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Early hepatocellular cancer (HCC) detection is associated with curative treatment and 

improved survival.1 The American Association for the Study of Liver Diseases recommends 

semiannual ultrasound and α-fetoprotein (AFP) in patients with cirrhosis, and those with 

abnormal results should undergo diagnostic multiphase computed tomography (CT) or 

magnetic resonance imaging (MRI).2 The Liver Imaging Reporting and Data System (LI-

RADS) was devised to standardize reporting of liver observations in at-risk individuals, 

ranging from LR1 (“definitely benign”) to LR-5 (“definitely HCC”), with indeterminate 

observations classified as LR-3 (“intermediate probability of malignancy”).3 A study among 

999 cirrhosis patients found that indeterminate liver observations are common, being 

reported on diagnostic CT or MRI in 98 (38.3%) of 256 patients with abnormal ultrasound 

results.4 Prior studies have reported a wide range in HCC risk, from 4% to 31%, for LR-3 
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observations, so there is insufficient evidence to recommend a standardized strategy for 

monitoring LR-3 observations.5,6

To address this need, we conducted a retrospective cohort study from 3 health systems in 

the North American Liver Cancer Consortium: UT Southwestern Medical Center, Parkland 

Health and Hospital System, and the University of Michigan.7 We included patients who 

underwent multiphasic CT or MRI with ≥1 LR-3 observation between March 2015 and 

September 2018. Individuals with LR-4, LR-5, or LR-M observations on index imaging, 

prior history of HCC or cholangiocarcinoma, or liver transplantation were excluded (see 

Supplementary Methods).

Patients were followed per institutional routine from index imaging until progression to 

liver cancer, death, liver transplantation, or end of follow-up, whichever occurred earliest. 

On follow-up imaging, we recorded change in number, size, and imaging features of the 

LR-3 observations as well as development of any LR-4, LR-5, or LR-M observations. 

We performed Kaplan-Meier and Cox regression analyses to characterize time to HCC 

development and identify factors associated with progression, respectively. Variables with 

P < .10 in univariable analyses were retained in multivariable models, using a backward 

selection process with a significance threshold of P < .05. We also retained age, sex, 

maximum LR-3 diameter, and index imaging modality (CT vs MRI) in multivariable 

models, given a priori clinical importance. All analyses were performed using SAS 9.4 

(SAS Institute, Cary, NC).

Patient characteristics (n = 458) are in Supplementary Table 1. The median age was 59.0 

years and 271 (59.2%) were men. The cohort was diverse regarding race, ethnicity, and liver 

disease etiology. On index imaging, 257 (61.8%) patients had a single LR-3 observation, 

86 (20.7%) had 2 observations, and 73 (17.5%) had ≥3 observations. Median maximum 

diameter of the largest LR-3 observation was 1.0 (inter-quartile range, 0.8–1.5) cm, with 244 

(59.7%) patients having an LR-3 observation ≥1.0 cm.

Over a median of 17.9 mxonths, at least 1 follow-up CT or MRI exam was performed in 311 

patients: 133 (42.8%) had 1, 82 (26.4%) had 2, and 96 (30.9%) had ≥3 CT or MRI exams. 

The median interval to first followup CT or MRI was 5 (interquartile range, 3–9) months. 

An additional 29 patients were followed by semiannual ultrasound without CT or MRI, 

and 118 patients had no follow-up imaging. Among those with ≥1 follow-up CT or MRI, 

75 (24.1%) progressed to HCC, yielding an incidence of 84 cases per 1000 person-years 

(Figure 1). Sixteen (5.1%), 39 (12.5%), and 46 (14.8%) patients developed HCC within 

6, 12, and 18 months of index imaging, respectively. Of those who developed HCC, 51 

(68.0%) occurred in the LR-3 observation and 24 (32.0%) occurred elsewhere in the liver. In 

multivariable analysis, age >60 years (hazard ratio [HR], 1.82; 95% confidence interval [CI], 

1.06–3.13), male sex (HR, 1.83; 95% CI, 1.02–3.30), AFP >10 ng/mL (HR, 3.11; 95% CI, 

1.80–5.36), and LR-3 diameter ≥1.0 cm (HR, 1.86; 95% CI, 1.05–3.31) were associated with 

HCC development (Supplementary Table 2).

A systematic review found HCC risk in LR-3 observations was 38% (95% CI, 31%–

45%) but only included 391 LR-3 observations across studies.8 Follow-up differed across 
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studies, creating heterogeneity and complicating interpretation of the pooled estimate. In 

our multicenter cohort study, cirrhosis patients with LR3 observations had an 8.4% annual 

incidence of HCC. Our data suggest a sufficiently high risk to warrant monitoring with 

CT or MRI, particularly in older patients, those with elevated AFP, and those with LR-3 

observations ≥1.0 cm.

Notably, 32% of HCC occurred outside the LR-3 observation, which is similar to a study 

of 154 patients with dysplastic liver nodules, in which 49 developed HCC elsewhere.9 

These findings may reflect a “field effect” in cirrhosis, whereby the inflammatory and 

carcinogenic microenvironment predisposes the entire liver to HCC development. Thus, 

LR-3 observations may be a manifestation of the carcinogenic milieu and a marker 

for HCC risk, rather than the observation from which HCC develops. These data have 

implications when considering chemoprevention strategies and need to treat more than the 

LR-3 observation.

Maximum LR-3 observation diameter and baseline AFP level were associated with 

progression to HCC. However, over 30% of patients who developed HCC had an LR-3 

diameter <1.0 cm and over 66% had AFP level ≤10 ng/mL, suggesting that neither can 

be used alone to guide management. Other emerging strategies, such as high-throughput 

radiomics and blood-based risk stratification biomarkers, warrant evaluation in patients with 

LR-3 observations.10

We acknowledge study limitations. First, variable follow-up among patients may have 

resulted in ascertainment bias for HCC diagnoses. Second, reliance on interpreting 

radiologists is liable to misclassification errors, particularly given imperfect interrater 

reliability for LI-RADS interpretations. Third, assignment of LI-RADS may depend on 

technical factors, such as contrast timing and motion, so an upgrade in LI-RADS category 

could be due to technical factors, as opposed to true disease progression. Finally, LR-3 

observations were identified and monitored using 2 imaging modalities (ie, CT and MRI) 

with different sensitivities and specificities for detecting LI-RADS features. We believe that 

these limitations are balanced by the study’s strengths including our large, contemporary 

multicenter cohort with detailed clinical and imaging data.

In summary, patients with cirrhosis and LR-3 observations have a high annual risk for 

progression to HCC, particularly older patients and those with an observation ≥1 cm on 

index imaging. While awaiting accurate risk-stratification tools, our results suggest these 

patients likely warrant close observation using CT or MRI imaging.
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Figure 1. 
Time to HCC diagnosis among patients with ≥1 LR-3 observation.
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