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Abstract: Hepatocellular carcinoma (HCC) is a leading cause of mortality worldwide and 
a major healthcare burden in most societies. Computed tomography (CT) and magnetic 
resonance imaging (MRI) play a pivotal role in the medical care of patients with or at risk 
for hepatocellular carcinoma (HCC). When stringent imaging criteria are fulfilled, CT and 
MRI allow for diagnosis, staging, and assessment of response to treatment, without the need 
for invasive workup, and can inform clinical decision making. Owing to the central role of 
these imaging modalities in HCC management, standardization is essential to facilitate 
proper imaging technique, accurate interpretation, and clear communication among all 
stakeholders in both the clinical practice and research settings. The Liver Imaging 
Reporting and Data System (LI-RADS) is a comprehensive system that provides standardi-
zation across the continuum of HCC imaging, including ordinal probabilistic approach for 
reporting that directs individualized management. This review discusses the up-to-date role 
of CT and MRI in HCC imaging from the LI-RADS perspective. It also provides a glimpse 
into the future by discussing how advances in knowledge and technology are likely to enrich 
the LI-RADS approach. 
Keywords: hepatocellular carcinoma, computed tomography, magnetic resonance imaging, 
LI-RADS

Introduction
Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-associated 
mortality and a major healthcare burden worldwide.1 Imaging plays a pivotal role in 
the medical care of patients with or at risk for HCC. Accurate and reliable non- 
invasive diagnosis of HCC can be made with computed tomography (CT) or 
magnetic resonance imaging (MRI) when stringent criteria are applied.2 Tumor 
staging and management planning are based largely on imaging findings, often 
without the need for further invasive workup. CT and MRI also provide an assess-
ment of treatment response in patients with HCC, which informs therapeutic 
decisions.

With the growing primacy of CT and MRI in the care of patients with HCC, 
standardization of imaging technique and interpretation is essential to allow accu-
rate diagnosis and facilitate communication among stakeholders in clinical practice 
and the research setting. The Liver Imaging Reporting and Data System (LI-RADS) 
is a comprehensive system that standardizes all aspects of HCC imaging, including 
terminology, technique, interpretation, and reporting. LI-RADS is supported by the 
American College of Radiology (ACR) and by the American Association for the 
Study of Liver Disease (AASLD), and is becoming the most widely accepted and 
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sophisticated diagnostic system for HCC in North 
America. In 2020, the AASLD recognized the utilization 
of CT/MRI LI-RADS as a metric of high-quality clinical 
care in patients with or at risk for HCC. It is anticipated 
that this recognition will incentivize the clinical adoption 
of LI-RADS by centers across the USA and may stimulate 
the utilization of LI-RADS in other countries as well.

This review focuses on the established role of CT/MRI 
LI-RADS in HCC diagnosis, staging, and assessment of 
treatment response. We also discuss emerging data on the 
role of MRI in HCC screening/surveillance and in the 
assessment of tumor biology and prognostication. Finally, 
we briefly introduce and discuss recent advances in ima-
ging technology and computer science (eg, artificial intel-
ligence) that may expand the role of imaging in the care of 
patients with or at risk for HCC.

Overview of CT/MRI LI-RADS 
Algorithms and Key Concepts
LI-RADS Algorithms
For CT and MRI, LI-RADS provides two algorithms 
addressing two clinical contexts: CT/MRI LI-RADS, for 
HCC diagnosis and staging, and the LI-RADS treatment 
response algorithm (LR-TRA), for assessment of response 
to locoregional treatment.

The CT/MRI LI-RADS diagnostic algorithm is 
designed to ensure high specificity and positive predictive 
value (PPV) for the diagnosis of HCC, and to this end 
should only be applied in populations with a high pretest 
probability of HCC, ie, the “high-risk population”. This 
“high-risk population” includes adult patients with liver 
cirrhosis, patients with chronic hepatitis B viral infection 
with or without cirrhosis, and patients with current or prior 
HCC. In these populations, the expected PPV of LI-RADS 
for HCC diagnosis is >95%.3 Although emerging data 
suggest that the performance of LI-RADS for the diagno-
sis of HCC may be equally high in the context of other risk 
factors for HCC, such as some patients with nonalcoholic 
fatty liver disease or chronic hepatitis C without cirrhosis,4 

additional scientific evidence is needed to support the 
application of LI-RADS in these populations, ideally 
from large prospective clinical studies. Hence, to date, LI- 
RADS should not be applied when the risk for HCC is low 
or not well established. This includes pediatric patients, 
those with other chronic liver diseases in the absence of 
cirrhosis, or in conditions where the PPV is reduced owing 
to the presence of nodules that mimic HCC on imaging, 

such as in patients with congenital hepatic fibrosis or 
patients with vascular causes of cirrhosis.

Similarly, the CT/MRI - LI-RADS treatment response 
algorithm (LR-TRA) is designed to detect and report residual 
viable HCC after locoregional therapy or resection, in the 
same high-risk population described above. Locoregional 
therapies include ablation therapies (radiofrequency, micro-
wave, cryoablation, and ethanol injection), transcatheter 
therapies (conventional and drug-eluting bead chemoembo-
lization, bland embolization, and radioembolization), and 
external beam radiation therapy.5 Emerging data suggest 
that the LR-TRA provides high PPV for viable tumors after 
treatment,6,7 although further data are to fully understand 
how it may be used to guide transplant eligibility or the 
need for retreatment. One caveat, though, is that the algo-
rithm is not designed for assessing the response to systemic 
therapy, which is often at the patient-level rather than 
a  lesion-level assessment. Readers should refer to other 
systems, such as modified RECIST, for this context of use.8

LI-RADS Imaging Technical Specifications
CT and MRI examinations need to meet minimal technical 
requirements to yield the desired diagnostic accuracy. The 
use of multidetector CT (≥8 detectors) or 1.5 or 3 Tesla 
MR magnets is required, and the administration of intra-
venous contrast and multi-phase imaging are mandatory 
for HCC diagnosis and treatment response assessment. 
MRI has been shown to have higher sensitivity for the 
diagnosis of HCC than CT, particularly with the use of 
hepatobiliary contrast agents (HBAs), ie, gadoxetate dis-
odium or gadobenate dimeglumine.9,10 However, LI- 
RADS does not recommend one modality over another 
and does not advocate a specific type of MRI contrast 
agent. The selection of modality and contrast often 
depends on patient factors, institutional preferences, and 
other considerations.

With regard to the imaging study, the most important 
aspect is the acquisition of a technically adequate and well- 
timed arterial phase, as this phase is used to characterize the 
presence of arterial phase hyperenhancement (APHE), 
a hallmark and required feature for diagnosing HCC on 
imaging. Arterial phase imaging is subdivided into the 
early and the late arterial phases. LI-RADS strongly recom-
mends that imaging be performed during the late arterial 
phase, ie, when the hepatic artery and portal vein are both 
enhanced, as this corresponds to the time when arterialized 
tumor tissue is maximally enhanced relative to background 
liver. If images are acquired too early, there may be little or 
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no enhancement of arterialized tumor tissue, making the 
detection of APHE unreliable. For further discussion of 
arterial phase technical acquisition, the interested reader is 
referred to the LI-RADS v2018 Manual, Chapter 12, and 
other publications on this topic.11–14

Beyond the arterial phase, the liver protocol CT or MRI 
must also include a portal venous and delayed phase. The latter 
is acquired about 2–5 minutes after contrast injection and 
applies to CT and to MRI with extracellular agents. Readers 
should be aware that examinations missing any of these phases 
do not comply with LI-RADS requirements and may need to 
be repeated. When using gadoxetate disodium, a conventional 
delayed phase is not obtained; instead, images are acquired in 
the transitional and hepatobiliary phases at about 2–5 minutes 
and at about 15–20 minutes after injection, respectively. If 
gadobenate dimeglumine is used, a conventional delayed 
phase at about 2–5 minutes is usually acquired with optional 
acquisition of hepatobiliary phase images at around 1–3 hours 
after injection. Additional details on CT and MRI require-
ments can be found in the LI-RADS v2018 Manual.11

In addition to assessing the technical adequacy of an 
examination, ie, that all post-contrast phases are acquired, 
the interpretation adequacy should be determined. This refers 
to whether the study is significantly degraded by motion or 
other artifacts. LI-RADS currently does not provide guidance 
on scoring the severity of artifact; however, radiologists may 
choose to assign an LR-NC (LI-RADS Not Categorizable) 
category when an observation cannot be fully assessed owing 
to missing or degraded images, as described below, in “LI- 
RADS Reporting”. In these cases, the radiologist should use 
their judgment in recommending either repeat or alternative 
imaging to better characterize the observation.

LI-RADS Observations
In LI-RADS, the term observation refers to a focal area 
within the liver with an imaging appearance that is distinc-
tive from the background. An observation may be a true 
lesion (an observation that represents a pathologic abnorm-
ality) or a pseudolesion (an observation that does not repre-
sent a pathologic abnormality).15 Observations treated by 
locoregional therapy are called treated observations.

LI-RADS Categories
The LI-RADS CT/MRI algorithms guide the radiologist 
through a stepwise process to assign a unique category for 
each observation. LI-RADS currently includes eight diag-
nostic categories (“LR-”) for untreated observations and four 
treatment response assessment categories (“LR-TR-”) for 

treated observations (Table 1). Figure 1 illustrates the LI- 
RADS diagnostic categories for untreated observations in the 
flow of the diagnostic algorithm. The diagnostic categories 
reflect the relative probability of an observation being 
benign, HCC, a malignancy other than HCC, or 
a malignancy associated with tumor in vein (TIV).16 The 
treatment response categories reflect the relative probability 
of recurrent or residual viable tumor after locoregional ther-
apy. When image degradation or omission precludes differ-
entiation between likely benign categories (LR-1 and LR-2) 
and likely malignant categories (LR-4, LR-5, LR-M), 
untreated observations are categorized as LR-NC, and treated 
observations as nonevaluable (LR-TR Nonevaluable).

LI-RADS Reporting
LI-RADS provides guidance on radiology reporting to 
ensure the inclusion of all relevant information.17 To 

Table 1 CT/MRI LI-RADS Diagnostic Categories for Untreated 
Observations and Treatment Response Assessment Categories 
for Treated Observations

LI-RADS Categories Definition

Diagnostic 
Algorithm

LR-NC Not categorizable (due to 

image omission or 
degradation)

LR-1 Definitely benign

LR-2 Probably benign

LR-3 Intermediate probability of 

malignancy

LR-4 Probably HCC

LR-5 Definitely HCC

LR-M Probably or definitely 
malignant, not necessarily 

HCC

LR-TIV Tumor in vein

Treatment 
Response 
Algorithm

LR-TR 
Nonevaluable

Treated, response not 
evaluable (due to image 

omission or degradation)

LR-TR 

Nonviable

Treated, probably or definitely 

not viable

LR-TR 

Equivocal

Treated, equivocally viable

LR-TR Viable Treated, probably or definitely 

viable
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facilitate compliance, approved sample reporting tem-
plates are available free of charge in the LI-RADS 
Manual, Chapter 14,11 for use by radiologists and 
other specialists. Observations categorized as LR-1 
(definitely benign) or LR-2 (probably benign) can be 
reported at the radiologist’s discretion. Observations 
categorized as LR-3 (intermediate probability of malig-
nancy) can be reported either individually or in aggre-
gate, depending on the number and the presence of 
observations with higher categories elsewhere in the 
liver. Observations categorized as LR-4 (probably 
HCC), LR-5 (definitely HCC), LR-M (probably or defi-
nitely malignant, not specific for HCC), LR-TIV (tumor 
in vein), and LR-NC, as well as treated observations, are 
reported individually. When multiple observations are 
present, radiologists may report them in aggregate, or 
as a combination of individual and aggregate reporting, 
selecting the option that most clearly and effectively 
communicates the findings.16 To facilitate more clear 
communication, radiologists are encouraged to report 
the most likely etiologies for observations categorized 
as LR-TIV and LR-M.16 For observations categorized as 
LR-NC or LR-TR Nonevaluable, radiologists are 
encouraged to indicate the cause of this categorization 

(ie, severe image degradation or image omissions), and 
to recommend repeat or alternative imaging as 
appropriate.

The Role and Value of CT/MRI 
LI-RADS
The main roles of CT and MRI in the medical care of HCC 
are diagnosis, preoperative staging, and detection of resi-
dual or recurrent disease after locoregional therapies. Both 
modalities have high enough specificity so that once strin-
gent imaging criteria for HCC are fulfilled, treatment can 
be initiated without additional diagnostic workup (eg, 
biopsy). While both modalities have been investigated 
for HCC surveillance, with higher accuracy than ultra-
sound and/or serum biomarkers,18–20 CT and MRI are 
not currently recommended by national clinical practice 
guidelines for surveillance owing to their presumed lower 
cost-effectiveness.21 As technology advances and data 
accumulate, it is likely that the role of these two modalities 
will expand to cover additional contexts in the care of 
patients with or at risk for HCC. In the next sections, we 
discuss the established and potential future roles or CT and 
MRI in HCC care through the lens of LI-RADS.

Figure 1 LI-RADS categories within the LI-RADS diagnostic algorithm. 
Note: Adapted with permission from ACR Press. American College of Radiology. CT/MRI LI-RADS® v2018.16.16
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Role in HCC Diagnosis
The CT/MRI LI-RADS diagnostic algorithm includes 
a stepwise decision tree and diagnostic table to steer the 
radiologist in assigning the most appropriate category. The 
first consideration in the algorithm is LR-NC, assigned when 
image omission or degradation precludes adequate evalua-
tion of an observation, as described above. The next cate-
gory is LR-TIV, assigned when there is definite enhancing 
tissue with a vein, indicating the presence of tumor in vein. 
Once thought to be exclusively seen in association with 
HCC, a recent meta-analysis found that nearly 30% of LR- 
TIV cases were due to non-HCC malignancies.22 When 
assigning the TIV category, radiologists are encouraged to 
describe the most likely etiology, HCC or possible non-HCC 
malignancy.

The next two categories (LR-1 and LR-2) are applied to 
observations that are either definitely benign or probably 
benign on the basis of the radiologist’s existing knowledge. 
After excluding benign entities and LR-TIV, the next con-
sideration is the LR-M category. The LR-M category aims to 
preserve the high specificity of the LR-5 category for HCC 
diagnosis while maintaining high sensitivity for malignan-
cies other than HCC.23 LR-M observations exhibit imaging 
features of malignancy but not features that are specific for 

HCC (Figure 2). These include, but are not limited to, 
targetoid morphology (eg, rim arterial phase hyperenhance-
ment, peripheral washout, delayed central enhancement), or 
nontargetoid LR-M features, such as an infiltrative appear-
ance, marked restriction on diffusion weighted images, 
ischemia, or necrosis. In the LR-M category, 93–99% of 
observations are malignant, with 22–36% being HCC.24,25 

The most common differential diagnoses in the LR-M cate-
gory are intrahepatic cholangiocarcinomas (iCCA), com-
bined tumors (cHCC-CCA), and HCC with atypical 
features. As with LR-TIV, radiologists are encouraged to 
report the most likely etiology of LR-M observations when 
possible, noting that approximately 25–30% of LR-M obser-
vations are in fact atypical HCC.

If the above categories are considered and excluded, 
the radiologist is next steered to use the LI-RADS diag-
nostic table, which considers the probability of HCC for 
solid hepatocellular nodules or masses. The three cate-
gories in the diagnostic table are intermediate probability 
of malignancy (LR-3), probably HCC (LR-4), and definite 
HCC (LR-5). These categories are assigned based on 
combinations of major imaging features (ie, features that 
in combination result in the diagnosis of HCC). Major 
features include size, nonrim APHE, nonperipheral 

Figure 2 Contrast-enhanced CT images. 
Notes: (A) LR-M observation measuring 3.9 cm in segment VI showing targetoid morphology; rim arterial phase hyperenhancement (black arrows) and delayed central 
enhancement (black star). (B) LR-5 observation (definite HCC) measuring 3.5 cm in segment 6 showing APHE (white star), washout and capsule (white arrows).
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washout, enhancing capsule, and threshold growth. The 
diagnostic table is constructed so that LR-3, LR-4, and 
LR-5 are assigned based on successively more stringent 
criteria. LI-RADS also provides numerous ancillary fea-
tures, which can be used at the radiologist’s discretion to 
facilitate detection of observations, increase diagnostic 
confidence, or adjust the final category.26 The major fea-
tures, ancillary features, and LR-M features are discussed 
in more depth in the LI-RADS Manual and precisely 
defined in the LI-RADS lexicon.11,15

The prevalence of HCC and overall malignancies 
increases with the numerical hierarchical categories in 
the diagnostic table. In two meta-analyses, the 
prevalences of HCC and overall malignancy, respectively, 
were 38–40% and 34–40% for LR-3, 67–74% and 
80–81% for LR-4, and 92–94%, and 97–99% for LR- 
5.23,24 The similarity in proportions between meta- 
analyses illustrate the overall robustness of the algorithm 
over time, since the two meta-analyses have 
a predominance of studies using different versions of the 
LI-RADS algorithm (v2017 vs v2014).24,25 This balance 
between the high specificity and PPV of the LR-5 category 
for the diagnosis of HCC and the high sensitivity of the 
LR-M category for malignancies in general is particularly 
important when guiding management decisions. While 
LR-M observations usually undergo additional diagnostic 
workup, often involving biopsy, LR-5 indicates confirmed 
HCC, prompting tumor staging and treatment planning 
without routine histologic confirmation. Table 2 sum-
marizes the diagnostic performances of the LR-5 and 
LR-M categories on CT and MRI for the diagnosis of 
HCC and other malignancies, respectively.

Role in HCC Staging
For patients with an observation meeting LR-5 criteria, the 
next step in management is to evaluate disease burden (ie, 
tumor staging) and background liver features for treatment 
planning. Curative options for HCC include transplanta-
tion and resection. Resection opportunities are often lim-
ited in Western populations owing to advanced cirrhosis 
and limited functional liver reserve. Transplantation is 
curative for early-stage HCC and, by removing the field 
defect, reduces the risk of postoperative recurrence. In the 
USA, the United Network for Organ Sharing (UNOS) and 
the Organ Procurement and Transplantation Network 
(OPTN) are the national organizations that create policy 
and govern allocation and access to liver transplantation. 
There are more patients in need of a liver transplantation 

than there are livers available. Current UNOS/OPTN 
guidelines grant priority for patients with advanced liver 
dysfunction, ie, those who are most likely to die of their 
liver disease within the next 90 days, but also for patients 
with T2 stage HCC.27 The rationale is that patients with 
early-stage HCC have markedly improved survival follow-
ing transplantation but would not otherwise have access to 
transplantation on the basis of their liver function. The 
UNOS/OPTN HCC stage is determined primarily by CT 
or MRI, with biopsy typically reserved for observations 
not meeting strict imaging criteria for HCC. T2 stage HCC 
is defined as one HCC ≥2 cm and ≤5 cm or up to 3 HCCs, 
each ≤3 cm on imaging.28 Figure 3 illustrates the UNOS/ 
OPTN radiologic staging system for HCC. Patients who 
present with T2 stage HCC may be listed for transplanta-
tion and receive priority on the waiting list, potentially 
bypassing others on the list.

In 2013, OPTN issued formal imaging criteria for the 
diagnosis of HCC.29 Only observations categorized as 
definite HCC on imaging according to OPTN criteria or 
histology-proven HCCs contribute to staging. Currently, 
the imaging criteria for definite HCC on CT and MRI 
between LI-RADS (LR-5) and UNOS/OPTN (OPTN 
Class 5) are similar but not identical. Observations that 
are 10–19 mm in size, with nonrim APHE and nonperiph-
eral washout, are categorized as LR-5, while such observa-
tions do not meet OPTN-5 criteria. For OPTN, 
observations 10–19 mm in size require nonrim APHE, 
nonperipheral washout, and an enhancing capsule, or 

Table 2 Sensitivity and Specificity of the LR-5 and LR-M 
Categories on CT and MRI for the Diagnosis of HCC and 
Other Malignancies, Respectively

LI-RADS 
Category

Imaging 
Modality

Diagnostic 
Performance

Citation

Sensitivity Specificity

LR-5 MRI* 0.69 0.98 Cho, 202023

MRI† 0.71 0.92 Byun, 202069

CT/MRI* 0.67 0.92 Lee, 2020

MRI‡ 0.80 0.90 Ren 201970

LR-M MRI* 0.89 0.88 Cho, 202023

CT 0.50 0.93 An, 201971

MRI† 0.57 0.94 An, 201971

Notes: *Extracellular and hepatobiliary contrast agents. †Hepatobiliary contrast 
agent only. ‡Extracellular contrast agent only.
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nonrim APHE and threshold growth, to meet the criteria 
for OPTN Class 5.28 Therefore, not all LR-5 observations 
count toward radiologic staging for liver transplantation 
purposes in the USA. In addition, for staging purposes, 
OPTN uses qualifiers to describe observations within cer-
tain size thresholds or treated observations. OPTN Class 
5A and B describe observations ≥1 cm and <2 cm and 
≥2 cm and ≤5 cm in size, respectively. OPTN Class 5X 
indicates HCC beyond an acceptable size or stage for 
transplantation and OPTN Class 5T indicates HCC that 
has undergone locoregional therapies.29 LI-RADS does 
not use qualifiers to indicate size and has a separate algo-
rithm to evaluate treated observations.

It bears mention that other LR categories, which have 
a high probability of being HCC, such as LR-4, do not 
contribute to OPTN staging. Likewise, OPTN has no 
equivalent to the LR-M category; however, these observa-
tions are often biopsied and treated on the basis of the 
pathologic diagnosis. Further research is needed to deter-
mine whether the presence of multiple LR-4 observations 
indicates a high likelihood of multifocal HCC and should 
be integrated into radiologic staging.

Given the mandatory 6-month wait imposed in most 
recent OPTN guidelines, many patients are bridged to trans-
plantation with locoregional therapy. Hence, the treatment 
response algorithm is relevant for verifying successful 
downstaging and continued transplant eligibility following 
locoregional therapy. UNOS/OPTN does not provide speci-
fic guidance on assigning post-treatment stage, and 

transplant centers vary in how they incorporate treated 
lesions in their listing decisions. At the authors’ institutions, 
any residual viable tumor in observations categorized as LR- 
TR Viable contributes to staging and exception point exten-
sion. By comparison, treated observations categorized as 
LR-TR Equivocal or LR-TR Nonviable are not considered.

It is hoped and anticipated that OPTN will eventually 
adopt LR-5 as the radiologic definition of HCC, thereby 
achieving unification with LI-RADS and AASLD. 
Currently, OPTN provides only a binary classification, ie, 
HCC vs not HCC, with the aim of determining transplan-
tation eligibility. Conversely, LI-RADS offers more gran-
ular, probability-based categories that allow for tailored 
management recommendations. While the relevance of 
these other categories in determining transplant eligibility 
is not yet established, LR-5 provides sufficiently high 
specificity for HCC to justify its adoption by OPTN.

Role in Management Determinations
In addition to providing a stage and helping to direct 
therapy for HCC, LI-RADS offers management recom-
mendations for indeterminate findings, including imaging 
follow-up with an alternative imaging modality or addi-
tional diagnostic workup.30 In 2018, LI-RADS was incor-
porated into the AASLD HCC practice guidance,21 which 
describes standardized management suggestions linked to 
the individual diagnostic categories on CT or MRI.

For LR-5 observations, staging and treatment planning 
are usually recommended, without the need for additional 

Figure 3 Schematic representation of the radiologic staging system for HCC adopted by UNOS/OPTN.
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workup.21 Histologic assessment may be pursued in some 
specific contexts, such as for systemic therapy or in clinical 
trials where molecular profiling may be necessary.31 For LR- 
4 observations, management options may include biopsy, if 
the histologic diagnosis may impact clinical decisions or, 
alternatively, short interval imaging follow-up (usually in ≤3 
months), if supported by multidisciplinary discussion. In 
some cases, and in the context of multidisciplinary discus-
sion, LR-4 observations can be treated without histologic 
confirmation. Biopsy is typically recommended for LR-M 
observations owing to the high probability of malignancies 
other than HCC, unless resection is a primary 
consideration;21 in that situation, resection can be performed 
without biopsy if the surgical approach would not be altered 
by the histologic diagnosis. LR-3 observations have inter-
mediate risk of malignancy, and therefore, short-term ima-
ging follow-up usually suffices, although biopsy may be 
pursued if recommended by multidisciplinary discussion. 
In patients with LR-1 and LR-2 observations, and patients 
with no focal observations, the return to routine surveillance 
is usually recommended. Management of LR-NC and LR- 
TIV observations, as well as a summary of recommendations 
tailored to LI-RADS categories, are presented in Figure 4.

It is important to understand that management deci-
sions do not flow solely from LI-RADS categories but 
must also incorporate patient-specific information – such 
as patient preferences, general health and comorbidities, 
treatment history, social support system, and health insur-
ance – frequently unknown to the radiologist.32 Levels of 
circulating biomarkers such as alpha-fetoprotein (AFP) 
also may impact the final management decision. 

Similarly, management may be influenced by institutional 
or regional practice patterns and resources.33

Role in Assessing Response to Treatment
Several treatment options are available for patients with 
HCC, including locoregional therapies, surgical resection, 
transplantation, and systemic therapies. These can have 
different objectives, such as cure, downstaging, bridging, 
debulking, or palliation. CT and MRI play an essential role 
in assessing response to therapy and determining further 
management after treatment. This is particularly true for 
downstaging and bridging options, which aim to reduce 
the risk of disease progression and waiting list dropout.28

While other HCC diagnostic algorithms provide little or 
no guidance for assessing response to treatment, LI-RADS 
has developed a treatment response algorithm (LR-TRA) to 
assess and report response to locoregional therapies. The 
LR-TRA comprises four categories to assess response in 
individual treated observations on CT or MRI, ie, a lesion- 
level response assessment. The LR-TRA categories are LR- 
TR Nonevaluable, LR-TR Nonviable, LT-TR Equivocal, and 
LR-TR Viable. Similarly to LR-NC in the diagnostic algo-
rithm, LR-TR Nonevaluable is reserved for cases where 
image omission or degradation precludes the evaluation of 
treatment response. Treated observations showing 
a complete lack of contrast enhancement on CT or MRI 
are categorized as TR-Nonviable. Observations that exhibit 
a nodular or mass-like area of APHE, washout, or enhance-
ment similar to pre-treatment on post-treatment imaging are 
considered to represent residual viable tumor and are 
assigned an LR-TR Viable category. When an LR-TR 
Viable observation is identified, radiologists are encouraged 

Figure 4 Management recommendations tailored to LI-RADS diagnostic categories. 
Note: Adapted with permission from ACR Press. American College of Radiology. CT/MRI LI-RADS® v2018.16.16
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to also report the pre-treatment LI-RADS category and size, 
as well as the longest dimension of the residual enhancing 
component. This efficiently communicates the level of 
response and informs the need for retreatment or alternative 
treatments. The LR-TR Equivocal category aims to commu-
nicate uncertainty in differentiating viable tumors from ima-
ging features associated with post-treatment changes. Figure 
5 shows examples of lesions categorized as LR-TR Viable, 
LR-TR Nonviable, and LR-TR Equivocal.

Although the LR-TRA is less well validated than the 
diagnostic algorithm, evidence supporting its use is 

emerging. Studies have shown that the LR-TR Viable 
category conveys high specificity and PPV for the detec-
tion of residual tumor (Table 3). Nevertheless, the inter-
pretation of liver imaging in the post-treatment setting can 
be difficult owing to the wide range of available treatments 
with potentially different mechanisms of action and ima-
ging appearances. The challenge is compounded by varia-
bility in the time interval between imaging and therapy, 
progressive parenchymal damage from incremental treat-
ments, and variable degrees of liver decompensation.5 The 
LR-TR Equivocal category communicates uncertainty and 

Figure 5 Assessment of response to locoregional therapies with the LI-RADS treatment response algorithm. 
Notes: (A) Dynamic CT images showing a treated observation in segment 3 with complete lack of contrast enhancement (arrows), consistent with an LR-TR Nonviable 
observation. (B) Dynamic CT images showing a treated observation in segment 6 (arrowheads) with nodular areas of APHE and washout (arrows) consistent with an LR-TR 
Viable observation. (C) Pre-contrast and arterial phase MR images with image subtraction. A hyperintense rim is observed in a treated observation (arrowheads). On the 
subtraction image there is a thin rim of enhancement with a questionable posterior focal thickening (arrow), making difficult the differentiation between post-treatment 
changes and residual disease. An LR-TR Equivocal category was assigned.
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may highlight these challenges, which may prompt addi-
tional imaging workup or retreatment. Two studies have 
shown a high frequency of histologically viable tumor in 
treated observations categorized as LR-TR Equivocal and 
sampled pathologically after subsequent explantation.6,34 

The relevance of viable tumor in such cases is unclear, as 
it often represents viability on the microscopic scale. 
A separate study showed no significant difference in over-
all survival between patients with LR-TR Nonviable and 
LR-TR Equivocal observations.35 Further research is 
needed to elucidate the clinical relevance and optimal 
management of treated observations with equivocal viabi-
lity on imaging.

The emerging scientific evidence will also help to 
refine the current algorithm to incorporate a better under-
stating of its performance in relation to specific treatment 
modalities. Currently, the LR-TRA is intended for applica-
tion in patients after locoregional therapy for HCC, ie, 
locoablative therapies, transcatheter therapies, and radia-
tion therapies.4 In the context of radiation therapies (eg, 
transarterial Y-90 radioembolization, stereotactic body 
radiation therapy [SBRT]), the assessment of response on 
CT and MRI is particularly challenging and an area of 
active research. King et al reported lower inter-reader 
agreement for LR-TR categories and a higher frequency 
of TR-Equivocal categorization on early (4–6 weeks) 
versus late (6–9 months) post-treatment imaging in 

patients undergoing radioembolization with Y-90.36 It is 
not uncommon for observations treated with these modal-
ities to manifest a transient increase in size and/or in 
enhancement on imaging performed in the first 3–6 
months, which may be misinterpreted as viable residual 
tumor.37 Although the LR-TRA may be applied to obser-
vations treated with radiation-based therapies, this should 
be done with caution. For these reasons, it is anticipated 
that the LI-RADS treatment response algorithm will be 
refined to better address response assessment after radia-
tion-based therapies. A system for assessing response after 
systemic therapy is in the planning phases.

For patients treated with surgery, imaging is performed 
to ensure the completeness of tumor resection. In such 
cases, the LR-TRA may be applied to communicate surgi-
cal response and for determining management when obser-
vations suspicious for local recurrence/residual disease are 
seen along or contiguous with the surgical margin. 
However, new observations arising in the liver away 
from the resection bed should be categorized using the LI- 
RADS CT/MRI diagnostic algorithm.

Unfortunately, the majority of patients with HCC do 
not qualify for curative therapies. For these patients, sys-
temic options may be offered, and often include conven-
tional chemotherapy, targeted therapy, and 
immunotherapy, either alone or in combination. 
Currently, the LR-TRA does not address systemic 

Table 3 Specificity and PPV of the LR-TR Viable Category for the Diagnosis of Residual Tumor

LR-TR 
Category

Imaging 
Modality

Treatment 
Modality

Inter- 
Reader 

Agreement 
(k)

Performance Prevalence of 
Residual 

Viable Tumor 
(%)

Reference 
Standard

Citation

Specificity for 
Residual 

Viable Disease 
(%)

PPV for 
Residual 
Viable 

Disease (%)

TR-Viable MRI RFA or 

MWA

0.71 85–97 _ 41 Explant Chaudhry, 

202034

MRI RFA or 

MWA

0.75 99 93 39 Explant Cools, 

20207

CT and 

MRI

TABE 0.55 _ 86–92 _ Explant Shropshire, 

20196

CT All 

locoregional

_ 90 _ _ Resection 

or explant

Park, 

202072

MRI _ 83 _ _

CT All 
locoregional

0.63 94 _ 59 Explant Youn, 
202173

MRI 76 _

Abbreviations: RFA, radiofrequency ablation; MWA, microwave ablation; TABE, transarterial bead embolization.
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therapies and imaging studies of patients treated with 
systemic therapies are often evaluated using the modified 
Response Evaluation Criteria in Solid Tumors 
(mRECIST). In contrast to the LR-TRA, mRECIST is 
designed to provide a per-patient assessment of response 
instead of a per-lesion assessment.8,38

Future Directions
Beyond the most recent update of the diagnostic algorithm 
in 2018 and the incorporation of CT/MRI LI-RADS into 
the AASLD clinical guidance,39 LI-RADS is being 
actively refined and its applications are being expanded 
as evidence emerges and in response to users’ feedback 
and new technologies. Some of the short-term future direc-
tions of LI-RADS are described below.

Role and Value in HCC Surveillance
Imaging surveillance reduces mortality in patients at risk 
for HCC as it allows tumor detection and treatment at 
earlier stages.40 Currently, HCC surveillance in at-risk 
populations is done using ultrasound every 6 months, 
relying on its wide availability and lower costs,21 and LI- 
RADS has developed an ultrasound surveillance algorithm 
to guide proper sonographic technique and reporting of 
results.41 Ultrasound has limited sensitivity for small liver 
nodules, however, particularly in patients with liver cir-
rhosis and associated conditions such as obesity and fatty 
liver. A 2018 meta-analysis showed that the sensitivity of 
ultrasound for detecting early HCC can be as low as 
47%.18 Reasons for the low sensitivity of ultrasound 
include parenchymal heterogeneity due to cirrhosis, 
which can obscure small nodules, shadowing from ribs, 
and attenuation of the ultrasound beam by overlying adip-
osity and/or by liver fat.

CT and MRI with extracellular contrast agents are less 
affected by these factors and so have significantly higher 
sensitivity than ultrasound for HCC screening in adults 
with cirrhosis.18,42 HBA-enhanced MRI has even better 
accuracy, with higher than 85% per-lesion sensitivity and 
95% PPV for HCC.10,42 However, the use of CT and MRI 
for HCC surveillance is impractical owing to their higher 
complexity and costs, and in the case of CT, uncertain 
risks associated with radiation exposure. To address some 
of these limitations, investigators have proposed abbre-
viated MRI (AMRI) protocols as an alternative approach 
for imaging-based HCC surveillance while avoiding the 
high costs and complexity associated with full diagnostic 
MRI protocols.43 These AMRI protocols are shorter than 

diagnostic studies, comprising only a small number of 
sequences that are tailored for screening or surveillance 
purposes, and can be performed in approximately 10 min-
utes of total MRI table time, significantly reducing patient 
burden and examination complexity when compared to 
full diagnostic studies. Three types of AMRI protocol 
have been proposed for HCC screening and surveillance: 
Non-contrast AMRI, Dynamic AMRI, and Hepatobiliary 
Phase AMRI.43 Each of these protocols has advantages 
and disadvantages. Although further research is needed to 
elucidate which is best, all have shown higher sensitivity 
than ultrasound for HCC detection.44 The higher sensitiv-
ity potentially could allow for longer surveillance intervals 
than the 6 months currently recommended with ultrasound, 
further reducing patient burden and costs. One study 
showed that among patients at risk for HCC who had 
a negative baseline gadoxetate acid-MRI, only 1% had 
clinically significant liver nodules after 1 year of follow- 
up.45 Despite these promising results, large prospective 
multicenter clinical trials are needed to determine the 
clinical value and optimal intervals of AMRI protocols 
for HCC surveillance before they can be incorporated 
widely into clinical practice.

LI-RADS does not currently provide an AMRI surveil-
lance algorithm. As evidence accrues, it may be possible 
to perform a personalized surveillance strategy, with 
patients assigned to the particular modality (ultrasound, 
Non-contrast AMRI, Dynamic AMRI, Hepatobiliary 
Phase AMRI) most likely to be effective based on patient 
preferences, compliance, body habitus, severity of cirrho-
sis, degree of liver fat accumulation, and other factors.

Role and Value in Assessing Biologic 
Behavior and Prognosis
In many aspects, HCC is a heterogeneous neoplasm with 
different molecular profiles, and variable biology and 
behavior. HCCs with keratin 19 (K19) expression, for 
example, are associated with a more aggressive behavior, 
resistance to chemotherapy or locoregional therapy, and 
overall poorer prognosis than their counterparts.46 The 
ability to evaluate the tumor molecular profile and biology 
with diagnostic imaging studies may allow more indivi-
dualized management of HCC in accordance with the 
modern concepts of precision medicine. A few studies 
have shown the ability of CT and MRI to assess molecular 
and biologic differentiation of HCCs.47–51 HBA-enhanced 
MRI seems to be particularly promising. HCCs that are 
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hyperintense on hepatobiliary phase images have better 
prognosis, while HCCs with high tumor-to-liver signal 
ratio or with peritumoral hypointensity on hepatobiliary 
phase images are associated with worse molecular fea-
tures, more aggressive behavior, and higher recurrence 
rates.50,52,53 Arterial phase imaging features may help to 
predict molecular differentiation and biologic behavior. In 
one study, the presence of irregular rim enhancement on 
arterial phase images was associated with worse histologic 
features, such as macrotrabecular pattern, immunomarkers 
of stemness, and microvascular invasion, and, therefore, 
worse outcomes.54

Other studies have shown that imaging features defined 
by LI-RADS as well as LI-RADS categories may stratify 
risk, predict response to treatment, and inform overall 
prognosis.47,51,53,55,56 In a study including HCCs, iCCA, 
and cHCC-CCA, the LI-RADS category was indepen-
dently correlated with overall survival and recurrence- 
free survival.48 In that study, observations categorized as 
LR-4 or LR-5 had better outcomes than observations cate-
gorized as LR-M, regardless of their final histopathologic 
diagnosis. In another study investigating the application of 
LI-RADS for the diagnosis of cHCC-CCA, tumors exhi-
biting LI-RADS features of HCC (eg, nonrim APHE, 
capsule, nonperipheral washout) had significantly better 
outcomes with lower rates of post-surgical recurrence 
than tumors exhibiting LR-M features.55 In two separate 
studies, Wei et al found independent associations between 
LI-RADS major and ancillary features with tumor differ-
entiation grade, presence of microvascular invasion, and 
recurrence rates, and suggested that some of these features 
could potentially be used as prognostic biomarkers in 
patients with HCC.51,53

Structured Reporting
The adoption of structured reports has been shown to 
improve clinical care by reducing the variability in key 
feature descriptions while promoting adherence to diag-
nostic systems.17,57 Initiatives to promote the adoption of 
LI-RADS structured reporting templates have been pro-
posed by radiology societies in parallel with commercial 
interests to integrate LI-RADS algorithms into dictation 
and reporting applications.58,59 These mechanisms are 
likely to promote standardization across multiple institu-
tions and clinical practices, facilitating the adoption of LI- 
RADS. Such adoption will enable the development of 
geographically and practice-diverse registries of uniform 
curated data to facilitate research and enhance knowledge.

New Technologies
Advances in imaging technology have provided CT and 
MRI with the ability to accurately and non-invasively 
diagnose, grade, or stage the underlying liver disease that 
predisposes to HCC development.60,61 For example, fibro-
sis stage as well as liver fat have been shown to be 
independent risk factors for HCC development in patients 
with chronic hepatitis C.62 Hence, with the new diagnostic 
capabilities of CT and MRI, it is likely that these imaging 
modalities will have their roles expanded to predict the 
risk of HCC development, even when no focal observa-
tions are detected. Ichikawa et al demonstrated that the 
incidence of HCC was significantly different between 
patients with high (>4.7 kPa), moderate (3–4.7 kPa), or 
mild (<3 kPa) liver stiffness, a biomarker of liver fibrosis, 
when measured with MR elastography during a 3-year 
follow-up period.63 Ajmera et al reported patients with 
higher amounts of liver fat, as measured by MRI-proton 
density fat fraction, to be at higher risk of progressing to 
advanced liver fibrosis, an established risk factor for HCC 
development.64 As evidence accumulates, these non- 
invasive imaging biomarkers may help to expand the 
population in which LI-RADS is applicable, and poten-
tially be integrated into the algorithms to adjust or more 
accurately report the probability of HCC.

Artificial intelligence (AI) is being incorporated rapidly 
into radiology. Deep learning, a subtype of AI, has been 
extensively investigated as a means to increase the diag-
nostic performance of imaging studies owing to its 
remarkable ability to classify medical images.65 

Naturally, a number of deep-learning-based algorithms 
have been applied to CT and MR images of patients at 
risk for HCC, for lesion detection, characterization, risk 
stratification, or prediction of response to treatment. Many 
of these studies relied on the standardization and rigor 
provided by LI-RADS for development, training, and vali-
dation of these AI algorithms.66–68 The combination of 
advances in imaging technology with developments in 
the computer science field lays out an exciting landscape 
for the near future, which is likely to widen the role of CT 
and MRI in the medical care of patients at risk for or 
with HCC.

Conclusion
CT and MRI yield high specificity for HCC diagnosis when 
stringent imaging criteria are met, obviating the need for 
invasive diagnostic workup. Tumor staging for treatment 
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planning as well as assessment of response to treatment can 
also be accurately performed using these imaging modalities. 
As the role of these methods covers many components of the 
medical care of patients with HCC, standardization is key to 
ensure proper technique, accurate interpretation, and unam-
biguous communication among healthcare professionals and 
researchers. The Liver Imaging Reporting and Data System 
(LI-RADS) standardizes all aspects of HCC imaging, per-
mits probabilistic categorization, and facilitates personalized 
medical care. As the role of CT and MRI in the management 
of HCC expands to include screening and prognostication, it 
is anticipated that LI-RADS will be broadened to provide the 
required rigor and standardization for these additional ima-
ging contexts.
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