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ABSTRACT

Background: The Liver Imaging Reporting and Data System (LI-RADS) standardizes CT and MRl interpretation of hepatic observations in patients
at risk for hepatocellular carcinoma (HCC). LI-RADS categories communicate progressively increasing probability of HCC but are intended for
defined at-risk populations rather than unrestricted assessment of liver lesions. Objective: To evaluate the distribution of LI-RADS categories
and their association with a study-defined final benign or malignant diagnosis on contrast-enhanced CT. Methods: A prospective cross-
sectional study included 132 adults undergoing contrast-enhanced CT assessment of liver disease at THQ-level facilities in Punjab. CT
observations were categorized from LR-1through LR-5. Arterial enhancement, washout, biliary dilation, portal-vein findings, ascites, and lesion
characteristics were recorded. Results: LI-RADS distribution was LR-1in 15/132 cases (11.4%), LR-2in 27(20.5%), LR-3 in 34 (25.8%), LR-4 in 23
(17.4%), and LR-5 in 33 (25.0%). Final study classification was benign in 43 cases and malignant in 89. All LR-1 and LR-2 observations were
classified as benign; LR-3 included one benign and 33 malignant observations, whereas all LR-4 and LR-5 observations were classified as
malignant. The association between LI-RADS category and diagnosis was very strong, x*(4)=127.58, p<0.001, Cramér's V=0.983. Using the study-
defined threshold of LR>3 as positive yielded sensitivity of 100%, specificity of 97.7%, positive predictive value of 98.9%, negative predictive
value of 100%, and accuracy of 99.2%. Conclusion: LI-RADS category was strongly associated with the study-defined benign/malignant
classification. However, these very high diagnostic estimates should be interpreted cautiously because the independence of the diagnostic
reference standard, LI-RADS eligibility of all participants, and conflicting focal-lesion counts remain important methodological limitations.
Keywords: LI-RADS; Hepatic Lesion; Hepatocellular Carcinoma; Contrast-Enhanced CT; Liver Tumor; Diagnostic Imaging.

INTRODUCTION

Hepatocellular carcinoma is the principal primary malignancy of the liver and most commonly develops
in the setting of chronic liver disease, particularly cirrhosis and selected high-risk chronic hepatitis B
populations. Contemporary clinical guidance emphasizes surveillance and diagnostic assessment in
populations with sufficiently elevated HCC risk because tumor stage at diagnosis strongly influences
therapeutic options and prognosis (1). In appropriately selected high-risk patients, characteristic
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enhancement patterns on multiphasic CT or MRI can establish a non-invasive diagnosis of HCC without
requiring biopsy in every case(1,2).

The Liver Imaging Reporting and Data System was developed to standardize terminology, image-
acquisition expectations, interpretation, and reporting of liver observations in populations at risk for HCC
(2,3). CT/MRI LI-RADS incorporates major imaging features such as non-rim arterial-phase
hyperenhancement, non-peripheral washout, enhancing capsule, observation size, and threshold growth
to assign observations to clinically meaningful diagnostic categories(2,3). Standardization is particularly
important because interpretation of individual imaging features and final categories may vary among
readers, although multicenter and multireader investigations have demonstrated clinically useful
reproducibility when the system is applied systematically (4,5).

LI-RADS categories represent graded probabilities rather than a simple benign-versus-malignant
dichotomy. LR-1 and LR-2 denote definitely and probably benign observations, respectively; LR-3
represents intermediate probability; LR-4 indicates probable HCC; and LR-5 represents definite HCC
when the criteria are met in an appropriate at-risk population (2,3). LR-M is reserved for observations
that are probably or definitely malignant but are not specifically diagnostic of HCC. Systematic reviews
and meta-analyses confirm a progressive increase in the proportion of HCC across LI-RADS categories,
while also demonstrating that LR-3 and LR-4 remain probabilistic rather than definitive categories (6-9).
Diagnostic performance therefore depends materially on which category is used as the positive
threshold. LR-5 generally provides high specificity for HCC, while broader thresholds can improve
sensitivity at the cost of diagnostic specificity (9-14). Comparative meta-analyses have also shown that
performance varies according to CT versus MRI, contrast agent, LI-RADS version, and the diagnostic
criteria against which LI-RADS is compared (10-13). More recent individual-participant-data analyses
further demonstrate that the diagnostic contribution of major-feature combinations and ancillary
imaging features is not uniform, emphasizing that the meaning of a LI-RADS category cannot be reduced
to the presence of a single imaging sign (15-17).

The present study evaluated the distribution of contrast-enhanced CT observations assigned to LR-1
through LR-5 and examined the association of these categories with a study-defined final benign or
malignant diagnosis. A secondary analysis evaluated the performance of the study-defined binary
threshold LR23 for differentiating malignant from benign cases.

MATERIALS AND METHODS
Study Design and Setting

A prospective cross-sectional imaging study included 132 adults undergoing contrast-enhanced CT
evaluation for known or suspected liver disease. The study was conducted in the Khanpur/Sadiqabad
setting, including THQ Hospital Sadigabad, Punjab, Pakistan. Data collection was conducted from
February to October 2025.

Participants were recruited through convenience sampling. Eligibility criteria included diagnosed liver
disease, abnormal liver-function testing, abdominal pain, suspected or known hepatic mass, fatty liver
disease, HCC, and benign or malignant hepatic tumors. Pregnant patients, individuals with significant
renal dysfunction precluding contrast administration, and patients with a known contrast allergy were
excluded.

CT Assessment and LI-RADS Categorization

CT examinations were performed on a Canon 16-slice scanner. Hepatic observations were classified into
LR-1, LR-2, LR-3, LR-4, or LR-5 according to the CT/MRI LI-RADS categorization framework (2,3).
Recorded imaging variables included arterial-phase enhancement, venous washout, delayed washout,
liver morphology, common-bile-duct dilation, intrahepatic and extrahepatic biliary dilation, portal-vein
status, ascites, and lesion location. A final lesion outcome was recorded as benign or malignant.

The analytical cross-tabulation was reconciled against the reported LI-RADS marginal totals because
one category label in the original tabulation was duplicated. The category totals uniquely supported
reconstruction of LR-3 as n=34 and LR-4 as n=23.
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Statistical Analysis

Categorical variables were summarized using frequencies and percentages. The association between LI-
RADS category and final benign/malignant classification was evaluated using the chi-square test, and
effect size was expressed using Cramér's V.

For the study-defined binary analysis, LR-3, LR-4, and LR-5 were collectively treated as positive, whereas
LR-1 and LR-2 were treated as negative. Sensitivity, specificity, positive predictive value, negative
predictive value, accuracy, and corresponding 95% confidence intervals were calculated against the
recorded final benign/malignant classification. This analytical threshold was used specifically for the
present dataset and should not be interpreted as equivalent to the standard clinical meaning of the
individual LI-RADS categories.

Ethical Approval

Ethical approval was obtained from the Institutional Review Board of Superior University, Lahore,
Pakistan.

RESULTS
Clinical and Imaging Characteristics

All 132 participants were recorded as presenting with abdominal pain. Hepatitis C virus-related disease
was the most frequently recorded liver-disease association, followed by hepatitis B virus-related disease
and fatty liver disease. Biliary dilation, portal-vein abnormalities, ascites, arterial enhancement, and
washout characteristics were also recorded.

Table 1. Selected Clinical and Imaging Characteristics

Variable n(%)
Total sample 132
HCV-related disease 83(62.9)
HBV-related disease 33(25.0)
Fatty liver disease 16(12.1)
Common-bile-duct dilation 74(56.1)
Intrahepatic biliary dilation 76(57.8)
Extrahepatic biliary dilation 63(47.7)
Portal vein normal 48(36.4)
Portal vein compressed 50(37.9)
Portal vein thrombosed 34(25.8)
Ascites 63(47.7)
Early arterial enhancement 69(52.3)
Venous washout 72(54.5)
Delayed washout 56 (42.4)

LI-RADS Distribution

LR-3 was the most frequently assigned category, accounting for 34 observations (25.8%), followed by
LR-5in 33 observations(25.0%), LR-2in 27(20.5%), LR-4 in 23(17.4%), and LR-1in 15(11.4%).

Table 2. Distribution of LI-RADS Categories

LI-RADS Category n %
LR-1 15 M4
LR-2 27 20.5
LR-3 34 25.8
LR-4 23 17.4
LR-5 33 25.0
Total 132 100.0
Final Study Classification

Forty-three observations were classified as benign and 89 as malignant. All LR-1and LR-2 observations
were classified as benign. Among the 34 LR-3 observations, one was classified as benign and 33 as
malignant. All observations assigned to LR-4 and LR-5 were classified as malignant.

Table 3. LI-RADS Category Versus Study-Defined Final Diagnosis

LI-RADS Category Benign Malignant Total
LR-1 15 0 15
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LR-2 27 0 27

LR-3 1 33 34
LR-4 0 23 23
LR-6 0 33 33
Total 43 89 132

LI-RADS category was strongly associated with the study-defined final diagnosis, with x*(4)=127.58,
p<0.001and Cramér's V=0.983.

Study-Defined Binary Diagnostic Performance

When LR-3, LR-4, and LR-5 were collectively treated as positive and LR-1and LR-2 as negative, there
were 89 true-positive, one false-positive, 42 true-negative, and no false-negative classifications.

Table 4. Performance of the Study-Defined LR>3 Threshold

Measure Estimate 95% CI
Sensitivity 100.0% 95.9-100
Specificity 97.7% 87.9-99.6
Positive predictive value 98.9% 94.0-99.8
Negative predictive value 100.0% 91.6-100
Accuracy 99.2% 95.8-99.9

These estimates describe agreement between the study-defined LR23 threshold and the recorded final
benign/malignant classification.

DISCUSSION

The present study demonstrated a very strong association between assigned LI-RADS category and the
study-defined final benign or malignant classification. All observations categorized as LR-1or LR-2 were
classified as benign, whereas all LR-4 and LR-5 observations were classified as malignant. LR-3 showed
amarkedly different pattern, with 33 of 34 observations classified as malignant. Under the study-defined
binary threshold of LR23, sensitivity was 100%, specificity was 97.7%, and overall accuracy was 99.2%.
The overall ordering of the categories is consistent with the intended probabilistic architecture of LI-
RADS, in which increasing category number generally corresponds to increasing probability of HCC or
malignancy (2,3,6). Systematic reviews have consistently shown low malignancy proportions among LR-
1/LR-2 observations, intermediate but heterogeneous probabilities in LR-3, substantially greater
probabilities in LR-4, and high specificity for HCC in LR-5 (6-9). The complete separation of LR-1/LR-2
from LR-4/LR-5 in the present dataset therefore follows the expected directional gradient, although the
magnitude of separation is stronger than generally observed in external cohorts.

The LR-3 findings require particular caution. Thirty-three of 34 LR-3 observations in this study were
classified as malignant, representing a much higher proportion than would ordinarily be expected for an
intermediate-probability category. Meta-analytic evidence demonstrates considerable heterogeneity in
the proportion of HCC within LR-3, partly because estimates are influenced by population selection,
modality, study design, and the reference standard used (6,7). Longitudinal studies of LR-2 and LR-3
observations have also demonstrated that only a subset progress to higher LI-RADS categories during
follow-up, reinforcing that LR-3 should not automatically be interpreted as malignant at the time of initial
categorization (18).

The study-defined LR23 binary threshold therefore requires a different interpretation from the ordinary
clinical use of LI-RADS. LR-3 denotes an indeterminate observation rather than a definitive malignant
diagnosis, while LR-4 denotes probable HCC rather than the diagnostic certainty associated with LR-5
(1-3). Meta-analysis of LR>3 thresholds has demonstrated that inclusion of lower categories can increase
sensitivity but necessarily changes specificity and the clinical meaning of a positive result (14). Similarly,
analyses comparing LR-b with broader LR-4/5 thresholds demonstrate the expected sensitivity-
specificity trade-off as the diagnostic threshold is lowered (12,13). Consequently, the 100% sensitivity
and 99.2% accuracy observed in the present dataset describe the performance of the study's chosen
binary rule against its recorded final classification rather than the external diagnostic accuracy of
standard LI-RADS categories.

The validity of any diagnostic-performance estimate also depends critically on the reference standard
against which the index test is evaluated. Diagnostic-accuracy reporting standards emphasize clear
specification of the index test, positivity threshold, reference standard, and whether interpretation of
each was independent (19,20). Methodological quality frameworks similarly identify inappropriate
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reference standards and incorporation of the index test into the reference diagnosis as important
potential sources of bias (21). In the present study, the procedure used to establish the final
benign/malignant classification was not documented in sufficient detail to determine whether it was
independent of the CT features used for LI-RADS categorization. If the same enhancement or washout
findings contributed substantially to both LI-RADS assignment and the final classification, incorporation
bias could increase apparent agreement. The reported sensitivity, specificity, and accuracy should
therefore be interpreted primarily as internal concordance measures unless an independent
pathological, longitudinal imaging, or multidisciplinary reference standard can be established.

Eligibility of the study population represents a second important consideration. CT/MRI LI-RADS is
designed for populations with a sufficiently high pre-test probability of HCC, particularly adults with
cirrhosis and selected patients with chronic hepatitis B infection or other specifically defined risk states
(1,2). The inclusion criteria in the present study were broader and included abdominal pain, abnormal
liver-function tests, fatty liver disease, suspected hepatic masses, and broadly defined liver disease.
These characteristics do not independently establish eligibility for application of the LI-RADS diagnostic
algorithm. Recent investigation of LI-RADS outside conventional cirrhotic populations, including
patients with non-cirrhotic steatotic liver disease, illustrates that diagnostic performance and
applicability can differ when the underlying population departs from the standard LI-RADS target group
(22). Verification of the underlying risk status of each included participant would therefore strengthen
interpretation of the present findings.

Reproducibility of category assignment is another relevant methodological consideration. Multicenter
and international multireader studies have demonstrated that LI-RADS can achieve useful agreement but
that both individual imaging features and final categories remain subject to reader variability (4,5).
Reporting the number and experience of interpreting radiologists, whether assessments were
performed independently, and whether disagreement was resolved through consensus would therefore
improve reproducibility in future work using this dataset.

The study also contains an internal inconsistency regarding focal-lesion prevalence. One recorded table
indicated that 66 of 132 participants had a focal lesion, whereas lesion location, LI-RADS category, and
final lesion classification were recorded for all 132 cases. Because LI-RADS categorization is observation
based, clarification of this discrepancy is necessary to determine whether all 132 records represent
discrete hepatic observations or whether some variables were coded at the patient rather than lesion
level.

Despite these limitations, the study demonstrates a strong ordered relationship between assigned LI-
RADS category and final benign/malignant classification. It also highlights an important methodological
distinction between category-based risk stratification and converting a multilevel diagnostic framework
into a binary threshold. The findings are most defensible as a descriptive and concordance analysis
unless the eligibility of the study population and independence of the final diagnostic reference standard
can be established.

CONCLUSION

LI-RADS categories were strongly associated with the study-defined benign or malignant classification
in this cohort. LR-1and LR-2 observations were exclusively classified as benign, whereas LR-4 and LR-5
observations were exclusively classified as malignant. The study-defined LR23 threshold produced very
high sensitivity, specificity, predictive values, and overall accuracy. These estimates should not be
interpreted as external diagnostic-accuracy estimates for standard LI-RADS until the underlying LI-
RADS eligibility of participants, the independence and definition of the final diagnostic reference
standard, and the conflicting focal-lesion counts are clarified.

LIMITATIONS

The study has several important limitations. The reference standard used to classify observations as
benign or malignant was not defined in sufficient detail to determine its independence from the CT
findings used for LI-RADS categorization. The study population may also have included participants
outside conventional CT/MRI LI-RADS eligibility criteria. An internal inconsistency existed between the
reported number of participants with focal lesions and the universal assignment of lesion location, LI-
RADS category, and final lesion diagnosis. CT acquisition details and image-reading procedures were
incompletely characterized, limiting assessment of technical and reader-related reproducibility. Finally,
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no LR-M or LR-TIV observations were represented, limiting evaluation across the full LI-RADS diagnostic
spectrum(2,3).
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