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Abstract

The Liver Imaging Reporting and Data System (LI-RADS) provides a stepwise algorithmic approach that is proven
to be highly accurate in diagnosing hepatocellular carcinoma (HCC) in patients at risk. An essential and early
step in the algorithm is the diagnosis of malignancies other than HCC, such as cholangiocarcinoma and combined
tumors, by application of LR-M features and criteria. The LR-M category captures most non-HCC malignancies
and some atypical HCCs. The exclusion of non-HCC malignancies is important for maintaining the high specificity
of the LR-5, definite HCC category. This review provides an overview of the approach to diagnosing non-HCC
malignancies using LI-RADS CT/MRI and contrast enhanced ultrasound algorithms.

Keywords: Magnetic resonance imaging, computer tomography, contrast-enhanced ultrasound

INTRODUCTION

According to most major liver societies, screening/surveillance imaging is recommended for patients with
cirrhosis to detect early stage hepatocellular carcinoma (HCC). While HCC is the most common primary
liver malignancy, cirrhosis and chronic viral hepatitis also place patients at risk for non-HCC malignancies
such as intrahepatic cholangiocarcinoma (iCCA) and combined hepatocellular-cholangiocarcinomas
(cHCC-CCA)™. As a result, these non-HCC malignancies are occasionally found on surveillance imaging
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in high-risk patients. There are substantial differences in the treatment strategy and prognosis between HCC
and non-HCC malignancies and it is critical to differentiate between the two.

The Liver Imaging Reporting and Data System (LI-RADS) is endorsed by the American College of Radiology
and the American Association for the Study of Liver Diseases””. LI-RADS provides the most comprehensive
guidance for imaging in at risk patients, with imaging algorithms covering ultrasound screening/surveillance,
diagnosis on CT/MRI, diagnosis on contrast enhanced ultrasound (CEUS), and treatment response on CT/
MRI. This manuscript will provide an overview of the imaging appearances and LI-RADS approach to
diagnosing iCCA and cHCC-CCA in at risk patients, both on CT/MRI and on CEUS.

CT/MRI

Imaging appearance of iCCA and cHCC-CCA

On CT and MRI, both iCCA and HCC may show arterial phase hyperenhancement (APHE) and washout.
It is the morphology of the enhancement during the dynamic postcontrast phases that helps differentiate
between them. These differences in morphology are likely attributable to different histological composition.
Intrahepatic mass forming cholangiocarcinomas frequently show rim APHE, peripheral washout appearance
and often delayed central enhancement'’ It is hypothesized that this targetoid pattern on dynamic imaging
may reflect the peripheral cellularity, central necrosis and dense fibrous stroma seen in iCCA". This same
histological constitution likely also explains the targetoid appearance seen on MRI diffusion weighted and
hepatobiliary phase imaging that has been described in iCCA"™. Other ancillary features reported in iCCA
include capsular retraction, peripheral biliary duct dilation, and central T2 hypointensity.

On the contrary, HCC tends to have nonrim APHE, nonperipheral washout appearance and delayed
enhancing capsule (i.e., major features). These features are likely attributable to the changes during
hepatocarcinogenesis that result in the development of unpaired arteries and loss of portal tracts'”. Unlike
iCCA, HCC may be encapsulated by a true fibrous capsule or compressed liver parenchyma, which may
explain the delayed enhancing “capsule” described on imaging.

Small iCCAs can have overlaps in imaging appearance with HCC"""”. Small iCCAs have a greater propensity
for showing nonrim APHE and nonperipheral washout appearances, potentially due to a preservation of
portal tract architecture and the lack of significant central necrosis in smaller, early stage lesions'™"". Atypical
appearances and overlap with HCC may be more commonly observed in patients with risk factors for HCC
such as background liver cirrhosis™”. The reason for this is not entirely understood but could relate to
alterations in background liver blood supply (e.g., in the setting of cirrhosis, the liver receives more arterial
supply and relatively less portal venous supply).

LI-RADS approach to diagnosis on CT/MRI

The LI-RADS CT/MRI diagnostic algorithm provides a step-wise approach for arriving at a highly specific
diagnosis of HCC. The intention of the algorithm is to achieve a greater than 95 percent positive predictive
value of the LR-5 (definite HCC) category for the diagnosis of HCC. The philosophy behind this approach
rests in the fact that liver transplantation is considered the optimal cure for patients in the United States and
Canada with cirrhosis and early stage HCC. In this context, definitive imaging diagnosis of HCC is sufficient
for assigning priority on the transplantation waitlist and as such, demands a near zero false positive rate.

The algorithm begins with assessment of imaging adequacy and assignment of LR-NC (not categorizable) if
imaging is not adequate to narrow in on a final diagnostic category. Second, the radiologist should determine
if there is advanced disease, such as tumor in vein (LR-TIV). The next step involves identifying definitely
or probably benign entities (e.g., perfusional shunts or hemangiomas) and assigning them an LR-1 or LR-2
categorization. Next, the radiologist is tasked with identifying possible or probable non-HCC malignancy
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Figure 1. Gadoxetate enhanced MRI: 55 year-old male with chronic hepatitis B infection. A targetoid observation (65 mm) exhibits
features of LR-M: rim arterial phase hyperenhancement and peripheral washout (arrowheads). After biopsy, the lesion was diagnosed as
liver metastasis from colorectal cancer

Pre contrast
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Hepatobiliary phase

Figure 2. Gadoxetate enhanced MRI: 65 year-old male with chronic hepatitis C cirrhosis. A 60-mm observation exhibits features of LR-5:
non rim arterial phase hyperenhancement (arrows), washout and capsule (arrowheads) indicating definite hepatocellular carcinoma.
Ancillary features seen are a mosaic architecture and hepatobiliary phase hypointensity

(LR-M). This task will be expanded on below. Once TIV, benign entities, and other malignancies have been
excluded in a step-wise fashion, the radiologist should be left with solid hepatocellular nodules that are
further classified as intermediate (LR-3), probable (LR-4) or definite HCC (LR-5), according to the presence
and number of major features. In LI-RADS, the major features include size, APHE, washout appearance,
delayed enhancing capsule, and threshold growth.

The LR-M category is a very important step in the algorithm, as non-HCC malignancies must be considered
to avoid false positives in diagnosing LR-5. The features of LI-RADS LR-M primarily reflect the features
of iCCA as described above: targetoid patterns in dynamic enhancement, diffusion weighted imaging, and
hepatobiliary phase appearances”. Figure 1 demonstrates a typical non-HCC malignancy with LR-M
targetoid features. For comparison, Figure 2 shows a typical LR-5, definite HCC, on MRI. The presence of
any targetoid feature is sufficient for LR-M categorization, even if the observation has some features of HCC.
Additional features may be applied in malignant observations that do not meet LR-5 or TIV criteria: marked
diffusion restriction, necrosis, and infiltrative appearances. Beyond the LR-M features described here,
there are ancillary features that favor malignancy in general (e.g., subthreshold growth, corona appearance,
hepatobiliary phase hypointensity); however, these ancillary features are not, by themselves, sufficient to
categorize an observation as LR-M.

LI-RADS recognizes that imaging features and morphologies are subjective in nature. To help radiologists,
there are tie breaking rules both for features and final diagnostic categories. When in doubt, the radiologist
should refer to the category or feature that is less specific for HCC. For example, if there is a question
of whether APHE is rim or nonrim, the radiologist should assign rim APHE. Likewise, if there is doubt
between LR-5 vs. LR-M, the radiologist should assign LR-M.
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Figure 3. Contrast enhanced CT: 70 year-old male with chronic hepatitis B. A 120-mm mass in the right liver lobe exhibits a targetoid
appearance in the arterial phase with central progressive enhancement in the portal venous and delayed phases, indicating a LR-M
observation. There are also features of tumor in vein (arrows), shown as portal vein expansion with heterogeneous contrast enhancement.
Biopsy results indicated a cholangiocarcinoma

How accurate is CT/MRI LI-RADS in differentiating iCCA from HCC?

The LI-RADS approach accurately assigns most non-HCC malignancies, including iCCA, to the LR-M
category[m_w]. It is important to note that unlike LR-5, the LR-M category is aimed at high sensitivity rather
than high specificity for non-HCC malignancies. Hence, it is not unexpected that some atypical HCCs
will be categorized as LR-M. In a systematic review and meta-analysis of 17 journal articles published by
van der Pol et al.””, the vast majority (93%Cl: 87%-97%) of lesions classified as LR-M were malignant
and about two thirds were non-HCC malignancies. In other words, about 1/3 of LR-M lesions were in
fact atypical HCC. Atypical HCC may represent cirrhotomimetic, sarcomatoid, macrotrabeular massive,
schirrhous or other variants that may show LR-M features””' . Emerging data suggest that LR-M
categorization may provide prognostic information for HCC and cHCC-CCA tumors, with shorter disease
free progression and overall survival compared to tumors that are categorized as LR-5"", Figure 3 shows an
aggressive LR-M observation with signs of TIV.

CEUS

Imaging appearance

On CEUS, both iCCA and HCC often show APHE and washout. CEUS can detect APHE of liver
observations more sensitively than CT/MRI due to real-time assessment of arterial phase enhancement.
Therefore, earlier studies raised a concern for misdiagnosis of iCCA as HCC as both often show APHE and
washout™. However, more recent studies have consistently demonstrated that CEUS reliably differentiates
iCCA from HCC if the pattern of APHE and the degree and timing of washout are considered””*". On
CEUS, iCCAs commonly show rim APHE which is uncommon in HCC. Early washout within 60 s after
contrast injection and marked washout are consistently demonstrated in iCCAP™, Very early washout
within the arterial phase time frame, which is frequently seen in iCCA on CEUS, may explain their frequent
arterial-phase hypoenhancing appearance on CT or MRI [Figure 4]*”. On the other hand, HCCs typically

show late (> 60 s after contrast injection) and mild washout™"*”.

The LI-RADS approach on CEUS

The LI-RADS step-wise algorithmic approach on CEUS mirrors that of CT/MRI. Similar to CT/MRI, the
LR-M categorization is an early step in the process intended to identify malignant nodules that may not be
HCC. CEUS LR-M criteria include: rim-APHE, early (< 60 s) washout, or marked washout visible within
the first 120 s [Figures 4 and 5][34’35]. The CEUS LI-RADS M criteria, like CT/MRI LR-M, reflect the imaging
appearance of iCCA on CEUS.

CEUS LR-M criteria differ from CT/MRI LR-M criteria mostly due to the different properties of the contrast
agents”"*". Figure 6 compares the criteria for LR-M and LR-5 between CT/MRI and CEUS. Microbubble
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Figure 4. Intrahepatic cholangiocarcinoma in a 51-year-old man with hepatitis-C related liver cirrhosis. CT scans in the arterial (A),
portal venous (B), and delayed (C) phases demonstrate a hypoattenuating hepatic nodule (arrow); C: the nodule shows a mild central
enhancement in the delayed phase; D: CEUS in the arterial phase shows a rim arterial-phase hyperenhancement in the nodule (arrow);
E: CEUS at 42 s after contrast injection demonstrates early washout (arrow); F: CEUS at 104 s after contrast injection shows marked
washout (arrow). CEUS: contrast enhanced ultrasound

Figure 5. Intrahepatic cholangiocarcinoma in a 78-year-old man with hepatitis-C related liver cirrhosis. A: CT scans in the arterial
phase shows a mass with rim arterial-phase hyperenhancement (arrows); CT scans in the portal venous (B), and delayed (C) phases
demonstrates gradual enhancement of the mass (arrows); C: there is also heterogeneous hyperenhancement in the delayed phase; D:
CEUS in the arterial phase shows irregular rim arterial-phase hyperenhancement in the mass (arrows); E: CEUS at 48 s after contrast
injection demonstrates early washout (arrows); F: CEUS at 115 s shows marked washout (arrows). CEUS: contrast enhanced ultrasound
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Figure 6. Schematics illustrating imaging features of LR-M and major imaging features of LR-5 according to CEUS LI-RADS and
CT/MRI LI-RADS. CEUS: contrast enhanced ultrasound; LI-RADS: Liver Imaging Reporting and Data System; APHE: arterial phase
hyperenhancement

contrast agents in CEUS are strictly intravascular because the large size of microbubbles does not permit
them to pass through the vascular endothelium into the interstitial space, whereas the small molecules of
CT/MRI contrast agents can pass through vascular endothelium. This difference in distribution of contrast
translates to differences in imaging appearance. On CT/MRI, iCCAs typically demonstrate a gradual
enhancement over time and often show delayed central enhancement due to hyperpermeability of the
vascular endothelium and tumor interstitial constituents like necrosis or fibrosis that expand the extracellular
space [Figure 5]. In contradistinction, the concentration of the microbubbles is uniformly distributed in the
blood pool in the late phase and the degree of enhancement in the late phase mainly reflects the vascular
volume on CEUS. The vascular volume in iCCA with fibrosis and absence of sinusoid-like structures is

particularly low. Therefore, iCCAs invariably show marked washout in the late phaseM.

How accurate is CEUS LR-M for differentiating iCCA from HCC?

The main role of the LR-M category is to prevent misdiagnosis of non-HCC malignancy as HCC. Therefore,
the LR-M category should have a high sensitivity to diagnose non-HCC malignancy. In a large retrospective
study including 1006 hepatic nodules by Terzi et al.®™, 31/40 iCCAs were categorized as LR-M. The

remaining 9/40 iCCAs were categorized as LR-3 or LR-4. No iCCAs were categorized as LR-5. However, it
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Figure 7. Combined hepatocellular-cholangiocarcinoma in a 77-year-old man with hepatitis-B related liver cirrhosis. A: contrast-enhanced
CT or MRI could not be performed due to renal failure. CEUS in the arterial phase shows a mass with homogeneous arterial phase
hyperenhancement (arrow); B: CEUS at 31 s after contrast injection shows early washout (arrow); C: CEUS at 60 s after contrast injection
shows marked washout (arrow). CEUS: contrast enhanced ultrasound

is important to note that 48% (39/82) of LR-M observations were HCCs™. Later studies also confirmed the
high sensitivity of CEUS LR-M criteria for diagnosing non-HCC malignancies[”_“]

MANAGEMENT CONSIDERATIONS

Histologic diagnosis by biopsy is usually recommended for LR-M lesions. This is both to direct care for
non-HCC malignancies and to identify the significant minority of atypical HCCs that are categorized as
LR-M observations"”*”. While retrospective data suggest that LR-M carries prognostic significance in the
context of HCC, there is no prospective data to guide management decisions for these radiology-pathology
discordant lesions. As of now, in the United States and Canada, if a lesion is biopsy proven to be HCC, it may
be considered for standard HCC therapies including transplantation, despite its LR-M categorization. With
additional data to support the prognostic significance of LR-M categorization, radiological appearances may
be incorporated into future treatment algorithms for atypical HCC.

Challenges and considerations-combined tumors

While LI-RADS accurately differentiates HCC from iCCA, combined tumors (cHCC-CCA) still present a
challenge. Combined hepatocellular cholangiocarcinomas are relatively rare primary liver carcinomas and as
a result, the true epidemiology and risk factors are less well known. Several studies have shown some overlap
in the risk factor profile for cHCC-CCA and HCC™. In the latest World Health Organization classification
of tumors 5th edition, cHCC-CCA are a distinct entity defined by the unequivocal presence of both
hepatocytic and cholangiocytic differentiation within the same tumor' ™, In a retrospective review of 3103
adult liver transplantation from database entries by Jung et al."", cHCC-CCA constituted 2.7% (32/1173) of

patients with primary liver malignancies.

Imaging diagnosis is challenging because cHCC-CCA is not a homogeneous tumor. On CT/MRI, cHCC-
CCA appear to have more similarity with iCCA than HCC, often showing targetoid features“***. However,
there may be overlap in appearance with HCC in a minority of cases™**. CEUS findings inevitably overlap
with HCC and iCCA, depending on the amount of each component”. In a recent study by Zheng et al™,
20/24 (83%) of cHCC-CCA were categorized as LR-M on CEUS [Figure 7] and the remaining 4/24 (17%) as

LR-5.

Challenges and considerations-reader agreement

The main philosophy of LI-RADS is to preserve high specificity/PPV for the diagnosis of HCC. LI-RADS
suggests that the major features of HCC be applied only if unequivocally present, and that when considering
whether a feature represents a major vs. LR-M feature, it should be classified as LR-M. For instance, if in
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doubt about whether CEUS washout is marked or mild, it should be classified as marked. Likewise, if in
doubt about rim APHE vs. nonrim APHE, we should call it rim APHE. These rules help direct individuals
in the application of the LI-RADS algorithm, but do not necessarily address inter-reader variability, which is
invariably encountered in clinical practice. While the literature suggests that agreement is good to excellent
for LR-M vs. LR-5 categorization'™*, its reliability in routine practice is not well known and this remains an
area of continued research and improvement for LI-RADS.

FUTURE DIRECTIONS

The prognostic value of LR features and categories is an area of active research with opportunities to
investigate relationships of features with molecular profiles, immune landscapes, and histological subtypes of
HCC that may inform individualized therapy.

As radiology continues to evolve toward big data and natural language processing applications, the LI-RADS
categorical approach may be replaced or augmented by radiomics or deep learning models that have the
potential to provide a more granular probability of diagnosing iCCA, cHCC-CCA, and HCC.

CEUS LI-RADS currently only addresses contrast agents that are FDA approved in the United States. Future
versions may incorporate hepatocyte specific agents.

CONCLUSION

LI-RADS LR-M category is intended to capture all non-HCC malignancies. The criteria differs depending on
modality. On CT/MRI, targetoid dynamic enhancement, diffusion weight, and hepatobiliary phase imaging
are the primary features of LR-M. On CEUS, the presence of rim APHE and marked or early washout are the
primary features of LR-M. When applied, LR-M criteria accurately capture almost all non-HCC malignancies
and some atypical HCCs.
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