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Purpose: The contrast-enhanced ultrasound (CEUS) Liver Imaging Reporting and Data System (LI-RADS) treatment response
algorithm (TRA) is still in development. The aim of this study was to explore whether the CT/MRI LI-RADS TRA features were
applicable to CEUS in evaluating the liver locoregional therapy (LRT) response.
Patients and Methods: This study was a retrospective review of a prospectively maintained database of patients with hepatocellular
carcinoma undergoing ablation between July 2017 and December 2018. The standard criteria for a viable lesion were
a histopathologically confirmed or typical viable appearance in the follow-up CT/MRI. Performance of the LI-RADS TRA assessing
tumor viability was then compared between CEUS and CT/MRI. Inter-reader association was calculated.
Results: A total of 244 patients with 389 treated observations (118 viable) were evaluated. The sensitivity and specificity of the CEUS
TRA and CT/MRI LI-RADS TRA viable categories for predicting viable lesions were 55.0% (65/118) versus 56.8% (67/118) (P =
0.480) and 99.3% (269/271) versus 96.3% (261/271) (P = 0.013), respectively. The PPV of CEUS was higher than that of CT/MRI
(97.0% vs 87.0%). Subgroup analysis showed that the sensitivity was low in the 1-month assessment for both CEUS (38.1%, 16/42)
and CT/MR (47.6%, 20/42) and higher in the 2–6-month assessment for both CEUS (65.7%, 23/35) and CT/MR (62.9%, 22/35).
Interobserver agreements were substantial for both CEUS TRA and CT/MRI LI-RADS TRA (κ, 0.74 for both).
Conclusion: The CT/MRI LI-RADS TRA features were applicable to CEUS TRA for liver locoregional therapy. The CEUS TRA for
liver locoregional therapy has sufficiently high specificity and PPV to diagnose the viability of lesions after ablation.
Keywords: contrast-enhanced ultrasound, Liver Imaging Reporting and Data System, treatment response, hepatocellular carcinoma,
locoregional therapy

Introduction
Hepatocellular carcinoma (HCC) is an aggressive tumor that is the third leading cause of cancer-related death worldwide,
according to GLOBOCAN 2020 data.1 Treatment options for HCC vary according to the stage of HCC at the time of
diagnosis. Curative treatments include surgical resection and liver transplant for early HCC. Other treatment options
include locoregional therapy (LRT), e.g., thermal ablation, transarterial chemoembolization (TACE), and transarterial
radioembolization (TARE), which is either used as a bridge for liver transplant2 or the treatment of advanced disease.
With the increasing application of LRT, accurate treatment response assessment is essential for predicting prognosis and
determining future management.
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Contrast-enhanced ultrasound (CEUS), which offers not only a high sensitivity to contrast agents but also a high
temporal resolution,3 is one of the most important and useful modalities for assessing treatment and depicting the local
recurrence of HCC.3,4 Previous studies have demonstrated that CEUS for assessing tumor vascularity after both ablation
and TACE has the same diagnostic accuracy as contrast-enhanced computerized tomography (CECT), whether for the
immediate posttreatment evaluation or the subsequent follow-up.5–12 However, there is no widely used CEUS treatment
response algorithm for liver LRTs.

In CT/MRI Liver Imaging Reporting andData System (LI-RADS) version 201713 and version 2018,14 the treatment response
algorithm (TRA) takes the tumor viability after LTR into consideration. Except for using a feature such as the arterial phase
hyperenhancement of lesions in the modified Response Evaluation Criteria in Solid Tumors criteria,15 several new features
including posttreatment “washout,” treatment-specific expected enhancement, and posttreatment enhancement similar to pre-
treatment are observed when evaluating the viability of the treated tumor. Furthermore, this new evaluation system focuses on the
variable appearances of individual lesions instead of the patient-level response, providing access to the efficiency of each LRT.

Ultrasound contrast agents (UCAs) of CEUS are purely intravascular agents, except Sonazoid, and differ in
fundamental aspects from the agents used in contrast-enhanced computerized tomography (CECT)/contrast-enhanced
magnetic resonance imaging (CEMRI). However, the dynamic phases of liver enhancement with UCA resemble those of
CECT with iodinated agents and CEMRI with gadolinium chelates. The patterns of arterial phase hyperenhancement
(APHE) and washout are typical features indicating a viable malignant tumor.16 Therefore, we aimed to explore whether
the CT/MRI LI-RADS TRA features apply to CEUS in patients with HCC after ablation, and compared the diagnostic
performance and reproducibility between CEUS and CT/MRI.

Materials and Methods
Patients
This was an institutional-review-board-approved, single-center, retrospective analysis of prospectively collected data.
Written informed consent was obtained from each patient before performing CEUS. We recruited consecutive patients
who underwent ablation for HCC between July 2017 and December 2018. The criteria for clinical diagnosis and
histopathological diagnosis of HCC are described in Supplementary Material S1. The inclusion criteria were as follows:
(a) patients were >18 years old; (b) both CEUS and CT/MRI were used for pretreatment assessment of the lesions; and
(c) both CEUS and CT/MRI were used for posttreatment response assessment. The exclusion criteria were as follows: (a)
patients underwent chemotherapy, targeted therapy, or immunotherapy; (b) the time interval between CT/MRI and CEUS
was >2 weeks; (c) patients underwent treatment between the interval of CT/MRI and CEUS examination; (d) the follow-
up by CT/MRI was conducted less than 1 year after the CEUS examination, (e) low-quality images of CEUS or CT/MRI
(Figure 1). The details of data collection are described in Supplementary Material S1.

CEUS, CECT, CEMRI Protocols, and Scanning Parameters
CEUS: The ultrasound equipment was as follows: Convex transducers and a Contrast Harmonic Imaging mode were
used. A 2.4-mL bolus of SonoVue (Bracco Imaging SpA, Milan, Italy) was injected into the antecubital vein and then
received a flush with 5 mL of 0.9% saline solution. The examination needs to be continued for up to 6 min.

CECT: CECTwas performed with one of the following equipment: a 64-detector row (Aquilion CXL, Toshiba Medical
System, Tokyo, Japan) or 320-detector row CT machine (Aquilion One, Toshiba Medical System, Tokyo, Japan). 1.5 mL/
kg of contrast media (Ultravist, Bayer, Germany) was injected into an antecubital vein at a rate of 3.0 mL/s via a pump
injector (P3T abdomen module, Medrad Inc.).

CEMRI: MRI examination was performed by using a 3.0-T system (Siemens Healthineers). Gd-EOB-DTPA
(Primovist®, 0.1 mL/kg body weight) with a flow rate of 1 mL/s was injected into an antecubital vein.

Imaging protocols and scanning parameters of CEUS, CECT, and CEMRI examination are described in
Supplementary Material S1.
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Target Lesion Selection
One radiologist (H.H.), with 5 years of experience in hepatic imaging, who was not blinded to clinical information or
follow-up findings, identified and annotated treated observations on CEUS videos and CT/MRI scans. For multiple
treated observations meeting the inclusion criteria in one patient, the most recently treated lesion based on a medical
record review was selected. Each target lesion was annotated on the portal venous phase of the ultrasound, CT, and MR
image for further image analysis.

Image Features Definition
Two abdominal radiologists, each with 11 and 10 years of hepatic imaging experience (S.M.R. [reader 1] and M.Q.C. [reader 2],
respectively), independently reviewed every patient’s posttreatment imaging studies. A 2-week time interval between reviewing
the CEUS and CT/MRI images was applied to avoid a recall bias. Both readers were blinded to clinical information and the
follow-up results but allowed to review pretreatment imaging to apply LI-RADS TRA criteria.

As the American College of Radiology CEUS LI-RADS TRA has not been developed, we used the same evaluation
criteria as the CT/MRI LI-RADS TRA13,14 in CEUS treatment response evaluation. Treatment response features and
categories were as follows: (a) lesions had nodular, mass-like, or irregular thick tissue in or adjacent to the treated lesion
with APHE, washout, and/or posttreatment enhancement similar to pretreatment (even in the absence of APHE or
washout appearance), categorized as CEUS TRA viable; (b) expected posttreatment lesion hyperenhancement (posttreat-
ment enhancement attributable to treatment-related changes in parenchymal perfusion), no lesional enhancement or no
longer visible after treatment, categorized as CEUS TRA nonviable; (c) enhancement atypical for treatment-specific
expected enhancement pattern and did not meet criteria for being probably or viable, categorized as CEUS TRA

Figure 1 Flow diagram of participant enrollment.
Abbreviations: HCC, hepatocellular carcinoma; CEUS, contrast-enhanced ultrasound.
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equivocal. In cases of reader uncertainty between two categories, the category indicating lower certainty was chosen for
further evaluation. Details of these features and categories are described in Figure 2 and Tables S1 and S2. To resolve the
discrepancies between the two readers, images were re-evaluated by another senior radiologist (W.W., with 15 years of
experience in hepatic imaging) until a consensus was reached. Besides, the influence of the shadows by gas from the lung
or hollow viscera of the lesion was recorded during CEUS imaging assessment.

Diagnostic Criteria
A viable lesion was diagnosed if it met any of the following three criteria. First, both the CT and MRI indicated a viable
lesion, and the patient was submitted to further treatment. Second, a biopsy or hepatectomy was performed, and the
lesion was confirmed to be viable by histopathology. Third, the non-enhancement area or equivocal area became typical
of arterial enhancement following subsequent washout, or a 20% increase in the diameters of the equivocal area was
observed on the follow-up CT/MRI. The nonviable lesion was diagnosed as no enhancement, or the equivocal area
shrunk in the follow-up CT/MRI. The follow-up period was not less than 1 year.

Figure 2 The features of CEUS TRA for liver treated lesions. Posttreatment APHE: Nodular, mass-like, or thick, irregular APHE contained within or along the margin of
a treated lesion suggests posttreatment tumor viability. Posttreatment washout: Nodular, mass-like or thick, irregular washout appearance within or along the margin of
a treated lesion suggests posttreatment tumor viability. Treatment-specific expected enhancement: Expected temporal and spatial pattern of posttreatment enhancement
attributable to treatment-related changes in parenchymal perfusion. No lesional enhancement: Absence of enhancement within or along the margin of a treated lesion. The
white arrows point to the regions of interest of the treated lesions.
Abbreviations: CEUS, contrast-enhanced ultrasound; TRA, treatment response algorithm; APHE, arterial phase hyperenhancement.
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Statistical Analysis
Continuous variables were presented as the mean ± standard deviation or median values and ranges when not normally
distributed. Categorical variables were expressed as frequencies and percentages.

Simple and linear-weighted kappa coefficients with 95% confidence intervals were used to evaluate the inter-reader
agreement between major features and the category of CT/MRI and CEUS. Kappa results were qualitatively stratified as
follows: score κ = 0.81–1.00, (almost) perfect agreement; κ = 0.61–0.80, substantial agreement; κ = 0.41–0.60, moderate
agreement; κ = 0.21–0.40, fair agreement; κ ≤ 0.20, slight agreement. The interclass correlation coefficient (ICC) was
used to assess variations in size measurements of viable lesions between the two observers. The ICC result used the same
stratification as the Kappa value.

The TRA Viable, Equivocal, and Nonviable categories were reduced to binary indicators (TRA Viable compared
against TRA Nonviable plus Equivocal and TRA Viable plus Equivocal categories compared against TRA Nonviable,
respectively). The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of TRA
imaging features and categories for detection of a viable tumor were calculated by using the pathology or follow-up as
the diagnostic criteria. The McNemar test was used to compare the sensitivity and specificity of the TRA categories and
each imaging feature between CEUS and CT/MRI.

Subgroup analyses were performed according to time intervals between ablation and the response assessment and the
influence of the shadows by gas from the lung or hollow viscera.

Differences were considered statistically significant if the two-sided P < 0.05. All statistical analyses were performed
with MedCalc (version 15.2.2, MedCalc Software).

Results
Patient Characteristics
Among the 735 patients who underwent LRT during the study period, 491 were excluded from the study population.
Then, 389 HCCs in 244 patients after ablation (median age, 57 years, ranged: 27–86, 211 men) were finally included in

Table 1 Patient and Lesion Characteristics

Characteristics Patients with 389 Lesions
(n = 244)

Age (y)† 57(27–86)

Sex (Male: Female) 211:34

Cirrhosis 95(38.9)
Serum AFP (ug/L)† 6.06(0–1021870.92)

Child-Puph class

A 228(93.5)
B 14(5.7)

C 2(0.8)

Underlying cause of liver disease
Hepatitis B 233(95.5)

Hepatitis C 7(2.9)

Alcohol 4(1.6)
Pretreatment lesion size (mm) (per lesion)† 2.1(0.8–4.7)

Posttreatment lesion size (mm) (per lesion)† 3.4(0.9–7.7)

Treatment modality (per lesion)
Radiofrequency ablation 369(94.9)

Microwave ablation 7(1.8)

Alcohol ablation 13(3.3)
Interval between ablation and treatment response

evaluation (months)†
3(1–31)

Notes: Except where indicated, data are numbers of patients, with percentages in parentheses. †Data are
medians, with ranges in parentheses.
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our study. The patients’ demographic characteristics are presented in Table 1. There were 95 (95/244, 38.9%) patients
with hepatic cirrhosis and 233 (233/244, 95.5%) patients with Hepatitis B. All the included patients were at high risk of
HCC. All the treated lesions were evaluated by CEUS. A total of 18 lesions were evaluated by MRI, and 371 by CT.
Among the 389 treated observations, 118 (118/389, 30.3%) lesions were viable, and the remaining 271 (271/389, 69.7%)
lesions were nonviable according to the follow-up criteria. Furthermore, 25 viable lesions were proved by pathology. The
details of the diagnoses of viable lesions are shown in the Supplementary Material S1.

Inter-Reader Agreement
The inter-reader agreement for major features and categories is shown in Table S3. The inter-reader agreement of APHE,
washout, and no lesional enhancement was in substantial agreement for CEUS and CT/MRI (κ, CEUS: 0.75, 0.63, 0.74;
CT/MRI: 0.72, 0.63, 0.76). The inter-reader agreement for expected posttreatment lesion hyperenhancement and
indeterminate enhancement was in moderate agreement for CEUS and CT/MRI (κ, CEUS: 0.55, 0.56; CT/MRI: 0.56,
0.49). For category assignment, the inter-reader agreement between CEUS TRA and CT/MRI LI-RADS TRA was in
substantial agreement (κ, 0.74 for both). The ICC results for the sizes of viable lesions between the two observers were
0.91 for CEUS and 0.94 for ICC, which were almost in perfect agreement.

Comparison of Diagnostic Performances of CEUS TRA and CT/MRI LI-RADS TRA for
the Treated Liver Lesions
The diagnostic performances of the TRA viable category in the detection of viable tumors are listed in Table 2. The
overall sensitivity and specificity in detecting viable tumors were 55.0% (65/118; 95% CI: 45.7, 64.3) and 99.3% (269/
271; 95% CI: 97.4, 99.9) with CEUS and 56.8% (67/118; 95% CI: 47.3, 65.9) and 96.3% (261/271; 95% CI: 93.3, 98.2)
with CT/MRI when TRA equivocal assessments were treated as nonviable (Figure 3). The specificity of CEUS was
significantly higher than that of CT/MRI (P = 0.013). The PPV of CEUS was higher than CT/MRI (97.0% vs 87.0%)
(Figure 4), while the NPV was similar (83.5% vs 83.7%). When TRA equivocal assessments were treated as viable, the
sensitivity and specificity were 61.0% (72/118; 95% CI: 51.6, 69.9) and 96.7% (262/271; 95% CI: 93.8, 98.5) with CEUS
and 65.3% (77/118; 95% CI: 55.9, 73.8) and 94.5% (256/271; 95% CI: 91.0, 96.9) with CT/MRI. The specificity of
CEUS was significantly higher than that of CT/MRI (P = 0.041). The sensitivity of both categories was not significantly
different between CEUS and CT/MRI (P > 0.05 for both).

The diagnostic performance of TRA imaging features is also presented in Table 2. The sensitivity of washout and
combining APHE and washout in detecting viable tumors was significantly higher for CEUS than for CT/MRI scans
(P = 0.001, P < 0.001), whereas the specificity of APHE was significantly higher for CEUS than CT/MRI (P = 0.013).

There are 46 viable observations classified as CEUS TRA nonviable lesions. Forty-five of these lesions were no
lesional enhancement, and one lesion was with treatment-specific expected enhancement pattern in CEUS. The CT/MRI
contrast-enhanced patterns of these lesions were as follows: 32 lesions had no lesional enhancement, three lesions had
indeterminate enhancement, nine lesions had arterial phase hyperenhancement without subsequent washout and two
lesions had arterial phase hyperenhancement following subsequent washout.

By consensus, 14 (14/389, 3.6%) of 389 lesions were categorized as TRA equivocal by using CEUS, and 50% of
these (7/14) were viable based on follow-up results. Of the seven viable lesions categorized as CEUS TRA
equivocal, three lesions displayed nodular or mass-like tissue with three-phase isoenhancement, and two lesions
showed rim hyperenhancement with irregular thickness. As for CT/MRI, 15 (15/389, 3.9%) of 389 lesions were
categorized as LI-RADS TRA equivocal, and 66.7% of these (10/15) were viable. According to our results, we
initially proposed a CEUS TRA and its follow-up strategy. The algorithm is shown in Figure 5.

Subgroup Analysis of the Impact of the Monitor Timing on the Performance of CEUS
TRA and the CT/MRI LI-RADS TRA for the Liver-Treated Lesion
According to the time interval between ablation therapy and response evaluation, the lesions assessed within 1 month, 2–6
months, and more than 6 months were 157 (157/389, 40.3%), 80 (80/389, 20.6%), and 152 (152/389, 39.1%), respectively.
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Table 2 Diagnostic Performance of Treatment Response Algorithm Category and Imaging Features with CEUS and CT/MRI for Detection of Viable Tumors in Consensus Reading

Category and Imaging Features Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)

CEUS CT/MRI P value CEUS CT/MRI P value CEUS CT/MRI CEUS CT/MRI

TRA viable (vs nonviable +equivocal*) 55.0(65/118) 56.8(67/118) 0.480 99.3(269/271) 96.3(261/271) 0.013† 97.0(65/67) 87.0(67/77) 83.5(269/322) 83.7(261/312)

[45.7 64.3] [47.3, 65.9] [97.4, 99.9] [93.3, 98.2] [89.6, 99.6] [77.4, 93.6] [79.0, 87.4] [79.1, 87.6]
TRA viable + equivocal# (vs nonviable) 61.0(72/118) 65.3(77/118) 0.074 96.7(262/271) 94.5(256/271) 0.041† 88.9(72/81) 83.7(77/92) 85.1(262/308) 86.2(256/297)

[51.6, 69.9] [55.9, 73.8] [93.8, 98.5] [91.0, 96.9] [80.0, 94.8] [74.5, 90.6] [80.6, 88.9] [81.7, 89.9]

APHE 52.5(62/118) 51.7(61/118) >0.99 99.3(269/271) 96.3(261/271) 0.013† 96.9(62/64) 85.9(61/71) 82.8(269/325) 82.1(261/318)
[43.2, 61.8] [42.3, 61.0] [97.4, 99.9] [93.3, 98.2] [89.2, 99.6] [75.6, 93.0] [78.2, 86.7] [77.4, 86.1]

Washout 50.8(60/118) 40.7(48/118) 0.001† 99.3(269/271) 98.5(267/271) 0.070 96.8(60/62) 92.3(48/52) 82.3(269/327) 79.2(267/337)

[41.5, 60.2] [31.7, 50.1] [97.4, 99.9] [96.3, 99.6] [88.8, 99.6] [80.0, 97.7] [77.7, 86.3] [74.5, 83.4]
APHE + Washout 49.2(58/118) 35.6(42/118) <0.001† 99.6(270/271) 98.5(267/271) 0.250 98.3(58/59) 91.3(42/46) 81.8(270/330) 77.8(267/343)

[39.8, 58.5] [27.0, 44.9] [98.0, 99.9] [96.3, 99.6] [90.9, 99.9] [79.2, 97.6] [77.2, 85.8] [73.1, 82.1]

Notes: Data are percentages, with numerators and denominators in parentheses and 95% CIs in brackets. †P <0 0.05. *TRA equivocal lesions are regarded as complete necrosis. #TRA equivocal lesions are regarded as incomplete
necrosis.
Abbreviations: APHE, arterial phase hyper-enhancement; TRA, treatment response algorithm; CEUS, contrast-enhanced ultrasonography; CT, computed tomography; MRI, magnetic resonance imaging.
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The performance of viable lesion detection is shown in Table 3. The sensitivity of 1 month, 2–6 months and more than 6
months were 38.1% (16/42, 95% CI 23.6, 54.4), 65.7% (23/35, 95 CI% 47.5, 80.9), 63.4% (26/41, 95 CI% 46.9, 77.9) for
CEUS, respectively. The sensitivity was not significantly different between CEUS and CT/MRI in different monitor timings
(P > 0.05 for all). Both CEUS TRA and CT/MRI LI-RADS TRA showed low sensitivity in the 1-month treatment response
evaluation. The specificity of CEUS and CT/MR also showed no significant difference. When TRA equivocal assessments
were treated as viable, the performance of CEUS and CT/MRI is presented in Table S4.

Subgroup Analysis of the Influence of the Gas Shadows on the Performance of CEUS
TRA for the Liver-Treated Lesion
During the ultrasound examination, 75 (75/389, 19.3%) lesions were affected by the lung and intestinal gas shadows, and
314 (314/389, 80.7%) lesions were not affected. In the shadow-affected group, the sensitivity of CEUS was 33.3% (7/21,
95% CI 14.6, 57.0), which was significantly lower than that of CT/MRI (61.9%, 13/21, 95% CI 38.4, 81.9, P = 0.041)
(Table 4), and there were no significant differences in the specificity (P > 0.99). In the non-shadow-affected group, the

Figure 3 Images in a 46-year-old man with hepatocellular carcinoma treated with radiofrequency ablation. The CEUS images show nodular hyperenhancement (yellow
arrow) on the arterial phase (A) and nodular washout (yellow arrow) on the late phase (B) beside the treated lesion (white arrowhead). (C and D) On axial CT images,
hyperenhancement (yellow arrow) was detected on the arterial phase image (C) and hypoenhancement (yellow arrow) on the portal venous phase (D). According to
Imaging Reporting and Data System treatment response algorithm, this treated observation was deemed viable at both CEUS and CT. Biopsy was performed, and the lesion
was confirmed to be viable by histopathology.
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sensitivity of CEUS and CT/MRI was without significant difference (P = 0.134). The specificity of CEUS was 99.5%
(216/217, 95% CI 97.4, 99.9), which was significantly higher than that of CT/MRI (P = 0.023). When TRA equivocal
assessments were treated as viable, the performance of CEUS and CT/MRI is presented in Table S5.

Discussion
Our study first explored whether the CT/MRI LI-RADS TRA features were feasible for CEUS treatment response
evaluation. This study may provide some data support for the development of ACR CEUS LI-RADS TRA. The results
demonstrated the sufficiently high specificity and PPVof the CEUS TRA viable category to make a diagnosis of a viable
lesion. However, the sensitivity needs to be improved by further adjusting the CEUS treatment response algorithm for the
liver lesions. As for the follow-up strategy, a second assessment within 6 months after the 1-month assessment may
effectively improve the sensitivity of both CEUS and the CT/MRI treatment response algorithm.

The LI-RADS was introduced to standardize the assessment of HCC and facilitate therapeutic decision-making since its
release in 2011. Although CT and MRI are regarded as the reference standards in TRA, CEUS is gaining increasing attention
owing to its advantages, such as real-time scanning, easy performance, lack of radiation, wide availability, and lack of allergic
reactions.17 Previous studies have indicated that CEUS is comparable to CT/MRI in evaluating percutaneous ablation

Figure 4 Images in a 48-year-old man with HCC treated with radiofrequency ablation. The CEUS images of both arterial phase (A) and late phase (B) show no lesional
enhancement of the treated lesion (white arrowhead). (C and D) On axial CT images, hyperenhancement (yellow arrow) was detected on the arterial phase image (C), and
the hyperenhancement area subsequently became isoenhancement (yellow arrow) on the portal venous phase (D). According to Imaging Reporting and Data System
treatment response algorithm, this treated observation was deemed nonviable at CEUS and viable at CT. After 1-year follow-up, the hyperenhancement area of CT shrunk,
indicating the nonviability of this treated lesion.
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treatment10,18–20 and TACE.21,22 However, CEUS may have different imaging features compared with CT/MRI owing to the
different contrast mediums. Whether the CT/MRI LI-RADS TRA categories and features are suitable for CEUS has not been
explored yet. Our results first show that the specificity of CEUS viable TRA (99.3%) was significantly higher than that of CT/
MRI viable LI-RADS-TRA (96.3%, P = 0.013). The specificity of CT/MRI LI-RADS TRA viable in our results was
consistent with that of previous research, which ranged from 85% to 98%.23–27 The PPV of CEUS TRA was also higher
than that for CT/MRI viable (97.0% for CEUS, 87.0% for CT/MRI, respectively), which indicated that sufficiently high PPV
of CEUS can almost confirm the diagnosis of viable lesions.

However, the sensitivity of CEUS TRA viable for predicting viable lesions was not high (55.0%), comparable to that
of CT/MRI LI-RADS TRA viable (56.8%), without significant difference (P = 0.480). The sensitivity in several previous
studies ranged from 30% to 77% for CT/MRI LI-RADS TRA viable.26–29 The diversity is mainly from the difference in
the inter-reader agreement,24,27 the modality of the imaging assessment (MRI had higher sensitivity compared with
CT),23,26 and types of LRT (ablation had lower sensitivity compared with TACE).26,29 Our study showed that the
sensitivity of the washout of CEUS (50.8%) was significantly higher than that of CT/MRI (P = 0.001). The washout
phenomenon characterizes malignancies regardless of their enhancement pattern in the CEUS arterial phase.15 CEUS
permits real-time imaging and prolongs observation to 6 minutes, avoiding missing the lesion with a late washout onset.
Besides, the contrast agent of CEUS is an intravascular agent, which can avoid contrast material diffusing into the tumor
interstitium, and may conceal washout.30

In this study, we initially proposed a CEUS TRA for liver-treated lesions and its follow-up strategy according to the CT/
MRI LI-RADS TRA. Patients with CEUS TRAviable lesions need to undergo retreatment given the high PPVof CEUS. As
for CEUS TRA equivocal, lesions showing nodular or mass-like tissue with three-phase isoenhancement and rim hyper-
enhancement with irregular thickness may be viable. Therefore, we recommend continuing monitoring in 1 month or multi-
disciplinary discussion for a tailored workup. The proposed CEUS TRA for liver-treated lesions may provide a risk
stratification for the management of treated observations, but it needs further prospective and multi-center studies to verify
its feasibility. As there is no clear definition of the time interval of posttreatment in CT/MRI LI-RADS TRA, finding a proper
time interval to validate the performance of treatment response evaluation is essential in clinical practice. Our study showed
that when the assessment was conducted 1 month after treatment, the sensitivity was low for both CEUS (38.1%, 16/42) and
CT/MRI (47.6%, 20/42). The reason may be twofold. First, reactive hyperemia caused by the inflammatory reaction occurs
after ablation. This treatment-specific expected enhancement pattern may cover up the hyperenhancement area from residual
tumor tissue. Second, the area of residual tissue may be too small to be detected for a 1-month assessment. Therefore, we
propose that a second assessment within 6 months is needed after the 1-month assessment for both CEUS and CT/MRI.

Figure 5 The algorithm of CEUS treatment response algorithm for liver treated lesions and its follow-up strategy.
Abbreviations: CEUS, contrast-enhanced ultrasound; TRA, treatment response algorithm.
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Table 3 Subgroup Analysis of the Impact of the Monitor Timing on the Performance of the Treatment Response Algorithm of CEUS and CT/MRI

Interval Between LRT
and Treatment
Response Assessment

Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)

CEUS CT/MRI P value CEUS CT/MRI P value CEUS CT/MRI CEUS CT/MRI

1 month (n = 157) 38.1(16/42) 47.6(20/42) 0.135 99.1(114/115) 94.8(109/115) 0.074 94.1(16/17) 76.9(20/26) 81.4(114/140) 83.2(109/131)

[23.6, 54.4] [32.0, 63.6] [96.8, 100] [89.0, 98.1] [71.3, 99.9] [56.3, 91.0] [74.0, 87.5] [75.7, 89.2]
2–6 months (n = 80) 65.7(23/35) 62.9(22/35) >0.99 100(45/45) 93.3(42/45) 0.248 100(23/23) 88.0(22/25) 79.0(45/57) 76.4(42/55)

[47.5, 80.9] [44.9, 78.5] [92.1, 100] [81.7, 98.6] [85.2, 100] [68.8, 97.5] [66.1, 88.6] [63.0, 86.8]

>6 months (n = 152) 63.4(26/41) 61.0(25/41) >0.99 99.1(110/111) 99.1(110/111) >0.99 96.3(26/27) 96.2(25/26) 88.0(110/125) 87.3(110/126)
[46.9, 77.9] [44.5, 75.8] [95.1, 99.9] [95.1, 99.9] [81.0, 99.9] [80.4, 99.9] [81.0, 93.1] [80.2, 92.6]

Note: Data are percentages, with numerators and denominators in parentheses and 95% CIs in brackets.
Abbreviations: TRA, treatment response algorithm; LRT, locoregional therapy; CEUS, contrast-enhanced ultrasonography, CT, computed tomography, MRI, magnetic resonance imaging.
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Table 4 Subgroup Analysis of the Impact of the Lung and Intestinal Gas Shadows on the Performance of the Treatment Response Algorithm of CEUS and CT/MRI

Gas Shadows Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)

CEUS CT/MRI P value CEUS CT/MRI P value CEUS CT/MRI CEUS CT/MRI

Present (n=75) 33.3(7/21) 61.9(13/21) 0.041† 98.1(53/54) 96.3(52/54) >0.99 87.5(7/8) 86.7(13/15) 79.1(53/67) 86.7(52/60)
[14.6, 57.0] [38.4, 81.9] [90.1, 99.9] [87.3, 99.6] [47.6, 99.7] [59.5, 98.3] [67.4, 88.1] [75.4, 94.1]

Absent (n=314) 59.8(58/97) 55.7(54/97) 0.134 99.5(216/217) 96.3(209/217) 0.023† 98.3(58/59) 87.1(54/62) 84.3(209/248) 82.9(209/252)

[49.4, 69.6] [45.2, 65.8] [97.4, 99.9] [92.9, 98.4] [90.9, 99.9] [76.2, 94.3] [79.1, 88.6] [77.7, 87.3]

Notes: Data are percentages, with numerators and denominators in parentheses and 95% CIs in brackets. †P < 0.05.
Abbreviations: TRA, treatment response algorithm; CEUS, contrast-enhanced ultrasonography; CT, computed tomography; MRI, magnetic resonance imaging.
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Lesions located near the liver dome and obscuration due to gas from the lung or hollow viscera can affect the ultrasound
image quality.31 This is one of the shortcomings of ultrasound that is hard to overcome. Our results show that the sensitivity
of CEUS was significantly lower than that of CT/MRI when lesions were influenced by shadowing (33.3% for CEUS, 61.9%
for CT/MRI, P = 0.041, respectively). CT/MRI scan is recommended for such lesions.

Inter-reader agreement is essential for the use of standardized reporting systems. We observed substantial inter-reader
agreement for TRA categories of CEUS (κ = 0.74) and CT/MRI (κ = 0.74). However, treatment-specific expected enhance-
ment and indeterminate enhancement had moderate agreement. Besides, the feature of “enhancement similar to pretreatment”
was not calculated because of a small sample size. These three features should be considered to simplify or clarify the
definition to improve inter-reader association. In our result, CEUS showed a lower reproducibility in its measurement
compared with CT/MRI, but the ICC was up to 0.91 for CEUS, which can ensure the accuracy for clinical application.

Our study had several limitations. First, not all treated lesions had a pathological standard to validate the efficacy of
the treatment response algorithm in this study. In addition, the imaging was less accurate than pathology in confirming
the necrosis of a tumor. Therefore, more than 1-year follow-up after the treatment response evaluation was collected in
our study. The time interval might allow the microscopic foci of the residual tumor to grow large enough for imaging
depiction. Second, almost all patients were imaged with CT but few with MRI which may have a higher sensitivity to
TRA.26 It would be clinically significant to have a pairwise comparison of CEUS, CT, and MRI. Third, our study
population included only patients with a history of ablation. Future investigations will be needed for a more detailed
assessment of the performance of the TRA after various types of LRT.

Conclusion
In this study, we found that the response categories of the CT/MRI Liver Imaging Reporting and Data System treatment
response algorithm (LI-RADS TRA) were applicable to CEUS. The CEUS TRA for liver-treated lesions had high
specificity and PPV to diagnose the viability of lesions after ablation.

Abbreviations
APHE, arterial phase hyperenhancement; CI, confidence interval; HCC, hepatocellular carcinoma; CEUS, contrast-
enhanced ultrasound; CT, computerized tomography; MRI, magnetic resonance imaging; CECT, contrast-enhanced
computerized tomography; CEMRI, contrast-enhanced magnetic resonance imaging; LI-RADS, Liver Imaging
Reporting and Data System; TRA, treatment response algorithm; ICC, interclass correlation coefficient; PPV, positive
predictive value; NPV, negative predictive value.
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