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ABSTRACT 

Background & Aims: Liver stiffness measurement (LSM) by vibration-controlled transient 

elastography (VCTE) correlates well with liver-related events (LREs), but previous head-to-head 

comparisons with liver histology were limited by small sample size. This study aimed to 

compare the prognostic performance of LSM and histology for predicting LREs in patients with 

metabolic dysfunction-associated steatotic liver disease (MASLD). 

 

Approach & Results: We analyzed data from 3,532 MASLD patients (mean age 51.9 years, 

57.3% male) in the multicenter VCTE-Prognosis cohort, all having undergone both LSM and 

liver biopsy. The primary outcome was LREs, defined as hepatic decompensation, liver 

transplantation, or liver-related death. Secondary outcomes included HCC and decompensation 

analyzed separately. Median baseline LSM was 8.8 kPa; 33.5% had F3–F4 fibrosis. Over a 

median follow-up of 56.6 months, 126 patients (3.6%) developed LREs (123 decompensation). 

LSM and histology demonstrated similar prognostic performance for LREs, with comparable 5-

year area under the receiver operating characteristic curve (AUROC) values (0.870 vs. 0.869), 

integrated AUROCs (0.878 vs. 0.852), and integrated precision-recall curves (0.137 vs. 0.0.68). 

The 5-year integrated Brier scores were also similar (1.389% vs. 1.391%), and the integrated 

discrimination improvement index showed no significant difference. Similar results were found 

across all the outcomes, time-points, and sensitivity analyses. 

 

Conclusions: In this large MASLD cohort, LSM by VCTE showed comparable prognostic 

accuracy to histology. As a non-invasive tool, LSM may serve as an alternative surrogate 

endpoint in clinical trials. 
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INTRODUCTION 

Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most prevalent chronic 

liver disease, impacting 30% of the population globally.
1
 It is also one of the important causes of 

cirrhosis and hepatocellular carcinoma (HCC).
1
 The severity of liver fibrosis, a key predictor of 

clinical outcomes, is traditionally assessed by liver biopsy.
2
 However, biopsy has been criticized 

for being invasive, costly, setting-limited, and occasionally associated with morbidity and 

mortality.
2
 Therefore, having a safe, affordable and accessible tool to measure liver fibrosis and 

predict liver-related clinical outcomes becomes crucial. 

 

Non-invasive liver stiffness measurement (LSM) using vibration-controlled transient 

elastography (VCTE) has been shown to be appropriate in this context. Comparing to other non-

invasive methods, VCTE demonstrates superior performance in detecting fibrosis stage. An 

individual data meta-analysis reported an area under the receiver operating characteristic curve 

(AUROC) of 0.85 for detecting advanced fibrosis and 0.90 for cirrhosis, outperforming other 

serum-based tests.
3
 Additionally, a prospective validation study confirmed the high diagnostic 

accuracy of VCTE, showing it to have the highest AUROC for identifying advanced fibrosis 

among single biomarkers.
4
 

 

Beyond detecting fibrosis stage, the prognostic performance of VCTE in predicting liver-related 

clinical outcomes has also been demonstrated. In the VCTE-Prognosis study, we found that the 

cumulative incidence rate of liver-related events (LREs) significantly increased over 5 years in 

patients with LSM in a dose-dependent manner, and changes in LSM further refined the 

prediction.
5
 Similar findings were reported by Gawrieh et al., who found that the risk of 

developing LREs increased when LSM exceeded 10 kPa, with a 1.9-fold higher risk in patients 

with values between 10 to 14.9 kPa, and an 8.3-fold higher risk in those with values greater than 

15 kPa.
6
 The Baveno VII consensus also suggested the use of LSM in detecting portal 

hypertension and high-risk varices,
7
 which both manifest disease progression in advanced liver 

disease. 
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Meanwhile, an individual participant data meta-analysis by the LITMUS group validated the use 

of VCTE in predicting clinical outcomes in MASLD, by comparing it to liver histology. This 

research included 2518 participants, of whom 5.8% (n=145) experienced liver-related clinical 

outcomes. Similarly, LSM by VCTE was associated with increased risk of LRE in a stepwise 

manner.
8
 Additionally, the AUROC for LSM by VCTE and liver histology showed no significant 

differences, indicating comparable performance in predicting liver-related clinical outcomes.
8
 

However, the generalizability of the findings is geographically restricted to Europe and Asia, as 

data from other areas are lacking.
8
 Meanwhile, previous studies were also limited by small 

sample sizes and a limited number of events. 

 

On the other hand, the current endpoint for metabolic dysfunction-associated steatohepatitis 

(MASH) drug development, accepted by the regulators, is histological response, including 

MASH resolution and fibrosis improvement.
9
 However, the invasive nature of liver histology 

significantly hinders participants’ recruitment and complicates research work. Additionally, liver 

biopsy has been challenged for intra- and inter-observer variability,
10

 further limiting its efficacy 

as research tool. In response, the US Food and Drug Administration has recently outlined 

regulatory considerations regarding non-invasive tests, like LSM by VCTE, as a reasonably 

likely surrogate endpoint to predict clinical benefits for MASH therapies.
11

 Altogether, this 

highlights the need for head-to-head comparisons between the non-invasive and histological 

assessments to evaluate their efficacy, and further support the adoption of non-invasive tests as 

surrogate endpoints. 

 

In this context, we performed an analysis of the multicenter VCTE-Prognosis cohort, aiming to 

compare the prognostic performance of LSM by VCTE and fibrosis stage by histology for 

predicting liver-related clinical outcomes in patients with MASLD. 

 

METHODS 

Study design and participants 

The VCTE-Prognosis study included patients with MASLD who underwent VCTE examination 

at 16 tertiary centers across the US, Europe, and Asia, with data prospectively collected from 14 

of these centers. The study design was described in detail in previous research.
5
 The specific 
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analysis plan and combined evaluation presented in this study were not pre-specified at the time 

of data collection and are therefore considered post hoc analyses. We included adult patients 

aged 18 or older who underwent both VCTE and liver biopsy for the assessment of MASLD. 

Patients with other liver diseases were excluded, including those with chronic viral hepatitis, 

HIV infection, excessive alcohol consumption (greater than 30 g/day for males and 20 g/day for 

females), secondary causes of hepatic steatosis, or a history of HCC, hepatic decompensation, 

liver resection, liver transplant, or other malignancies. 

The study protocol received approval from the institutional review boards of the participating 

sites and was conducted following the principles of the Declaration of Helsinki. While patients 

provided written informed consent for participation in the prospective programs at the local sites, 

consent for the secondary analysis was waived. 

 

Assessments 

During each clinical visit, the medical history was documented. Body mass index (BMI) was 

calculated by dividing weight (kg) by height (m) squared. A venous blood sample was collected 

after the patients fasted for at least 8 hours to assess kidney function, liver biochemistry, 

complete blood count, glucose, and lipids. Liver stiffness was assessed using the VCTE device 

(FibroScan, Echosens, Paris, France) by trained operators, with a requirement of at least 10 valid 

acquisitions per patient.
12

 Liver biopsy was performed to determine the histological fibrosis stage, 

based on the Nonalcoholic Steatohepatitis Clinical Research Network scoring system. 

 

Outcomes 

The primary outcome consisted of a composite of LREs including hepatic decompensation 

(ascites, spontaneous bacterial peritonitis, variceal hemorrhage, hepatic encephalopathy or 

hepatorenal syndrome), liver transplant, and liver-related death. Secondary outcomes were HCC 

and hepatic decompensation, analyzed separately. Event diagnoses were based on prospective 

follow-up, medical record review, or validated registries with the outcomes of interest correctly 

classified in over 90% of cases. Events were recorded based on their first occurrence and were 

not censored thereafter. 

 

Statistical analysis 
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To mitigate immortal time bias, the baseline date was defined as the latter of the first VCTE 

assessment date and the blood test date, if they were not performed on the same day, as 

previously described.
5
 Continuous variables are presented as either the mean (standard deviation) 

or median (25
th

 to 75
th

 percentile [P25-P75]), depending on the distribution, while categorical 

variables are reported as frequencies (percentages). The risk categories of LSM were stratified 

based on previously employed cut-offs,
5,8

 with less than 10 kPa as low risk, 10 to 20 kPa as 

intermediate risk, and greater than 20 kPa as high risk. Liver histology was categorized into three 

groups as F0 to F2, F3 and F4 based on the Nonalcoholic Steatohepatitis Clinical Research 

Network scoring system, as previously mentioned.
5
 To account for competing events, the 

cumulative incidence of primary and secondary outcomes was estimated and compared across 

different risk categories using Aalen-Johansen method and Gray’s test, respectively. Meanwhile, 

the cumulative incidence rate for LREs was also assessed by combining LSM and liver histology. 

Patients were first stratified by histological risk group and then further divided according to LSM 

risk categories. Concordance or discordance between LSM and histology was determined by 

cross-referencing their respective risk classifications. The individual concordance between LSM 

and liver histology was illustrated through violin plots, showing the distribution of LSM by 

fibrosis stage, and analyzed through Kendall’s Tau and Spearman’s rank correlation. To further 

explore discordant classifications, we performed logistic regression with relevant clinical 

characteristics, including age, sex, center (Europe/USA vs. Asia), diabetes, hypertension, BMI 

and alanine transaminase (ALT). Discordant classification was defined according to 

overestimation and underestimation models (Supplementary Methods 1, 

http://links.lww.com/HEP/K340 ). The competing event for both primary and secondary 

outcomes included non-liver-related mortality, while HCC was additionally considered as a 

competing event for hepatic decompensation, as previously outlined.
5
 

 

To evaluate the prognostic performance, the time-dependent sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (PLR) and 

negative likelihood ratio (NLR) at 2, 3 and 5 years were assessed. Integrated Brier score was 

employed to evaluate and compare the overall accuracy. Both the time-dependent area under the 

receiver-operating characteristic curve (AUROC) and the area under the precision-recall curve 

(AUPRC), accounting for competing events, were assessed and compared between LSM by 
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VCTE and histological fibrosis stage at the 2, 3, and 5-year time points to evaluate 

discriminatory performance.
13,14

 We also calculated the integrated time-dependent AUROC and 

AUPRC over a 5-year period to summarize overall performance. Categorical net reclassification 

improvement (NRI) and integrated discrimination improvement (IDI) were assessed with 

reference to histological fibrosis stage to further evaluate and compare the predictive 

performance of LSM for clinical outcomes.
15,16

 We performed calibration plots for both LSM 

and liver histology at the 2-, 3-, and 5-year time points to visualize the difference between the 

predicted and observed risks. To better inform future clinical practice, the estimated likelihood 

ratio and the post-test probability for different LSM values by VCTE were calculated. To test the 

robustness of our findings, we conducted a series of sensitivity analyses for the primary outcome 

using four approaches which were specifically outlined in Supplementary Methods 2, 

http://links.lww.com/HEP/K341 . All data analysis was conducted using R (version 4.3.1, R Core 

Team, 2023) and the R packages used were listed in Supplementary Methods 3, 

http://links.lww.com/HEP/K342 . Statistical tests were all conducted two-sided, with a 

significance level set at p<0.05. 

 

RESULTS 

Participants 

Between February 2004 and January 2023, a total of 17,949 patients who had undergone at least 

one VCTE examination were identified. After applying the inclusion and exclusion criteria, 

14,417 patients were excluded, leaving 3,532 patients with both liver histology and VCTE results 

for analysis (Figure 1). The patients had a mean age of 51.9 (13.3) years, and 42.7% (n=1,509) 

were female (Table 1). The median time interval between VCTE and liver biopsy was 0.93 

months (P25-P75: 0-7.13). Diabetes was present in 1,471 patients (41.7%), while 1,639 (41.7%) 

had hypertension. The median LSM value was 8.8 kPa (P25-P75: 6.1-13.3), and 1,182 (33.5%) 

patients had a histological stage of F3-4. In terms of geographic distribution, 45.2% (n=1,597) of 

the patients were from Asia, while the remaining 54.8% (n=1,935) were from the US or Europe 

(Supplementary Table 1, http://links.lww.com/HEP/K344 ). 

 

Liver-Related Events 
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Over a median follow-up of 56.6 months (P25-P75: 30.5-91.2), 126 (3.6%) patients developed 

LREs, including 123 (3.5%) incidences of hepatic decompensation (Supplementary Table 2, 

http://links.lww.com/HEP/K344 ). For patients who developed LREs, the median follow-up was 

42.8 months (P25-P75: 18.2–76.4), whereas for those who did not develop LREs, the median 

follow-up was 57.0 months (P25-P75: 31.1–91.7). The most frequently observed hepatic 

decompensating event was ascites (n=90), followed by variceal bleeding (n=34), hepatic 

encephalopathy (n=32), spontaneous bacterial peritonitis (n=3) and hepatorenal syndrome (n=3). 

The 2-, 3-, and 5-year cumulative incidence (95% CI) of LREs were 1.3% (0.9%-1.7%), 1.8% 

(1.4%-2.3%), and 3.0% (2.4-3.7%), respectively. The corresponding cumulative incidences were 

0.3% (0.2%-0.6%), 0.7% (0.5%-1.1%), and 1.1% (0.8%-1.6%) for HCC; and 1.3% (0.9%-1.7%), 

1.8% (1.4%-2.3%), and 3.0% (2.3%-3.7%) for hepatic decompensation. 

 

Risk Stratification by Liver Histology and LSM by VCTE 

When classified by LSM, patients with LSM above 20 kPa had the highest 5-year cumulative 

incidence at 14.4% (10.8%-18.4%), compared to 3.3% (2.2%-4.8%) in those with LSM between 

10-20 kPa, and 0.3% (0.1%-0.7%) in those with LSM below 10 kPa (Gray’s test, p<0.001) 

(Figure 2A). A similar pattern was observed when trichotomized by liver histology stage, the 5-

year cumulative incidence of LREs was highest in patients with F4 at 16.0% (12.3%-20.2%), 

followed by 3.0% (1.8%-4.7%) in those with F3 and 0.4% (0.2%-0.8%) in those with F0–F2 

(Gray’s test, p<0.001) (Figure 2B). These differences remained significant at the 2- and 3-year 

time points for both tests when comparing trichotomized groups, as well as in the secondary 

analyses for HCC and hepatic decompensation (Supplementary Figures 1, 

http://links.lww.com/HEP/K343  and 2, http://links.lww.com/HEP/K343 , all p<0.001 by Gray’s 

test). 

 

In the combined analysis of patients with F0–F2, the 5-year cumulative incidence of LREs 

increased with LSM cutoffs, showing 0.1% (0.0%-0.4%) in those with LSM below 10 kPa 

(concordant low-risk), 1.1% (0.4%-2.7%) for LSM between 10 and 20 kPa (discordant), and 1.8% 

(0.1%-8.6%) for LSM above 20 kPa (discordant) (p=0.005) (Supplementary Figure 3A, 

http://links.lww.com/HEP/K343 ). Among patients with F3, those with LSM between 10 and 20 

kPa (concordant) had a 5-year incidence of 2.9% (1.3%-5.5%), while no events were recorded in 
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those with LSM below 10 kPa. In contrast, patients with LSM above 20 kPa (discordant) had a 

significantly higher incidence of 7.8% (3.8%-13.8%) (p<0.001) (Supplementary Figure 3B, 

http://links.lww.com/HEP/K343 ). For patients with F4, those with LSM above 20 kPa 

(concordant high-risk) had a 5-year cumulative incidence of 20.7% (15.1%-26.9%), compared to 

10.8% (6.1%-17.0%) and 10.7% (2.6%-25.3%) in those with LSM between 10 and 20 kPa and 

below 10 kPa, respectively (p=0.028) (Supplementary Figure 3C, 

http://links.lww.com/HEP/K343 ). Stratification by fibrosis stage within LSM categories yielded 

identical incidence values, as the patient combinations remained to be same but were regrouped. 

However, significant difference across groups was still observed (p<0.001), with patients with a 

stage of F4 showing the highest incidence rate in developing LREs irrespective of LSM values 

(Supplementary Figures 4A-C, http://links.lww.com/HEP/K343 ). 

 

When examining the concordance between LSM and histology at the individual level, median 

LSM values showed a dose-response relationship with fibrosis stage, while the ranges 

overlapped (Supplementary Figure 5, http://links.lww.com/HEP/K343 ). The correlation was 

moderately positive, with Kendall’s Tau (τ = 0.462, p < 0.001) and Spearman’s rank correlation 

(ρ = 0.591, p < 0.001). In the adjusted underestimation model, F4 fibrosis and recruitment in 

Europe or the USA were associated with higher odds of underestimation (adjusted OR 1.748, 95% 

CI 1.300-2.350, p < 0.001; adjusted OR 1.500, 95% CI 1.093–2.058, p = 0.012, respectively) 

(Supplementary Table 3, http://links.lww.com/HEP/K344 ). In contrast, older age, higher BMI, 

elevated ALT, and the presence of diabetes were associated with lower odds of underestimation. 

In the adjusted overestimation model, F2 fibrosis, older age, diabetes, higher BMI, and elevated 

ALT were associated with increased odds of overestimation, whereas recruitment in Europe or 

the USA was associated with decreased odds (adjusted OR 0.620, 95% CI 0.499-0.771, p < 

0.001). 

 

 

Discriminatory Performance of Liver Histology and LSM by VCTE 

Five-year estimates showed that liver histology and LSM demonstrated comparable performance 

in predicting LREs, with AUROCs of 0.869 (95% CI 0.839-0.895) and 0.870 (95% CI 0.834-

0.905), respectively (Table 2). Similarly, AUPRC values were 0.141 (95% CI 0.103-0.181) for 
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histology and 0.210 (95% CI 0.143-0.312) for LSM. Comparable results were observed in 

secondary analyses of hepatic decompensation and HCC. For hepatic decompensation, 5-year 

AUROCs were 0.868 (95% CI 0.839-0.894) for histology and 0.862 (95% CI 0.825-0.899) for 

LSM, with 5-year AUPRCs of 0.140 (95% CI 0.104-0.182) and 0.196 (95% CI 0.134-0.297), 

respectively. In predicting HCC, histology had a 5-year AUROC of 0.842 (95% CI 0.790-0.884) 

and a 5-year AUPRC of 0.044 (95% CI 0.025-0.069), while LSM had a 5-year AUROC of 0.826 

(95% CI 0.760-0.884) and a 5-year AUPRC of 0.057 (95% CI 0.031-0.146). The patterns 

remained consistent at the 2- and 3-year time points across all outcomes. 

 

The integrated time-dependent AUROC for LSM in predicting LREs was 0.878 (95% CI 0.838-

0.915), compared to 0.852 (95% CI 0.808-0.890) for histological fibrosis stage, demonstrating 

similar predictive ability (p=0.159) (Figure 3A). Secondary analysis of hepatic decompensation 

showed a comparable result, with integrated AUROCs of 0.864 (95% CI 0.816-0.905) for LSM 

and 0.856 (95% CI 0.814-0.892) for histology (p=0.613) (Figure 3B). For HCC, the 

corresponding values were 0.821 (95% CI 0.707-0.902) for LSM and 0.813 (95% CI 0.735-0.879) 

for histology (p=0.810) (Figure 3C), further supporting the similar performance. The integrated 

time-dependent AUPRC for LSM in predicting LREs was 0.137 (95% CI 0.089-0.233), 

compared to 0.068 (95% CI 0.050-0.090) for liver histology (p=0.050) (Figure 4A). In predicting 

hepatic decompensation, the integrated AUPRC of LSM was 0.116 (95% CI 0.079-0.194), while 

the corresponding value for histology was 0.068 (95% CI 0.050–0.091) (p=0.087) (Figure 4B). 

For HCC, the integrated AUPRCs for LSM and histology were 0.037 (95% CI 0.020-0.106) and 

0.020 (95% CI 0.012-0.034), respectively (p=0.447) (Figure 4C). 

 

Prognostic Performance of Liver Histology and LSM by VCTE at Specific Cutoffs 

In predicting LRE development in 5 years, histological F3-4 and F4 demonstrated sensitivities of 

91.9% and 70.9%, specificities of 68.0% and 87.0%, PPVs of 8.3% and 14.7%, and PLR of 2.9 

and 5.5, respectively (Table 3). For LSM thresholds of ≥10 kPa and ≥20 kPa, the corresponding 

sensitivities were 92.9% and 60.5%, specificities were 60.8% and 89.2%, PPVs were 6.9% and 

14.9%, and PLRs were 2.4 and 5.6, respectively. NPVs remained consistently high across all 

tests and cutoffs, ranging from 98.6 to 99.6 while NLRs remained between 0.1 to 0.4. The 

overall accuracy was higher for both tests when using the higher cutoff, namely histology F4 or 
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LSM ≥ 20 kPa, with 86.4% and 88.0%, respectively. The prognostic performance of liver 

histology and LSM for LREs at 2 and 3 years was summarized in Table 3, while secondary 

analyses for HCC and hepatic decompensation were presented in Supplementary Tables 4, 

http://links.lww.com/HEP/K344  and 5, http://links.lww.com/HEP/K344 , respectively. 

 

Calibration of Liver Histology and LSM by VCTE 

When comparing predicted and actual risks, both LSM and histology demonstrated good 

calibration in LREs prediction (Supplementary Figure 6, http://links.lww.com/HEP/K343 ). This 

pattern was consistent across all time points and outcomes (Supplementary Figures 7, 

http://links.lww.com/HEP/K343  and 8, http://links.lww.com/HEP/K343 ). The 5-year integrated 

Brier score for LSM in predicting LREs was 1.389%, compared to 1.391% for liver histology, 

indicating highly similar performance (Supplementary Figure 9A, 

http://links.lww.com/HEP/K343 ). Throughout the follow-up period, the Brier scores for both 

measures remained closely aligned, a similar pattern that was also observed in secondary 

analyses of hepatic decompensation and HCC (Supplementary Figures 9A-C, 

http://links.lww.com/HEP/K343 ). 

 

In the paired comparison of the two tools for predicting LREs, LSM again demonstrated similar 

performance relative to histologic fibrosis stage, with a 5-year event NRI of 0.018 (95% CI -

0.060 - 0.094), an overall NRI of -0.068 (95% CI -0.148 - 0.009), and the IDI index of 0.010 (95% 

CI -0.033 - 0.065) (Table 4). A similar pattern was observed in other investigated time points and 

the secondary analyses of hepatic decompensation and HCC, where the majority of NRI values 

and all IDI values were comparable between the two methods. 

 

Likelihood ratio and post-test probability of LSM by VCTE 

The estimated likelihood ratio indicated a reduced risk of LREs when LSM was below 10 kPa, 

with values of 0.14 at 8 kPa and 0.37 at 10 kPa (Supplementary Figure 10, 

http://links.lww.com/HEP/K343 ). The likelihood ratio reached a neutral reference point at 12.7 

kPa, where the risk of developing LREs was balanced. At 15 kPa, the likelihood of LRE 

occurrence increased by 72%, and the risk increased 2.83-fold when LSM exceeded 20 kPa. 

Over the 5-year follow-up, the post-test probability of LREs remained below 0.02 when LSM 
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was <10 kPa for individuals with a pre-test probability of 0.01 or 0.05, indicating the target 

threshold for low-risk profile (Supplementary Figure 11, http://links.lww.com/HEP/K343 ). 

However, a marked increase in post-test probability occurred between 10 and 20 kPa, reaching 

0.13 at LSM of 20 kPa for a pre-test probability of 0.05. Beyond 20 kPa, the probability 

continued to increase but at a slower rate, exceeding 0.21 at LSM of 30 kPa with the same pre-

test probability. 

 

Sensitivity analysis 

Of the cohort of 3,532 patients, 3,086 (87.4%) were collected prospectively, among whom 116 

LREs were observed, 114 of which were hepatic decompensation (Supplementary Table 6, 

http://links.lww.com/HEP/K344 ). The 5-year cumulative incidence (95% CI) of LREs was 15.9% 

(11.8%-20.4%) in patients with LSM above 20 kPa, compared with 4.1% (2.7%-5.9%) in those 

with LSM 10 to 20 kPa and 0.4% (0.1%-0.9%) in those with LSM less than 10 kPa (p<0.001) 

(Supplementary Figure 12A, http://links.lww.com/HEP/K343 ). A similar trend was seen with 

histological stage with 18.6% (14.2%-23.5%) in F4, 3.5% (2.1%-5.4%) in F3, and 0.4% (0.2%-

0.9%) in F0 to 2 (p<0.001) (Supplementary Figure 12B). At year 5, the time-dependent AUROC 

for predicting LREs was comparable between histology (0.873, 95% CI 0.839-0.901) and LSM 

(0.872, 95% CI 0.835-0.907) (Supplementary Table 7, http://links.lww.com/HEP/K344 ). The 

integrated AUROC also did not differ significantly between LSM (0.879, 95% CI 0.833-0.915) 

and histology (0.852, 95% CI 0.806-0.893) (p=0.162) (Supplementary Figure 13, 

http://links.lww.com/HEP/K343 ). 

 

When stratified by region, patients in Asia showed a stepwise increase in cumulative incidence 

rates adopted the LSM cut-offs, showing 0.1% (0.0%-0.6%) for LSM less than 10 kPa, 2.5% 

(1.3%-4.4%) for LSM between 10 to 20 kPa, and 10.2% (5.8%-16.0%) for LSM above 20 kPa 

(Supplementary Figure 14A, http://links.lww.com/HEP/K343 ). A similar pattern was observed 

when stratifying incidence rates by histological stage, with 0.4% (0.1%-1.1%) for F0-2, 2.6% 

(1.2%-5.1%) for F3, and 11.7% (6.8%-18.1%) for F4 (Supplementary Figure 14B, 

http://links.lww.com/HEP/K343 ). In patients from Europe and the USA, a progressive increase 

in cumulative incidence rates was also seen when applying both LSM cut-offs and fibrosis stages. 

The 5-year cumulative incidence rates were 0.5% (0.2%-1.3%), 4.3% (2.5%-6.9%), and 17.2% 
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(12.2%-22.9%) according to LSM cut-offs, and 0.3% (0.1%-0.8%), 3.4% (1.7%-6.0%), and 18.5% 

(13.6%-24.0%) according to histological stages (Supplementary Figure 15A and B, 

http://links.lww.com/HEP/K343 ). At year 5, the time-dependent AUROC for LSM in predicting 

LREs was 0.859 (95% CI 0.795-0.909) in Asia, compared with 0.850 (95% CI 0.788-0.904) for 

histology. The integrated AUROC also showed no significant difference, with 0.839 (95% CI 

0.744-0.912) for LSM and 0.839 (95% CI 0.742-0.920) for histology (p=0.990) (Supplementary 

Figure 16A, http://links.lww.com/HEP/K343 ). In Europe and the USA, the time-dependent 

AUROC for predicting 5-year LREs was 0.874 (95% CI 0.820-0.918) for LSM and 0.875 (95% 

CI 0.841-0.905) for histology. The integrated AUROCs were also comparable between LSM and 

fibrosis stage, at 0.890 (95% CI 0.833-0.929) and 0.850 (95% CI 0.795-0.894), respectively 

(p=0.107) (Supplementary Figure 16B, http://links.lww.com/HEP/K343 ). 

 

The median date of VCTE measurement in the cohort was May 4, 2016. Among patients who 

underwent VCTE before this date, the cumulative incidence of LREs increased progressively 

with higher LSM cut-offs, with 0.1% (0.0%-0.5%) for LSM below 10 kPa, 3.2% (1.8%-5.1%) 

for LSM 10 to 20 kPa, and 15.6% (10.9%-21.0%) for LSM above 20 kPa (p<0.001) 

(Supplementary Figure 17A, http://links.lww.com/HEP/K343 ). Similarly, the incidence rate was 

highest in patients with F4 fibrosis at 15.9% (11.4%-21.1%), followed by 2.0% (0.8%-4.2%) in 

F3, and 0.4% (0.2%-1.0%) in F0-2 (p<0.001) (Supplementary Figure 17B, 

http://links.lww.com/HEP/K343 ). These patterns remained consistent among patients who 

underwent VCTE after the median date, with cumulative incidence rates similar to those 

observed before (Supplementary Figures 18A and B, http://links.lww.com/HEP/K343 ).  The 

time-dependent AUROC for predicting 5-year LREs was 0.901 (95% CI 0.860-0.938) for LSM 

and 0.879 (95% CI 0.836-0.914) for histology among patients who underwent VCTE before the 

median date. The corresponding values were also comparable for those who underwent VCTE 

after the median date, at 0.818 (95% CI 0.712-0.914) for LSM and 0.878 (95% CI 0.829-0.918) 

for histology. The integrated AUROC for LSM was 0.903 (95% CI 0.831-0.953) and 0.840 (95% 

CI 0.766-0.906) for patients who had VCTE before and after the median date, respectively 

(Supplementary Figures 19A and B, http://links.lww.com/HEP/K343 ). Compared with liver 

histology, the integrated AUROC values were 0.863 (95% CI 0.791-0.916, p=0.106) for those 

before and 0.844 (95% CI 0.783-0.899, p=0.885) for those after. 
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When comparing the first and second LSM values within 18 months, a positive correlation was 

observed (r=0.788, 95% CI 0.765-0.808, p<0.001) (Supplementary Figure 20, 

http://links.lww.com/HEP/K343 ). The mean difference between the two measurements was 0.58 

kPa (95% CI 0.26-0.90, p<0.001), with wide limits of agreement ranging from -10.3 kPa to 11.4 

kPa (Supplementary Figure 21, http://links.lww.com/HEP/K343 ). The average and lower LSM 

values between first and second VCTE measurements within an 18-month interval showed a 

strong correlation (r=0.966, 95% CI 0.962-0.970, p<0.001) (Supplementary Figure 22, 

http://links.lww.com/HEP/K343 ). On average, the difference between them was 1.68 kPa (95% 

CI 1.56-1.81, p<0.001), with upper limit of agreement to 6.03 kPa (Supplementary Figure 23, 

http://links.lww.com/HEP/K343 ). When categorized by average LSM, the cumulative incidence 

rates increased stepwise across cut-offs, with 0.6% (0.2%-1.8%) for less than 10 kPa, 3.1% 

(1.4%-5.9%) for between 10 and 20 kPa, and 11.3% (6.0%-19.3%) for above 20 kPa 

(Supplementary Figure 24A, http://links.lww.com/HEP/K343 ). Similar patterns were observed 

when stratified by lower LSM, with 0.9% (0.3%-2.0%) for below 10 kPa, 3.6% (1.5%-7.1%) for 

between 10 and 20 kPa, and 14.7% (7.3%-24.5%) for greater than 20 kPa (Supplementary Figure 

24B, http://links.lww.com/HEP/K343 ). The 5-year time-dependent AUROCs for predicting 

LREs were 0.796 (95% CI 0.654-0.923) for average LSM and 0.777 (95% CI 0.613-0.918) for 

lower LSM, compared with 0.875 (95% CI 0.806-0.931) for histology. The integrated AUROCs 

were 0.838 (95% CI 0.701-0.925) for average LSM and 0.823 (95% CI 0.692-0.917) for lower 

LSM, with p-values of 0.700 and 0.516, respectively, compared with histology (Supplementary 

Figures 25A and B, http://links.lww.com/HEP/K343 ). 

 

DISCUSSION 

In this analysis of a large multicenter longitudinal cohort of patients with MASLD, LSM by 

VCTE demonstrated prognostic performance comparable to fibrosis stage by liver histology in 

predicting LREs, including hepatic decompensation, HCC, liver transplant, and liver-related 

mortality. The two methods achieved a comparable discriminatory performance and risk 

stratification, and their similar predictive accuracy was further supported by the integrated Brier 

score and IDI. These findings remained consistent across both primary and secondary outcomes, 

as well as all investigated time points and sensitivity analysis. Our results add to the growing 
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evidence supporting non-invasive tools like LSM by VCTE as a feasible, affordable, and 

accessible alternative to histology for risk prediction of liver-related clinical outcomes, with 

potential implications for clinical practice and drug development. 

 

We found that LSM and histology demonstrated nearly identical discriminatory performance, as 

reflected in AUROC, AUPRC, and the integrated Brier score, for predicting LREs, as well as in 

separate analyses for hepatic decompensation and HCC. These results align with existing 

literature, validating LSM by VCTE as a predictor of clinical outcomes in chronic liver 

disease,
8,17,18

 and supporting the EASL-EASD-EASO Clinical Practice Guidelines’ 

recommendation to use non-invasive tools for prognostic monitoring in MASLD.
19

 Additionally, 

sensitivity analyses suggest that this approach could be applied in both Asian and Western 

populations, and that the validity of LSM is unlikely to be affected by intra-individual variability 

or by technical advancements. 

 

The Baveno VII consensus has recommended a rule of 5 (10-15-20-25 kPa), using VCTE, to 

progressively identify the risk of clinically significant portal hypertension and decompensation.
7
 

Specifically, the recommendation included a LSM value < 10 kPa indicating an exclusion from 

compensated advanced chronic liver disease, while a value ≥ 20 kPa necessitating an endoscopic 

screening for varices, a major complication from portal hypertension. In compliance with the 

Baveno VII consensus, we applied the cut-offs of 10 and 20 kPa to determine their prognostic 

utility. We found that risk stratification using these thresholds simulated histologic staging (F0–

F2, F3, F4), with 5-year LRE incidences of 0.3%, 3.3%, and 14.4% for LSM versus 0.4%, 3.0%, 

and 16% for histology. Traditionally, LSM was considered inaccurate when it suggested a 

different degree of fibrosis than histology. However, in our stratified analysis by histological 

fibrosis stage, LSM at the cutoffs of 10 and 20 kPa continued to identify patients with varying 

risks of LREs (Supplementary Figure 3, http://links.lww.com/HEP/K343 ). In patients with F0-

F2 fibrosis, the 5-year cumulative incidence of LREs was below 2% regardless of LSM, 

suggesting that the high LSM was still largely false positives. However, in patients with F3 or F4 

fibrosis, the 5-year cumulative incidence of LREs could differ by more than 2-fold when LSM 

was below 10 kPa versus over 20 kPa. This may suggest that LSM could reflect physical 

properties beyond fibrosis stage alone and provide additional prognostic value. Meanwhile, 
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variables like BMI and diabetes status should be taken in consideration when there is 

misclassification. Furthermore, the prognostic performance metrics (e.g., sensitivity, specificity) 

were highly comparable between LSM and histology across all outcomes and timepoints. The 

likelihood ratio and the post-test probability also indicated 10 kPa as the target threshold for 

reduced risk for LREs and identified a significantly increased risk when LSM reaches 20 kPa. 

Specifically, a LSM of 10 kPa had a likelihood ratio of 0.37, corresponding to a 59.5% reduction 

in the 5-year post-test probability of LREs for LSM <10 kPa, assuming a pre-test probability of 

0.2. Conversely, a LSM of 20 kPa yielded a likelihood ratio of 2.83, indicating at least a 2.32-

fold increase in the post-test probability of developing LREs within 5 years for LSM ≥20 kPa 

even with a pre-test probability of 0.01. These two cut-offs helped to identify patients who could 

be excluded from intensive intervention and those who need to be prioritized for advanced care. 

Similar findings were reported in an individual data meta-analysis comparing LSM and histology 

adopting the same cut-offs.
8
 Collectively, the cut-offs, 10 kPa and 20 kPa, are not only suggested 

to rule-in advance fibrosis and cirrhosis, respectively,
3
 but we also validated in the prognostic 

settings, further helping to reduce the need of liver biopsy in assessing disease progression and 

regression. 

 

Fibrosis severity, assessed by liver biopsy, has been well established as an independent predictor 

of prognosis in chronic liver disease,
20

 and being the only accepted method to determine MASH 

resolution and fibrosis improvement in the drug development for MASH.
21

 However, our study 

demonstrated strong concordance between LSM and histology in LRE prediction, in terms of the 

discriminatory and prognostic performance and calibration and reclassification metrics, 

suggesting LSM could potentially serve as a non-invasive surrogate endpoint in clinical trials. 

Additionally, previous studies showed that the dynamic changes in LSM values correlated with 

likelihood for LREs, reflecting its responsiveness to disease severity, a critical feature for 

evaluating treatment efficacy. Although our study did not assess longitudinal LSM changes, prior 

research found that a 30% or greater reduction in LSM, regardless of baseline value, was 

associated with reduced LREs risk.
5
  Furthermore, longitudinal change in LSM has also been 

identified as independently associated with hepatic decompensation, HCC, overall mortality, and 

liver-related mortality.
22

 Altogether, LSM by VCTE not only mirrored histological staging and 
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reflected dynamic changes but also translated these findings into clinical benefits, demonstrating 

significant potential as a surrogate for treatment response. 

 

The main strength of this study was the direct comparison between LSM by VCTE and liver 

histology for predicting LREs within the same group of participants, conducted in a large, 

multicenter cohort spanning North America, Europe, and Asia, with a relatively high number of 

observed LREs. However, the study also has limitations. Although the median follow-up 

duration was 55.8 months, this may still be considered relatively short to fully capture the long 

natural history of chronic liver disease progression to cirrhosis and its complications.
23

 

Nonetheless, current guidelines typically recommend evaluation of MASLD at intervals of 1 to 3 

years, the timeframe evaluated in this study was clinically relevant.
19,24

 Moreover, as this was a 

natural history cohort, the results do not reflect the performance of liver histology and LSM in 

patients receiving pharmacological treatment for MASH. Another limitation is that the data were 

collected from tertiary referral centers, which may not be representative of the general population. 

Therefore, future studies should aim to evaluate the prognostic performance of LSM in broader 

populations. Additionally, although current evidence supports an association between 

longitudinal changes in LSM and LRE risk, future research should focus on direct comparisons 

between changes in LSM and histologic fibrosis stage over time to determine whether non-

invasive measurements mirror histological changes, and whether such changes translate into 

meaningful clinical outcomes. 

 

CONCLUSION 

In this large multicenter cohort, we demonstrated that LSM by VCTE had prognostic 

performance very similar to that of liver histology in predicting liver-related clinical outcomes, 

including in analyses of hepatic decompensation and HCC among patients with MASLD. In line 

with current recommendations, our findings further support the use of non-invasive tools to 

assess LRE risk. Moreover, the nearly identical performance suggests that LSM by VCTE could 

serve as a more feasible and safer surrogate than liver biopsy, potentially facilitating the conduct 

of clinical trials for MASH drug development. 
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Figure 1. Patient flowchart 

Abbreviations: HCC, hepatocellular carcinoma. MASLD,  metabolic dysfunction-associated 

steatotic liver disease. LSM, liver stiffness measurement. VCTE, vibration-controlled transient 

elastography. 
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Figure 2. Cumulative incidence of liver-related events in A. patients with LSM <10 kPa, LSM 

10-19.9 kPa, and LSM ≥20 kPa; and B. patients with F0-2, F3, and F4 by histology. 
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Figure 3. Integrated time-dependent area under the receiver operating characteristic curve 

(AUROC) for liver stiffness measurement (LSM) and histological fibrosis stage for predicting A. 

liver-related events, B. hepatic decompensation, and C. hepatocellular carcinoma (HCC) over 5 

years. 
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Figure 4. Integrated time-dependent area under the precision-recall curve (AUPRC) for liver 

stiffness measurement (LSM) and histological fibrosis stage for predicting A. liver-related events, 

B. hepatic decompensation, and C. hepatocellular carcinoma (HCC) over 5 years. 
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Table 1. Clinical characteristics of the cohort of patients with available liver stiffness 

measurement (LSM) and liver histology. 

Characteristics All patients 

N = 3,532 

Age (years) 51.9 (13.3) 

Female sex, n (%) 1509 (42.7) 

Patients collected prospectively, n (%) 3086 (87.4) 

BMI (kg/m
2
) 29.7 (26.5 to 33.5) 

Diabetes, n (%) 1,471 (41.7) 

Hypertension, n (%) 1,639 (46.4) 

ALT (IU/L) 54 (35 to 85) 

AST (IU/L) 41 (29 to 61) 

GGT (IU/L) 60 (37 to 110) 

Albumin (g/L) 44.1 (4.7) 

Total bilirubin (μmol/L) 10.9 (8.0 to 15.3) 

Platelets (×10
9
/L) 231 (186 to 276) 

Creatinine (µmol/L) 71 (60 to 82) 

FibroScan  

Liver stiffness measurement (kPa) 8.8 (6.1 to 13.3) 

Controlled attenuation parameter (dB/m) 320 (287 to 352) 

Non-invasive tests  

Fibrosis-4 index 1.27 (0.80 to 2.06) 

Agile 3+ 0.33 (0.09 to 0.74) 

Agile 4 0.04 (0.01 to 0.18) 

FibroScan-AST 0.53 (0.31 to 0.71) 

Fibrosis stage
a
  

0 576 (16.3) 

1 1,189 (33.7) 
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2 585 (16.6) 

3 744 (21.1) 

4 438 (12.4) 

Follow-up duration (months) 56.6 (30.5 to 91.2) 

Follow-up duration for patients with events (months) 57.0 (31.1 to 91.7) 

Follow-up duration for patients without events (months) 42.8 (18.2 to 76.4) 

Time interval between VCTE and liver biopsy (months) 0.93 (0 to 7.13) 

Data were presented as n (%), mean (standard deviation), or median (25
th

-75
th

 percentile). 

a 
Fibrosis stage (0-4) according to the NASH CRN system. Stage 0, no fibrosis; Stage 1, 

centrilobular pericellular fibrosis; Stage 2: centrilobular and periportal fibrosis; Stage 3: bridging 

fibrosis; Stage 4, cirrhosis. 

Liver stiffness measurement by vibration-controlled transient elastography is a non-invasive 

method, which helps in assessing the extent of fibrosis; Controlled attenuation parameter 

quantifies liver steatosis non-invasively, by measuring the attenuation of ultrasound waves 

through the liver, which helps in assessing liver steatosis. 

Abbreviations: AST, aspartate aminotransferase. ALT, alanine aminotransferase. BMI, body-

mass index. GGT, gamma-glutamyl transpeptidase. 
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Table 2. Paired comparisons of the liver stiffness measurement (LSM) versus histological 

fibrosis stage on the discriminatory performance for predicting 2-year, 3-year and 5-year 

liver-related events (N=3,532). 

Liver-related events 

Years of 

follow-up 

AUROC  

(95% CI)  

of 

histological 

fibrosis 

stage 

AUROC  

(95% CI)  

of LSM 

p 

value 

AUPRC  

(95% CI) of 

histological 

fibrosis stage 

AUPRC 

(95% CI)  

of LSM 

p 

value 

2 years 0.848 

(0.798-

0.894) 

0.889 

(0.838-0.934) 

0.028 0.056 

(0.034-0.079) 

0.136 

(0.075-

0.246) 

0.047 

3 years 0.856 

(0.815-

0.893) 

0.885 

(0.848-0.923) 

0.096 0.083 

(0.056-0.114) 

0.171 

(0.103-

0.279) 

0.034 

5 years 0.869 

(0.839-

0.895) 

0.870 

(0.834-0.905) 

0.915 0.141 

(0.103-0.181) 

0.210 

(0.143-

0.312) 

0.068 

Hepatic decompensation 

Years of 

follow-up 

AUROC  

(95% CI)  

of 

histological 

fibrosis 

stage 

AUROC  

(95% CI) 

of LSM 

p 

value 

AUPRC  

(95% CI)  

of 

histological 

fibrosis stage 

AUPRC 

(95% CI)  

of LSM 

p 

value 

2 years 0.851  

(0.805-

0.895) 

0.873  

(0.818-0.923) 

0.241 0.060  

(0.039-0.086) 

0.115  

(0.068-

0.206) 

0.079 

3 years 0.859  

(0.821-

0.867  

(0.825-0.909) 

0.619 0.088  

(0.061-0.120) 

0.150  

(0.094-

0.081 
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0.895) 0.250) 

5 years 0.868  

(0.839-

0.894) 

0.862  

(0.825-0.899) 

0.732 0.140  

(0.104-0.182) 

0.196  

(0.134-

0.297) 

0.112 

Hepatocellular carcinoma 

Years of 

follow-up 

AUROC  

(95% CI)  

of 

histological 

fibrosis 

stage 

AUROC  

(95% CI)  

of LSM 

p 

value 

AUPRC  

(95% CI)  

of 

histological 

fibrosis stage 

AUPRC 

(95% CI)  

of LSM 

p 

value 

2 years 0.768  

(0.631-

0.879) 

0.762  

(0.569-0.913) 

0.922 0.010  

(0.003-0.020) 

0.015  

(0.005-

0.041) 

0.500 

3 years 0.829  

(0.756-

0.888) 

0.816  

(0.720-0.894) 

0.674 0.028  

(0.014-0.047) 

0.048  

(0.020-

0.168) 

0.564 

5 years 0.842  

(0.790-

0.884) 

0.826  

(0.760-0.884) 

0.548 0.044  

(0.025-0.069) 

0.057  

(0.031-

0.146) 

0.637 

Abbreviations: AUROC, area under the receiver operating characteristic curve. AUPRC, area 

under the precision-recall curve. LSM, liver stiffness measurement. 
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Table 3. Prognostic performance of LSM and histology for the development of liver-related 

events at 2, 3, and 5 years 

Category 

 

Sensitivity 

(%) 

(95% CI) 

Specificity 

(%) 

(95% CI) 

PPV 

(%) 

(95% 

CI) 

 

NPV 

(%) 

(95% 

CI) 

 

LR + 

(95% 

CI) 

LR – 

(95% 

CI) 

Overall  

accuracy 

(%) 

(95% CI) 

2 years        

Histology        

F3-4 (vs 

F0-2) 

87.8(77.3-

97.3) 

65.9 (64.2-

67.5) 

3.2 

(2.1-

4.3) 

99.8  

(99.5-

100.0) 

2.6 

(2.2-

2.9) 

0.2 

(0.0-

0.3) 

66.2 

(64.5-

67.8) 

F4 (vs F0-

3) 

67.9 (53.3-

81.6) 

87.7(86.5-

88.9) 

6.6 

(4.3-

8.9) 

99.5 

(99.3-

99.8) 

5.5(4.3-

6.8) 

0.4(0.2-

0.5) 

87.4(86.2-

88.6) 

LSM        

≥10 kPa 

(vs <10kPa) 

92.7  

(83.6-

100.0) 

58.0 (56.3-

59.7) 

2.8 

(1.9-

3.6) 

99.8  

(99.6-

100.0) 

2.2 

(2.0-

2.4) 

0.1 

(0.0-

0.3) 

58.6 

(86.9-

89.2) 

≥20 kPa 

(vs <20kPa) 

68.0 (53.1-

82.8) 

88.4 (87.2-

89.5) 

7.0 

(4.6-

9.6) 

99.5 

(99.3-

99.8) 

5.9 

(4.4-

7.4) 

0.4 

(0.2-

0.5) 

88.1 

(86.9-

89.2) 

3 years        

Histology        

F3-4 (vs 

F0-2) 

89.6 (81.4-

96.7) 

66.1 (64.4-

67.9) 

4.7 

(3.4-

6.1) 

99.7 

(99.5-

99.9) 

2.6 

(2.3-

2.9) 

0.2 

(0.1-

0.3) 

66.7 

(64.9-

68.4) 

F4 (vs F0-

3) 

69.5 (57.2-

81.6) 

87.3 (86.0-

88.6) 

9.3 

(6.5-

12.4) 

99.4 

(99.1-

99.7) 

5.5 

(4.4-

6.6) 

0.3 

(0.2-

0.5) 

86.9 

(85.6-

88.2) 

LSM        

Copyright © 2025 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized
reproduction of this article prohibited.

ACCEPTED



≥10 kPa 

(vs <10kPa) 

93.0 (85.4-

98.6) 

57.9 (56.2-

59.8) 

4.0 

(2.9-

5.0) 

99.8 

(99.5-

99.9) 

2.2 

(2.0-

2.4) 

0.1 

(0.0-

0.3) 

58.8 

(57.1-

60.6) 

≥20 kPa 

(vs <20kPa) 

68.0 (55.9-

79.7) 

88.3 (86.9-

89.6) 

9.8 

(6.8-

12.8) 

99.3 

(99.0-

99.6) 

5.8 

(4.6-

7.1) 

0.4 

(0.2-

0.5) 

87.8 

(86.4-

89.1) 

5 years        

Histology        

F3-4 (vs 

F0-2) 

91.9 (85.6-

96.9) 

68.0 (65.9-

69.9) 

8.3 

(6.4-

10.2) 

99.6 

(99.3-

99.9) 

2.9 

(2.6-

3.1) 

0.1 

(0.0-

0.2) 

68.8 

(66.8-

70.7) 

F4 (vs F0-

3) 

70.9 (61.5-

80.6) 

87.0 (85.6-

88.5) 

14.7 

(11.1-

18.5) 

99.0 

(98.6-

99.3) 

5.5 

(4.5-

6.5) 

0.3 

(0.2-

0.4) 

86.4 

(84.9-

87.9) 

LSM        

≥10 kPa 

(vs <10kPa) 

92.9 (86.9-

98.2) 

60.8 (58.7-

62.9) 

6.9 

(5.4-

8.5) 

99.6 

(99.3-

99.9) 

2.4 

(2.2-

2.6) 

0.1 

(0.0-

0.2) 

62.2 

(60.1-

64.2) 

≥20 kPa 

(vs <20kPa) 

60.5 (50.1-

70.8) 

89.2 (87.9-

90.5) 

14.9 

(10.8-

19.3) 

98.6 

(98.2-

99.1) 

5.6 

(4.5-

6.9) 

0.4 

(0.3-

0.6) 

88.0 

(86.7-

89.3) 

Abbreviations: LSM, liver stiffness measurement. NLR, Negative Likelihood Ratio. NPV, 

Negative Predictive Value. PLR, Positive Likelihood Ratio. PPV, Positive Predictive Value 
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Table 4. Paired comparisons of the liver stiffness measurement (LSM) versus histological 

fibrosis stage for predicting 2-, 3-, and 5-year liver-related events, hepatic decompensation 

and hepatocellular carcinoma by the categorical net reclassification improvement (NRI) 

and integrated discrimination improvement index (IDI). 

2-year liver-related events 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.073 

(0.000 – 

0.162) 

-0.085 

(-1.004 - -

0.068) 

-0.011 

(-0.085 – 

0.077) 

0.035 

(-0.002 – 

0.096) 

3-year liver-related events 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.050 

(-0.024 – 

0.134) 

-0.085 

(-1.01 - -0.069) 

-0.035 

(-0.111 – 

0.047) 

0.034 

(-0.010 – 

0.093) 

5-year liver-related events 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.018 

(-0.060 - 

0.094) 

-0.086 

(-0.103 - -

0.071) 

-0.068 

(-0.148 – 

0.009) 

0.010 

(-0.033 – 

0.065) 
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2-year hepatic decompensation 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.043 

(-0.137 - 

0.214) 

-0.075 

(-0.093 - -

0.057) 

-0.031 

(-0.213 - 

0.141) 

0.014 

(-0.014 - 0.055) 

3-year hepatic decompensation 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM -0.009 

(-0.167 - 

0.156) 

-0.076 

(-0.094 - -

0.058) 

-0.085 

(-0.241 - 

0.082) 

0.012 

(-0.023 - 0.060) 

5-year hepatic decompensation 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM -0.072 

(-0.212 - 

0.060) 

-0.079 

(-0.098 - -

0.060) 

-0.151 

(-0.294 - -

0.018) 

-0.005 

(-0.043 - 0.041) 

2-year hepatocellular carcinoma 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.256 -0.074 0.182 -0.003 
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(-0.124 - 

0.650) 

(-0.092 - -

0.056) 

(-0.192 - 

0.578) 

(-0.010 - 0.001) 

3-year hepatocellular carcinoma 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM 0.060 

(-0.214 - 

0.333) 

-0.074 

(-0.093 - -

0.056) 

-0.014 

(-0.290 - 

0.254) 

0.005 

(-0.015 - 0.059) 

5-year hepatocellular carcinoma 

Model Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

IDI 

(95% CI) 

Histological fibrosis 

stage 

Reference Reference Reference Reference 

LSM -0.027 

(-0.272 - 

0.239) 

-0.075 

(-0.095 - -

0.058) 

-0.102 

(-0.346 - 

0.167) 

-0.002 

(-0.026 - 0.046) 
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