Echo; DWI = diffusion weigthed imaging; T1-W = T1-wegthed; FS = fat sat; VIBE = volumetric interpolated breath-hold;
SPAIR = SPectral Attenuated Inversion Recovery.

2.3. Contrast Enhancement Ultrasound Protocol

For each ablated area, abbreviated protocol and standard MR studies were indepen-
dently and blindly assessed in random order within and between three expert radiologists.
To reduce recall bias, all three readers maintained an interval of more than two weeks
between interpretation sessions of abbreviated protocol and standard MR study. Each
radiologist assessed the ablated area by using the following categories: “LR-TR Non-viable”
= 1; “LR-TR Equivocal” = 2 and “LR-TR Viable” = 0. In instances where technical limitation
precludes characterization of the tumor, an “LR- TR Nonvaluable” = 0 category can be
assigned [21]. The radiologists evaluated the following data for MR conventional studies:
signal intensity (SI) on T1- and T2-weighted (W) images, SI on DWI sequences and the
ADC map, vascular enhancement pattern during arterial, portal, and equilibrium phase.

The radiologists evaluated the following data for MR abbreviated protocol: signal
intensity (SI) on T1-W pre contrast study and vascular enhancement pattern during arterial,
portal and equilibrium phase.

The SI of the treated area was described as isointense, hypointense, and hyperintense
related to nearby hepatic parenchyma. The diffusion-weighted signal decay was assessed
by the mono-exponential model, according to the equation ADC = (ln (S0/Sb))/b, where Sb
is the SI with diffusion weighting b and S0 is the non-diffusion-weighted signal intensity.
This analysis was region of interest (ROI) based using median value of single voxel signals
for each b value. ROIs for the tumor were manually drawn to include such hyperintense
voxels on image at b value 800 s/mm2.

The enhancement pattern during arterial-, portal-, and equilibrium phase was de-
scribed according to LI-RADS TR features [21].

The gold standard was concordance between MR LR-TR categories with contrast
enhancing ultrasound (CEUS) data. CEUS was performed using sulfur hexaflouride
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microbubbles (SonoVue®, Bracco, Italy) before (median: seven days; range: 1–15 days) and
post ablation procedures (median: seven days; range: 1–15 days) to assess the therapeutic
result. The most important imaging finding that suggests complete treatment of a focal
liver tumor is the disappearance of any previously visualized vascular enhancement on
contrast- enhanced images. Pre-treatment images and/or movie clips were digitally stored
to be compared with post-ablation study. The assessment of viable or non-viable treated
area is based on the visual assessment of tumor viability defined as nodular, mass-like, or
thick, irregular tissue in or along the treated lesion showing APHE or washout appearance,
or an enhancement similar to that observed before treatment.

2.4. Statistical Analysis

The diagnostic performances of viable categories in MRI-standard LR-TR and MRI-
abbreviated TR for the total study sample were compared for each reviewer and in a
consensus reading with the McNemar test to investigate the differences based on diag-
nostic protocol, with the CEUS results for tumor viability used as the reference standard.
Sensitivity, specificity, positive and negative predictive value (PPV and NPV), and accuracy
(ACC) were calculated.

Chi square test with Yates’s correction was applied to identify the MRI imaging feature
significant to predict tumor viability and nonviability considering the prevalence rate in
viable and in non-viable lesions.

The assessment of observer variability for the three readers to assign the category was
performed by calculating the intraclass correlation coefficient.

All analyses were performed using Statistics Toolbox of Matlab R2007a (The Math-
Works Inc., Natick, MA, USA).

3. Results

According to the reference standard among 136 HCCs treated with RF or MWA,
115 lesions were assessed as non-viable or totally ablate and 21 as viable or partially ablate.

According to both MR protocols, 113 lesions were assessed as non-viable and 23
as viable.

The two lesions that were erroneously defined as viable presented peripherally an
area of vascular shunt (Figure 1).

Among the 23 viable lesions:

• 21 showed APHE and 2 rim APHE during arterial Phase (Figure 2).
• 23 showed wash-out appearance during portal phase and hypointense SI in equilib-

rium phase (Figure 2).
• 23 lesions were hyperintense in T2-W and hypointense in T1-W sequences (Figure 3).
• 23 lesions showed restricted diffusion with hypointense SI in ADC map (Figure 4).

Among 113 non-viable lesions:

• 53 showed non rim APHE and 60 hypointense SI during arterial phase (Figure 5).
• 3 showed peripheral washout appearance and 110 hypointense SI in portal phase

(Figure 5).
• 113 lesions were hypointense in equilibrium phase.
• 98 showed iso-hypointense SI in T2-W and 15 iso-hyperintense SI in T2-W (Figure 6).
• 100 showed hyperintense SI in T1-W and 113 targetoid appearance.
• 84 lesions showed restricted diffusion (Figure 7) with iso-hypointense in ADC map

and 29 showed no restricted diffusion.
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Figure 1. Vascular shunt in HCC treated patient. During contrast the arrow shows APHE in arterial phase (A), without
wash-out appearance in portal phase (B). Ablated area (arrow) in hepatobiliary phase (C) without restricted diffusion (D).

Figure 2. HCC on VIII hepatic segment: arrow shows APHE in arterial phase (A), with wash out and capsule appearance in
portal phase (B). Post-treatment MRI: arrow shows APHE (C) and wash-out appearance in portal phase (D) in viable lesions.
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Figure 3. The same patient of Figure 2: in pre-treatment SPACE FS T2-W sequence (A), the lesion shows hyperintese SI; in
post-treatment SPACE FS T2-W sequence (B), viable lesion shows hypeintense SI.

Figure 4. The same patient of Figures 2 and 3: in pre-treatment b800 s/mm2 (A), the lesion shows restricted diffusion
with isointense SI in ADC map (C); in post-treatment b800 s/mm2 (B), viable lesion shows restricted diffusion with
iso-hypointense S. in ADC map (D).

3.1. Category Assignment According to MR

For reviewer 1, 113 lesions were assigned to the non-viable category and 23 to the
viable category based on the standard MRI protocol and abbreviated MRI protocol.

For reviewer 2, 109 lesions were assigned to the non-viable category, 3 to the equivocal
category and 24 to the viable category based on the abbreviated MRI protocol; otherwise,
based on standard protocol, 113 lesions were assigned to the non-viable category, two to
the equivocal category, and 21 to the viable category.
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Figure 5. Non-viable treated HCC. In T1-W sequences (A, in phase and B, out of phase) the arrow
shows hyperintense SI of ablated area. During contrast study the non-viable lesion shows hypointense
SI in arterial (C) and portal (D) phase.

Figure 6. Non-viable treated HCC. In T2-W sequences (A) the arrow shows isointense SI of ablated
area, with targetoid appearance in T1-W sequence, due to peripheral hypintense rim (B). Post-contrast
arterial phase (C) analysis in subtraction (D) shows no APHE.
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Figure 7. The same patient of Figure 6. Non-viable lesion shows targetoid appearance in the portal (A)
phase of contrast study and in the hepatospecific phase (B), with restricted diffusion in b800 s/mm2

(C) and hyperintense SI in ADC map (D).

For reviewer 3, 111 lesions were assigned to the non-viable category, two to the
equivocal category, and 23 to the viable category based on the abbreviated MRI protocol;
otherwise, based on standard protocol, 113 lesions were assigned to the non-viable category
and 23 to the viable category.

For reviewers 2 and 3, the equivocal category was assigned the least based on
DWI assessment.

For category assignment, the ICC was 0.9 among classification provided by three
radiologists for standard protocol and was 0.95 among classification provided by three
radiologists for abbreviated protocol.

3.2. Diagnostic Performance of Viable Category

Diagnostic performance for each reader and for consensus reading was reported
in Table 3.

Table 3. Diagnostic performance for each reader and for consensus reading.

Reader MR Protocol Sensitivity Specificity PPV NPV ACC

Reviewer 1
Standard MRI protocol 100.00 98.26 91.30 100.00 97.10

Abbreviated MRI protocol 100.00 98.26 91.30 100.00 97.10

Reviewer 2
Standard MRI protocol 100.00 94.78 77.78 100.00 94.20

Abbreviated MRI protocol 100.00 98.26 91.30 100.00 97.10

Reviewer 3
Standard MRI protocol 100.00 96.52 84.00 100.00 95.65

Abbreviated MRI protocol 100.00 98.26 91.30 100.00 97.10

Consensus
Standard MRI protocol 100.00 98.26 91.30 100.00 97.10

Abbreviated MRI protocol 100.00 98.26 91.30 100.00 97.10

Note. PPV = positive predictive value; NPV = negative predictive value; ACC = accuracy; MR = magnetic resonance.
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The accuracy for both standard MR protocol and abbreviated MR protocol for pre-
dicting pathologic tumor viability of a consensus reading was 98.6% (sensitivity = 100%;
specificity = 98.3%; positive predictive value = 91.3% and negative predictive value = 100%).
No differences were found in sensitivity or specificity between standard MR LR-TR viable
and abbreviated MRI LR-TR viable categories (p value > 0.05 with a McNemar test).

3.3. Imaging Features for the Prediction of Tumor Viability

Table 4 reports the prevalence of Imaging Features at MRI in viable and non-viable
lesions. Among MRI features of LR-TR imaging criteria in the consensus reading, APHE
(prevalence rate = 91.3%), wash-out (prevalence rate = 100.0%) appearance, hyperintense in
T2-W (prevalence rate = 100.0%), hypointense in T1-W (prevalence rate = 100.0%) showed
the highest prevalence rate in viable lesions compared to non-viable lesions with difference
statistically significant (p value < 0.05 with a chi-square test).

Therefore, for abbreviated protocol, among MRI features of LR-TR imaging criteria in
the consensus reading, APHE, wash-out appearance and hypointense in T1-W were the
most prevalence features in viable lesions (p value < 0.05 with a chi-square test).

Table 4. Prevalence of imaging features at MRI in viable and non-viable lesions according to conventional and abbrevi-
ated studies.

Imaging Features at MRI Viable Lesions (n. 23) Non-Viable Lesions (n. 113) p Value with a Chi-Square Test

APHE 21/23 (91.3%) 0/113 (0.0%) 0.03
rim APHE 2/23 (8.7%) 53/113 (46.9%) 0.001

hypointense SI during arterial phase 0/23 (0.0%) 60/113 (53.1%) <<0.001
wash-out 23/23 (100.0%) 3/113 (2.7%) <<0.001

hypointense SI in equilibrium phase 23/23 (100.0%) 113/113 (100%) 0.9
hypointense SI in portal phase 0/23 (0.0%) 110/113 (97.3%) <<0.001

hyperintese in T2-W 23/23 (100.0%) 0/113 (0.0%) <<0.001
iso-hyperintense SI in T2-W 0/23 (0.0%) 15/113 (13.3%) 0.1
iso-hypointense SI in T2-W 0/23 (0.0%) 98/113 (86.7%) <<0.001

hypointense in T1-W 23/23 (100.0%) 0/113 (0.0%) <<0.001
hyperintense SI in T1-W 0/23 (0.0%) 100/113 (88.5%) <<0.001

targetoid appearance in T1-W 0/23 (0.0%) 113/113 (100%) <<0.001
restricted diffusion 23/23 (100.0%) 84/113 (74.3%) 0.1

Note. In bold were identified the imaging features at MRI with significant difference between the viable and non-viable group.
APHE = arterial phase hyper enhancement; SI = signal intensity; T1-W = T1-wegthed; T2-W = T2-wegthed

3.4. Imaging Features for Prediction of Tumor Non-Viability

Table 4 reports the prevalence of imaging features with MRI in viable and non-viable
lesions. Among MRI features of LR-TR imaging criteria in the consensus reading, hy-
pointense SI in portal phase (prevalence rate = 97.3%), iso-hypointense SI in T2-W (preva-
lence rate = 86.7%), hyperintense SI in T1-W (prevalence rate = 88.5%), targetoid appearance
in T1-W (prevalence rate = 100.0%) showed the highest prevalence rate in non-viable lesions
compared to viable lesions with difference statistically significant (p value < 0.05 with a
chi-square test).

Therefore, for abbreviated protocol, among MRI features of LR-TR imaging criteria
in the consensus reading, hypointense SI in portal phase, hyperintense SI in T1-W and
targetoid appearance in T1-W (prevalence rate = 100.0%) were the most prevalence features
in non-viable lesions (p value < 0.05 with a chi-square test).

4. Discussion

Although the efficacy of MRI in HCC patients, both for detection and staging and
for evaluation after treatment is well established [22–25], its high cost and longer study
time compared with CT might limit its common application. Consequently, several studies
assessed abbreviated MRI protocols for HCC patient screening [26–34]. Three methods have
been improved: non-contrast abbreviated MRI (NC-AMRI), dynamic contrast-enhanced
abbreviated MRI, and hepatobiliary phase contrast-enhanced (HBP) abbreviated MRI.
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These approaches can be concluded in nearly ten minutes or less, significantly less if
compared to conventional MRI protocol.

NC-AMRI presents several benefits. By avoiding gadolinium-based contrast agent
(GBCA) administration, it limits costs, is safe, avoiding IV placement, reduces acquisition
time simplifying workflow. The main limit of NC-AMRI is that it is based completely
on unenhanced study, diminishing the detection of HCC as compared to post contrast
sequences used in the other abbreviated approaches. The addition of DWI could facilitate
the assessment of liver nodules. Nevertheless, DWI is challenging and often suffers from a
variety of artefacts, that can cause blind spots, most often near the liver dome or in the left
lobe. Many early stage HCCs may not exhibit restricted diffusion relative to liver [24].

Dynamic contrast-enhanced AMRI (Dynamic-AMRI) acquires dynamic contrast en-
hanced images using T1-W sequences with fat suppression following administration of an
extracellular contrast medium. The dynamic component describes the images acquisition
at pre-determined and successive phases to identify and characterize HCCs based on the
vascular pattern [35]. Dynamic-AMRI offers the advantages of to define major features of
HCC according to LI-RADS so that dynamic AMRI alone is sufficient to definitive diagnosis
of HCC. Additionally, it offers cost benefits, since the contrast agents used in dynamic
protocol are less expensive than the contrast agent (gadoxetate disodium) required for
HEPATOBILARY-PHASE (HBP)-AMRI. The disadvantages of this approach is related to
the lack of additional non-contrast sequences, which may give ancillary features [35].

HBP-AMRI is based on the acquisition of T1-W FS sequences after the administration
of the hepatobiliary agent, gadoxetate disodium. HBP-AMRI offers several advantages:
high- contrast-to-noise, aiding in lesion detection. The 20-min delay also allows hand
injection of contrast while the patient is in the waiting room, which simplifies workflow,
reduces the time the patient is on the MRI scanner, thus reducing the examination cost.
Finally, HBP-AMRI are interpreted using a simple score system obtained by LI-RADS US
surveillance [36]. The limits of HBP-AMRI are related to the contrast medium used. In fact,
gadoxetate, is more expensive than the extracellular agents. Additionally, patients with
advanced cirrhosis may have reduced hepatic function, which may limit contrast uptake,
or may have areas of confluent fibrosis, which may reduce the accuracy for HCC detection
by obscuring tumors (false negatives) or being mistaken for tumors (false positives) [26].

The concept of abbreviated MRI is not new. The greatest body of work and adoption
of abbreviated MRI has been in the area of the screening, which shows benefits in diag-
nosis and resource use. These abbreviated MRI protocols are simplified shorter protocols
comprising a small number of sequences that are tailored to evaluate a particular disease,
and therefore, are less time intensive to perform and less laborious to interpret. In the
context of HCC surveillance, so as during treatment assessment, multiphase abdominal
MRI may take approximately 40 min to complete and US may take approximately 30 min;
whereas, an abbreviated MRI protocol is typically performed in 15 min or less and includes
only the sequences necessary for detection of HCC [26]. In addition, despite the diagnostic
advantages of multi-phase contrast-enhanced CT and MRI, there are challenges and draw-
backs that prevent their widespread use for surveillance. CT is associated with the risks of
ionizing radiation exposure and adverse events related to iodinated contrast agents. Due to
the repetitive nature of surveillance imaging, the use of CT results in an unacceptably high
cumulative radiation risk, especially in patients with HBV infection and well-compensated
cirrhosis, who have longer disease courses. Due to the large number of imaging sequences
and the length and complexity of complete diagnostic MRI protocols, they are not cost- or
time-effective for HCC surveillance. In recent years, with improvements in MRI technology
and a focus on value in radiology, several investigators have suggested abbreviated MRI
strategies in an effort to make MRI a more feasible option for clinical HCC surveillance [26].

To the best of our knowledge, it is the first study that assessed the role of abbreviated
protocol, including a Dynamic- MRI, in treated HCC patients. We showed that the accuracy
for both standard MR protocol and abbreviated MR protocol for predicting pathologic
tumor viability of a consensus reading was 98.6% (sensitivity = 100%; specificity = 98.3%;
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positive predictive value = 91.3% and negative predictive value = 100%). No differences
were found in sensitivity or specificity between standard MR LR-TR viable and abbreviated
MRI LR-TR viable categories (p value > 0.05 with a McNemar test). Among MRI features of
LR-TR imaging criteria in the consensus reading, APHE (prevalence rate = 91.3%), wash-out
(prevalence rate = 100.0%) appearance, hyperintense in T2-W (prevalence rate = 100.0%),
hypointense in T1-W (prevalence rate = 100.0%) showed the highest prevalence rate
in viable lesions compared to non-viable lesions with difference statistically significant
(p value < 0.05 with a chi-square test). Therefore, for abbreviated protocol, among MRI
features of LR-TR imaging criteria in the consensus reading, APHE, wash-out appearance
and hypointense in T1-W were the most prevalence features in viable lesions (p value < 0.05
with a chi-square test).

In our study, the choice of a dynamic protocol is linked to the criteria that define
the effectiveness of a locoregional treatment [21], so we believe that it is necessary to
use the contrast medium and, considering the limits of the EOB, an interstitial type [14].
To obtain an efficacy treatment is critical the creation of a rim of greater than 5–10 mm
around the lesion; thus, an ablation area larger than the original lesion is a needed feature.
Furthermore, the treated area should not exhibit residual enhancement. However, coagu-
lation necrosis and cell death within the target can result in the development of a central
zone of hyper-intense SI on the pre-contrast T1-W sequences. Consequently, subtraction
images are essential to avoid interpreting these imaging characteristics as areas of APHE.
Imaging findings suggestive of residual viable tumor are thick peripheral irregular nodular
APHE with or without washout appearance, “washout” alone, enhancement characteristics
similar to pre-treatment lesions, or discontinuity in the smooth thin peripheral rim of en-
hancement. Since, all these features can be assessed only with the use of contrast medium,
an abbreviated protocol in the evaluation of the efficacy of an ablative treatment can only
be a dynamic protocol. Our data showed no significant difference in diagnostic accuracy of
standard and abbreviated MR studies. We found a high concordance of abbreviated and
conventional study.

There are several considerations of abbreviated protocol that have to be done. First
the economic affects in terms of reduction of acquisition study time and in terms of exam
cost. The abbreviated MRI acquisition time is almost ten minutes, with a decrease of 30%
respect to conventional MRI. Moreover, a substantial shortening of examination time will
render MRI studies more acceptable for patients with claustrophobia. Additionally, it
offers cost benefits, since the contrast medium used in dynamic protocol are typically less
expensive than the hepatobiliary agent. Future evaluations are required to describe the
cost-effectiveness of these protocols.

However, it should be said that a treated patient is a patient at risk for the development
of new HCCs. Consequently, the dynamic sequences alone may not be concluded in the
characterization of new nodules, as in the case of early HCC or dysplastic nodules. In
fact, the limits of dynamic-AMRI are correlated to the absence of non-contrast sequences,
which may provide ancillary features. The incapacity of dynamic abbreviated protocol to
assess these features may cause mis-categorization of observations. In particular, dynamic-
AMRI might over-categorize some vascular pseudo lesions (e.g., arterio-portal shunts)
as indeterminate (LR-3), potentially leading to unnecessarily close follow up. In theory,
dynamic-AMRI also might under categorize some early or small HCCs as LR-3, potentially
delaying diagnosis [21].

Our study is not without limitations. First, the readers implicated in this study were
expert radiologist, with an annual case load of almost 1000 liver MRI studies per year.
Second, the quality of the images obtained using a state-of-the-art scanner was optimal.
Therefore, our results are not directly applicable to other lower-volume non expert centers.

5. Conclusions

Abbreviated dynamic protocol showed similar diagnostic accuracy to the conventional
protocol in the assessment of treated HCCs, with a reduction of the acquisition study time
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approximately of 30% respect to conventional MRI. However, our results are related to
higher-volume expert liver centers.

Author Contributions: Conceptualization, V.G.; formal analysis, V.G., R.F.; writing—original draft
preparation, V.G.; writing—review and editing, V.G., F.I. All authors have contributed to method-
ology, investigation, data curation. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of National Cancer Institute
of Naples Pascale Foundation.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Izzo, F.; Granata, V.; Grassi, R.; Fusco, R.; Palaia, R.; Delrio, P.; Carrafiello, G.; Azoulay, D.; Petrillo, A.; Curley, S.A. Radiofrequency

Ablation and Microwave Ablation in Liver Tumors: An Update. Oncologist 2019, 24, e990–e1005. [CrossRef]
2. Veltri, A.; Gazzera, C.; Calandri, M.; Marenco, F.; Doriguzzi Breatta, A.; Fonio, P.; Gandini, G. Percutaneous treatment of

Hepatocellular carcinoma exceeding 3 cm: Combined therapy or microwave ablation? Preliminary results. Radiol. Med. 2015, 120,
1177–1183. [CrossRef]

3. Carrafiello, G.; Laganà, D.; Mangini, M.; Fontana, F.; Dionigi, G.; Boni, L.; Rovera, F.; Cuffari, S.; Fugazzola, C. Microwave
tumors ablation: Principles, clinical applications and review of preliminary experi-ences. Int. J. Surg. 2008, 6 (Suppl. S1), S65–S69.
[CrossRef]

4. Ierardi, A.M.; Giorlando, F.; Piacentino, F.; Fontana, F.; Novario, R.; Angileri, S.A.; Duka, E.; Carrafiello, G. Factors predicting
outcomes of microwave ablation of small hepatocellular carcinoma. Radiol. Med. 2017, 122, 81–87. [CrossRef]

5. Park, E.K.; Kim, H.J.; Kim, C.Y.; Hur, Y.H.; Koh, Y.S.; Kim, J.C.; Kim, H.J.; Kim, J.W.; Cho, C.K. A comparison between surgical
resection and radiofrequency ablation in the treatment of hepatocellular carcinoma. Ann. Surg. Treat. Res. 2014, 87, 72–80.
[CrossRef] [PubMed]

6. Kim, G.A.; Shim, J.H.; Kim, M.J.; Kim, S.Y.; Won, H.J.; Shin, Y.M.; Kim, P.N.; Kim, K.H.; Lee, S.G.; Lee, H.C. Radio- frequency
ablation as an alternative to hepatic resection for single small hepatocellular carcinomas. Br. J. Surg. 2016, 103, 126–135. [CrossRef]
[PubMed]

7. Liu, P.H.; Hsu, C.Y.; Hsia, C.Y.; Lee, Y.H.; Huang, Y.H.; Chiou, Y.Y.; Lin, H.C.; Huo, T.I. Surgical re- section versus radiofrequency
ablation for single hepatocellular carcinoma ≤ 2 cm in a propensity score model. Ann. Surg. 2016, 263, 538–545. [CrossRef]

8. Wang, J.H.; Wang, C.C.; Hung, C.H.; Chen, C.L.; Lu, S.N. Survival comparison between surgical resection and radiofrequency
ablation for patients in BCLC very early/early stage hepatocellular carcinoma. J. Hepatol. 2012, 56, 412–418. [CrossRef] [PubMed]

9. Granata, V.; Grassi, R.; Fusco, R.; Setola, S.V.; Palaia, R.; Belli, A.; Miele, V.; Brunese, L.; Grassi, R.; Petrillo, A.; et al. Assessment of
Ablation Therapy in Pancreatic Cancer: The Radiologist’s Challenge. Front Oncol. 2020, 10, 560952. [CrossRef] [PubMed]

10. Granata, V.; de Lutio di Castelguidone, E.; Fusco, R.; Catalano, O.; Piccirillo, M.; Palaia, R.; Izzo, F.; Gallipoli, A.D.; Petrillo, A.
Irreversible electroporation of hepatocellular carcinoma: Preliminary report on the diagnostic accuracy of magnetic resonance,
computer tomography, and contrast-enhanced ultrasound in evaluation of the ablated area. Radiol. Med. 2016, 121, 122–131.
[CrossRef]

11. Lencioni, R.; Llovet, J.M. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin. Liver Dis. 2010, 30, 52–60.
[CrossRef]

12. Salvaggio, G.; Furlan, A.; Agnello, F.; Cabibbo, G.; Marin, D.; Giannitrapani, L.; Genco, C.; Midiri, M.; Lagalla, R.; Brancatelli, G.
Hepatocellular carcinoma enhancement on contrast-enhanced CT and MR imaging: Response assessment after treatment with
sorafenib: Preliminary results. Radiol. Med. 2014, 119, 215–221. [CrossRef] [PubMed]

13. Orlacchio, A.; Bolacchi, F.; Chegai, F.; Bergamini, A.; Costanzo, E.; Del Giudice, C.; Angelico, M.; Simonetti, G. Comparative
evaluation of percutaneous laser and radiofrequency ablation in patients with HCC smaller than 4 cm. Radiol. Med. 2014, 119,
298–308. [CrossRef]

14. Granata, V.; Fusco, R.; Maio, F.; Avallone, A.; Nasti, G.; Palaia, R.; Albino, V.; Grassi, R.; Izzo, F.; Petrillo, A. Qualitative assessment
of EOB-GD-DTPA and Gd-BT-DO3A MR contrast studies in HCC patients and colorectal liver metastases. Infect. Agent Cancer
2019, 14, 40. [CrossRef]

15. Barabino, M.; Gurgitano, M.; Fochesato, C.; Angileri, S.A.; Franceschelli, G.; Santambrogio, R.; Mariani, N.M.; Opocher, E.;
Carrafiello, G. LI-RADS to categorize liver nodules in patients at risk of HCC: Tool or a gadget in daily practice? Radiol. Med.
2020, 126, 5–13. [CrossRef] [PubMed]

http://doi.org/10.1634/theoncologist.2018-0337
http://doi.org/10.1007/s11547-015-0550-0
http://doi.org/10.1016/j.ijsu.2008.12.028
http://doi.org/10.1007/s11547-016-0694-6
http://doi.org/10.4174/astr.2014.87.2.72
http://www.ncbi.nlm.nih.gov/pubmed/25114886
http://doi.org/10.1002/bjs.9960
http://www.ncbi.nlm.nih.gov/pubmed/26572697
http://doi.org/10.1097/SLA.0000000000001178
http://doi.org/10.1016/j.jhep.2011.05.020
http://www.ncbi.nlm.nih.gov/pubmed/21756858
http://doi.org/10.3389/fonc.2020.560952
http://www.ncbi.nlm.nih.gov/pubmed/33330028
http://doi.org/10.1007/s11547-015-0582-5
http://doi.org/10.1055/s-0030-1247132
http://doi.org/10.1007/s11547-013-0332-5
http://www.ncbi.nlm.nih.gov/pubmed/24297581
http://doi.org/10.1007/s11547-013-0339-y
http://doi.org/10.1186/s13027-019-0264-3
http://doi.org/10.1007/s11547-020-01225-8
http://www.ncbi.nlm.nih.gov/pubmed/32458272


Int. J. Environ. Res. Public Health 2021, 18, 3598 14 of 14

16. Gabelloni, M.; Di Nasso, M.; Morganti, R.; Faggioni, L.; Masi, G.; Falcone, A.; Neri, E. Application of the ESR iGuide clinical
decision support system to the imaging pathway of patients with hepatocellular carcinoma and cholangiocarcinoma: Preliminary
findings. Radiol. Med. 2020, 125, 531–537. [CrossRef] [PubMed]

17. Gatti, M.; Calandri, M.; Bergamasco, L.; Darvizeh, F.; Grazioli, L.; Inchingolo, R.; Ippolito, D.; Rousset, S.; Veltri, A.; Fonio, P.; et al.
Characterization of the arterial enhancement pattern of focal liver lesions by multiple arterial phase magnetic resonance imaging:
Comparison between hepatocellular carcinoma and focal nodular hyperplasia. Radiol. Med. 2020, 125, 348–355. [CrossRef]
[PubMed]

18. Orlacchio, A.; Chegai, F.; Roma, S.; Merolla, S.; Bosa, A.; Francioso, S. Degradable starch microspheres transarterial chemoem-
bolization (DSMs-TACE) in patients with unresectable hepatocellular carcinoma (HCC): Long-term results from a single-center
137-patient cohort prospective study. Radiol. Med. 2020, 125, 98–106. [CrossRef]

19. Calandri, M.; Ruggeri, V.; Carucci, P.; Mirabella, S.; Veltri, A.; Fonio, P.; Gazzera, C. Thermal ablation with fusion imaging
guidance of hepatocellular carcinoma without conspicuity on conventional or contrast-enhanced US: Surrounding anatomical
landmarks matter. Radiol. Med. 2019, 124, 1043–1048. [CrossRef]

20. Aslam, A.; Do, R.K.G.; Kambadakone, A.; Spieler, B.; Miller, F.H.; Gabr, A.M.; Charalel, R.A.; Kim, C.Y.; Madoff, D.C.; Mendiratta-
Lala, M. Hepatocellular carcinoma Liver Imaging Reporting and Data Systems treatment response assessment: Lessons learned
and future directions. World J. Hepatol. 2020, 12, 738–753. [CrossRef]

21. American College of Radiology. Liver Imaging Reporting and Data Systems Version 2018 Manual. 2018. Available online:
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS/CT-MRI-LI-RADS-v2018 (accessed on 15
January 2021).

22. Esposito, A.; Buscarino, V.; Raciti, D.; Casiraghi, E.; Manini, M.; Biondetti, P.; Forzenigo, L. Characterization of liver nodules in
patients with chronic liver disease by MRI: Performance of the Liver Imaging Reporting and Data System (LI-RADS v.2018) scale
and its comparison with the Likert scale. Radiol. Med. 2020, 125, 15–23. [CrossRef]

23. Granata, V.; Fusco, R.; Filice, S.; Incollingo, P.; Belli, A.; Izzo, F.; Petrillo, A. Comment on “State of the art in magnetic resonance
imaging of hepatocellular carcinoma”: The role of DWI. Radiol. Oncol. 2019, 53, 369–370. [CrossRef]

24. Kim, S.S.; Kim, S.H.; Song, K.D.; Choi, S.Y.; Heo, N.H. Value of gadoxetic acid-enhanced MRI and diffusion-weighted imaging in
the differentiation of hypervascular hyperplastic nodule from small (<3 cm) hypervascular hepatocellular carcinoma in patients
with alcoholic liver cirrhosis: A retrospective case-control study. J. Magn. Reson. Imaging 2019, 51, 70–80. [CrossRef]

25. Brunsing, R.L.; Fowler, K.J.; Yokoo, T.; Cunha, G.M.; Sirlin, C.B.; Marks, R.M. Alternative approach of hepatocellular carcinoma
surveillance: Abbreviated MRI. Hepatoma Res. 2020, 6, 59. [CrossRef]

26. Kim, Y.K.; Kim, Y.K.; Park, H.J.; Park, M.J.; Lee, W.J.; Choi, D. Noncontrast MRI with diffusion-weighted imaging as the sole
imaging modality for detecting liver malignancy in patients with high risk for hepatocellular carcinoma. Magn. Reson. Imaging
2014, 32, 610–618. [CrossRef] [PubMed]

27. Han, S.; Choi, J.I.; Park, M.Y.; Choi, M.H.; Rha, S.E.; Lee, Y.J. The diagnostic performance of liver MRI without intravenous
contrast for detecting hepatocellular carcinoma: A case-controlled feasibility study. Korean J. Radiol. 2018, 19, 568–577. [CrossRef]

28. Chan, M.V.; McDonald, S.J.; Ong, Y.Y.; Mastrocostas, K.; Ho, E.; Huo, Y.R.; Santhakumar, C.; Lee, A.U.; Yang, J. HCC screening:
Assessment of an abbreviated non-contrast MRI protocol. Eur. Radiol. Exp. 2019, 3, 49. [CrossRef] [PubMed]

29. Lee, J.Y.; Huo, E.J.; Weinstein, S.; Santos, C.; Monto, A.; Corvera, C.U.; Yee, J.; Hope, T.A. Evaluation of an abbreviated screening
MRI protocol for patients at risk for hepatocellular carcinoma. Abdom. Radiol. 2018, 43, 1627–1633. [CrossRef] [PubMed]

30. Khatri, G.; Pedrosa, I.; Ananthakrishnan, L.; de Leon, A.D.; Fetzer, D.T.; Leyendecker, J.; Singal, A.G.; Xi, Y.; Yopp, A.; Yokoo, T.
Abbreviated-protocol screening MRI vs. complete-protocol diagnostic MRI for detection of hepatocellular carcinoma in patients
with cirrhosis: An equivalence study using LI-RADS v2018. J. Magn. Reson. Imaging 2020, 51, 415–425. [CrossRef]

31. Marks, R.M.; Ryan, A.; Heba, E.R.; Tang, A.; Wolfson, T.J.; Gamst, A.C.; Sirlin, C.B.; Bashir, M.R. Diagnostic per-patient accuracy
of an abbreviated hepatobiliary phase gadoxetic acid-enhanced MRI for hepatocellular carcinoma surveillance. AJR Am. J.
Roentgenol. 2015, 204, 527–535. [CrossRef]

32. Besa, C.; Lewis, S.; Pandharipande, P.V.; Chhatwal, J.; Kamath, A.; Cooper, N.; Knight-Greenfield, A.; Babb, J.S.; Boffetta,
P.; Padron, N.; et al. Hepatocellular carcinoma detection: Diagnostic performance of a simulated abbreviated MRI protocol
combining diffusion- weighted and T1-weighted imaging at the delayed phase post gadoxetic acid. Abdom. Radiol. 2017, 42,
179–190. [CrossRef] [PubMed]

33. Tillman, B.G.; Gorman, J.D.; Hru, J.M.; Lee, M.H.; King, M.C.; Sirlin, C.B.; Marks, R.M. Diagnostic per-lesion performance of a
simulated gadoxetate disodium-enhanced abbreviated MRI protocol for hepatocellular carcinoma screening. Clin. Radiol. 2018,
73, 485–493. [CrossRef] [PubMed]

34. Brunsing, R.L.; Chen, D.H.; Schlein, A.; Wolfson, T.; Gamst, A.; Mamidipalli, A.; Violi, N.V.; Marks, R.M.; Taouli, B.; Loomba, R.;
et al. Gadoxetate-enhanced abbreviated MRI for hepatocellular carcinoma surveillance: Preliminary experience. Radiol. Imaging
Cancer 2019, 1, el90010. [CrossRef] [PubMed]

35. Gupta, P.; Soundararajan, R.; Patel, A.; Kumar, M.P.; Sharma, V.; Kalra, N. Abbreviated MRI for hepatocellular carcinoma
screening: A systematic review and meta-analysis. J. Hepatol. 2021. [CrossRef]

36. Ultrasound LI-RADS v2017. American College of Radiology. Available online: https://www.acr.org/Clinical-Resources/
Reporting-and-Data-Systems/LI-RADS/Ultrasound-LI-RADS-v2017 (accessed on 15 January 2021).

http://doi.org/10.1007/s11547-020-01142-w
http://www.ncbi.nlm.nih.gov/pubmed/32020528
http://doi.org/10.1007/s11547-019-01127-4
http://www.ncbi.nlm.nih.gov/pubmed/31916102
http://doi.org/10.1007/s11547-019-01093-x
http://doi.org/10.1007/s11547-019-01057-1
http://doi.org/10.4254/wjh.v12.i10.738
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS/CT-MRI-LI-RADS-v2018
http://doi.org/10.1007/s11547-019-01092-y
http://doi.org/10.2478/raon-2019-0031
http://doi.org/10.1002/jmri.26768
http://doi.org/10.20517/2394-5079.2020.50
http://doi.org/10.1016/j.mri.2013.12.021
http://www.ncbi.nlm.nih.gov/pubmed/24702980
http://doi.org/10.3348/kjr.2018.19.4.568
http://doi.org/10.1186/s41747-019-0126-1
http://www.ncbi.nlm.nih.gov/pubmed/31853685
http://doi.org/10.1007/s00261-017-1339-5
http://www.ncbi.nlm.nih.gov/pubmed/29018942
http://doi.org/10.1002/jmri.26835
http://doi.org/10.2214/AJR.14.12986
http://doi.org/10.1007/s00261-016-0841-5
http://www.ncbi.nlm.nih.gov/pubmed/27448609
http://doi.org/10.1016/j.crad.2017.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29246586
http://doi.org/10.1148/rycan.2019190010
http://www.ncbi.nlm.nih.gov/pubmed/33778680
http://doi.org/10.1016/j.jhep.2021.01.041
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS/Ultrasound-LI-RADS-v2017
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS/Ultrasound-LI-RADS-v2017

	Introduction 
	Methods 
	Study Population 
	MRI Protocol 
	Contrast Enhancement Ultrasound Protocol 
	Statistical Analysis 

	Results 
	Category Assignment According to MR 
	Diagnostic Performance of Viable Category 
	Imaging Features for the Prediction of Tumor Viability 
	Imaging Features for Prediction of Tumor Non-Viability 

	Discussion 
	Conclusions 
	References

