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Abstract

Background: Patients with indeterminate liver nodules, classified as LR-3 and 4 observations
per Liver Imaging Reporting and Data System (LI-RADS), are at risk of developing hepatocellular
carcinoma (HCC), but risk estimates remain imprecise.

Methods: We conducted a systematic review of Ovid MEDLINE, EMBASE, and Cochrane
databases from inception to December 2021 to identify cohort studies examining HCC incidence
among patients with LR-3 or LR-4 observations on CT or MRI. Predictors of HCC were
abstracted from each study, as available.

Results: Of 13 total studies, 9 conducted LR-3 observation-level analyses, with the proportions
of incident HCC ranging from 1.2%-12.5% at 12 months and 4.2%-44.4% during longer study
follow-up. Among 3 studies with patient-level analyses, 8%-22.2% of patients with LR-3 lesions
developed LR-4 observations and 11.1%-24.5% developed HCC. Among 9 studies conducting
LR-4 observation-level analyses, incident HCC ranged from 30.8%-44.0% at 12 months and
30.9%-71.0% during study follow-up; conversely, 6%-42% of observations were downgraded to
LR-3 or lower. Patient-level factors associated with HCC included older age, male sex, higher
AFP levels, viral etiology, and prior history of HCC; observation-level factors included maximum
diameter, threshold growth, T2 hyperintensity, and visibility on ultrasound. Studies were limited
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by small sample sizes, inclusion of patients with prior HCC, short follow-up duration, and failure
to account for clustering of observations within patients or competing risks of transplantation and

death.

Conclusion: LR-3 and 4 observations have elevated but variable risk of HCC. Higher quality
studies are necessary to identify high-risk patients who warrant close CT or MRI-based follow-up.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death
worldwide and one of the fastest increasing causes of cancer-related death in the United
States.! 2 Patients with early-stage HCC are eligible to curative therapies and have a median
survival exceeding 10 years, whereas those with more advanced tumor burden have a median
survival of only 2-3 years.34 This marked survival disparity underlies the rationale of HCC
surveillance among at-risk patients, including those with cirrhosis.>

Professional society guidelines from the American Association for the Study of Liver
Diseases (AASLD) and European Association for the Study of the Liver (EASL)
recommend surveillance using semi-annual ultrasound with or without alpha-fetoprotein
(AFP), and those with positive surveillance results should undergo diagnostic evaluation
with multi-phase CT or contrast-enhanced MRI.6.7 In 2011, the American College of
Radiology developed a standardized Liver Imaging Reporting and Data System (LI-RADS)
to describe liver observations on diagnostic CT or MRI in at-risk patients (i.e., cirrhosis

and chronic HBV), with LI-RADS classifications ranging from LR-1 (definitely benign) to
LR-5 (definitely HCC) based on several imaging features: liver nodule size, arterial phase
hyperenhancement, and venous or delayed phase washout.8:? LR-3 (intermediate probability
for HCC) and LR-4 (suspicious for HCC) observations are commonly encountered

in patients undergoing diagnostic imaging after positive surveillance tests and have

an intermediate risk of developing HCC.1011 In clinical practice, many patients with
indeterminate nodules undergo surveillance every 3-6 months, rather than immediate biopsy,
given potential sampling error in smaller lesions and risk of complications (e.g., bleeding,
tumor seeding).12:13

A prior systematic review demonstrated that a substantial portion of LR-3 and LR-4
observations are in fact HCC at time of initial detection, but there is a need to better
understand the natural history of these observations, particularly the risk of developing
HCC during follow-up.! The natural history of patients with intermediate- and high-risk
observations has important diagnostic and therapeutic implications, including determining
optimal follow-up strategies for these patients.1® There have been an increasing number
of studies examining HCC risk over time for LR-3 and LR-4 observations, although small
sizes of individual study cohorts have generated imprecise estimates. The objectives of
our study were to: 1) characterize the natural history of LR-3 and LR-4 observations,
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including incidence of HCC and mean time to HCC diagnosis, and 2) describe predictors of
progression to HCC, through a systematic review.

METHODS

Search Strategy

We conducted a computer-assisted search of Ovid MEDLINE, EMBASE, and Cochrane
Central databases to identify relevant articles published from database inception through
December 31, 2021 using the following keywords: (Liver imaging reporting and data
system) or LIRADS or LI-RADS or LI-RAD$. We performed manual searches of reference
lists to identify citations that may have been missed by the computer-assisted search. Finally,
we consulted with expert hepatologists and radiologists to identify additional references

or unpublished data. This study was conducted in accordance with Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) guidelines and registered

with PROSPERO (International Prospective Register of Systematic Reviews) under ID
CRD42022303833.

Study Selection

One investigator (MK) reviewed all citations retrieved from the search strategy to generate a
list of potentially relevant articles. If the applicability of a study could not be determined by
title or abstract alone, the full text was reviewed. Full texts were independently checked for

possible inclusion by a second investigator (AGS) and disagreements were resolved through
discussion.

Studies were included if they included patients with LR-3 or LR-4 observations and
followed them longitudinally using CT or MRI for development of clinical outcomes of
interest. Our primary outcome was development of HCC (LR-5); secondary outcomes
included progression of LR-3 observations to LR-4, downgrading of LR-3 observations

to LR-2 or lower, and downgrading of LR-4 observations to LR-3 or lower. Additional
exclusion criteria included studies that relied on contrast-enhanced ultrasound, studies with
non-human data, lack of primary data, non-English studies, and incomplete data for incident
HCC during follow-up. If duplicate publications used the same cohort of patients, the study
with more complete data was included.

Data Extraction and Quality Assessment

Two investigators (MK and AGS) independently extracted required information from
eligible studies using standardized forms, with discrepancies resolved via discussion. The
data extraction form included the following: study characteristics including study period

and location, inclusion and exclusion criteria, characteristics and size of the cohort, LI-
RADS version, imaging characteristics of liver observations, and duration of follow-up.

We also recorded the following data: number of incident HCC during follow-up, imaging
modality, median time to HCC development, predictors for development of HCC, and
number of observations that progressed from LR-3 to LR-4. Patient-level data were collected
when available, although most studies only reported results as observation-level data. Two
investigators (MK and AGS) assessed study quality by a modified checklist based upon the
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National Institute of Health (NIH) study quality assessment tool for observational cohort
studies.14

Statistical Analysis

RESULTS

For each study, we abstracted the proportion of patients who developed HCC or observations
that progressed to HCC during follow-up. When available, we abstracted HCC incidence
rates, although many studies reported proportions who developed HCC at specific timepoints
from LR-3/LR-4 diagnosis during follow-up. Pooled proportions of HCC at set time points,
e.g., one year, were calculated using the metaprop command, with random effects. Subset
analyses were planned for the following predefined subsets of studies: 1) LR-3 vs. LR-4, 2)
LI-RADS version, and 3) duration of follow-up. Data analysis were performed using Stata
11 (StataCorp, College Station, TX).

Study Characteristics

We identified 13 eligible studies, including 11 full texts and 2 abstracts.15-27 Four

studies exclusively evaluated LR-3 observations, one evaluated LR-4 observations, and the
remaining eight evaluated both LR-3 and LR-4 observations (Figure 1). Characteristics

of studies are detailed in Table 1. All studies were retrospective in design, with median
duration of follow-up ranging from 5 months to 33 months. Most studies were conducted
in the United States, whereas two were from Canada, one Europe, and two from Asia.
Most studies were conducted as observation-level analyses, with only three studies having
conducted patient-level analyses. Seven studies exclusively evaluated patients with LR-3
or LR-4 observations on MRI at baseline, whereas 6 studies included patients with either
MRI or CT. Only four studies included histologic confirmation as a component for HCC
diagnosis, whereas the remaining studies relied on radiologic diagnosis.

Clinical Outcomes of Patients with LR-3 Observations

Of the 12 studies evaluating clinical outcomes in patients with LR-3 observations, 9 were
observation-level (n=952 total observations) and 3 were patient-level (n=706 total patients)
analyses. (Table 2) Among studies with observation-level analyses, the proportion of LR-3
observations that progressed to HCC ranged from 0% to 30.2% (pooled proportion 4.9%,
95%CI 1.2 — 10.5%; 12=89%), at 6 months, 1.2% to 12.5% (pooled proportion 6.8%, 95%Cl
2.8 — 12.1%; 12=84%) at 12 months, and 4.2% to 44.4% over the study periods, which
ranged from 1 to 10 years. An additional 1.4% to 17.7% of observations were upgraded
from LR-3 to LR-4, whereas 16% to 68% were downgraded to LR-2 or lower. Few studies
reported details of why lesions were upgraded to LR-4 (e.g., growth, ancillary features) or
downgraded (e.qg., stability, change in appearance, no longer seen), although two studies
reported ancillary features as a common reason for change in category. The proportion

of patients who developed HCC at 6 and 12 months (7% and 11%, respectively) was
consistent in the one observation-level study that relied on reports instead of independent
review of imaging. Among the four studies using LI-RADS v2018, 11.1% to 44.4% of LR-3
observations developed HCC, 5.5% to 22.2% of observations were upgraded to LR-4, and
25% to 52% were downgraded to LR2 or lower during study follow-up.
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Among the 3 studies that conducted patient-level analyses, Arvind and colleagues reported
5.1% and 12.5% of patients with LR-3 observations developed HCC at 6 and 12 months,
respectively, with an HCC incidence rate of 84 per 1000 person-years.18 Similarly, Ojeda

et al. reported 20.4% of patients developed HCC within one year of LR-3 observation
diagnosis.2% Two of the patient-level studies relied on imaging reports, with Ranathunga et al
the only to independently review imaging studies. The study by Ranathunga and colleagues
was also the only study to perform patient-level analysis using LI-RADS v2018 and reported
11.1% of 36 patients developed HCC over the mean follow-up 17.8-month study period.2!
Across all three studies, the proportion of patients who developed HCC ranged from 11.1%
to 24.5%, and an additional 8% to 22.2% developed an LR-4 observation during median
follow up of 9 to 17.9 months .

Clinical Outcomes of Patients with LR-4 Observations

The 9 studies evaluating outcomes in patients with LR-4 observations were all observation-
level (n=743 total observations) analyses (Table 2). The proportion of LR-4 observations that
progressed to HCC ranged from 10.5% to 35.3% (pooled proportion 29.2%; 95%CI 22.0

— 37.1%; 12=38%) at 6 months, 30.8% to 44.0% at 12 months (pooled proportion 39.2%,
95%Cl 32.9 — 45.7%; 12=10%), and 30.9% to 71.0% over the entire study periods of 1 to

10 years, respectively. However, 6.0% to 42.0% of LR-4 observations were downgraded to
LR-3 or lower. The proportion of patients who developed HCC at 6 and 12 months (32% and
44%, respectively) was consistent in the one observation-level study that relied on reports
instead of independent review of imaging. Three studies assessed outcomes using LI-RADS
v2018, with 10.5% to 35.3% of observations developing HCC within 6 months and 42.1% to
69.9% developing HCC during the study period.

Predictors of HCC Development

Seven studies reported patient- or observation-level factors associated with development of
HCC in LR-3 or LR-4 observations (Table 3). Patient-level factors associated with HCC
included older age, male sex, higher AFP levels, viral liver disease etiology, and history

of HCC, although these were not consistently reported across all studies. Observation-level
risk factors included maximum diameter of the LR-3 or LR-4 observation >1cm, threshold
growth, T2 hyperintensity, and visibility on ultrasound; however, several studies failed

to find any significant associations. No studies evaluated the association between liver
dysfunction and incident HCC among LR-3 or LR-4 observations.

Quality Assessment

Details of the quality assessment are reported in Table 4. All studies defined the research
objective, defined the study population, and measured the exposure prior to outcome
ascertainment. All but three studies used independent review of imaging to assess LR-3

or LR-4 diagnosis, increasing rigor of exposure assessment; however, most did not

require multiple readers and three studies relied on radiology reports rather than blinded
re-interpretation. Six studies allowed use of CT or MR imaging for index imaging to define
LR-3 or LR-4 category, although the two modalities differ in test performance, particularly
when considering ancillary features that can be used to upgrade or downgrade LI-RADS
categorization. Further, at least three studies included patients with a history of HCC, with
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some (e.g., Agnello et al) having over 50% with a history of HCC, whereas others did not
specifically remark on inclusion or exclusion of these patients. Inclusion of these patients
may affect reported HCC risk and limit generalizability to patients without a history of
HCC. Lack of individual patient-level data or subgroup analyses among studies precluded
analyses among those without a history of HCC.

All studies were retrospective with convenience samples, without justification of sample
size or power calculations. Many studies were small, with less than 100 patients, creating
imprecise estimates for each individual study and precluding identification of risk factors
for progression. Five studies had a median follow-up time shorter than 12 months and one
study did not report length of follow-up, limiting the ability to determine incident HCC
risk in LR-3 or LR-4 observations in these studies. This is particularly noteworthy as Hong
et al. reported follow-up duration was associated with risk of incident HCC. However,
most studies required at least one follow-up imaging study for study inclusion with

Arvind and colleagues being the only study to include all-comers with LR-3 observations,
including one-third of patients failing to have any follow-up imaging. All studies had valid
assessment of HCC status, although there was a risk of ascertainment bias given biopsy
was not routinely performed in observations that failed to meet imaging criteria for HCC
diagnosis. Further, most studies examined risk of progression to HCC within LR-3 or LR-4
observations, with only three conducting patient-level analyses and accounting for HCC
development elsewhere in the liver. Most studies failed to report the proportion of patients
who underwent liver transplantation or died during follow-up and did not account for these
competing risks when estimating HCC incidence rates. Further, the LI-RADS criteria and
performance have evolved over time; LI-RADS v2011 and v2014 classified observations
between 1-2 cm with arterial phase hyperenhancement and only delayed washout (i.e.
without capsule, threshold growth, or antecedent ultrasound visibility) as LR-4 despite
meeting AASLD criteria for HCC.28 Finally, observation-level analyses in most studies
failed to account for clustering within patients, which is necessary given patient-level factors
such as older age, male sex and elevated AFP were commonly reported risk factors for
development of HCC.

DISCUSSION

LR-3 and LR-4 observations are commonly detected in patients undergoing HCC
surveillance. Understanding their risk of developing HCC is of critical importance to

guide decision-making for management and follow-up. The 12 studies evaluating LR-3
observations found a wide range in observation-level HCC risk, from 15.8% to 44.4%;
patient-level risk ranged from 11.1% to 24.5% across studies. Similarly, the 9 studies
evaluating LR-4 observations found a wide range in observation-level HCC risk, from 30.9%
to 71.0%. Studies have identified several factors associated with HCC risk including older
age, male sex, viral liver disease etiology, history of HCC, and maximum diameter of the
observation.

Available data highlight several critical points that directly inform surveillance
recommendations. First, LR-3 and LR-4 observations are both associated with a high
risk of HCC, particularly within the first six months after detection, suggesting prevalent
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HCC at time of LR-3 or LR-4 detection. These data suggest that biopsy should be
considered for patients in whom an HCC diagnosis would immediately impact clinical
management. One such example would be a patient with a liver observation exceeding

2 cm in diameter, in whom an HCC diagnosis could warrant liver transplantation with
MELD exception points. Second, we found that risk of HCC extends beyond the first six
months, suggesting these patients remain at higher risk of HCC than cirrhosis patients
without LR-3 or LR-4 observations. These data underscore the importance of continued
close follow-up for these patients, with some of these patients potentially warranting CT
or MR imaging.2? Third, although some of these observations have a high risk of HCC,
several others were downgraded during follow-up. The variation in natural history likely
parallels the heterogeneity in what these observations represent. A single-center study
examining histopathologic correlates of radiographic LR-3 and LR-4 observations ranged
from perfusion abnormalities or regenerative nodules to dysplastic nodules or HCC.30
Finally, traditional risk factors such as older age, male sex, viral liver disease, and larger
observation size are inconsistently associated with HCC and imperfect to accurately risk
stratify patients and inform surveillance strategies. While AFP has been shown to be an
early detection and prognostic marker for HCC3L, most studies did not include AFP in
their multivariable model. There is a clear need for future studies to examine blood- and
imaging-based biomarkers that could further identify which patients are at highest risk of
HCC and warrant more intensive monitoring versus those who are lower risk and can be
safely monitored by ultrasound-based surveillance. Radiomics has been a field of growing
interest for tumor detection and prognostication, and algorithms incorporating features such
as T2 hyperintensity and restricted diffusion on MRI may be able to identify observations
with higher HCC risk.32 Similarly, blood-based biomarkers are undergoing validation for
risk stratification among patients with cirrhosis and should be tested in patients with LR-3 or
LR-4 observations.33

Despite these important clinical implications, we identified notable limitations of the current
literature, highlighting a need for more robust data in this area (Table 5). Understanding
these limitations can inform recommendations for future studies on this topic. First,

most studies were retrospective in nature with variable surveillance strategies, including
differences in imaging tests, surveillance intervals, and use of biopsy. Indeed, Arvind

and colleagues highlighted that many patients with LR-3 observations failed to undergo
surveillance CT or MR imaging and few underwent biopsy.16 Lack of standardized
evaluation, compounded by short study intervals and competing risks in this population,
creates a high risk of ascertainment bias, so HCC risk estimates are likely underestimated.
There is a need for future prospective data among patients with LR-3 or LR-4 observations
using a standardized protocol or CT or MR imaging and biopsy as needed to better
characterize natural history. Second, study populations were heterogeneous, and several
studies did not explicitly exclude patients with a history of HCC. The histopathologic
character of the LR-3 or LR-4 observation, and corresponding HCC risk, may differ based
on presence of absence of HCC elsewhere in the liver. LR-3 and LR-4 lesions are more
likely to be HCC in patients with existing LR-5 lesions.34 Further, it would be difficult to
differentiate progression of an LR-3/LR-4 observation from HCC recurrence, given the HCC
may occur within or outside the index observation. Indeed, prior history of HCC was one
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of the factors associated with future HCC risk across studies.22 Therefore, future studies
should either exclude patients with a history of HCC or reporting findings stratified by
HCC history status. Third, few studies, even those using independent review of imaging,
required multiple readers to determine LR-3 or LR-4 status, which is concerning given

the suboptimal inter-rater reliability of LI-RADS assessment.3® This was also compounded
by inclusion of both CT and MR imaging, which differ in their ability to assess ancillary
findings and distinguish between LR-3 or LR-4 observations.36 Further, changes in LI-
RADS criteria over time due to version updates (e.g., observations 1-2 cm with arterial
phase hyperenhancement and delayed washout being classified as LR-4 vs. LR-5) can
complicate interpretation of these data. Future studies should use independent review of
imaging by multiple readers and stratify results by CT vs. MR imaging and imaging
features, as possible. Finally, most studies to date have been observation-level analyses,
which fail to adjust for clustering of the observations within patients. Further, patient-

level analyses more closely parallel management strategies where cost effectiveness of
surveillance strategies would be informed by overall patient risk rather than each individual
observation. Patient-level analyses are also more accurate given HCC may develop outside
of the LR-3/LR-4 observation, occurring in nearly one-third of patients in prior studies.16

While our study has several strengths, there are several inherent limitations, primarily

due to the limitations of the included studies. First, clinical heterogeneity in LI-RADS
assessments, surveillance strategies, and duration of follow-up precluded rigorous pooled
results. In addition to addressing specific study-level limitations as discussed above, future
studies should consistently report desired outcomes including proportion of HCC at set time
points (e.g., 6 and 12 months), annual HCC incidence rates, and proportion of LR-3 and
LR-4 observations that were downgraded to more benign LI-RADS classifications during
follow-up. The reason for downgrade of LR-3 and LR-4 lesions, such as poor arterial phase
contrast timing, was not mentioned in most studies, and should also be further explored.
Second, we performed a study-level instead of individual patient-level meta-analysis, so we
could not perform some subgroup analyses of interest, such as HCC risk in patients without
a history of prior HCC. Additionally, variation between MRI and CT imaging modality
was present, raising the concern that LR-3 or 4 on CT does not necessarily correlate with
LR-3 or 4 on MRI.37 Third, included studies focused on progression to HCC as the primary
outcome and did not report on other clinical outcomes (e.g., tumor stage or mortality).
Despite these limitations, we believe our systematic review provides valuable insights into
currently available literature on risk of incident HCC in LR-3 or LR-4 observations, given
prior meta-analyses have largely focused on risk of prevalent HCC at time of LR-3 or

LR-4 detection. In that regard, our systematic review and meta-analysis did not have any
overlapping studies from the prior systematic review by Van der Pol and colleagues.!!
Further, our study critically evaluated the existing literature and provided recommendations
for future research.

In summary, we found that some patients with LR-3 and LR-4 observations have a high

risk of developing HCC, whereas others are downgraded to more benign categories during
follow-up. This variability in natural history underscores a need for risk stratification tools to
better identify patients in need of more intensive surveillance strategies. Given limitations in
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study quality for current studies, there is a critical need for robust prospective studies on this
topic.
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