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Title: Individual Participant Data Meta-Analysis of LR-5 in LI-RADS v2018 versus rLI-RADS for

Hepatocellular Carcinoma Diagnosis

Article Type: Original Research, Meta-analysis

Abbreviations:

HCC = Hepatocellular carcinoma

LI-RADS = Liver Imaging Reporting and Data System

rLI-RADS = Revised Liver Imaging Reporting and Data System

PPV = Positive predictive value

IPD = Individual-participant data

PRISMA-IPD = Preferred Reporting Items for a Systematic Review and Meta-Analysis of IPD
PRISMA-DTA = PRISMA Diagnostic Test Accuracy

Summary statement: This individual-participant data meta-analysis confirmed that, compared to LI-

RADS version 2018 category 5, the revised LI-RADS category 5 showed higher sensitivity and similar
positive predictive value for diagnosing hepatocellular carcinoma.
Key results:

1. Inthis meta-analysis of 24 studies including 3840 patients at high risk of hepatocellular carcinoma
(HCC) and 4727 observations, the revised LI-RADS (rLI-RADS) category 5 (rLR-5) showed higher
sensitivity (71% [95% Cl: 61%, 79%] vs. 61% [95% Cl: 46%, 75%]; P < .001) and similar positive
predictive value (91% vs. 92%; P = .55) for HCC diagnosis compared to LI-RADS version 2018
category 5.

2. Category adjustments between LI-RADS v2018 and rLI-RADS were only assessed in categories 3,
4, and 5 (n=3619) as rLI-RADS only modifies these three categories, and the use of rLI-RADS

increased ordinal category (LR-4 to rLR-5 or LR-3 to rLR-4) for 12% (432/3619) of observations.



ABSTRACT

Background:

A simplification of the Liver Imaging Reporting and Data Systems (LI-RADS) version 2018 (v2018), revised
LI-RADS (rLI-RADS), has been proposed for imaging-based diagnosis of HCC. Single-site data suggest that
rLI-RADS category 5 (rLR-5) improves sensitivity while maintaining positive predictive value (PPV) of the
LI-RADS v2018 category 5 (LR-5), which indicates definite HCC.

Purpose:

To compare the diagnostic performance of v2018 and rLI-RADS in a multicenter dataset of patients at risk
for HCC using individual-participant data (IPD) meta-analysis.

Methods:

Multiple databases were searched from December 2014 to January 2022 for studies evaluating the
diagnostic performance of any version of LI-RADS on CT or MRI for diagnosing HCC. IPD meta-analysis
methodology was applied to observations from the identified studies. QUADAS-2 was applied to
determine study risk of bias. Observations were categorized according to major features and either v2018
or rLI-RADS assignments. Diagnostic accuracies of category 5 for each system were calculated using
generalized linear mixed models and compared using the likelihood ratio test for sensitivity and the Wald
test for PPV.

Results:

24 studies including 3840 patients and 4727 observations were analyzed. The median observation size was
19 mm (IQR: 11 mm — 30 mm). Compared to LR-5, rLR-5 showed higher sensitivity (70.6% [95% Cl: 60.7%,
78.9%)] vs. 61.3% [95% Cl: 45.9%, 74.7%); P < .001) with similar PPV (90.7% vs. 92.3%; P = .55). In low risk
of bias studies (n =4, 1031 observations), rLR-5 versus LR-5 also achieved a higher sensitivity (66.9% [95%
Cl: 58.2%, 74.5%] vs. 72.3% [95% Cl: 63.9%, 80.1%]; P = .02) with similar PPV (88.7% vs 83.1%; P = .47).

Conclusion:



rLR-5 achieved a higher sensitivity for identifying HCC than LR-5 while maintaining a comparable PPV at >

90%, matching the results presented in the original rLI-RADS study.



INTRODUCTION

Hepatocellular carcinoma (HCC) represents 75% -85% of all primary liver cancers and is the only
cancer that can be definitively diagnosed on imaging alone for high-risk patients, those with cirrhosis or
chronic hepatitis B virus (HBV) infection [1-3]. Numerous imaging-based diagnostic criteria for HCC have
been established. The Liver Imaging Reporting and Data System (LI-RADS, current version 2018; v2018) is
the predominant set of criteria used in the United States and has seen increasing adoption worldwide
after recent endorsement by the American Association for the Study of Liver Disease [4-8].

Although LI-RADS v2018 (Figure 1A) is accepted as the standard for the imaging diagnosis of HCC
in the United States, modifications have been proposed to improve the diagnostic performance of the LI-
RADS 5 category (LR-5), which is considered definitely HCC on a scale from LR-1 to LR-5 [9-17]. One
recently proposed modification of LI-RADS v2018 is the “revised LI-RADS"” (rLI-RADS, Figure 1B) [10]. This
set of criteria relies on gadoxetate disodium-enhanced MRI and is based on established combinations of
major features in LI-RADS v2018. rLI-RADS was designed to improve the positive predictive value (PPV) for
HCC and increase simplicity, with only 9 cells for categorization compared to 15 cells in v2018.

In the original study cohort, which included a test dataset of 55 patients and 195 observations,
rLI-RADS category 5 showed increased sensitivity (75.5% vs. 60.9%; P < .001), decreased specificity (90.7%
vs. 94.2%, P = .008), and similar PPV (92.5% vs. 94.1%; P = .13) compared with LI-RADS v2018 category 5
[10]. This dataset was derived from a single center and the majority of patients (52/55 [94%]) had HBV
[10]. Thus, further evaluation of rLI-RADS in a multicenter setting is warranted to ensure the findings of
the original study are generalizable.

The purpose of this study was to compare the performance of LI-RADS v2018 and rLI-RADS
category 5 observations in a multicenter dataset of patients at risk for HCC. Sensitivity and PPV were the

diagnostic performance measures of primary interest as sensitivity of category 5 for HCC represents the



proportion of HCCs that can be successfully diagnosed without additional testing and a PPV greater than

or equal to 90% is considered sufficient for definite management [4].



METHODS

The study protocol was approved by the Research Ethics Board at the University of Ottawa and is
Health Insurance Portability and Accountability Act compliant (Protocol details: [https://osf.io/duys4]).
Best practices in diagnostic test accuracy systematic reviews were applied [18-20]. The Preferred Reporting
Items for a Systematic Review and Meta-Analysis of Individual Patient Data (PRISMA-IPD) and PRISMA

Diagnostic Test Accuracy (PRISMA-DTA) statements were used to inform reporting [21-24].

Study Design

The creation of this LI-RADS IPD is described in a previous publication van der Pol et al. [25]. Briefly,
multiple databases were searched for studies published from January 2014 to December 2019 evaluating
the diagnostic performance of LI-RADS for HCC [25]. The same methodology was used to update the search
for studies published up to January 2022. Supplementary Material 1 and the Open Science Framework link
above further detail the literature search, eligibility criteria, data collection and extraction, synthesis of
results, and publication bias. Of note, the patients from the original rLI-RADS study were not included in
the current work. Deidentified data were transferred to an encrypted Research Electronic Data Capture

(REDCap) database at the University of Ottawa [26,27].

Risk of Bias and Applicability

The Quality Assessment of Diagnostic Accuracy Studies version 2 (QUADAS-2) tool for application
to LI-RADS was used with signaling questions tailored as appropriate [28]. This previously tailored tool
categorizes sources of bias into 4 domains — patient selection, index test, reference standard, and flow and
timing. The flow and timing group included incomplete reporting of major features. Overall assessment of
risk of bias was categorized as ‘low risk’ or ‘at risk’, and ‘at risk’ was determined if any of the 4 domains

had ‘high’ risk of bias as per QUADAS-2 guidelines [28]. Assessment was performed in duplicate by two



independent authors, JPS and CvdP, both with five years of experience in conducting assessment of bias
for studies in diagnostic test accuracy, and differences were resolved by a third author, MM, with 14 years

of experience.

Conversion of LI-RADS categories across versions 2014, 2017, and 2018
Observations initially categorized according to LI-RADS v2014 and v2017 were updated to v2018

using a previously described conversion strategy [29].

Categorization of Observations

The proposed rLI-RADS differs from v2018 only in assigning observations to categories 3, 4, and 5
[4,10]. In this analysis, findings related to observations in all categories are reported to evaluate overall
system performance and enable the findings of this study to be interpreted in the context of the existing
literature [30-33]. Observations in categories 1, 2, 3, 4, M, and TIV were considered not definite HCC, as in
prior studies [34-37]. When assessing differences in categorization between v2018 and rLI-RADS, however,
only categories 3, 4, and 5 were considered as rLI-RADS does not affect any other category.

Observations were categorized in two ways: according to their reported major features based on
either v2018 or rLI-RADS [4,10]. Of note, despite being underreported in the primarily literature, threshold

growth was used as a major feature when available according to v2018 or rLI-RADS [38-40].

Diagnostic Performance Measures
The primary analysis focused on the diagnostic performances of category 5 (definitely HCC) in each
system (i.e., LR-5 in v2018 and rLR-5 in rLI-RADS) for the diagnosis of HCC. The diagnostic measures

included sensitivity, specificity, and PPV.



The same diagnostic performance measures were calculated in a sensitivity analysis using data
only from studies determined to be at low risk of bias according to the QUADAS-2 tool. Another sensitivity
analysis, limited to patients with HCC confirmed by histology, was also performed. Pre-specified sub-
analyses were performed with patients stratified based on the presence or absence of a cirrhosis diagnosis
and based on the types of contrast media (gadoxetate disodium vs. an extracellular agent) utilized for

imaging (Supplementary Material 2).

Statistical Analysis

The performance of LR-5 and rLR-5 for the diagnosis of HCC was assessed using generalized linear
mixed models (GLMMs). IPD were pooled across studies and modeled simultaneously with a one-stage
meta-analysis approach to estimate pooled sensitivity and specificity, where the outcome was HCC status
(positive or negative) and the exposure was whether a lesion was category 5 or other. A bivariate random
effects model was fitted via maximum-likelihood estimation and used a binomial distribution with logit
link [41]. Using the one stage meta-analytic approach, this models sensitivity and specificity
simultaneously, accounting for the correlation between them and for precision of estimates within studies.
For each analysis, this model provided estimates of pooled sensitivity and specificity. Study-level and
patient-level effects were accounted for in the bivariate model through nested random effects [42].

PPVs for v2018 and rLI-RADS were calculated as estimates of the percentage of HCC observations
in the LR-5 and rLR-5 categories, respectively. A separate univariate one-stage random effects model,
clustering for study-level and patient-level nested random effects was used to calculate the pooled PPV of
HCC [43]. Measures of heterogeneity included I?, the percentage of the variability in effect estimates due
to heterogeneity, and tau?, the between-study variance, and were obtained through a maximum-likelihood
estimator in the one-stage random effects model for PPV [41]. P values for sensitivity and specificity were

calculated using a likelihood ratio test, and P values for PPV were calculated using the Wald test to compare



proportions of meta-analysis subgroups. All statistical analyses were performed using the glmer function
in the 'Ime4’ package in R (version 4.0.0; R Foundation for Statistical Computing) [44]. The level of

significance was set at P < .05.



RESULTS

Study Selection and Characteristics

The current study included 19 of 32 articles used in a previous IPD study [25]. Thirteen articles
were excluded as either only contrast-enhanced ultrasound (CEUS) was performed or CT/MRI major
features were not reported (Figure 2).

In the updated search for the current study, 407 articles were identified. Of those, 136 were
excluded for the following reasons: participants were not adults at high risk for HCC; LI-RADS criteria for
classification of observations was not used; the index test modality was not contrast-enhanced multiphase
liver CT or MRI; and the reference standard was not met for diagnosis of HCC, other malignancy, or benign
observation. After full-text review, 67 were excluded due to the same exclusion criteria. Ultimately, the
authors of 204 studies were invited to collaborate. Thereafter, studies were excluded for the following
reasons: no response from the author (n = 86), the author did not sign the data sharing agreement (n =
24), the author did not send the data (n = 54), the study did not follow LI-RADS guidelines for reference
standards (n = 2), the study data were received after the inclusion deadline (n = 22), or the study did not
report CT/MRI LI-RADS imaging characteristics (n = 1). Five additional studies from this updated search
were included in this study. The final cohort from the original and updated search combined included a
total of 4727 observations from 3840 patients in 24 studies (Figure 2).

Of the 24 studies, 2 reported features on CT, 17 evaluated MRI (of which 8 used gadoxetate
exclusively and another 3 used gadoxetate and an extracellular agent), and 5 evaluated CT and MRI (4 used
gadoxetate and an extracellular agent, and 1 used gadoxetate exclusively). Of the 4727 observations from
these studies, 2195 were imaged with gadoxetate-enhanced MRI, 1620 were imaged with an extracellular
agent on MRI, and 407 were imaged with CT. Of the 4727 observations, 397 (8.4%) from 7/24 (29.2%)
studies reported threshold growth. Supplementary Table 1 further describes the characteristics of the

included studies.



Risk of Bias and Applicability

Supplementary Table 2 summarizes the risk of bias and applicability for the studies included in this
meta-analysis. Of the 24 studies, 21% (5/24) were limited to HCC observations, 21% (5/24) were limited
to malignancies, and 13% (3/24) excluded benign observations.

In terms of risk of bias, 63% (15/24) of studies were unclear or had a high risk of bias for patient
and observation selection, 33% (8/24) were unclear or had a high risk of bias under their index test
(CT/MRI), 21% (5/24) were unclear or had a high risk of bias for the reference standard, and 63% (15/24)
had a high risk of bias for study flow and timing. Additionally, there were inappropriate or unclear intervals
between the index test and the reference standard in 21% (5/24) of the studies. Only 17% (4/24) of the
studies, comprising 1031 observations, were considered to have a low risk of bias.

The percentage of variation across studies for analyses (1) ranged from 0.0% to 92.2%. The

between-study variance (tau?) ranged from 0.0 to 8.13.

Synthesis of Results

Observation Categorization

Based on v2018, 44% (2062/4727) of observations were categorized as LR-5, 12% (553/4727) as
LR-4, and 21% (1004/4727) as LR-3 (Table 1). Based on rLI-RADS, 49% (2312/4727) of observations were
categorized as rLR-5, 10% (485/4727) as rLR-4, and 17% (822/4727) as rLR-3. The median size of all
observations was 19 mm (IQR: 11 mm — 30 mm).

Changes in categorization only increased from v2018 to rLI-RADS, which occurred for 12%
(432/3619) of observations. Observations only changed by one category (i.e., LR-3 to rLR-4) (Figure 3). Of
the observations that increased in category from LR-3 to rLR-4, 40% (72/182) were HCC. Of the

observations that increased in category from LR-4 to rLR-5, 74% (186/250) were HCC.



Primary Analysis

Overall, rLI-RADS rLR-5 observations achieved a higher sensitivity than v2018 LR-5 observations
for the diagnosis of HCC (70.6% vs. 61.3%, P < .001) but showed a reduced specificity (85.6% vs. 89.2%, P
=.002) (Table 2). The PPV of rLR-5 for HCC (90.7% [95% CI: 80.1%, 95.9%]) was similar to the PPV of LR-5

for HCC (92.3% [95% ClI: 82.3%, 96.9%], P = .55).

Sensitivity Analysis

In low risk of bias studies (4 studies with 1031 observations), v2018 categorized 40% (414/1031)
of observations as LR-5, 13% (129/1031) as LR-4, and 30% (309/1031) as LR-3 (Table 3). rLI-RADS
categorized 47% (480/1031) of observations as rLR-5, 10% (99/1031) as rLR-4, and 26% (273/1031) as rLR-
3. The median observation size was 16 mm (IQR: 11 mm — 22 mm).

When the diagnostic performances of only low risk of bias studies were assessed, rLI-RADS rLR-5
achieved a higher sensitivity than v2018 LR-5 for HCC (72.3% vs. 66.9%, P = .02) but showed a reduced
specificity (90.7% vs. 94.1%, P = .001) (Table 4). The PPV of rLR-5 for HCC (83.1% [95% Cl: 79.5%, 86.2%])

was similar to the PPV of LR-5 for HCC (88.7% [95% Cl: 85.2%, 91.4%], P = .47).

Additional Analyses

The sensitivity analyses for observations with a histological reference standard showed an
increased sensitivity of rLR-5 compared with LR-5 for HCC (76.4% vs. 67.5%, P < .001) with similar PPVs
(90.7% [95% Cl: 67.3%, 97.9%)] vs. 94.4% [95% Cl: 74.1%, 99.0%], P = .50) (Supplementary Table 3).

For the sub-analyses with patients stratified based on the presence or absence of a cirrhosis
diagnosis as well as based on contrast agent type (gadoxetate disodium vs. an extracellular agent), the
finding of increased sensitivity and similar PPV of rLR-5 compared with LR-5 for HCC was again observed

(Supplementary Table 4-7).






DISCUSSION

A recent study proposed modifications of the Liver Imaging Reporting and Data System (LI-RADS)
version 2018 (v2018) major feature system for diagnosing hepatocellular carcinoma (HCC) [10]. Category
5 of this “revised LI-RADS” (rLI-RADS) showed higher sensitivity, lower specificity, and similar positive
predictive value (PPV) for HCC diagnosis when compared with v2018 LR-5 [10]. The aim of our study was
to perform an external validation comparing the performance of v2018 and rLI-RADS in an individual
participant data (IPD) meta-analysis of a large multicenter dataset of patients at risk for HCC. Similar to
the original study, we found that rLI-RADS category 5 (rLR-5) had a higher sensitivity and similar PPV for
HCC when compared with v2018 category 5 (LR-5) across all sensitivity and subgroup analyses. Our
primary analysis showed sensitivities of rLR-5 and LR-5 for HCC of 70.6% and 61.3% (P < .001), respectively,
compared with 75.5% and 60.9% (P < .001) in the original description of rLI-RADS [10]. The specificities of
rLR-5 and LR-5 for HCC in our study were 85.6% and 89.2% (P = .002), respectively, compared with 90.7%
and 94.2% (P = .008) in the original description [10]. The PPVs of rLR-5 and LR-5 for HCC in our study were
90.7% and 92.3% (P = .55), respectively, compared with 92.5% and 94.1% (P = .13) in the original
description [10].

The diagnostic measure of greatest interest in describing the performance of these criteria for
diagnosing HCC is PPV [10,45]. Prior research has suggested that a PPV 2 90% is acceptable for identifying
HCC and in fact is required to guarantee appropriate treatment, such as liver transplantation and
locoregional therapies such as radioembolization, without additional diagnostic workup [10,45,46]. Given
the consequences of treatment selection based on imaging diagnosis alone, a high and reliable PPV is
critical, especially when therapies such as transplantation are an option. In the current study, the point
estimates of the PPVs for category 5 lesions in identifying HCC for both rLI-RADS and v2018 were greater
than 90%. However, when assessing only low risk of bias studies, the PPVs for category 5 lesions in

identifying HCC for rLI-RADS and v2018 were 83.1% and 88.7%, respectively. In the low risk of bias cohort,



the 95% confidence interval for PPV for v2018 included the target 90% threshold, but the 95% confidence
interval for rLI-RADS category 5 was below the 90% threshold. This suggests that the PPV requirement was
not maintained by rLI-RADS in low risk of bias studies. Results of this sensitivity analysis should be
interpreted with caution, however, as only 4 studies were at low risk of bias.

The specificity results of our study should also be interpreted with caution. This diagnostic
measure was reported for completeness but is challenging to interpret as it represents a summary
performance measure that considers all non-LR-5 categories to be “negative for HCC”. In practice,
however, those categories (i.e. LR-4, LR-3, LR-M) have different performance characteristics and clinical
implications, and are not treated as a single unit. For example, according to LIRADS v2018, an LR-5
observation associated with TIV is considered ‘definite HCC'. In a different context, this could be considered
a true positive, but for the purposes of evaluating the diagnostic performance of the LR-5 category in
isolation, we treated LR-5 TIV as “not definite HCC”.

Our study had several limitations. First, the 1> and tau? values, representing heterogeneity for PPV
within and between studies, respectively, showed large amounts of statistical heterogeneity [47]. This
suggests that the included studies are heterogeneous in design, particularly with regard to the
characteristics of the study samples, increasing the variance of PPV between studies. This heterogeneity
could have caused wider and overlapping confidence intervals in the pooled estimates of sensitivity and
specificity. Second, since only 4 of the 24 included studies were determined to be at low risk of bias, there
was a much smaller sample size for the sensitivity analysis performed on low risk-of-bias studies. The
greatest potential sources of bias were those of the primary literature, including patient and observation
selection, as well as study flow and timing [48-50]. This and other IPD meta-analyses have identified a
need for higher-quality liver imaging research based on standard methods [25, 48-51]. Third, data
collection was determined by the response of authors from the studies from which the data were included,

which reduced the number of studies and thus the number of observations that could be analyzed. Finally,



the prevalence of LR-5 and rLR-5 lesions in this study is higher than seen in clinical practice, consistent
with known selection biases in the primary literature.

In conclusion, we performed external validation in a multicenter cohort and found that rLI-RADS rLR-
5 has higher sensitivity, lower specificity, and a similar PPV for HCC when compared with v2018 LR-5,
confirming the findings from the original study. Our study also provides a platform for external
performance assessment of other proposed modifications to the LI-RADS criteria. Future studies would
benefit from using similar methodology to evaluate other proposed modifications of rLI-RADS to

determine diagnostic performance and in turn help guide diagnosis of HCC in patients at high risk.
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Table 1. Summary of the number of observations, percentage of observations, and size of observations

for v2018 LI-RADS and revised LI-RADS categories 3, 4, and 5 (n = 24 studies).

LI-RADS v2018 (n=4727)

rLI-RADS (n=4727)

LR-5 LR-4 LR-3 rLR-5 rLR-4 rLR-3

# of observations 2062 553 1004 2312 485 822

% of observations 44% 12% 21% 49% 10% 17%

Size of observations (mm) 24 (16 - 121 (10 - |12 9 -(283 (15 - |21 (12 -|12 (9 -
34) 27) 15) 32) 27) 16)

Notes.— The size of observation is reported as the median with the IQR in parentheses. LI-RADS = Liver

Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.




Table 2. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS category 5 for the

diagnosis of hepatocellular carcinoma (n = 24 studies).

LI-RADS v2018 LR-5 (n=2062) rLI-RADS rLR-5 (n=2312) P-value
Sensitivity | 61.3% (45.9%, 74.7%) 70.6% (60.7%, 78.9%) <.001«
Specificity 89.2% (80.9%, 94.2%) 85.6% (78.2%, 90.8%) .002«
PPV 92.3% (82.3%, 96.9%) 90.7% (80.1%, 95.9%) 55T
2 92.2% (89.6%, 94.1%) 91.8% (89.0%, 93.9%)
Tau? 5.1 4.4

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.

aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.



Table 3. Summary of the number of observations, percentage of observations, and size of observations
for v2018 LI-RADS and revised LI-RADS categories 3, 4, and 5 in low risk of bias studies (n = 4).

LI-RADS v2018 (n=1031)

rLI-RADS (n=1031)

LR-5 LR-4 LR-3 rLR-5 rLR-4 rLR-3
# of observations 414 129 309 480 99 273
% of observations 40% 13% 30% 47% 10% 26%
Size of observations [ 20 (15 - |20 (14 - |13 9 -|19 (15 - (20 (14 - |13 (8 -
(mm) 26) 25) 16) 25) 24) 16)

Notes.— The size of observation is reported as the median with the IQR in parentheses. LI-RADS = Liver
Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.




Table 4. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS category 5 for the
diagnosis of hepatocellular carcinoma for low risk of bias studies (n = 4 studies).

LI-RADS v2018 LR-5 (n=414) rLI-RADS rLR-5 (n=479) P-value
Sensitivity | 66.9% (58.2%, 74.5%) 72.3% (63.9%, 80.1%) .02a
Specificity 94.1% (87.7%, 97.3%) 90.7% (81.1%, 95.7%) .001«
PPV 88.7% (85.2%, 91.4%) 83.1% (79.5%, 86.2%) ATT
I2 0.0% (0.0%, 84.7%) 7.9% (0.0%, 85.9%)
Tau? 0.0 0.0

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.
aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.
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Figure 1. Diagnostic tables for (A) CT/MRI LI-RADS v2018, (B) the expanded version of rLI-RADS, and (C)
rLI-RADS. The expanded version of rLI-RADS (B) demonstrates how the rLI-RADS criteria is simpler when
compared to LI-RADS v2018.
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Figure 2. PRISMA flow diagram. Nineteen studies were included from the original search [26]. An
additional five studies were included from the updated search, yielding a total of 24 studies included in
this study.
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Figure 3. Migration of observation category between v2018 LI-RADS and rLI-RADS (n=24). Increases in
observation category from v2018 to rLI-RADS occurred for 12% (432/3619) of observations in categories
3, 4, and 5 out of a total of 4727 observations in the entire cohort.



FIGURES

Figure 1. Diagnostic tables for (A) CT/MRI LI-RADS v2018 and (B) revised LI-RADS. The rLI-RADS criteria
[10] are simpler than the LI-RADS v2018 criteria [4]. LI-RADS = Liver Imaging Reporting and Data System;
rLI-RADS = Revised Liver Imaging Reporting and Data System.

Figure 2. PRISMA flow diagram. Nineteen studies were included from the original search of articles
published from January 2014 to December 2019 described previously to create a LI-RADS individual
patient database (IPD) [25]. An additional five studies were included from the updated search of articles
published from January 2020 to January 2022 using the same methodology, yielding a total of 24 studies
included in this study. LI-RADS = Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging
Reporting and Data System; Cochrane Central Register of Controlled Trials (CENTRAL).

Figure 3. Migration of observation category between v2018 LI-RADS and revised LI-RADS for 24 studies.
Increases in observation category from v2018 to rLI-RADS occurred for 12% (432/3619) of observations in
categories 3, 4, and 5 (shown in yellow, orange, and red, respectively) out of a total of 4727 observations
in the entire dataset. Revised LI-RADS only differs from v2018 LI-RADS in categories 3, 4, and 5, so these
were the only categories expected to change in category. LI-RADS = Liver Imaging Reporting and Data
System; rLI-RADS = Revised Liver Imaging Reporting and Data System; Cochrane Central Register of
Controlled Trials (CENTRAL).



SUPPLEMENTARY MATERIAL 1

Supplementary Methods:
Literature Search

An experienced hospital librarian assisted in the search of MEDLINE, Embase, Cochrane Central
Register of Controlled Trials (CENTRAL), and Scopus databases for studies evaluating diagnostic
performance of CT, MRI, or and contrast-enhanced ultrasound (CEUS) for diagnosis of HCC using LI-RADS
(CT/MRI v2014/v2017/v2018 or CEUS LI-RADS v2016/v2017). There were no restrictions on language or
publication type in the search. Dates included in the initial search were January 2014 to December 2019
based on publication date of LI-RADS 2014 [25]. The search strategy was updated to include additional
eligible studies published from January 2020 to January 2022 (Figure 2). The corresponding authors of

each study identified for inclusion were contacted.

Eligibility Criteria

Details of the search and process for inclusion in the Liver Imaging Reporting and Data System (LI-
RADS) individual participant data (IPD) database are described in the study by van der Pol et al. [van 2022].
All imaging from patients at high risk of hepatocellular (HCC) including CT and MRI reporting the
percentage of HCC for LI-RADS categories 3-5, were included. Patient are considered high risk for HCC if
they have hepatic cirrhosis, chronic hepatitis B viral infection, current or prior HCC. Concordance with the
LI-RADS technical imaging guidance for all CT, MRI, CEUS studies was evaluated. The use of CT/MRI LI-RADS
v2014/v2017/v2018 or CEUS LI-RADS v2016/v2017 guidelines was required for all liver observations.
Reference standard for diagnosis of HCC, other malignancy, or benign observations was assessed using a

preferred composite reference standard [25].

Data Collection and Extraction



Authors were sent a single follow-up email if they did not respond to the initial invitation to
collaborate. For those authors that agree to participate, a formal confidentiality agreement explaining
secure data storage and authorized access by co-investigators was sent. This form included the data
contribution form, data extraction sheet, data dictionary, and a list of frequently asked questions.
Instructions to transfer data to an encrypted directory were also given to de-identify the data. Data sharing
agreements were obtained per institution-specific policies. Patient data was not distributed otherwise. All

collaborators were informed of progress as necessary.

Synthesis of Results

Data was collected in a master dataset in Research Electronic Data Capture (REDCap) with each
observation being assigned a unique identifier [26]. IPD from primary study investigators and published
reports were compared for each study. If data were shown to be unclear or inconsistent, the primary study
investigators will be contacted for resolution. If there were multiple readers for a study, the data from one
of the readers was randomly chosen. Notably, the data from which rLI-RADS was originally derived were

part of the larger nodule database but were excluded from this analysis.

Publication Bias

Publication bias was not assessed as per contemporary guidance for DTA systematic reviews [23].



SUPPLEMENTARY MATERIAL 2
Supplementary Results:

A sensitivity analysis was performed in a cohort of patients whose HCC diagnosis was determined
by pathology only (Supplementary Table 3). In this cohort, the sensitivity of rLR-5 for HCC was 76.4% and
higher than that of LR-5 (67.5%, P < .001). The specificity of rLR-5 for HCC was 82.0% and lower than that
of LR-5 (85.8%, P <.001). The PPVs of rLR-5 and LR-5 for HCC were 90.7% (95% Cl: 67.3%, 97.9%) and 94.4%
(95% Cl: 74.1%, 99.0%; P = .50), respectively.

Sub-analyses were performed in a cohort of patients with cirrhosis versus a cohort of patients
without cirrhosis for LR-5 and rLR-5 observations (Supplementary Table 4 and 5, respectively). In the
cohort of patients with cirrhosis, the sensitivity of rLR-5 for HCC was 69.6% and higher than that of LR-5
(60.0%, P < .001). The specificity of rLR-5 for HCC was 85.1% and lower than that of LR-5 (88.4%, P = .006).
The PPVs of rLR-5 and LR-5 for HCC were 91.4% (95% Cl: 81.3%, 96.3%) and 92.0% (95% Cl: 80.9%, 96.9%;
P =.70), respectively. In the non-cirrhotic patient cohort, the sensitivity of rLR-5 for HCC was 82.9% and
higher than that of LR-5 (75.7%, P = .003). The specificities of rLR-5 and LR-5 for HCC were 91.1% and
96.8%, respectively (P = .60). The PPVs of rLR-5 and LR-5 for HCC were 94.0% (95% Cl: 77.1%, 98.6%) and
95.1% (95% Cl: 77.9%, 99.1%; P = .72), respectively.

Sub-analyses were also performed in cohorts based on contrast media type (Supplementary Table
6 and 7, respectively). In the cohort imaged with gadoxetate disodium, the sensitivity of rLR-5 for HCC was
67.5% and higher than that of LR-5 (58.4%, P = .003). The specificities of rLR-5 and LR-5 for HCC were
87.0% and 89.1%, respectively (P = .67). The PPVs of rLR-5 and LR-5 for HCC were 92.0% (95% Cl: 73.5%,
98.0%) and 92.6% (95% Cl: 72.2%, 98.3%; P = .74), respectively. In the patient cohort imaged with an
extracellular agent, the sensitivity of rLR-5 for HCC was 76.6% and higher than that of LR-5 (63.8%, P <

.001). The specificity of rLR-5 for HCC was 83.6% and lower than that of LR-5 (89.3%, P = .002). The PPVs



of rLR-5 and LR-5 for HCC were 91.4% (95% Cl: 79.0%, 96.8%) and 93.0% (95% Cl: 79.2%, 97.9%; P = .56),

respectively.



Supplementary Table 1. Characteristics of the included studies.

Study Details ing Technique Observation Data
No. of
Cirrhoti No. of
c Liver
Patient v Observ
Prevail s/No. Contra LI- ations/
ing of st RADS No. of No. of Ref
Countr Risk Patient Modali Agent Versi Reade Patient HC LR- LR- LR- LR- Standa
Author Journal y Design Factor s ty Type on rs s C 1 2 LR-3 LR-4 LR-5 TIV M rd
Alhassa Abdom Retrospec Cirrhos
n 2019 Radiol Canad tive is  >> Pathol
[34] (NY) El Cohort HBV 55/59 CcT ECA v2017 2 104/59 72 1 5 15 29 41 10 3 ogy
Allen AR Am ) Retrospec Cirrhos z:’hol
e S s
7 MRI HPB v2014 3 7 18 0 0 79 50 118 0 0 CCRS
Pathol
Cerny Retrospec Cirrhos ogy
2018 Canad tive is > 275/10 11 and
[53] Radiology El Cohort HBV 99/102 MRI ECA v2014 2 2 3 38 52 57 53 58 15 2 CCRS
Chen AR Am J Retrospec HBV >
2019 Roentgen tive cirrhos ECA, 149/14 14 Pathol
[54] ol China Cohort is 57/149 MRI HPB v2018 2 9 9 0 0 0 0 149 0 0 ogy
Pathol
Kim DH Retrospec HBV > ogy
2019 South tive cirrhos 250/37 372/25 27 and
[55] J Hepatol Korea Cohort is 2 MRI HPB v2018 NR 8 3 0 0 18 154 180 4 16 CCRS
Kim J Magn Retrospec Cirrhos
2021 Reson South tive is > Primov 113/11 Pathol
[56] Imaging Korea Cohort HBV 65/113 MRI ist v2018 3 3 0 0 0 0 24 32 13 44 ogy
Hepatolog
Lee y Retrospec HBV >>
2021 Internatio South tive cirrhos 116/22 CT+MR Primov 291/22 20 Pathol
[57] nal Korea Cohort is 2 | ist v2018 2 2 8 0 0 15 104 154 2 16 ogy
Pathol
Choi Abdom Retrospec HBV >> ogy
2022 Radiol South tive cirrhos 114/25 Primov 279/25 24 and
[58] (NY) Korea Cohort is 3 MRI ist v2018 2 3 7 0 0 18 46 190 6 19 Clinical
Clarke Retrospec
2021 Clinical tive Cirrhos
[59] Radiology UK Cohort is 47/47 MRI HPB v2018 2 105/47 70 0 0 29 38 36 2 0 Explant
Fraum Retrospec Cirrhos
2018 tive is  >> 159/21 212/21 13 Pathol
[60] Radiology USA Cohort HBV 2 MRI HPB v2014 2 2 2 3 14 6 28 96 20 45 ogy
Fraum Retrospec Cirrhos
2020 European tive Case- is > 113/33 CT+MR 331/33 Pathol
[61, 62]* Radiology USA Control HBV 1 | ECA v2018 2 1 81 0 0 2 12 63 24 230 ogy
Pathol
Kang Euro. Retrospec Cirrhos ogy
2019 Journal of tive is  >> and
[63] Rad. Open China Cohort HBV 19/19 MRI ECA v2014 2 19/19 15 0 0 4 2 11 1 1 CCRS
CT:
Ultravi Pathol
Lim Retrospec Cirrhos st MRI: ogy
2022 BR J South tive is  >> 161/11 CT+MR Primov 161/11 10 and
[64] Radiol Korea Cohort HBV 2 | ist v2018 2 2 7 0 0 15 146 0 0 0 CCRS
Pathol
Jiang HBV >> ogy
2019 Cancer Prospecti cirrhos 104/27 272/27 21 and
[65] Imaging China ve Cohort is 2 MRI HPB v2018 2 2 5 1 3 4 28 151 57 28 CCRS
Retrospec HBV >> CT: ECA
Joo 2017 European South tive cirrhos MRI:H 140/14 10 Pathol
[66] Radiology Korea Cohort is 17/140 MRI PB v2014 2 0 6 0 0 0 21 67 2 50 ogy
Pathol
Kierans J Magn Retrospec Cirrhos ogy
2018 Reson tive is > ECA, 144/11 and
[67] Imaging USA Cohort HBV 96/114 MRI HPB v2017 3 4 82 5 8 45 25 41 10 10 CCRS
Kim YY Retrospec Cirrhos
2019 South tive is > 220/22 220/22 16 Pathol
[68] Radiology Korea Cohort HBV 0 MRI HPB v2018 2 0 5 0 0 5 10 70 135 0 ogy
CT: CT: CT: CT:
CT: 61 116 195 146 CT: Pathol
Ronot Cirrhos 0 MR MRI MRI MRI CT: 0 0 ogy
2018 Prospecti is  >> 422/42 CT+MR 595/42 33 MRI I: : : : MRI: MRI and
[69] J Hepatol France ve Cohort HBV 2 | HPB v2014 1 2 6 :0 61 133 152 207 0 :0 CCRS
Rosiak Retrospec Cirrhos
2018 Biomed tive is > Pathol
[70] Res Int Poland Cohort HBV 32/32 MRI HPB v2017 2 69/32 50 0 0 18 13 38 0 0 ogy
R1:
67/50 R1: R1:1 R1: R1:1 R1:1 R1:2
Seo Retrospec HBV ~ R2: 42 1 1 1 6 8
2019 European South tive cirrhos 102/6 R2: R2:1 R2: R2:1 R2:2 R2:3 R1:0 Pathol

[71] Radiology Korea Cohort is 65/65 CcT ECA v2014 2 5 54 6 18 4 1 1 NR R2:2 ogy



Song
2019
[72]

Stocker
2020
[73]
van der
Pol CB
2021
[25]
Zhang L
2019
[74]

European
Radiology

European
Radiology

AJR Am J
Roentgen
ol

Front.
Oncol.

Notes. -- * Two authors and two studies contributed data for Fraum 2020, but there was data overlap and the Fraum 2020 study
included all the data from both studies. Both are cited here for completeness. The > symbol indicates the first risk factor was more
represented in the cohort than the second risk factor. The ~ symbol indicates both risk factors were represented approximately
equally. The >> symbols indicate that the first risk factor was substantially more represented in the cohort than the second risk

factor.

Abbreviations: LI-RADS, Liver Imaging Reporting and Data System; LR, Liver Imaging Reporting and Data System; HBV, Hepatitis B
Virus; HCC, Hepatocellular Carcinoma; CT/MRI, Computed Tomography/Magnetic Resonance Imaging; USA, United States of
America; UK, United Kingdom; ECA, Extracellular Contrast Agent; HPB, Hepatobiliary Contrast Agent; Ref, Reference; CCRS,
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Supplementary Table 2. Assessment of risk of bias in the included studies.



Study Patient and Index Index Reference Flow Overall Applicability Possible

(first observation CT MRI standard and assessment source  of

author, selection timing bias

year)
Interval
between index

Alhasan test and

2019 reference

[34] Low Low - Low High At risk Low concern standard
Case-control
design,
unclear
interval
between index
test and
reference
standard.

Allen Limited to

2018 treated

[52] High - Low Unclear High At risk Low concern malignancies.
Interval
between index

Cerny test and

2018 reference

[53] Low - Low Low High At risk Low concern standard
Limited to

Chen treated HCC

2019 categorized

[54] High - Unclear Low High At risk Concerns LR-5
Benign
observations
excluded,

Kim DH many

2019 methodology

[55] High - Unclear Unclear High At risk Low concern details unclear
Only path-
proven
malignancy
was included,
reviewers

Kim were aware of

2021 the final

[56] High - High Low Low At risk Low concern diagnosis
Only surgically
resected
patients
included, likely
biased

Lee towards more

2021 aggressive

[57] High - Low Low High At risk Concerns observations
Benign and
probably

Choi benign

2022 observations

[58] High Low Low Low Low At risk Low concern were excluded



Clarke
2021
[59]
Fraum
2018
[60]

Fraum
2020
[61, 62]*

Kang
2019
[63]

Lim
2022
[64]

Jiang
2019
[65]

Joo
2017
[66]
Kierans
2019
[67]

Kim YY
2019
[68]
Ronot
2018
[69]

Low

High

High

Unclear

Low

Unclear

High

Low

High

Low

Low

Low

Low

High

Low

Low

Low

Low

High

Low

Low

High

Low

Low

Low

Low

Low

Low

High

Low

High

Low

Low

Low

Low

High

Low

Low

Low

High

High

High

Low

High

Low

At risk

At risk

At risk

At risk

At risk

At risk

At risk

Low risk

At risk

Low risk

Low concern

Low concern

Low concern

Concerns

Low concern

Low concern

Low concern

Low concern

Low concern

Low concern

Benign lesions
excluded from
2x2 table,
prolonged
interval  from
index test to ref
standard in
some cases

Limited to
malignancies
Only malignant
lesions
included,
some HCC
randomly
excluded,
prolonged time
from index test
to reference
standard

MRI technique
and
suboptimal
reference
standard

CT is at risk
due to lack of
delayed phase
>3 min and
reviewed with
knowledge of
MRI findings
Almost
exclusively
resected
observations
Limited to
HCC, readers
aware of final
diagnosis

None
Case-control
design, limited
to
malignancies

None



Limited to

HCC,
Rosiak regenerative
2018 and dysplastic
[70] High - Unclear Low High At risk Low concern nodules
Limited to
explanation,
nonperipheral
Seo washout
2019 identified after
[71] Low High - Low High At risk Concerns data collection
Song
2019 Limited to
[72] High - High Unclear High At risk Low concern HCC
Stocker
2020
[73] Low - Low Low Low Low risk Low concern None
van der
Pol
2022
[25] Low - Low Low Low Low risk Low concern None
Limited to
[74] High - Low Low High At risk Low concern resected HCC

Notes. -- Two authors and two studies contributed data for Fraum 2020, but there was data overlap and
the Fraum 2020 study included all of the data from both studies. Both are cited here for completeness.
Columns 2-6 are ranked ‘low’, ‘high’, or ‘unclear’ risk of bias. Column 7, for “Overall assessment”, is ranked
‘low risk’ or ‘at risk’. A study is considered ‘at risk’ for “Overall assessment” if any of the domains (columns
2-6) have ‘high’ risk of bias. Column 8, for “Applicability”, is ranked ‘low concern’ or ‘concerns’.



Supplementary Table 3. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS
category 5 for the diagnosis of hepatocellular carcinoma in studies with only histology reference
standard (n = 12 studies).

LI-RADS v2018 LR-5 | rLI-RADS rLR-5 | P-value
(n=1084/2396) (n=1222/2396)
Sensitivity | 67.5% (42.2%, 85.5%) 76.4% (59.3%, 87.9%) <.001a
Specificity | 85.8% (61.2%, 95.9%) 82.0% (69.6%, 90.1%) <.001«
PPV 94.4% (74.1%, 99.0%) 90.7% (67.3%, 97.9%) 507
12 71.2% (48.1%, 84.0%) 72.3% (50.4%, 84.5%)
Tau? 8.13 6.86

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.

aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.




Supplementary Table 4. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS
category 5 for the diagnosis of hepatocellular in patients with cirrhosis.

LI-RADS v2018 LR-5 | rLI-RADS rLR-5 | P-value
(n=1426/3330) (n=1598/3330)
Sensitivity 60.0% (44.3%, 73.9%) 69.6% (59.8%, 77.8%) <.001«
Specificity 88.4% (80.6%, 93.4%) 85.1% (77.4%, 90.5%) .006¢
PPV 92.0% (80.9%, 96.9%) 91.4% (81.3%, 96.3%) 70T
I2 91.2% (88.2%, 93.5%) 90.9% (87.6%, 93.3%)
Tau2 4.94 4.16

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.
aP values were calculated using the likelihood ratio test.
"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.




Supplementary Table 5. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS
category 5 for the diagnosis of hepatocellular in patients without cirrhosis.

LI-RADS v2018 LR-5 | rLI-RADS rLR-5 | P-value
(n=509/1058) (n=547/1058)
Sensitivity 75.7% (56.7%, 88.1%) 82.9% (69.9%, 91.0%) .02
Specificity 86.8% (67.3%, 95.4%) 91.1% (72.5%, 97.5%) 60
PPV 95.1% (77.9%, 99.1%) 94.0% (77.1%, 98.6%) 727
I2 10.8% (0.0%, 48.0%) 22.9% (0.0%, 57.6%)
Tau2 7.57 6.67

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.

aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.




Supplementary Table 6. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS
category 5 for the diagnosis of hepatocellular carcinoma in patients imaged with gadoxetate disodium.

LI-RADS v2018 LR-5 | rLI-RADS rLR-5 | P-value
(n=1049/2195) (n=1119/2195)
Sensitivity | 58.4% (46.4%, 69.4%) 67.5% (60.4%, 74.0%) .003¢
Specificity | 89.1% (74.9%, 95.8%) 87.0% (73.9%, 94.0%) 67
PPV 92.6% (72.2%, 98.3%) 92.0% (73.5%, 98.0%) 747
I2 91.1% (87.0%, 93.9%) 91.4% (87.6%, 94.1%)
Tau? 7.46 6.83

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.

aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.




Supplementary Table 7. Diagnostic performance of LI-RADS v2018 category 5 and revised LI-RADS
category 5 for the diagnosis of hepatocellular carcinoma in patients imaged with an extracellular agent.

LI-RADS v2018 LR-5 | rLI-RADS rLR-5 | P-value
(n=923/2169) (n=1051/2169)
Sensitivity 63.8% (37.5%, 83.9%) 76.6% (60.8%, 87.3%) <.001«
Specificity | 89.3% (76.7%, 95.5%) 83.6% (70.2%, 91.7%) .002«
PPV 93.0% (79.2%, 97.9%) 91.4% (79.0%, 96.8%) 567
2 89.5% (84.2%, 93.1%) 88.1% (81.8%, 92.2%)
Tau? 4.38 3.22

Notes.— Data in parentheses are 95% Cls. Diagnostic estimates were computed using generalized linear
mixed models to include study-level and patient-level random effects. The |2 statistic for heterogeneity and
tau? were obtained through a maximum-likelihood estimator for positive predictive value (PPV). LI-RADS
= Liver Imaging Reporting and Data System; rLI-RADS = Revised Liver Imaging Reporting and Data System.

aP values were calculated using the likelihood ratio test.

"The P value for comparing proportions of meta-analysis subgroups was calculated using the Wald test.




