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Key Points 169 

Question 170 

What are the clinical implications of single or serial measurements of vibration-171 

controlled transient elastography (VCTE)-based Agile scores in metabolic 172 

dysfunction-associated steatotic liver disease? 173 

 174 

Findings 175 

This multi-center cohort study demonstrated the Agile scores outperformed most non-176 

invasive tests and were at least similar if not better than histological fibrosis staging in 177 

predicting liver-related events. Importantly, on repeated testing, the Agile scores were 178 

largely stable, and patients with improvement in the Agile scores had substantial 179 

reduction in the risk of liver-related events. 180 

 181 

Meaning 182 

The VCTE based Agile scores are generally accurate for predicting liver-related 183 

events, making them suitable alternatives to liver biopsy in routine clinical practice 184 

and in phase 2b and 3 clinical trials for steatohepatitis treatment response. 185 

 186 

  187 
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Abstract 188 

Importance:  Metabolic dysfunction-associated steatotic liver disease (MASLD) is 189 

currently the most common chronic liver disease. It is important to develop non-190 

invasive tests to assess the disease severity and prognosis. 191 

Objective: We aimed to study the prognostic implications of baseline levels and 192 

dynamic changes of the vibration-controlled transient elastography (VCTE)-based 193 

Agile scores. 194 

Design, Setting, and Participants: This cohort study included data of patients with 195 

MASLD who underwent VCTE examination at 16 centers in the United States, 196 

Europe, and Asia. The Agile scores were compared with histology and 8 other non-197 

invasive tests. 198 

Main Outcomes and Measures: The primary outcome was liver-related events 199 

(LREs), defined as hepatocellular carcinoma or hepatic decompensation (ascites, 200 

variceal hemorrhage, hepatic encephalopathy, or hepatorenal syndrome), liver 201 

transplantation, and liver-related deaths. 202 

Results: 16 603 patients underwent VCTE examination at baseline. At a median 203 

follow-up of 51.7 months, 316 (1.9%) patients developed LREs. Both Agile 3+ and 204 

Agile 4 scores classified fewer patients between the low and high cutoffs than most 205 

fibrosis scores and achieved the highest discriminatory power in predicting LREs 206 

(integrated area under time-dependent receiver-operating characteristic curve 0.89). 207 

10 920 patients had repeated VCTE at a median interval of 15 months and were 208 

included in the serial analysis. 81.9% and 92.1% of patients had stable Agile 3+ and 209 

Agile 4 scores (same risk categories at both assessments). The incidence of LREs was 210 

0.6 and 30.1 per 1 000 person-years in patients with persistently low and high Agile 211 

3+ scores, respectively. In patients with high Agile 3+ score at baseline, a decrease in 212 

the score by more than 20% was associated with substantial reduction in the risk of 213 

LREs. A similar trend was observed for the Agile 4 score, though it missed more 214 

LREs in the low-risk group. 215 

Conclusions and Relevance: Single or serial Agile scores are highly accurate in 216 

predicting LREs in patients with MASLD. 217 

  218 
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Introduction 219 

Metabolic dysfunction-associated steatotic liver disease (MASLD), previously known 220 

as non-alcoholic fatty liver disease (NAFLD), is currently the most common chronic 221 

liver disease that affects around 30% of the global adult population.
1
 It has become 222 

one of the leading causes of cirrhosis and hepatocellular carcinoma (HCC) in middle- 223 

and high-income countries,
2
 with an estimated annual direct medical costs of around 224 

US$103 billion in the United States and €35 billion in Europe.
3
 225 

 226 

In patients with MASLD, there is a dose-response relationship between the severity of 227 

liver fibrosis and future risk of liver-related events (LREs).
4
 In the past two decades, a 228 

number of non-invasive tests of fibrosis have been adopted for clinical use.
5
 In 229 

particular, liver stiffness measurement (LSM) by vibration-controlled transient 230 

elastography (VCTE) not only reflects the degree of liver fibrosis but also predicts 231 

HCC, portal hypertension and varices.
6
 Recently, by combining LSM and simple 232 

clinical parameters (platelet count, aminotransferases, diabetes, age and sex), we 233 

derived and validated the Agile 3+ and Agile 4 scores for the diagnosis of advanced 234 

fibrosis and cirrhosis in patients with MASLD with improved accuracy and reduced 235 

indeterminate zone compared with LSM alone.
7
 Emerging data suggest that the Agile 236 

scores are also prognostic.
8
 However, previous studies were limited by small sample 237 

sizes. Besides, the prognostic meaning of a change in non-invasive tests over time is 238 

unclear, especially as the tests are imperfect and may have false-positive and false-239 

negative results. 240 

 241 

With this background, we aimed to evaluate the prognostic implications of baseline 242 

and repeated Agile score and liver stiffness measurements in a large cohort of patients 243 
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with MASLD. We also compared the prognostic performance of the Agile score to 244 

that of other various non-invasive tests of hepatic fibrosis. 245 

 246 

Methods 247 

Study design and participants 248 

This was a retrospective cohort study of patients with MASLD who had undergone 249 

VCTE examination at 16 centers from the United States, Europe, and Asia. Eligible 250 

patients were at least 18 years old with hepatic steatosis diagnosed by histology 251 

(steatosis in ≥5% of hepatocytes) or imaging studies (ultrasound, computed 252 

tomography or magnetic resonance imaging, or controlled attenuation parameter ≥248 253 

dB/m by VCTE). Patients were excluded if they had other liver diseases such as 254 

chronic viral hepatitis, human immunodeficiency virus infection, excessive alcohol 255 

consumption (>30 g/day in men and >20 g/day in women), secondary causes of 256 

hepatic steatosis (e.g., use of systemic steroids), or a history of HCC, hepatic 257 

decompensation, liver resection, liver transplantation or other malignancies. 258 

 259 

The study protocol was approved by the institutional review boards of the 260 

participating sites. The study was conducted in accordance with the principles of the 261 

Declaration of Helsinki. Informed written consent was waived because of the 262 

retrospective nature of this study. 263 

 264 

Assessments 265 

At each clinic visit, the medical history of a patient was recorded. Body mass index 266 

was calculated as body weight (kg) divided by body height (m) squared. A venous 267 

blood sample was taken after at least 8 hours of fasting for renal and liver 268 
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biochemistry and complete blood count. Controlled attenuation parameter and liver 269 

stiffness were assessed using the VCTE machine (FibroScan, Echosens, Paris, France) 270 

by trained operators as previously described, and patients needed to have at least 10 271 

valid acquisitions (eMethods).
9
 272 

 273 

Based on the above assessments, we calculated the VCTE-based scores including the 274 

Agile 3+, Agile 4 and FibroScan-aspartate aminotransferase (FAST) scores 275 

(supplement p 3).
7,10

 For comparison, we also calculated simple fibrosis scores 276 

including the Fibrosis-4 index (FIB-4), NAFLD fibrosis score (NFS), AST-to-platelet 277 

ratio index (APRI), BARD score and AST-to-alanine aminotransferase ratio (AAR). 278 

All calculations and cut-offs were based on the existing literature.
11

 Only parameters 279 

measured within 1 month of each other were used to calculate the scores. Otherwise, 280 

the particular noninvasive test was treated as missing. 281 

 282 

Outcomes 283 

The primary outcome was a composite endpoint of LREs including HCC, hepatic 284 

decompensation (ascites, variceal hemorrhage, hepatic encephalopathy or hepatorenal 285 

syndrome), liver transplantation and liver-related death. Secondary outcomes included 286 

HCC and hepatic decompensation, analyzed separately. The diagnosis of the events 287 

was based on prospective follow-up, chart review, or validated registries with positive 288 

predictive values of at least 90%. 289 

 290 

Statistical analysis 291 

All statistical analyses were performed using R software (version 4.2.2; R Core Team 292 

2022). In the baseline model, the baseline date was defined as the date of the first non-293 
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invasive test. For the Agile and FAST scores that included both VCTE and blood tests, 294 

the latter date was taken as baseline to avoid immortal time bias. Pairwise 295 

comparisons between the Agile scores and the other tests were performed by 296 

comparing the area under the receiver-operating characteristic curves (AUROC) using 297 

Z test for patients in whom the results of both tests were available.
12

 We also 298 

calculated the integrated AUROC, area under the time-dependent precision-recall 299 

curves (AUPRC),
13

 and integrated Brier score over time. The Agile scores and other 300 

tests were evaluated for continuous net reclassification improvement (NRI) with 301 

reference to LSM using the inverse probability weighting estimator.
14,15

 All fibrosis 302 

scores classified patients into low-, intermediate-, and high-risk groups on the 303 

published low and high cut-offs. For histology, we stratified the three groups as F0-2, 304 

F3, and F4. The cumulative incidence of outcomes with adjustment of competing 305 

events was estimated by Gray’s method and compared by Gray’s test among different 306 

risk categories (eMethods). For both the primary outcome and HCC, non-liver-related 307 

death was treated as a competing event. For hepatic decompensation, both non-liver-308 

related death and HCC were treated as competing events. 309 

 310 

In the serial model, we considered patients with two or more VCTE examinations. For 311 

those with multiple examinations, we selected the first and last examinations, with a 312 

maximum five-year interval, and a minimum six-month separation. We assessed the 313 

incidence of the outcomes from the last VCTE examinations onwards. Patients 314 

developing LREs between these examinations were documented but not included in 315 

the serial prediction models. Transition among risk categories based on published cut-316 

offs was depicted using Sankey diagrams. We also evaluated the prognostic 317 
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significance of serial non-invasive tests based on their relative change between the 318 

two examinations (eMethods). 319 

 320 

Results 321 

Participants 322 

From February, 2004 to January, 2023, we identified 17 949 patients with one or more 323 

VCTE examinations. After excluding 1 346 patients according to the inclusion and 324 

exclusion criteria, 16 603 patients were included in the baseline model (Figure 1). 325 

Their mean age was 52.5 years, and 57.8% were men (Table 1). 34.7% and 34.8% had 326 

diabetes and hypertension, respectively. 3 030 (18.2%) patients were from the United 327 

States or Europe, and 13 573 (81.8%) patients were from Asia. Among 3 532 patients 328 

with liver biopsy, 33.5% had F3-4 fibrosis. The median interval (interquartile range 329 

[IQR]) between liver biopsy and VCTE examinations was 28 (0-214) days. 330 

 331 

Baseline model  332 

At a median follow-up of 51.7 months (IQR 25.2-85.2 months), 316 (1.9%) patients 333 

developed LREs, including 139 cases of HCC and 209 cases of hepatic 334 

decompensation (eTable 1). Both the Agile 3+ and Agile 4 scores demonstrated the 335 

highest AUROC and AUPRC for predicting LREs (Figure 2A and eFigure 1); they 336 

classified fewer patients (10.2% for Agile 3+ and 8.7% for Agile 4) in the 337 

intermediate-risk group than the other fibrosis scores. The Agile 3+ and Agile 4 338 

scores also demonstrated the highest integrated AUROC and lowest integrated Brier 339 

score (eTable 2). Likewise, in the 10 678 patients with all studied fibrosis markers 340 

available, the Agile 3+ and Agile 4 scores demonstrated highest AUROC and lowest 341 

integrated Brier score (eFigure 1-2 and eTable 2).  342 
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 343 

By pairwise comparison, the AUROC for LREs of both Agile scores was significantly 344 

higher than histological fibrosis staging and other comparator fibrosis tests at 3 and 5 345 

years, with the exception of a similar performance between the Agile scores and LSM 346 

at 3 years (eTable 3). The calibration was excellent for both Agile scores, but was 347 

generally unsatisfactory for the simple fibrosis scores (eFigure 3 and 4). The Agile 348 

scores better reclassified patients with and without LREs at 3 and 5 years according to 349 

their risk as compared to LSM, while other non-invasive tests generally had a similar 350 

or reduced correct reclassification as compared to LSM (Table 2). Analyzed 351 

separately, all the fibrosis tests were better at the prediction of hepatic 352 

decompensation than HCC (eFigure 5, eTable 4 and 5). 353 

 354 

Among patients with baseline Agile 3+ score <0.451, 0.451-0.678, and ≥0.679, the 355 

incidence rates of LREs were 0.7, 3.3, and 24.9 per 1 000 person-years, respectively 356 

(P<.001) (Figure 2B, eTable 6). Among patients with baseline Agile 4 score <0.251, 357 

0.251-0.842, and ≥0.843, the incidence rates of LREs were 1.2, 23.5, and 105.5 per 1 358 

000 person-years, respectively (P<.001). Among the noninvasive tests, the Agile 4 359 

score classified the highest proportion (89.8%) of patients in the low-risk group with a 360 

sensitivity of 0.74 and negative predictive value of 0.99 for 3-year LREs (eTable 7). 361 

In contrast, it classified the fewest patients (1.4%) in the high-risk group, compared 362 

with 14.3% for the Agile 3+ score. eFigure 6 shows the incidence of LREs in patients 363 

categorized by histology and other non-invasive tests. Similar to the ROC analysis, 364 

AAR, BARD and FAST were the least discriminatory. 365 

 366 
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The Agile scores consistently outperformed the other non-invasive tests in predicting 367 

LREs at 3 and 5 years in subgroups stratified by age, sex, presence of diabetes, body-368 

mass index and reliability of LSM (eFigure 7). Both Agile scores had higher AUROC 369 

in patients older than 60 years than in younger patients. The prognostic performance 370 

of the fibrosis scores was largely similar across regions (eTable 8). 371 

 372 

Serial model 373 

Among 16 603 patients in the baseline model, 10 920 (65.8%) patients with repeated 374 

VCTE examinations at a median interval of 15 months (IQR 11.3-27.7 months) were 375 

included in the serial model (Figure 1). The clinical characteristics at the first 376 

examination of the patients in the serial model were similar to those of patients in the 377 

baseline model (Table 1). Between the first and last VCTE examinations, the 378 

proportion of patients with diabetes and hypertension increased by around 12%. Using 379 

published cut-offs, the risk classification by Agile scores was stable when either two 380 

or three examinations were considered (Figure 3A, eFigure 8-11). Patients with a 381 

longer time interval between two tests were more likely to have increased scores at 382 

the second assessment, suggesting genuine fibrosis progression instead of variability 383 

in scores on repeated testing (eFigure 10). In general, the Agile scores and LSM had a 384 

higher stability than the other non-invasive tests (eFigure 11). 385 

 386 

eTable 9 and 10 show the incidence of LREs in patients with serial Agile scores. In 387 

patients with high Agile 3+ score at the first examination but intermediate score at the 388 

last examination, the incidence of LREs decreased markedly to 3.3 per 1 000 person-389 

years. A similar trend was observed for the Agile 4 score (eTable 10) and LSM 390 

(eTable 11 and 12). In contrast, patients who had worsened Agile 3+ scores at the last 391 
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examination only had a mild increase in the risk of LREs over those who had stable 392 

scores (eTable 9). eTable 13-16 show consistent results in sensitivity analyses by 393 

including only patients who had two noninvasive tests performed within an interval of 394 

3 years. 395 

 396 

Apart from classifying patients into crude risk categories, another way to interpret 397 

serial test results is to determine their change over time. By restricted spline curve 398 

analysis, there was a positive non-linear relationship between changes in Agile 399 

scores/LSM and the risk of LREs (eFigure 12). Regardless of baseline Agile scores 400 

and LSM, a 10% or greater relative decrease in the test results was associated with a 401 

lower risk of LREs, whereas an increase in the test results was associated with 402 

increased risk of events (Figure 3B, eTable 17-19). As expected, the greater the 403 

change in Agile scores or LSM (e.g., 30% relative change), a greater change in the 404 

incidence of LREs was also observed. Compared with patients with stable Agile 405 

scores, those with a 30% or greater relative increase in the scores had significant 406 

changes in all the components of the scores (eTable S20). 407 

 408 

Discussion 409 

In this large multi-center study, we showed that the Agile scores had better 410 

performance in predicting LREs in patients with MASLD than commonly used simple 411 

fibrosis scores. Although the difference in prognostication between the Agile scores 412 

and LSM might be marginal, the Agile scores were stable over time, and changes in 413 

the scores over time provide insights that can impact clinical management. 414 

 415 
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In the baseline model, both the Agile 3+ and Agile 4 scores had the highest overall 416 

accuracy in predicting LREs. Although both Agile scores had identical integrated 417 

AUROC, it should be noted that the Agile 4 score classified around 90% of patients in 418 

the low-risk group and in turn missed twice as many patients who would develop 419 

LREs as the Agile 3+ score. The Agile 4 score mainly improved classification of 420 

patients without LREs, while the Agile 3+ score improved the classification of events. 421 

This is understandable as the Agile 3+ and Agile 4 scores were designed to detect 422 

advanced fibrosis and cirrhosis, respectively.
7
 Therefore, the Agile 3+ score is 423 

preferred for prognostic purposes, whereas the main value of the Agile 4 score is for 424 

the diagnosis of MASLD-related cirrhosis. It is also worth noting that the superiority 425 

of the Agile scores over LSM alone was marginal. While the calculation of the Agile 426 

scores is based on routine parameters and thus does not cost extra, clinicians who 427 

prefer to use LSM alone for the sake of simplicity can also refer to the detailed 428 

analysis on the prognostication by LSM in this study. 429 

 430 

Analyzed separately, all non-invasive tests of fibrosis were better at predicting hepatic 431 

decompensation than HCC (eFigure 5). This can be explained by the phenomenon of 432 

HCC arising in a non-cirrhotic liver. Although hepatic decompensation almost always 433 

develops in the background of cirrhosis, HCC appears to arise from a non-cirrhotic 434 

liver more often in MASLD (around 30%) than other chronic liver diseases.
16,17

 435 

 436 

Compared with the existing literature,
8,18

 our study assigns significance to not only 437 

baseline but also changes in LSM and Agile scores. Over 80% of patients, in two or 438 

three assessments, remained within the same risk categories based on published Agile 439 

score cut-offs (Figure 3A, eFigure 8-11). MASLD progression from no to minimal 440 
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fibrosis to cirrhosis or LREs typically spans 20 years.
19

 Among patients with LSM 441 

and Agile score changes, reductions were more frequent than increases. Reduced 442 

LSM might reflect true fibrosis improvement due to lifestyle changes, but most likely 443 

resulted from initial false positives, potentially explaining why decreased LSM had a 444 

greater impact on LRE risk than increases (eFigure 12). False-positive LSM has been 445 

reported in patients with factors such as extreme body build, acute hepatitis, 446 

congestive heart failure, biliary obstruction, amyloidosis, and recent food intake.
20

 In 447 

a previous study with a median 18-week interval between two VCTE examinations, 448 

35% of patients with initially high LSM had normal LSM at the second assessment, 449 

with most showing no or mild fibrosis on subsequent liver biopsy.
21

 Similarly, in our 450 

study, patients with reduced LSM or Agile scores over time had a lower LRE 451 

incidence compared to those with higher readings. Therefore, patients with abnormal 452 

LSM or Agile scores should consider repeat examinations before deciding on liver 453 

biopsy or treatment. 454 

 455 

While customary, interpreting non-invasive tests based on published cut-offs can be 456 

crude and misleading. Some individuals do not cross these thresholds despite 457 

progression or regression, while minor fluctuations near cut-offs can lead to 458 

misinterpretation. To address this, we performed a restricted spline curve analysis 459 

(eFigure 12), which revealed that Agile score and LSM changes are positively 460 

associated with LRE risk. Prior studies recommended a 20% LSM relative change for 461 

prognostication.
22,23

 Our study provides detailed data on the prognostic importance of 462 

varying Agile score/LSM changes. 463 

 464 
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In comparison, serial FIB-4 has also been shown to be prognostic in the general 465 

population and hospital settings.
24,25

 However, FIB-4 is inferior to LSM and other 466 

specific fibrosis biomarkers in the diagnosis of advanced fibrosis.
26

 FIB-4 also has 467 

suboptimal performance at extremes of age.
27,28

  468 

 469 

According to the US Food and Drug Administration, to replace liver histology as a 470 

surrogate endpoint in clinical trials, a biomarker should demonstrate the ability to 471 

diagnose the fibrosis stage, predict prognosis, monitor disease progression, and reflect 472 

response to treatment.
5
 Based on this and other studies, VCTE and the Agile scores 473 

have already fulfilled the first three requirements, but the latter requires correlation 474 

between histological response and changes in non-invasive tests in clinical trials 475 

involving an effective treatment. There have already been efforts to fill this 476 

knowledge gap using data from several clinical trials,
29,30

 and we expect an 477 

acceleration in the validation of response biomarkers when some of the ongoing phase 478 

3 trials show positive results. Meanwhile, the existing non-invasive tests can largely 479 

replace liver biopsies in routine practice. 480 

 481 

Limitations 482 

The study has several limitations. First, variable patient assessment intervals affect 483 

serial data interpretation, yet we analyzed non-invasive test changes and correlation 484 

with clinical outcomes after VCTE examinations interval stratification. Second, 485 

despite a sufficient sample size for clinical outcome evaluation, the 51.7-month 486 

median follow-up may be considered short, given chronic liver diseases' lengthy 487 

progression to cirrhosis and complications.
31

 Third, this was a natural history cohort. 488 

When effective treatment for steatohepatitis becomes available, studies should be 489 
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conducted to identify suitable response biomarkers. Fourth, data of this study were 490 

from tertiary referral centers. The prognostic performance of VCTE and the Agile 491 

scores should be confirmed in a more general setting in the future. Although the Agile 492 

scores were compared with a number of simple fibrosis scores, future studies should 493 

compare the Agile scores with other specific biomarkers of fibrosis and/or 494 

steatohepatitis such as the enhanced liver fibrosis, NIS4 and NIS2+ scores. 495 

 496 

Conclusions 497 

The VCTE-based Agile scores are highly accurate in predicting LREs in patients with 498 

MASLD. In the short- to medium-term, the Agile scores have high stability on 499 

repeated testing. In the minority of patients with an early change in Agile scores, the 500 

lower score between two serial measurements more faithfully reflects the risk of 501 

LREs. In this situation, repeating Agile score measurements or testing another specific 502 

fibrosis biomarker should be contemplated before making decision on liver biopsy or 503 

treatment. 504 

 505 

  506 
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Table 1: Clinical characteristics of the cohorts in the baseline and serial models 611 
 612 

Characteristics 
Baseline model 

Serial model 

First test Last test 
P value

b
 

N = 16 603 N = 10 920 

Age (years) 52.5 (13.7) 52.3 (13.5) 54.4 (13.6) <.001 

Female sex, n (%) 7 003 (42.2) 4 629 (42.4) 4 629 (42.4) - 

Male sex, n (%) 9 600 (57.8) 6 291 (57.6) 6 291 (57.6) - 

BMI (kg/m2) 27.0 (24.5-30.0) 27.0 (24.5-30.0) 27.0 (24.6-30.1) .09 

Diabetes, n (%) 5 761 (34.7) 3 944 (36.1) 5 311 (48.6) <.001 

Hypertension, n (%) 5 769 (34.8) 3 925 (35.9) 5 291 (48.5) <.001 

ALT (IU/L) 37 (23-62) 36 (23-61) 30 (20-48) <.001 

AST (IU/L) 31 (23-47) 31 (22-46) 27 (21-38) <.001 

GGT (IU/L) 44 (27-79) 43 (26-76) 36 (23-63) <.001 

Albumin (g/L) 44.4 (3.9) 44.7 (3.5) 44.8 (3.6) .02 

Total bilirubin (μmol/L) 12.0 (8.6-15.4) 12.0 (8.6-15.4) 12.0 (10.0-17.1) <.001 

Platelet (×109/L) 237 (198-280) 238 (199-281) 235 (196-279) <.001 

Creatinine (µmol/L) 72 (60-83) 72 (60-83) 72 (61-84) <.001 

FibroScan     

Liver stiffness measurement (kPa) 6.0 (4.7-8.5) 6.0 (4.6-8.3) 5.5 (4.5-7.7) <.001 

Controlled attenuation parameter 

(dB/m) 

303 (273-334) 302 (273-334) 295 (262-328) <.001 

Non-invasive tests
a     

Agile 3+ 0.16 (0.06-0.44) 0.17 (0.06-0.43) 0.21 (0.08-0.48) <.001 

Agile 4 0.01 (0.00-0.06) 0.01 (0.00-0.05) 0.01 (0.00-0.05) .23 

FibroScan-AST 0.28 (0.12-0.52) 0.27 (0.12-0.51) 0.19 (0.09-0.41) <.001 

Fibrosis-4 index 1.11 (0.74-1.71) 1.13 (0.76-1.71) 1.18 (0.81-1.75) <.001 

NAFLD fibrosis score -1.99 (-3.03--0.78) -1.98 (-3.00--0.83) -1.62 (-2.67--0.49) <.001 

AST-to-platelets ratio index 0.33 (0.23-0.54) 0.33 (0.23-0.52) 0.30 (0.22-0.45) <.001 

AST-to-ALT ratio 0.83 (0.62-1.12) 0.84 (0.64-1.14) 0.90 (0.69-1.20) <.001 

BARD 2 (1-3) 2 (1-3) 2 (1-3) <.001 

Fibrosis stage
b N = 3 532     

 0 576 (16.3) - - - 

 1 1 189 (33.7) - - - 

 2 585 (16.6) - - - 

 3 744 (21.1) - - - 

 4 438 (12.4) - - - 

Median follow-up duration (months) 51.7 (25.2-85.2) 34.0 (12.4-55.9) 

Data are n (%), mean (standard deviation), or median (interquartile range). 613 
a The formulas for the calculation of the non-invasive tests are presented in the Supplement page 3-4. 614 
b Fibrosis stage (0-4) according to the NASH CRN system. Stage 0, no fibrosis; Stage 1, centrilobular pericellular 615 
fibrosis; Stage 2: centrilobular and periportal fibrosis; Stage 3: bridging fibrosis; Stage 4, cirrhosis. 616 
c Paired samples tests between the first and last tests in the serial model. 617 
Liver stiffness measurement is a non-invasive method to evaluate liver fibrosis, using transient elastography to 618 
measure liver stiffness, which helps in assessing the extent of fibrosis; Controlled attenuation parameter quantifies 619 
liver steatosis non-invasively, by measuring the attenuation of ultrasound waves through the liver, providing an 620 
indicator of fat levels. 621 
 622 
Abbreviations: AST, aspartate aminotransferase. ALT, alanine aminotransferase. BMI, body-mass index. GGT, 623 
gamma-glutamyl transpeptidase. NAFLD, non-alcoholic fatty liver disease. VCTE, vibration-controlled transient 624 
elastography. 625 
 626 
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Table 2: Paired comparisons of the Agile scores and other non-invasive tests versus liver stiffness measurement (LSM) on the net reclassification 627 
improvement (NRI) for the prediction of 3-year and 5-year liver-related events in the baseline model 628 

 3-year liver-related events 5-year liver-related events 

Tests 
Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

Event NRI 

(95% CI) 

Non-event NRI 

(95% CI) 

Overall NRI 

(95% CI) 

Agile 3+ 

(N=12 948) 

0.31 

(0.14–0.49) 

0.57 

(0.53–0.61) 

0.88 

(0.68–1.08) 

0.41 

(0.27–0.54) 

0.61 

(0.57–0.65) 

1.02 

(0.86–1.18) 

Agile 4 

(N=12 948) 

0.19 

(0.02–0.36) 

0.81 

(0.79–0.83) 

1.00 

(0.82–1.18) 

0.30 

(0.14–0.43) 

0.84 

(0.82–0.85) 

1.13 

(0.96–1.28) 

Liver stiffness measurement  Reference Reference Reference Reference Reference Reference 

Fibrosis-4 index                   (N=12 

950) 

-0.30 

(-0.46–-0.04) 

-0.78 

(-0.81–-0.54) 

-1.08 

(-1.25–-0.63) 

-0.31 

(-0.46–-0.03) 

-0.78 

(-0.81–-0.51) 

-1.09 

(-1.24–-0.57) 

NAFLD fibrosis score         (N=12 

064) 

-0.18 

(-0.37–0.04) 

-0.57 

(-0.69–0.12) 

-0.75 

(-0.98–0.06) 

-0.16 

(-0.28–0.10) 

-0.52 

(-0.64–0.12) 

-0.68 

(-0.87–0.20) 

AST-to-platelets ratio index 

(N=12 975) 

-0.40 

(-0.56–-0.20) 

-0.79 

(-0.82–-0.75) 

-1.19 

(-1.35–-0.98) 

-0.43 

(-0.55–-0.26) 

-0.80 

(-0.83–-0.77) 

-1.23 

(-1.35–-1.05) 

FibroScan-AST                   (N=11 

541) 

-0.16 

(-0.37–0.05) 

0.24 

(0.14–0.31) 

0.08 

(-0.19–0.34) 

-0.10 

(-0.26–0.07) 

0.26 

(0.17–0.34) 

0.17 

(-0.07–0.38) 

AST-to-platelets ratio index 

(N=13 159) 

-0.37 

(-0.53–-0.22) 

-0.78 

(-0.80–-0.70) 

-1.15 

(-1.31–-0.96) 

-0.44 

(-0.55–-0.30) 

-0.78 

(-0.81–-0.69) 

-1.22 

(-1.34–-1.02) 

BARD 

(N=12 498) 

-0.36 

(-0.51–-0.18) 

-0.14 

(-0.32–-0.11) 

-0.50 

(-0.74–-0.31) 

-0.32 

(-0.46–-0.17) 

-0.12 

(-0.27–-0.09) 

-0.44 

(-0.68–-0.28) 

Event NRI referred to the net proportion of LREs assigned a higher risk, which ranged from -1 to +1. Non-event NRI referred to the net proportion of non-LREs assigned a lower risk, which 629 
ranged from -1 to +1. Overall NRI was the simple sum of event NRI and non-event NRI, which was a crude summary of event NRI and non-event NRI, ranged from -2 to +2. A positive NRI 630 
referred to an improvement in correct reclassification, while a negative NRI referred to a reduction in correct reclassification. The 95% CI for NRI was estimated using 1,000 bootstrap samples. 631 
Abbreviations: AST, aspartate aminotransferase. ALT, alanine aminotransferase. CI, confidence interval. NAFLD, non-alcoholic fatty liver disease. NRI, net reclassification improvement. 632 
 633 

  634 
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Figure legends 635 

Figure 1: Study participant flow 636 

Abbreviations: MASLD, metabolic dysfunction-associated steatotic liver disease. VCTE, 637 

vibration-controlled transient elastography. 638 

 639 

Figure 2: Prediction of liver-related events by non-invasive tests and liver histology 640 

A, AUROC and AUPRC for the prediction of liver-related events at 3 and 5 years. B, 641 

Cumulative incidence of liver-related events stratified by Agile 3+ score in the baseline 642 

model. 643 

In panel B, the cut points for Agile 3+ score were based on the original publication. The low 644 

cut point (0.451) achieved sensitivity of ≥85% to rule-out patients of fibrosis stage ≥3, the 645 

high cut point (0.679) achieved specificity of ≥90% to rule-in patients of fibrosis stage ≥3. 646 

The median follow-up duration of each group was listed in the legend. 647 

Abbreviations: AST, aspartate aminotransferase. ALT, alanine aminotransferase ratio. 648 

AUROC, area under the receiver-operating characteristic curve. AUPRC, area under the 649 

precision-recall curve. CI, confidence interval. LRE, liver-related event. NAFLD, non-650 

alcoholic fatty liver disease  651 

 652 

 653 

Figure 3: Agile 3+ score in serial model.  654 

A, Change in the Agile 3+ between two vibration-controlled transient elastography 655 

examinations. B, Relative change in the Agile 3+ score and incident liver-related events after 656 

the last test.   657 



27 

 

In panel A, the numbers in the middle represent the percentages of patients in each group. 658 

Patients who developed liver-related events before the last examination are shown in the top 659 

of the Sankey diagram.  660 

Abbreviations: CI, confidence interval. LREs, liver-related events. PY, person-year. 661 

 662 
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