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LI-RADS: Current Status and Future Directions

Sang Hyun Choi", Kathryn J. Fowler?, Victoria Chernyak’, Claude B. Sirlin®

'Department of Radiology and Research Institute of Radiology, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Republic of Korea
?Liver Imaging Group, Department of Radiology, UC San Diego, San Diego, CA, USA
*Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, NY, USA

The Liver Imaging Reporting and Data System (LI-RADS) is a comprehensive system that uses standardized terminology,
technique, interpretation, and reporting of imaging studies for hepatocellular carcinoma surveillance, diagnosis, and locoregional
treatment response assessment. Since its initial release in 2011, LI-RADS has evolved and expanded in scope. In this article, we
discuss recent updates intended to address clinical needs and mitigate current challenges.
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Brief History and Current Status

The Liver Imaging Reporting and Data System (LI-RADS) is
a comprehensive system that uses standardized terminology,
technique, interpretation, reporting, and data collection
for liver imaging. LI-RADS was initially introduced in
2011; since its release, the system has undergone multiple
iterations, expanding to include four algorithms: the
ultrasound (US) Surveillance algorithm for hepatocellular
carcinoma (HCC) surveillance, contrast-enhanced US
(CEUS) diagnostic algorithm for HCC diagnosis, CT/MRI
diagnostic algorithm for HCC diagnosis and staging, and
CT/MRI treatment response assessment (TRA) algorithm for
evaluation following locoregional therapy.

LI-RADS is led by a steering committee that approves
new content, provides guidance for overall direction, and
harmonizes with other clinical organizations, such as the
American Association for the Study of Liver Disease (AASLD)
and Organ Procurement and Transplantation Network
(OPTN) [1]. Eighteen working groups, with unique and
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complementary responsibilities and deliverables, operate
under the supervision of the steering committee. LI-RADS
globally influences clinical care through education at
national and international meetings, publications, and the
distribution of free materials on the American College of
Radiology website [2]. LI-RADS has been refined through
international collaboration with over 475 contributors from
242 institutions and 38 countries. In parallel, the LI-RADS
criteria have been extensively validated, with over 650
publications listed in PubMed [1]. Many of these publications
examined the diagnostic performance of LI-RADS categories
and imaging features, inter-reader reliability, and inter-
modality comparisons using various diagnostic algorithms.
As a result, in 2018, LI-RADS CT/MRI diagnostic algorithm
was integrated into the practice guidance of the AASLD [3],
and in 2023, OPTN updated its class 5 criteria to align with
the LR-5 (definitely HCC) category [4].

All the LI-RADS algorithms provide precise criteria
for assigning category codes that clearly communicate
unambiguous interpretations. The US Surveillance algorithm
applies to the entire study (not solely at the observation
level) and includes three category codes (US-1 negative, US-2
subthreshold, and US-3 positive) as well as a visualization
score (VIS-A, VIS-B, and VIS-C) to convey the quality of the
acquired images [5].

The CEUS and CT/MRI diagnostic algorithms share the
same eight category codes, which are assigned to individual
observations (or to multiple observations in aggregate when
there are too many individual observations to report), based
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on their relative likelihood of benignity, malignancy, or
HCC. These categories include non-categorizable (LR-NC);
five ordinal categories from LR-1 (definitely benign) to LR-5
(definitely HCC); LR-M (probably or definitely malignant,
not specific for HCC); and definitely tumor in vein (LR-
TIV) [6,7]. The LR-5 category has a high positive predictive
value for HCC diagnosis (i.e., 295%) when applied in adults
with cirrhosis (except for cirrhosis due to vascular disorders
such as congestive hepatopathy, hereditary hemorrhagic
telangiectasia, or Budd-Chiari syndrome) or chronic
hepatitis B infection [8,9]. Each category is associated with
unique management recommendations. For example, LR-3
observations (intermediate probability of malignancy) can
usually be managed with repeat or alternative diagnostic
imaging tests within 3-6 months, with multidisciplinary
discussions reserved for unusual or complex cases to establish
individualized workups [7]. LR-4 observations (probably HCC)
warrant routine multidisciplinary discussion to determine
optimal management, including repeat or alternative
diagnostic imaging tests, biopsy, or definitive treatment
without biopsy [7].

The CT/MRI TRA algorithm provides lesion-level criteria
for assessing treatment response after nonradiation-based

Choi et al.

locoregional therapy (e.g., thermal or chemical ablation;
conventional transarterial chemoembolization [cTACE]; and
drug-eluding bead [DEB] TACE). The TRA categories include
LR-TR nonevaluable, LR-TR nonviable, LR-TR viable, and LR-TR
equivocal [10].

Updates and Future Directions

Major updates in the US surveillance and CT/MRI TRA
algorithms and the new CEUS nonradiation TRA algorithm
were introduced earlier in 2024. Below, we briefly review the
recent updates and discuss future directions for LI-RADS.

Updates in the US Surveillance Algorithm

The key updates in the LI-RADSv2024 US surveillance
algorithm are as follows:

1) Diagnostic MRI and CT should be performed in patients
not meeting US-3 positive criteria if they have positive
alpha-fetoprotein (AFP >20 ng/mL or increasing), in
concordance with the AASLD 2023 guidance (Fig. 1) [11].

2) On US surveillance, patients with VIS-C (indicating
severe limitations), along with nonalcoholic steatohepatitis
or alcoholic cirrhosis, Child-Pugh B or C cirrhosis, or a

US Surveillance v2017

Patient at high risk for HCC

Surveillance
us
—> if -—> Diagnostic MRI, CT, or CEUS ‘

Otherwise
—> if Uiz Lb Repeat US* in 3-6 months x 2
Subthreshold '
Otherwise

I—b-—v Repeat US in 6 months ‘

US Surveillance v2024

Patient at high risk for HCC

Surveillance
us

Othel

Diagnostic MRI, CT, or CEUS

Diagnostic MRI, CT2

Othei
VIS-C | Repeat US within 3 months x 1
—> if Severe OR consider alternative
limitations ‘ surveillance modality?
Otherwise
; us-2 ‘ i

—> if Subthrashold ‘—b Repeat US* in 3-6 months x 2

Otherwise

I—b-—> Repeat US in 6 months

Fig. 1. The 2017 and 2024 versions of the US surveillance algorithm. Adapted from American College of Radiology. Available at: https://
www.acr.org, with permission of American College of Radiology [5,34]. US = ultrasound, HCC = hepatocellular carcinoma, CEUS = contrast-
enhanced ultrasound, AFP = alpha-fetoprotein, VIS-C = visualization score C
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body mass index =35 kg/m?, will likely present VIS-C in
subsequent studies [12]. In such patients, a repeat US
surveillance within 3 months can be considered. However,
if VIS-C is still present, alternative surveillance modalities,
such as abbreviated MRI (AMRI) or multiphase CT can be
considered (Fig. 1).

3) In patients meeting the US-2 subthreshold criteria, LI-
RADS recommends repeating US twice at 3-6-month intervals.
If the observation is no longer visualized or remains <10 mm
after two follow-up examinations, the category code can be
changed to US-1 (negative), and the patient may return to
routine 6-month surveillance.

The ability of US to optimally visualize the entire liver
can be limited by various factors such as obesity, hepatic
steatosis, and advanced cirrhosis [13,14]. When liver
visualization is compromised, the sensitivity of US in
detecting HCC is reduced, particularly for early-stage HCC. A
recent meta-analysis reported a pooled sensitivity of 84% for
detecting HCC at all stages, whereas the sensitivity decreased
to 45% for detecting early-stage HCC [15]. The AASLD
suggests that blood-based biomarkers show promising results
and that further studies are needed to clarify the most
appropriate use of AMRI.

Korean Journal of Radiology

AMRI consists of selected sequences designed to detect
HCC, and the various AMRI approaches are as follows (Fig. 2):

1) Noncontrast AMRI protocols include T1-weighted
imaging (T1WI), T2-weighted imaging (T2WI), and
diffusion-weighted imaging (DWI).

2) Dynamic AMRI protocols include dynamic TIWI using
an extracellular contrast agent, with or without T2WI [16].

3) Gadoxetate-enhanced hepatobiliary phase (HBP)-
AMRI includes TIWI obtained in the HBP (approximately 20
minutes postinjection) and T2WI with or without DWI [16].

Although several studies have reported that AMRI provides
higher diagnostic accuracy than that of the US for HCC
detection, most of these studies have been limited by their
retrospective design and evaluation of simulated AMRI
protocols [17-20]. The cost-effectiveness and accessibility
of AMRI for HCC detection should be established before its
wide clinical adoption, especially in high-prevalence and
resource-limited regions. LI-RADS guidance for AMRI is not
yet available, and this is a direction for future research.

Updates in the CT/MRI TRA Algorithm
The key updates in the LI-RADSv2024 CT/MRI TRA
algorithm include the following:

Complete
gadoxetate-MRI

Noncontrast- EA&
AMRI §

Dynamic-AMRI 68

s

HBP-AMRI

Fig. 2. Options for the abbreviated MRI protocols. Tiw OP = T1-weighted out-of-phase, Tlw IP = T1-weighted in-phase, Pre = precontrast
image, T2w SSFSE = T2-weighted single-shot fast spin echo, DWI = diffusion-weighted imaging, HBP = hepatobiliary-phase, AMRI =

abbreviated MRI
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1) A new CT/MRI TRA algorithm for radiation-based
locoregional therapies (transarterial radioembolization
and stereotactic body radiotherapy) has been developed.
This new radiation TRA algorithm differs from the
nonradiation TRA algorithm, which applies to nonradiation-
based locoregional therapies and surgical resection and
considers the unique evolution of the response to radiation.
The radiation TRA algorithm has four categories: LR-TR
nonevaluable, LR-TR nonviable, LR-TR nonprogressing,
and LR-TR viable. It does not include the LR-TR equivocal
category of the nonradiation TRA algorithm.

2) Integration of ancillary features to enable upgrading
from LR-TR equivocal to LR-TR viable (nonradiation TRA) or
from LR-TR nonprogressing to LR-TR viable (radiation TRA).

Currently, two algorithms are available. The LI-RADSv2024
CT/MRI nonradiation TRA algorithm applies to observations
treated by ablation, nonradiation-based embolic therapies,
or surgical resection, and has the same four categories
as v2017: LR-TR nonevaluable, LR-TR nonviable, LR-TR

Choi et al.

equivocal, and LR-TR viable. The LI-RADSv2024 CT/MRI
radiation TRA algorithm applies to radiation-based therapies
and has a different four-category system, which includes
LR-TR nonevaluable, LR-TR nonviable, LR-TR nonprogressing,
and LR-TR viable (Fig. 3). The non-progressing category is
assigned when there is masslike enhancement (any degree,
any phase), which is stable or decreases in size over time
after radiation-based therapy, in treated lesions, or along
the treated lesion margins. A viable category is assigned
when there is a masslike enhancement (any degree, any
phase), which is new or increases in size over time after
radiation-based therapy, in lesions, or along margins.

Both LI-RADSv2024 CT/MRI TRA algorithms (nonradiation
and radiation) incorporate the optional use of ancillary
features. Currently, two ancillary features apply only to MRI:
restricted diffusion (any degree) and mild-to-moderate T2.

If either or both of these features are present in the area of
uncertain, stable, or decreasing masslike enhancement, the
category can be upgraded from equivocal or nonprogressing

A
f' LI-RADS® CT/MRI Nonradiation TRA v2024 Core

Observation treated by nonradiation-based LRT or at surgical margin after resection, imaged
with multiphase CT/MRI in at-risk patient

Step 1. Apply nonradiation TRA decision tree to assess for masslike enhancement (any
degree, any phase) in treated lesion, along treated lesion margin, or along surgical margin

I LR-TR I

Presence of lik cannot be
due to image degradation or omission

No ik present* ‘I LR-TR i
Uncertainty about masslike or —>  LR-TR Equivocal

Masslike enhancement (any degree, any phase) LR-TR Viable

Step 2 (Optional). Apply ancillary features (AFs) favoring viability to upgrade from
LR-TR Equivocal to LR-TR Viable:

* What: diffusion ion or mild- T2
* Where: in area of uncertain masslike enhancement
—~

LR-TR Viable

Step 3. Apply tiebreaking rules if needed: if unsure between two TRA categories, choose
category reflecting lower certainty (i.e., LR-TR Equivocal)

LR-TR Nonviable [ > LR-TREquivocal <]  LR-TR Viable

Step 4. Final check.
After steps 1, 2 and 3 — Consider if the assigned TRA category is reasonable and appropriate.

LR-TR Equivocal

+ Key concept for nonradiation TRA: tumor response should be immediate.

+ New or untreated observations outside treatment zone: apply CT/MRI Dx Algorithm.
=+ Lesions treated by radiation-based LRT: apply radiati A i

« In combination with systemic therapy: apply TRA algorithms with caution.

* No include:

lesion di no lesional smooth perilesional enhancement, or
parenchymal perfusional changes without masslike enhancement

© 2024 American College of Radiology® | Al rights reserved

B
[ 4 LI-RADS® CT/MRI Radiation TRA v2024 Core

Observation treated by radiation-based LRT, imaged with multiphase CT/MRI in at-risk patient

Step 1. Apply radiation TRA decision tree to assess for masslike enhancement (any degree,
any phase), and its change over time after LRT, in treated lesion or along its margin

Presence of lik 1t cannot be

due to image degradation or omission LRE

No masslike present: ‘I LR-TR i
Masslike enhancement, which is stable or in size LR-TR prog ing

over time after LRT

Masslike enhancement, which is new or increased in size _
over time after LRT LR-TR Viable

Step 2 (Optional). Apply ancillary features (AFs) favoring viability to upgrade from
LR-TR Nonprogressing to LR-TR Viable:
* What: diffusion restriction (any degree) or mild-moderate T2 hyperintensity,
which is new or increased in size over time after LRT
« Where: in area of stable or decreasing masslike enhancement
N

| LR-TR Nonprogressing | [ LR-TR Viable

Step 3. Apply tiebreaking rules if needed: if unsure between two TRA categories, choose
category reflecting lower certainty (i.e., choose LR-TR Nonprogressing)

[oLR-TR

LR-TR

ing{;]  LR-TR Viable

Step 4. Final check.
Atter steps 1, 2 and 3 — Consider if the assigned TRA category is reasonable and appropriate.

+ Key concept for radiation TRA: need to assess change over time.

+ New or untreated observations outside treatment zone: apply CT/MRI Dx Algorithm.
=« Lesions treated by nonradiation-based LRT: apply nonradiation TRA algorithm.

« In combination with systemic therapy: apply TRA algorithms with caution.

* No masslike enhancement - examples include:
lesion di no lesional smooth perilesi or
parenchymal perfusional changes without masslike enhancement

© 2024 American College of Radiology® | Al rights reserved

Fig. 3. Four-category systems of the updated TRA algorithm for ablation, nonradiation-based embolic therapies, surgical resection, and
the new TRA algorithm for radiation-based therapies. Adapted from American College of Radiology. Available at: https://www.acr.org,
with permission of American College of Radiology [35,36]. TRA = treatment response assessment, LI-RADS = Liver Imaging Reporting and
Data System, LRT = locoregional therapy, LR-TR = LI-RADS treatment response assessment category
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to viable. The use of ancillary features for category CEUS Nonradiation TRA Algorithm
adjustment is optional and left to the radiologist’s discretion. A new CEUS nonradiation TRA algorithm has been developed
Validation of the LI-RADSv2024 CT/MRI radiation TRA is that applies to lesions treated with nonradiation-based

required because of limited evidence. The LI-RADS still lacks locoregional therapy and is visible on post-treatment US.
an algorithm for assessing treatment responses after systemic ~ Both intralesional and perilesional tumor viabilities should
therapy. be assessed using CEUS imaging criteria, as follows (Fig. 4):

8 /4 LI-RADS® CEUS NONRADIATION TRA v2024

Observation treated by nonradiation-based Locoregional Therapy (TACE, TAE, RFA, MWA or
PEA), or at surgical margin after resection, imaged with CEUS in at-risk patient.

Step 1. Assess both intralesional AND perilesional tumor viability using CEUS Imaging Criteria.
If not evaluable, assign LR-TR Nonevaluable and proceed to Step 4.

Intralesional CEUS Perilesional CEUS
1_'un?¢')r Imaging Criteria 1.-"".".” Imaging Criteria
Viability Viability
Absent No intralesional enhancement Absent Enhance.men.t el
surrounding liver
Arterial phase hyperenhancement
Arterial phase hypoenhancement e e
Uncertain (with or I\::vithout gvpashout) Uncertain Arterial phase isoenhancement
with washout OR
Arterial phase hypoenhancement
Arterial phase hyperenhancement
(with or without washout) OR Arterial phase hyperenhancement
O Arterial phase isoenhancement st with washout
(with or without washout)
[ |
Step 2. Apply Tiebreaking Rule if needed Apply Tiebreaking Rule if needed
Reconcile intralesional AND perilesional
Step 3. tumor viability assessment to assign a single
Treatment Response Asiessment (TRA) category
Intralesional Tumor Viability
Absent Uncertain Present
52| Absent | LRTRNonviable | LR-TREquvocal ||  LR-TRViable |
cl5
Ol s
2> | uncertain LR-TR Equivocal LR-TREquivocal ||  LR-TRViable |
T o
[
e E Present || LRTRViable || LRTRViae || LRTRViae |

Step 4. Final check.

After steps 1, 2, and 3 — Ask yourself if the assigned TRA category is reasonable and appropriate.
If YES: You are done, move on to the next Treated Lesion (if any).

If NO: Re-evaluate.

» New distinct nodule(s) separate from Treated Lesion should be categorized using CEUS Diagnostic
Algorithm instead of CEUS TRA Algorithm.
* In patients after partial hepatectomy the entire resection margin should be evaluated
= using Perilesional Tumor Viability criteria. In patients without surgical cavity visible on B-mode
ultrasound Intralesional Tumor Viability should be labeled as “Absent”.

(© 2024 American College of Radiology® | All rights reserved

Fig. 4. Contrast-enhanced ultrasound nonradiation TRA algorithm. Adapted from American College of Radiology. Available at: https://
www.acr.org, with permission of American College of Radiology [37]. TRA = treatment response assessment, LI-RADS = Liver Imaging
Reporting and Data System, CEUS = contrast-enhanced ultrasound, TACE = transarterial chemoembolization, TAE = transarterial
embolization, RFA = radiofrequency ablation, MWA = microwave ablation, PEA = percutaneous ethanol ablation, LR-TR = LI-RADS
treatment response assessment category

kjronline.org https://doi.org/10.3348 /kir.2024.0161 1043
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CEUS imaging criteria for intralesional tumor viability:

1) “Absent” is assigned when no intralesional
enhancement is observed.

2) “Uncertain” is assigned when arterial phase
hypoenhancement with or without washout is observed.

3) “Present” is assigned when either arterial phase
isoenhancement or hyperenhancement, with or without
washout, is observed.

CEUS imaging criteria for perilesional tumor viability:

1) “Absent” is assigned when enhancement identical to
the surrounding liver is observed.

2) “Uncertain” is assigned when arterial phase
hyperenhancement without washout, arterial phase
isoenhancement with washout, or arterial phase
hypoenhancement is observed.

3) “Present” can be assigned when arterial phase
hyperenhancement with washout is observed.

To assign a single treatment response category,
intralesional and perilesional tumor viability assessments
should be reconciled (Fig. 4). The CEUS TRA viable category
can be assigned when intralesional or perilesional tumor
viability is present.

Prognostic and Predictive Features

Current LI-RADS focuses on the non-invasive diagnosis
and staging of HCC using a combination of imaging features;
however, it does not assign features intended to predict
outcomes. HCC is a malignancy with biological variability
and diverse outcomes, partly due to its complex and variable
pathological and molecular composition [21]. HCCs can be
classified based on histological, genetic, immunological, and
signaling features into two broad pathomolecular classes,
namely proliferative and non-proliferative. Proliferative HCCs
are associated with high AFP levels, poor differentiation, and
poor outcomes, whereas non-proliferative HCCs are associated
with low AFP levels, good to moderate differentiation,
and better outcomes [22]. The classification of HCC as
proliferative or non-proliferative requires tissue sampling with
histological and molecular characterization. Invasiveness,
cost, and sampling variability limit the application of
pathomolecular classification in clinical care. Liquid biopsy,
which detects cell-free DNA and other circulating tumor
markers, is a potential alternative to tissue sampling.

Emerging evidence suggests that imaging features
may provide insights into tumor biology, prognosis, and
responsiveness to treatment [23-27]. However, progress
on this topic has been impeded by several factors. These
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include the retrospective and single-center design of most
published studies, small population sample sizes, selection
biases in surgical cohorts for certain liver disease etiologies,
and relatively early-stage HCC. The lack of standardized
terminology has equally hindered progress. A future direction
for the LI-RADS is to standardize the terminology of prognostic
and predictive features, including term names and definitions,
and to develop rigorous criteria for their interpretation. This
will facilitate prospective multicenter studies and analysis of
real-world data to validate and refine the features, inform their
appropriate integration into LI-RADS, and guide their evidence-
based application for patient management.

Quality Assessment and Reporting

The US Surveillance LI-RADS VIS indicates the overall
quality of the examination. Other LI-RADS algorithms do
not require examination quality assessment. In clinical
practice, LI-RADS examinations are sometimes incomplete,
with omitted series or reconstructions. Even if complete,
examinations may be impacted by subtotal liver coverage,
arterial phase mistiming, and poor image quality due to
hepatic dysfunction or deleterious artifacts [28,29]. Although
these factors may reduce the accuracy and diagnostic
confidence, the frequency and magnitude of these errors are
not well understood because examination quality has not
been consistently reported using reproducible metrics.

A standardized system for evaluating and cataloging
examination adequacy is required but is not yet available. To
address this need, the LI-RADS steering committee recently
convened a Quality Working Group to develop such a system.
Ultimately, we envision a tiered system that hierarchically
addresses multiple quality components, including the
completion of each required series, entire liver coverage,
timing of the arterial and possibly other phases, presence of
artifacts, and aggregate impact on diagnostic confidence,
followed by recommendations for mitigation.

Lexicon Expansion and Translation

In 2021, LI-RADS released a standardized vocabulary for
liver imaging [30,31]. Standardized vocabulary is crucial for
promoting clarity and consistency of communication in
clinical practice and scientific literature [32]. The current
lexicon focuses on qualitative imaging features and their
definitions, along with their context of use, applicable
imaging modalities, explanatory comments, and synonyms
[30]. When data on quantitative imaging biomarkers are
compiled, terms related to quantitative images may be

https://doi.org/10.3348/kjr.2024.0161 kjronline.org
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added. Over time, this lexicon may expand to incorporate
prognostic imaging terms and their implications [31]. To
promote universal use, it is necessary to translate the LI-
RADS lexicon into other languages. Currently, the LI-RADS
lexicon has been translated into Korean, Chinese, French,
German, Italian, Japanese, Spanish, Turkish, and Vietnamese,
with other languages planned.

CONCLUSION

LI-RADS is a dynamic system that continues to evolve
[33]. Major updates in the US Surveillance algorithm, CT/
MRI nonradiation/radiation TRA algorithms, and CEUS
nonradiation TRA algorithm are proposed in 2024. LI-RADS
attempts to standardize prognostic and predictive features,
develop a standardized system for quality assessment and
reporting, and expand its lexicon.
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