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Abstract
Unique among solid organ tumors, hepatocellular carcinoma (HCC), may be diagnosed by imaging alone, without the need 
for biopsy. The Liver Imaging Reporting and Data System (LI-RADS) was developed to provide high-specificity diagno-
sis of HCC based on imaging while also standardizing the assessment and reporting of the entire spectrum of lesions and 
pseudolesions encountered in patients at risk for this malignancy. In this pictorial review, we discuss management recom-
mendations associated with CT/MR LI-RADS observations. We emphasize the rationale for the recommendations and the 
role of multidisciplinary management discussion, and we provide a framework for standardized reporting. Management of 
patients who undergo ultrasound (US) for screening and surveillance or those who undergo diagnostic contrast-enhanced 
ultrasound (CEUS) is beyond the scope of this paper.
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Introduction

Hepatocellular carcinoma (HCC), the most common primary 
liver malignancy worldwide, is the fifth most common can-
cer in men and seventh most common cancer in women [1]. 
The incidence of HCC in the U.S has increased by 2.3% per 

year between 2003 and 2012 [2]. Hepatitis C, non-alcoholic 
fatty liver disease (NAFLD), alcohol-related cirrhosis and 
other causes of cirrhosis, along with hepatitis B even in the 
absence of cirrhosis, are the major contributing factors for 
developing HCC.

Unique among solid organ tumors, HCC may be diag-
nosed by imaging alone, without the need for biopsy [3–5]. 
The Liver Imaging Reporting and Data System (LI-RADS) 
was developed to provide high-specificity diagnosis of HCC 
based on imaging while also standardizing the assessment 
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and reporting of the entire spectrum of lesions and pseudole-
sions encountered in patients at risk for this malignancy.

LI-RADS categorizes observations from LR-1 to LR-5 
depending on their relative probability of being HCC. LR-5 
is definite HCC with an intended specificity approaching 
100%. Two additional categories (LR-M: probable or defi-
nitely malignant but not specific for HCC; LR-TIV: tumor in 
vein) further hone the specificity of LR-5 for HCC and main-
tain sensitivity for the diagnosis of malignancy and more 
advanced disease [6]. In 2018, LI-RADS was integrated into 
AASLD HCC clinical practice guidelines. As a result, the 
AASLD management recommendations directly relate to the 
LI-RADS categories [7].

In this pictorial review, we discuss management recom-
mendations associated with CT/MR LI-RADS observations. 

We emphasize the rationale for the recommendations and the 
role of multidisciplinary management discussion, and we 
provide a framework for standardized reporting. Manage-
ment of patients who undergo ultrasound (US) for screening 
and surveillance or those who undergo diagnostic contrast-
enhanced ultrasound (CEUS) is beyond the scope of this 
paper.

LI‑RADS overview

LI-RADS is a comprehensive system for diagnosing HCC. 
It consists of four separate algorithms: Ultrasound surveil-
lance, CT/MRI diagnosis, CEUS diagnosis, and CT/MRI 
treatment response. The LI-RADS CT/MRI Diagnostic 

Fig. 1  A 52-year-old female with incidental 2 cm mass on abdomi-
nal CT done for flank pain. MRI using hepatobiliary phase contrast 
agent demonstrates non-rim arterial-phase hyperenhancement on 
arterial-phase image (a) and washout appearance on delayed phase 
imaging (b) (see white arrows, a–b). The history of chronic hepati-
tis B infection was not provided at the time of initial imaging, and 
the lesion was categorized as hepatic adenoma. 2.5 years later, the 

patient returns with abdominal pain, AFP >200,000 and repeat MRI 
using hepatobiliary phase contrast agent demonstrates the mass has 
now grown to 14 cm mass, continues to demonstrate non-rim arterial 
hyperenhancement mass on arterial-phase imaging (c, white arrow) 
with washout appearance on portal venous phase (white arrow, d). 
The observation was categorized as LR-5 observation, definitely HCC 
and confirmed at hepatectomy after tumor rupture
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Algorithm can be applied to CT and MRI exams performed 
in patients at high risk for HCC, including those with cir-
rhosis, chronic hepatitis B, and current or prior HCC, as well 
as transplant candidates or recipients with HCC [8]. The 
LI-RADS Treatment Response algorithm is used to assess 
HCC response to locoregional therapy [8]. The choice of 
multi-phase CT or MRI is left to radiologist judgment, insti-
tutional preference, and regional practice patterns, among 
other factors, but LI-RADS may be used with either modal-
ity. LI-RADS may be applied to MRI performed with either 
extracellular or hepatobiliary (e.g., gadoxetate disodium) 
contrast agents.

Importantly, LI-RADS is not applied in patients who 
are less than 18 years old due to lack of data validating its 
use in these patients. Patients with cirrhosis secondary to 
congenital hepatic fibrosis or vascular disorders are also 
excluded because these patients have a high incidence of 
arterial-phase hyperenhancing benign nodules which may 
mimic HCC on imaging.

Technical considerations

When applying LI-RADS, a critical requirement is that the 
CT or MR examination is performed with appropriate tech-
nique. For CT, the recommendation includes a scanner with 
≥ 8 detector rows, at least three acquired dynamic post con-
trast phases: arterial (late arterial phase strongly preferred 
over early arterial phase), portal venous, and 2- to 5-min 
delayed. If the patient has had prior locoregional therapy, 
then a non-contrast phase is suggested [9, 10].

For MR examinations, 1.5T or 3T field strength with a 
torso phased array coil is required. For studies performed 
with an extracellular contrast agent, the recommended 
sequences include unenhanced T1-weighted out-of-phase 
and in-phase, T2-weighted, and dynamic multi-phase 
T1-weighted imaging, the latter including pre-contrast, 
arterial (similar to CT recommendations, late arterial phase 
is strongly preferred), portal venous, and 2- to 5-minute 
delayed phases. Diffusion-weighted imaging is also sug-
gested and may reveal ancillary features. Subtraction of the 

Fig. 2  A 64-year-old male with HCV cirrhosis. a Non-contrast imag-
ing reveals a 2.8-cm T1 hypointense lesion that is incompletely char-
acterized because patient could not tolerate continuing the dynamic 
contrast-enhanced portion of the exam and study was categorized a 
LR- NC. Management guidelines suggest repeat imaging, in this case 

with dynamic contrast-enhanced CT which demonstrates (b) 2.8 cm 
lesion with arterial-phase hyperenhancement on arterial-phase imag-
ing and c portal venous phase washout on portal venous phase imag-
ing, and categorized as a LR-5 observation
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dynamic contrast-enhanced imaging may be performed to 
improve conspicuity of lesions. If gadoxetate disodium is 
used, a transitional phase is performed in lieu of the delayed 
phase, at 2–5 min post injection, as well as a hepatobiliary 
phase at about 20 min.

Only when patients have undergone technically adequate 
CT and MR examinations, can radiologists categorize 
observations using LI-RADS and guide management for 
these patients. Management options include return to rou-
tine surveillance in about 6 months, repeat imaging with 
the same method as the study just performed, or possibly 
with an alternative diagnostic method if such a method 
is likely to be advantageous diagnostically. For example, 
if poor liver function compromises uptake of gadoxetate 
disodium, then MRI with an extracellular agent may be 
preferable. Similarly if patients are not candidates for or 

cannot tolerate MRI, then CT would be preferred for diag-
nostic imaging.

Role of diagnostic radiologist as a member 
of a multidisciplinary management team

It is important for a radiologist to understand the role of 
imaging and other clinical and laboratory factors that con-
tribute to establishing an HCC diagnosis and determine man-
agement options. A radiologist is an important member of a 
multidisciplinary team, whether explicitly by attending multi-
disciplinary conferences, or implicitly by issuing a report that 
will be an important contributor to management decisions.

Familiarity with the LI-RADS population is crucial in 
order to avoid inappropriate use of LI-RADS. For example, 

Fig. 3  A 40-year-old female with HCV cirrhosis. Ax SSFSE (image 
a) demonstrates a 1.5-cm segment VII T2 hyperintense observation 
that demonstrates progressive centripetal enhancement on arterial-
phase sequence (image b) and portal venous phase (image c). Lesion 

categorized as a LR-1 observation, probable hemangioma. Man-
agement recommendation was to return to routine surveillance (6 
months)
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assigning an LR-5 category in a patient without risk factors 
for HCC may lead to aggressive treatment of a benign lesion 
(e.g., hepatocellular adenoma), or HCC-targeted treatment 
being applied to a non-HCC malignancy (e.g., carcinoid 
metastasis). Alternatively, not recognizing the appropriate 
patient for LI-RADS use may lead to unnecessary biopsy 
and delay in diagnosis (see Fig. 1).

Knowledge of the LI-RADS algorithm and its diagnostic 
criteria is necessary in order to assign the most appropriate 
category for any given observation. Both under-categorizing 
and over-categorizing observations can lead to inappropriate 
management decisions, which in turn may have prognostic 
implications.

The LI-RADS categories were developed so that each 
category should have significant impact on decisions about 
diagnosis and treatment. Many factors other than imaging 
influence the final diagnosis and guide the management plan. 
It may help to think of this as “layers of diagnostic thinking,” 
beginning with the imaging test itself and eventually arriving 
at a management decision based on all factors, including but 
not restricted to the assigned LI-RADS category.

It is not necessary for radiologists to blind themselves to 
other data, but the LI-RADS category should be based on 
imaging features and able to stand on its own, as the radi-
ologist’s estimation of the likelihood of HCC. A clinician’s 
estimated probability of HCC may differ. While informed 
by the LI-RADS category, clinicians also incorporate other 
factors such as circulating biomarkers and the patient’s pre-
test probability of developing or having HCC. For example, 
a radiologist may assign LR-4 based on imaging findings, 
but a markedly elevated serum AFP level may permit non-
invasive diagnosis of HCC with high certainty.

Proceeding further through the layers of diagnostic think-
ing, the likelihood of HCC, or even a definite diagnosis of 
HCC, do not directly determine management. Rather, the 
ultimate management decision follows from a clinical 
assessment that integrates all available medical informa-
tion, including patient co-morbidities; patient preference; 
observation size and location; number, sizes, and LI-RADS 
categories of additional observations; and eligibility for liver 
transplantation or other treatment methods. For example, a 
decision about whether to biopsy may be affected by risk 
factors such as coagulation disorders, or whether a patient 
most fears a procedure or a short delay in diagnosis, or 
whether biopsy confirmation of a small (< 20 mm) HCC 
would affect priority for liver transplantation. Management 
after a definite diagnosis of HCC, as communicated by the 
presence of one or more LR-5 observations, will be decided 
by a patient’s managing clinician or multidisciplinary team.

Reporting considerations

Reporting is a vital communication tool between a radiolo-
gist and a clinician. LI-RADS recommends that up to five 
individual observations should be described individually, in 
order to maintain clarity of the report. In cases with greater 
than five observations, observations may be described in 
aggregate.

For each individually reported observation, LI-RADS 
recommends reporting location (e.g., segment or section), 
size, all major features, ancillary features (if used), change 
(if any) from the prior, and the final LI-RADS category[6]. 
Each observation should be assigned an identifying number 
(e.g., Observation #1), and the designated number should 

Table 1  LR-2 probably benign: 
definition, examples and 
management recommendation

Preferred management is RETURN TO ROUTINE SURVEILLANCE (usually 
6-month serial imaging)

Conceptual definition: 
High-probability but not 100% certainty observation is non-malignant

Probable:
• Cyst 
• Hemangioma 
• Perfusion alteration (e.g., arterioportal shunt) 
• Hepatic fat deposition or sparing 
• Hypertrophic pseudomass
• Confluent fibrosis or focal scar 

Distinctive nodule without malignant imaging features 

List above not meant to be exhaustive 

Examples:

Criteria: LI-RADS does not provide criteria for most entities that may be categorized LR-2, 
but instead provides examples

LR-2: Probably Benign

LR-2
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stay the same on all subsequent reports. Additionally, 
either key image numbers (e.g., series and slice) should be 
included in the report, and/or the key images should be saved 
to facilitate accurate identification and longitudinal follow-
up of observations. Structured reports are more compre-
hensive and have greater clarity than free-text style reports, 
and are generally preferred by referring physicians [11–14]. 
Specifically, use of a structured LI-RADS template leads to 
both standardized description of categories and unequivo-
cal reporting of the presence or absence of major features in 

nearly 100% of observations [15]. Sample structured reports 
can be downloaded through the American College of Radiol-
ogy (ACR) (https ://corte x.acr.org/RadsP revie w/CaseV iew.
aspx?CaseI d=Y9Jbz Yund5 s%3D) [16].

Fig. 4  A 52-year-old male with HCV cirrhosis imaged with hepato-
biliary contrast agent. Axial arterial phase and T2W FS (a, b) dem-
onstrate a 1.5-cm segment VII T2 hyperintense non-arterial hyper-
enhancing non-mass-like observation that demonstrates minimal 
enhancement on portal venous phase (c) and lack of uptake of hepa-

tobiliary contrast on the delayed 20 min hepatobiliary phase (d). This 
was categorized as LR-2 (probably benign) thought to represent focal 
fibrosis or scar. Preferred management is return to surveillance (usu-
ally 6-month serial imaging). The lesion has been stable for over 1 
year

https://cortex.acr.org/RadsPreview/CaseView.aspx%3fCaseId%3dY9JbzYund5s%253D
https://cortex.acr.org/RadsPreview/CaseView.aspx%3fCaseId%3dY9JbzYund5s%253D
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Key concepts/assumptions

For simplicity, we review management options for individual 
LI-RADS observations, although patients may have multiple 
observations. In such instances, management is usually gov-
erned by the highest category (or most malignant) observa-
tion. In this patient population, we assume that multi-phase 
CT or MRI is performed after a positive HCC surveillance 
test (ultrasound, elevated alpha fetoprotein), since the value 
of CT or MRI for surveillance has not been established by 
prospective studies.

Our management recommendations are general sugges-
tions consistent with the guidelines recommended by the 
AASLD and LI-RADS, and may not apply in all cases as 
stated [7].

Management of each category

Negative study

This category indicates that there are no LI-RADS observa-
tions on diagnostic quality multi-phase CT or MR imaging. 
Management recommendation in this category is to return 
to routine surveillance (which is based on clinical data and 
surveillance guidelines). An exception to this management 
recommendation is when the radiologist or referring care 
provider believes the diagnostic study could be a false-neg-
ative exam because an unequivocal abnormality was evident 
on an antecedent screening study or there is an elevation in 

AFP. An alternative exam may be considered such as MRI 
with gadoxetate disodium or contrast-enhanced US.

LI‑RADS non‑categorizable (LR‑NC)

A LI-RADS non-categorizable (LR-NC) category refers to 
a situation where the range of diagnostic possibilities can-
not be meaningfully narrowed (e.g., cannot state whether 
the observation is more likely to be LR-1/2 or LR-4/5) due 
to omission of sequences or degradation of image quality. 
Depending on the reason for degradation of image quality, 
an alternative modality should be suggested. For example, 
if motion artifact is severe on MRI, consider recommending 
CT. Alternatively, immediate repeat imaging or short-term 
follow-up with modification of sequences with anti-anxiety 
medications or shorter-term follow-up could be recom-
mended. In Fig. 2, there is a 2.8-cm T1 hypointense lesion 
identified on non-contrast MRI, and the patient was unable 
to complete the contrast-enhanced portion of the study. 
To appropriately categorize the observation and apply LI-
RADS, a dedicated multi-phase dynamic enhanced study 
is required. In this scenario, repeat imaging with technical 
modification is needed, with either same or different modal-
ity. The patient in Fig. 2 returned for repeat imaging using an 
alternate modality and the lesion was categorized as a LR-5 
observation based on multi-phase CT.

LR-NC should not be applied if the case is difficult to 
interpret because of unusual imaging features or the inability 
to categorize ancillary features.

Table 2  LR-3 intermediate 
probability for malignancy: 
definition and management 
recommendation

LR-3 conveys broad range of estimated probability of malignancy (21 to 70%). 
About 10% of untreated LR-3 observations progress to LR-5 or, rarely, to LR-M.

Preferred management is 3-6 month follow up imaging

LR-3: Intermediate probability for malignancy

Arterial phase hyperenhancement (not rim):
• < 20 mm with no additional major features

Arterial phase hypo- or isoenhancement:
• < 20 mm with    1 additional major feature OR
•  20 mm with no additional major features

Conceptual definition: Non-malignant & malignant entities each have 
moderate probability

CT/MRI criteria:

Additional major features:
“Washout” (not peripheral) “Capsule” (on PVP, DP, or TP) Threshold growth

LR-3
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LI‑RADS 1 (LR‑1)

LR-1 observations are considered definitely benign, for 
example, hepatic cysts, hemangiomas, perfusion alterations 
(arterioportal shunts), hepatic fat deposition/sparing, hyper-
trophic pseudomass, confluent hepatic fibrosis, focal scar, 
or complete disappearance of previously seen observation. 
Perfusion alterations are often wedge-shaped or geographic 
in appearance and are seen only on the arterial phase, with-
out T2 correlate or portal venous washout, giving the radi-
ologist confidence in categorizing the observation as LR-1. 
The preferred management option in such cases is the same 

as LR-negative, return to routine surveillance (typically, 6 
months imaging) (Fig. 3).

LI‑RADS 2 (LR‑2)

LR-2 observations are probably benign including the dif-
ferential above, a perfusion alteration (arterioportal shunt) 
or distinctive nodule less than 20 mm without malignant 
imaging features (i.e., no major features, LR-M features, or 
ancillary features of malignancy) (Table 1). Figure 4 shows 
a 1.5-cm segment VII T2 hyperintense non-arterial hyper-
enhancing observation that demonstrates minimal enhance-
ment on portal venous phase that does not take up contrast 

Fig. 5  A 71-year-old female with HCV cirrhosis with a history of 
treated HCC, imaged with hepatobiliary contrast. Stable  2.9 cm 
segment II/III (a) T1W hyperintense observation on T1 weighted 
pre-contrast imaging without b arterial hyperenhancement (APHE) 
or c portal venous enhancement as compared to background liver 
is unchanged in size since 3 months earlier. The observation is (d) 
isointense on hepatobiliary phase imaging. This lesion was cat-

egorized as LR-3 (intermediate probability for HCC) because of its 
size, >2 cm, and lack of any major features. 3–6-month follow-up 
could be obtained. Given the stability over 3 months, conservative 
management of follow-up in another 3 months may be warranted. 
Subsequently if stable, follow-up could return to 6 months. Note, a 
segment VIII lesion has been treated with TACE and is non-viable 
(LR-Treated Non-viable, pink arrow)
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on hepatobiliary phase imaging and has been stable for over 
1 year. This lesion was categorized LR-2 (probable focal 
scar). The preferred management in this scenario is to return 
to routine surveillance (e.g., in 6 months). In some scenar-
ios, alternative imaging at follow-up may be recommended 
to problem solve. For example, if a lesion is likely to rep-
resent a hemangioma but demonstrates atypical features on 
gadoxetate-enhanced MRI, ECA-MRI could be performed 
to confirm suspected diagnosis. Alternatively, if a < 2.0 cm 
nodule is thought to represent a regenerative or siderotic 
nodule on CT or ECA-MRI, a gadoxetate-enhanced MRI 
may provide additional characterization by determining if 
the nodule retains contrast on hepatobiliary phase imaging.

LI‑RADS 3 (LR‑3)

LR-3 observations have an intermediate probability of 
malignancy. Management options include follow-up in 3–6 
months (Table 2). If the observation is larger (> 2 cm) or 
if a change in size might alter staging unfavorably, closer 
follow-up in about 3 months and/or multidisciplinary dis-
cussion is warranted (Fig. 5). When short-term follow-up is 
recommended, radiologists should use their clinical judg-
ment to recommend an appropriate modality/contrast agent 
for the follow-up exam. Since there is a non-negligible pos-
sibility of malignancy (39–40% [8, 17]), the multidiscipli-
nary group may elect to biopsy the observation if the results 
would change management.

LI‑RADS 4 (LR‑4)

LR-4 observations have a high probability of being HCC 
(Table 3). LR-4 observations do not contribute to OPTN 
staging/MELD exception points. Management choice is indi-
vidualized and based on transplant/surgical candidacy, co-
morbidities, and liver function. Multidisciplinary discussion 
is recommended to determine individualized management, 
and may include repeat or alternative imaging modality, 
biopsy, or presumptive treatment, (Fig. 6). Diagnosis needs 
to be confirmed for LR-4 observations prior to locoregional 
therapy if the patient is a transplant candidate.

LI‑RADS 5 (LR‑5)

LR-5 observations have 100% probability of being HCC. 
Presence of non-rim-like arterial-phase hyperenhancement 
(APHE) and size ≥ 10 mm are required for LR-5 categoriza-
tion (Fig. 7). The definition of non-rim-like arterial-phase 
hyperenhancement is provided in detail in the LI-RADS 
v2018 CT/MRI core and is defined as enhancement une-
quivocally greater in whole or in part than the liver. The 
enhancing part must be higher in attenuation or intensity 
than the surrounding liver in arterial phase. It is important 
to understand the definition of non-rim-like arterial-phase 
hyperenhancement to contrast it with rim arterial-phase 
hyperenhancement, which is part of the inclusion criteria for 
LI-RADS M category (which will be a category discussed 
in further detail later in this paper[8]). Table 4 summarizes 
the v2018 LR-5 diagnostic criteria.

With AASLD unification, a revision to the LR-5 category 
was made for LI-RADS 2018: observations 10–19 mm in 

Table 3  LR-4 probably HCC: 
definition and management 
recommendation

• LR-4 conveys a broad range of estimated probability for HCC, about 50% will progress to 

LR-5, or rarely LR-M. 

• LR-4 observations DO NOT contribute to OPTN staging and management is individualized 

based on  transplant/surgical candidacy, co-morbidities, and liver function. 

MDD is recommended to determine individualized management

Conceptual definition: 
High probability but not 100% certainty observation is HCC a

Arterial phase hyperenhancement (not rim): b:
• < 10 mm with    1 additional major feature c OR
• 10-19 mm with enhancing “capsule” c OR
• 20 mm with no additional major feature c

Arterial phase hypo- or isoenhancement:
• < 20mm with    2 additional major features c OR
•  20 mm with    1 additional major feature c

CT/MRI criteria:

LR-4: Probably HCC

Additional major features:
“Washout” (not peripheral) “Capsule” (on PVP, DP, or TP) Threshold growth

LR-4
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size with non-rim APHE and non-peripheral “washout” are 
now categorized LR-5, even if not visible on antecedent 
screening ultrasound. A LR-5 observation with the above 
features does not meet OPTN Class 5 criteria and therefore, 
is not eligible for OPTN exception points, which is impor-
tant point to keep in mind for radiologists practicing in the 
United States. Otherwise, LI-RADS and OPTN now have 
identical criteria for HCC.

Of note, LI-RADS version 2018 simplified the definition 
of “threshold growth” to align with AASLD and OPTN. 
Threshold growth is now defined as greater than or equal 
to 50% size increase of a mass within 6 months. As such, 
observations 10–19 mm in size with non-rim arterial-phase 
hyperenhancement and threshold growth are considered 
LR-5 observations and equivalent to OPTN 5A-g category. 
Observations greater than or equal to 20 mm with non-rim 

arterial-phase hyperenhancement and one or more of the 
following: non-peripheral washout, enhancing capsule, or 
threshold growth are considered LR-5 observations and 
now equivalent to OPTN 5B or OPTN 5X (depending on 
size).

A biopsy is usually not needed once an observation is 
categorized LR-5 unless molecular analysis is needed for 
determining choice of targeted therapy. However, next steps 
should be dictated by the patient’s surgical or transplantation 
candidacy, co-morbidities, and underlying liver disease. For 
management of patients with LR-5 observations, multidisci-
plinary discussion is recommended.

Fig. 6  A 76-year-old female with NASH cirrhosis and a 2.6-cm seg-
ment VIII (a) T1 hyperintense observation without arterial hyperen-
hancement or portal venous washout (b, c), that is (d) hypointense to 
liver parenchyma on hepatobiliary phase. Lesion categorized as LR-4 

observation (high probability for HCC). Multidisciplinary discus-
sion is recommended. Biopsy or short-term follow-up are both treat-
ment options but given the size of the observation, radioembolization 
(Y90) treatment recommended
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LI‑RADS M (LR‑M)

LR-M observations have a high probability of malignancy, 
but the imaging features are not specific for HCC (Fig. 8). 
LR-M observations can demonstrate a targetoid appear-
ance or non-targetoid appearance. Non-targetoid appear-
ances include infiltrative appearance or at least one imaging 
feature that suggests hepatocellular origin. The differential 
diagnosis for LR-M includes non-HCC malignancies (e.g., 
intrahepatic cholangiocarcinoma or metastases) and HCCs 
with atypical features or combined bi-phenotypic tumors 
(combine hepatocellular carcinoma-cholangiocarcinoma), 
see Table 5. Multidisciplinary discussion is recommended 
to determine individualized management. Biopsy is often 
needed to determine the malignancy type and direct appro-
priate therapy.

LI‑RADS TIV (LR‑TIV)

LR-TIV indicates a malignant neoplasm within the portal 
or hepatic venous system and is defined by the unequivo-
cal presence of enhancing soft tissue in a vein, regard-
less of whether there is an associated parenchymal mass. 
If LR-TIV is contiguous with targetoid mass, it should 
be reported as “LR-TIV, may be due to non-HCC malig-
nancy.” If LR-TIV is contiguous with LR-5 mass, it should 
be reported as “LR-TIV, definitely due to HCC.” In all 
other instances, this should be reported as “LR-TIV, prob-
ably due to HCC.“ This nomenclature is provided in rec-
ognition of literature that suggests that TIV may be due 
to non-HCC malignancies [18, 19]. The management rec-
ommendation for LR-TIV is multidisciplinary discussion 

Fig. 7  A 41-year-old male, HBV with ruptured HCC. A 7.1-cm seg-
ment V/VII observation demonstrates AP hyperenhancement and 
“washout” (a, b), categorized as LR-5 observation, (definitely HCC, 
see white arrow). However, there are also multiple subcentimeter 
HBP hypointense nodules without APHE (c, d, see pink arrows). 

These nodules lack arterial hyperenhancement, portal venous “wash-
out” appearance, capsule, or threshold growth. The small HBP nod-
ules without APHE are LR-3 observations and management should 
be dictated by the highest LR categorization, in this case the domi-
nant LR-5 observation
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for consensus management. Contrast-enhanced ultrasound 
may be useful to differentiate bland thrombus from tumor 
in vein in questionable cases.

Pathologically confirmed lesions

LI-RADS categories should not be assigned for path-proven 
lesions. Clinically relevant imaging features should be men-
tioned in the report and any change since prior should be 
stated clearly. Confirmation that the imaging observation 
corresponds to the biopsied lesion and is consistent with 
pathology-proven diagnosis should be stated in the report. 
However, if the observation has been sampled and results 
reveal a non-malignant lesion of hepatocellular origin such 
as a dysplastic nodule, then the observation should be given 
a LI-RADS category at follow-up imaging and the pathol-
ogy diagnosis should be stated along with interval changes. 
The rationale for this is that sampling error may cause an 
HCC or combined HCC-cholangiocarcinoma to be misdi-
agnosed as a non-malignant hepatocellular nodule based on 
biopsy. Additionally, dysplastic nodules are considered pre-
malignant and may transform into early or progressed HCC.

If there is discordance between the pathology report 
and the imaging observations and/or category, con-
sider review of the histology, imaging, and clinical data 
with the multidisciplinary team. False-negative biopsies 
or inconclusive biopsies can occur in up to 19–30% of 
patients due to lesion size, sampling errors or overlap of 
pathologic features such as cholangiocarcinoma, scirrhous 
hepatocellular carcinoma, and combined hepatocellular 

carcinoma–cholangiocarcinomas, and repeat biopsies may 
be needed in up to 16% [20, 21]. While management is 
guided by pathologic diagnosis and stage, multidisciplinary 
discussion is recommended to discuss treatment options, 
determine length of follow-up, and resolve discrepancies.

Additional considerations

Global differences

It is important to recognize that there remain global differ-
ences in surveillance, diagnosis, and management of HCC. 
Since 2001 when the European Association for the Study 
of Liver (EASL) issued their HCC guidelines, at least 20 
guidelines have been published worldwide between 2001 
and 2017. In a recent review article by Song et al, 18 of 
these guidelines were reviewed, 8 guidelines from Asia, 
5 from Europe, and 5 from the United States of America. 
14 of the 18 guidelines clearly describe risk factors and 
surveillance, but there are discrepancies in the guidelines 
based on regional differences in disease and other varia-
bles. Among risk factors, hepatitis B is the leading cause 
of HCC in Africa and East Asia, while hepatitis C is the 
leading risk factor in Europe, Japan, and North America. A 
combination of ultrasound and measurement of AFP are the 
most widely used and effective methods for detecting HCC 
worldwide. However, AFP has been excluded from surveil-
lance and/or diagnostic criteria in guidelines issued by some 
Western countries, including the 2005 and 2011 versions of 
the American Association for the Study of Liver Diseases 

Table 4  LR-5 definitely HCC: 
definition and management 
recommendation

No biopsy is needed to confirm diagnosis of HCC, however, next steps may be dictated by the patient’s 

surgical or transplantation candidacy, co-morbidities, and underlying liver disease. 

A single lesion, 1.2 cm, would not qualify for MELD exception points (i.e. not T2 stage, < 2 cm)

** Does not provide exception points in USA.

MDD is recommended to determine individualized management

LR-5: Definitely HCC

Conceptual definition: 100% certainty observation is HCC

Arterial phase hyperenhancement (not rim) and one of following:
• 10-19 mm with    2 additional major features
• 10-19 mm with “washout”** 
• 10-19 mm with threshold growth ( 50% diameter increase in    6 

months)
• 20 mm with    1 additional major feature 

CT/MRI criteria:

Additional major features:
“Washout” (not peripheral) “Capsule” (on PVP, DP, or TP) Threshold growth

LR-5
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(AASLD) Guidelines, EASL Guidelines, and the National 
Comprehensive Cancer Network (NCCN) Guidelines. Over 
time, these regional differences may change. For example, 
HBV as a cause of HCC is declining, while the importance 
of non-alcoholic fatty liver disease (NAFLD) and non-alco-
holic steatohepatitis (NASH) as risk factors for HCC are on 
the rise. HCV is now a potentially curable disease, which 
will reduce its incidence worldwide, over time. Future guide-
lines should pay attention to these changes and each country 
should devise its own method of HCC surveillance based on 
local epidemiology.

Criteria for diagnosis of HCC also vary based on different 
guidelines. If screening ultrasound detects a nodule, diag-
nostic criteria for HCC are based on one of the two general 
pathways, either a size-based pathway or a non-size-based 

pathway. Worldwide, all of the guidelines conclude that a 
definitive diagnosis of HCC can be made when dynamic CT/
MRI reveals intense arterial uptake of contrast followed by 
“washout” of contrast.

The updated Japan Society of Hepatology (JSH) guide-
lines include Gd-EOB-DTPA MRI (gadoxetic acid diso-
dium, a liver-specific contrast agent) as a first-line tool for 
diagnosis and surveillance of HCC. Because this contrast 
agent is specifically absorbed by hepatocytes, HCC nodules 
lacking normal hepatocytes are hypointense, and this helps 
distinguish tumors from non-tumorous nodules. Worldwide, 
guidelines differ on diagnostic criteria for HCC when the 
nodule is hypervascular without definite “washout” of con-
trast (LR-4 observations). Guidelines also differ on what to 
consider diagnostic criteria for HCC when the observation 

Fig. 8  A 69-year-old male with HCV liver cirrhosis presents with 2.3 
cm hepatic observation in segment 8. Arterial-phase images dem-
onstrate rim arterial-phase hyperenhancement (a) with peripheral 
washout on portal venous phase image (b) and suggestion of pro-
gressive enhancement on delayed phase image (c). T2 FS sequence 
demonstrates mild hyperintensity within the lesion (d), hepatobiliary 
phase image demonstrates hypointensity of the lesion (e) and there is 
restricted diffusion in the lesion on high b value diffusion-weighted 

sequence (f) with suggestion of an adjacent satellite lesion (pink 
arrow). Due to rim APHE and targetoid dynamic enhancement pat-
tern, this observation was categorized as LR-M, with a differential 
diagnosis of HCC with atypical imaging features, intrahepatic chol-
angiocarcinoma, and combined HCC-cholangiocarcinoma. At multi-
disciplinary discussion, the decision was made to biopsy the lesion, 
and pathology yielded well-differentiated HCC. Patient subsequently 
underwent radioembolization of the lesion
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is hypovascular mass on the arterial phase (LR-4 observa-
tion) [22].

Differences also exist globally with regard to access 
to liver transplantation. In Asia, living donor liver trans-
plantation is common and makes up 90% of all liver trans-
plants performed. Deceased donor liver transplantation is 
uncommon due to cultural, religious, and political reasons 
(although recent trends have noted an increase in cadaver 
organ donation in certain countries such as China and South 
Korea). Certain countries such as India face unique chal-
lenges in terms of accessibility to liver transplantation, 
which is currently only available in large private hospitals, 
and patients who cannot afford the high costs are unable to 
undergo the procedure. The national cadaveric organ dona-
tion rate in India at the moment is very low, only about 0.08 
per million population.

The application and selection criteria for transplantation 
due to HCC also differ in Asia. The most common reason 
for liver transplantation in Asia in adults has been HCC sec-
ondary to hepatitis B, followed by hepatitis B without HCC 
and HCV-related cirrhosis without HCC. In the Far East, 

Japan is the only exception where HCV is more common 
than Hepatitis B [23].

Imaging follow‑up and reporting

Imaging follow-up and the decision to treat is based on a 
patient’s transplantation candidacy and potential for model 
for end-stage liver disease (MELD) exception points. Once 
on the transplant list in the West, imaging must be performed 
to monitor tumor burden every 90 days or more frequently. 
Patients may be bridged or downstaged to transplantation 
with directed therapy. Additional important factors influenc-
ing the decision to treat observations include liver function 
and co-morbidities.

As discussed above, in some instances use of an alterna-
tive modality as the next step in management may provide 
additional benefit. For example, if a lesion may represent 
a vascular shunt (LR-2) versus a tumor, use of MRI with a 
hepatobiliary contrast agent may help in the differentiation. 
It is helpful for the radiologists to clearly state if alternative 
imaging should be performed immediately or at follow-up 

Table 5  LR-M probably or definitely malignant, not HCC specific: definition and management recommendation

Rim  APHE is sufficient for diagnosis of LR-M as part of the targetoid dynamic enhancement 
pattern. The differential diagnosis for LR-M includes non-HCC malignancies 

(cholangiocarcinoma,metastases, sarcomas, lymphomas), but it does not exclude HCC. 
Atypical HCC may be categorized as LR-M

MDD to determine individualized management is recommended. Biopsy may 
be needed to determine the malignancy type (cholangio, HCC, biphenotypic)

Targetoid mass with the following Imaging 
appearance on various phases or sequences:
• Targetoid dynamic enhancement, any of following:

• Rim APHE
• Peripheral washout appearance
• Delayed central enhancement

• Targetoid diffusion restriction
• Targetoid TP or HBP signal intensity

CT/MRI criteria:

Conceptual definition: 
High probability or 100% certainty observation is malignant but features are 

not HCC specific

Nontargetoid mass with one or 
more of the following:

• Infiltrative appearance 
• Marked diffusion restriction 
• Necrosis or severe ischemia
• Other feature suggesting non-HCC 

malignancy 
(specify in report) 

No tumor in vein
Not meeting LR-

5 criteria

OR

LR-M
LR-M: Probably or definitely malignant, not HCC specific
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and the reasoning for the recommended, so the clinician can 
order the appropriate study and the radiologists reviewing 
the follow-up study understands the differential.

Multidisciplinary discussion can take the form of formal 
conference or informal discussion (e.g., radiologist calls 
clinician and discusses management options informally). 
However, it is recommended that these discussions and 
recommendations be documented in the medical record or 
radiology report to avoid mis-communications [24].

Report content should include description of major fea-
tures, contributory ancillary and other features, and any 
relevant change since the prior study. If the patient has a 
path-proven diagnosis, LI-RADS recommends reporting 

the observation’s pathologic diagnosis, clinically relevant 
imaging features, and change since the prior study. Mul-
tidisciplinary discussion should include consensus review 
of histology, imaging, and other clinical data to resolve the 
discordance.

Conclusion

LI-RADS provides a construct for communicating the rela-
tive probability of HCC and malignancy for liver observa-
tions. The categories have been iteratively refined as evi-
dence accumulates, user feedback is provided, and expert 

Table 6  CT/MRI 
LI-RADS®v2018 diagnostic 
table
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consensus dictates. Validation of the latest v2018 to define 
natural history and diagnostic accuracy of different observa-
tion categories will help further refine LI-RADS categories 
and management recommendations, with an anticipated next 
version release slated for 2021. Additional work is needed to 
bridge the gaps between different imaging systems in North 
America and worldwide. The AASLD and LI-RADS uni-
fication in v2018 was a major step forward (Tables 6 and 
7). However, there remain discrepancies when utilizing 
LI-RADS in transplant patients due to inconsistencies with 
OPTN criteria. Further unification with OPTN and other 
international systems will only strengthen the level of evi-
dence and promote more cohesive literature supporting the 
imaging diagnosis and subsequent management of HCC.
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