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Research in context

Evidence before this study

Early detection of fibrosis is important to facilitate lifestyle interventions, disease monitoring, and
pharmacological treatment and thus reduce patient morbidity and mortality. Non-invasive tests
have been developed to detect advanced fibrosis; however, recent evidence suggests that patients
with significant fibrosis may also be at high risk of liver-related events. We searched PubMed up to
November 10, 2023, with the terms “liver fibrosis” AND (“biomarker” OR “test” OR “serological
marker” OR “marker” OR “tool” OR “score”) AND “primary care”, with no date or language
restrictions, to find information about availability of non-invasive tests to detect liver fibrosis in
primary care. The search retrieved 208 articles. Existing simple diagnostic scores, such as the Fibrosis
4 index (FIB-4), have better diagnostic accuracy than individual routine liver blood test components;
however, they result in a high number of false positives in low prevalence settings. Other scores use
a fixed set of variables, which are not always available in heterogeneous healthcare systems, limiting
their flexibility. The commercially available biomarkers are expensive and not widely implemented.
The lack of accurate diagnostic tools in primary care results in both futile investigations in individuals
who do not have significant liver fibrosis, and in under-referral of individuals with advanced fibrosis.
Primary care physicians urgently need new tools to detect significant and advanced fibrosis with
high diagnostic accuracy.

Added value of this study

We developed LiverPRO, an inexpensive, CE marked and practical prediction model that includes
patient’s age and nine routine blood tests for use across the spectrum of steatotic liver disease. As
the algorithm uses different combinations of standard variables in multivariable fractional
polynomials, LiverPRO is a flexible and dynamic model and can adapt to user requirements and
availability of individual routine blood tests. LiverPRO exhibited good diagnostic and prognostic
accuracy for significant fibrosis, advanced fibrosis, and liver-related events in independent, high-
and low-prevalence cohorts. LiverPRO performed with comparable accuracy as the Enhanced Liver
Fibrosis test and Liver Risk Score, and was superior to FIB-4 and the NAFLD Fibrosis Score.

Implications of all the available evidence

LiverPRO may aid patients and clinicians to make informed referral decisions by providing accurate
estimations of the risk for significant liver fibrosis and future liver-related events. A decision support
tool that is based solely on a dynamic set of common and inexpensive biochemical variables that
can be integrated with existing automated laboratory systems and adapted to local health systems
will ensure optimized implementation in primary care. Use of LiverPRO could potentially reduce the
costs, resources, and patient anxiety associated with the many false positive results, and futile
referrals to secondary care, produced by an approach such as FIB-4.
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Abstract

Background: Significant liver fibrosis is associated with future adverse events in patients with
steatotic liver disease (SLD). We designed a software tool for detection of significant liver fibrosis in
primary care.

Methods: We developed and validated LiverPRO using six independent cohorts representing SLD
related to alcohol and/or metabolic dysfunction. We used significant fibrosis (histology stage >F2)
and advanced fibrosis (2F3) as outcomes for variable selection in the development cohort and built
the model with fractional polynomial regression. We independently validated the tool for prediction
of elevated liver stiffness by transient elastography (TE 28 kPa and 212 kPa) and liver-related events
(LRE).

Findings: In the development cohort (n=462), we derived 466 multivariable models consisting of age
in combination with 3-9 variables from a list of nine blood tests. LiverPRO diagnosed significant
fibrosis with good accuracy (TE>8 kPa AUC 0-86, 95% CI 0-:83—0-90). In the DECIDE validation cohort
(n=6,468), LiverPRO detected TE =8 kPa with good accuracy (AUC 0-80, 0-78-0-82), comparable to
ELF (AUC 0-78, 0-75—0-80) and the LiverRisk score (AUC 0-81, 95% ClI 0-79—-0-84), but superior to FIB-
4 (AUC 0-69, 0:66—0-72) and NAFLD Fibrosis Score (AUC 0-74, 0-72—-0-77). Findings were consistent
in three other validation cohorts (n=2,554) from Denmark, Germany, and England, albeit accuracy
was slightly lower. With a rule-out cut-off of <25% (no further examinations required) LiverPRO
correctly classified 82% of participants with significant fibrosis, and with a rule-in cut-off of >65%
(referral to hepatologist required) LiverPRO correctly classified 95% of participants. LiverPRO
strongly predicted LREs (C-statistic >0-8) in 470,795 participants from the UK Biobank. On the basis
of these results, LiverPRO was certified according to IVDR class b, obtaining European CE approval
in 2024.

Interpretation: LiverPRO reliably identifies significant liver fibrosis and elevated liver stiffness, and
predicts the 10-year risk of LREs in primary care. It serves as a versatile decision support tool, with
the added advantage of adaptability to liver blood test availability.

Funding:
EU Horizon 2020 research and innovation program and Novo Nordisk Foundation



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Introduction

Steatotic liver disease (SLD) includes metabolic dysfunction-associated steatotic liver disease
(MASLD; includes steatosis associated with high cholesterol, diabetes, and obesity), MetALD (i.e.,
those with MASLD who consume greater amounts of alcohol per week), and alcohol-related liver
disease (ALD), and is present in over one third of the world’s adult population.!™ Progression to
fibrosis and ultimately cirrhosis and decompensated disease occurs over years. Cirrhosis represents
the end stage of progressive liver fibrosis and is the 11" most common cause of death globally. Risk
factors for steatotic liver include metabolic syndrome and excessive alcohol consumption; however,
only 9% and 5% of individuals in a population with excessive alcohol consumption and diabetes or
obesity, respectively, will progress to advanced fibrosis (histological fibrosis stage >F3).>®
Histological fibrosis stage is the best predictor of liver-related outcomes; diagnostic studies have
focused on identifying advanced fibrosis due to progression to decompensation within 35 years.’
However, recent data show that patients with significant fibrosis (F2) are also at high risk of liver-
related events (LREs), especially when alcohol is the main etiology.®® Thus, early detection of
significant fibrosis (F2) is of utmost importance to facilitate pharmaceutical treatment, stop fibrosis
progression, implement lifestyle interventions, and initiate disease monitoring, thereby reducing
morbidity and mortality.1%1?

Liver fibrosis may be detected using inexpensive non-invasive tests; however, each comes with its
own limitations. The Fibrosis 4 index (FIB-4), which is recommended by the European Association
for the Study of the Liver (EASL) and American Association for the Study of Liver Diseases as the first-
tier screening test to rule out liver fibrosis in primary care, has shown moderate to good diagnostic
accuracy for advanced fibrosis in high-prevalence populations; however, it has a false positive rate
of 28% in low-prevalence populations and a substantial false negative rate, especially in at-risk
populations.>”1%13 Several simple, blood based scores have been developed to improve diagnostic
accuracy beyond FIB-4 and to predict risk of advanced liver disease and risk of decompensation and
LREs.'*8 However, many are expensive; none has received regulatory approval as a diagnostic or
monitoring biomarker, been made available on a commercial platform, or even made the transition
from academia to clinical practice. Many scores include clinical variables, like body mass index (BMI)
and presence of diabetes for the NAFLD fibrosis score (NFS), and are therefore not suitable for
automated testing. Few have been validated in low-prevalence cohorts, and all require a fixed set
of variables to enable calculation of the scores. Consequently, a flexible score that can be automated
based on available variables is desirable.

The current lack of such automated diagnostic tools in primary care results in both futile referrals
and investigations in individuals who do not have significant liver fibrosis and in under-referral of
individuals with advanced fibrosis. We used standard liver blood test results to develop and validate
a simple diagnostic and prognostic score for significant liver fibrosis in high- and low-prevalence
populations. Our aim was to develop a flexible score both in terms of liver blood test availability and
applicability to different patient populations across the spectrum of SLD.

Methods

This work adheres to the transparent reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD) guidelines (Table S1 in supplementary material) and the World
Medical Association’s Declaration of Helsinki.'® All participants provided informed written and oral
consent prior to inclusion, and research ethical approvals were obtained for all study cohorts.?°
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Participants

We developed our model in a prospective, biopsy-controlled cohort acquired from Odense
University Hospital, Denmark, which included both MetALD and ALD patients. This cohort has been
described previously.”® The model was validated in four independent cohorts from Denmark
(DECIDE?! and Inter99 study?? cohorts), Germany (German SLD Registry?3), and the United Kingdom
(UK; Scarred Liver Project [SLP] cohort?*) (Figure 1). The DECIDE cohort included patients with
MASLD, MetALD, and ALD. The German SLD Registry only included patients with MASLD, whereas
the Inter99 and SLP cohorts included participants from the general population. The UK Biobank, a
large-scale biomedical database and research resource containing genetic, lifestyle, and health
information from UK participants, served as the prognostic evaluation cohort.?> See supplementary
material for further detail on patient cohorts.

Data on physical examination, comorbidities, laboratory variables, liver diagnostics, and lifestyle
factors were obtained from participants in all cohorts, where possible. Prior to 2016, all participants
in the development cohort were biopsied; however, after this date only participants with transient
elastography (TE) 26 kilopascal (kPa) were biopsied, as TE <6 kPa was associated with a negative
predictive value of 100% for advanced fibrosis.?® Quality criteria were applied to biopsy specimens,
and a central pathologist was used. Reliability criteria were applied for vibration-controlled TE in all
cohorts. All participants (where possible) in validation cohorts underwent TE as per standard
procedure?’, except for the UK Biobank.

Development of the LiverPRO score

We developed the LiverPRO score as a set of multivariable models. LiverPRO selects the algorithm
with the best performance (highest area under the receiver operating characteristic curve [AUC])
based on the availability of biochemical blood tests, allowing the software to calculate the best
model that is available to users (Figure S1 in supplementary material). Originating from the
University of Southern Denmark, LiverPRO is a medical device software being implemented by
Evido, who is facilitating regulatory approval, including CE marking under in vitro diagnostic medical
devices regulation in Europe and Food and Drug Administration 510(k) clearance in the United
States (US). To transition from development and validation into clinical practice, it is crucial to
establish a digital infrastructure and a quality management system compliant with I1ISO 13485
standards to support regulatory processes and enable product market entry.

Selection of candidate variables

We selected candidate variables based on existing evidence, from a search in MEDLINE using the
MeSH terms “liver cirrhosis,” “liver diseases,” “liver diseases, alcoholic,” “non-alcoholic fatty liver
disease,” “diagnosis,” and “biomarkers”. Between 2018 and 2022, 250 human studies were
identified and from these, we selected 25 widely available predictors of fibrosis (including patient
age, gender, alcohol consumption, smoking, basic clinical investigations, and laboratory variables)
for univariable regression analyses (Table S2 in supplementary material).

Model development

We first conducted univariable logistic regression analyses for each of the 25 candidate predictors
using biopsy-verified significant and advanced fibrosis as the outcome. We selected predictors for
further assessment if they were associated (p<0-1) with both significant and advanced fibrosis in the
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development cohort. An alpha level of 0.1 was chosen to strike a balance between mitigating
complexity and capturing pertinent information; a higher alpha value of 0-2 would likely lead to an
influx of input variables due to inherent correlation among biochemical variables whereas a lower
alpha value of 0-05 could have resulted in overlooking significant variables. The selected input
variables included age (years), aspartate aminotransferase (AST; U/L), alkaline phosphatase (ALP;
U/L), gamma-glutamyl transferase (U/L), INR, albumin (g/L), sodium (mmol/L), bilirubin(mg/dL),
platelet count (10°/L) and cholesterol (mmol/L). Multivariable models were developed by
combining three to nine of the biochemical variables in all possible permutations. Age was
consistently included in the models due to its known association with significant and advanced
fibrosis.?® For each combination of all available variables, a logistic regression model for significant
fibrosis was constructed using multivariable fractional polynomials to allow for non-linear effects
on a log-odds scale. LiverPRO is calculated using logistic regression where the coefficients are
translated into predicted probabilities which provide the percentage risk of having significant or
advanced fibrosis and thus the end result of the LiverPRO calculation. This serves as the foundation
for all subsequent regression models detailed in this manuscript. Multivariable fractional
polynomials model the effect of a predictor using a specific class of polynomials, with the possibility
of reducing the number of predictors or simplifying the polynomial function using an approximate
closed-test principle, thereby reducing the possibility of type | error. To reduce the risk of over- or
underestimation in case of extreme values, most variables were capped. We applied fractional
polynomials of the second order with powers chosen from the following set: —0-5, -1, -2, -3, 0, 0-5,
1,2,and 3.

LiverPRO is a medical device software that can be configured during the installation process to offer
flexibility in accommodating different numbers of input variables from the available options. The
simplest models included three biochemical variables and age, while the largest models included
nine biochemical variables and age. This means that LiverPRO comprises 466 sub-models, each
designed to accept a unique combination of input parameters. When provided with a specific set of
input values, the LiverPRO software automatically utilizes individual sub-model AUCs to determine
the most suitable sub-model available that accepts the provided inputs or a subset thereof. These
individual sub-model AUCs, utilized for model selection, were calculated using data from the DECIDE
cohort, where all input variables are present. See Figure S2 in the supplementary material for
distribution of AUCs across different input parameter combinations and sub-models.

Other indices

We compared LiverPRO to FIB-4 index and NAFLD Fibrosis Score (NFS) in all validation cohorts.??3
In the DECIDE cohort, we also compared LiverPRO to the LiverRisk score and Enhanced Liver Fibrosis
(ELF) test.'”3? Due to differences in data collection procedures across cohorts, the LiverPRO model
included different numbers and types of variables for different cohorts. For example, for the SLP
cohort LiverPRO was calculated based on a 7-variable model comprising AST, albumin, ALP, bilirubin,
cholesterol, sodium, and platelets, and for the German SLD Registry LiverPRO was calculated based
on eight variables as only sodium was not available. For the Inter99 cohort LiverPRO was calculated
based on a 5-variable model comprising AST, albumin, cholesterol, sodium, and platelets.

Outcomes
The main outcomes of interest in the development cohort were biopsy-verified significant liver
fibrosis (=F2) or advanced liver fibrosis (=F3), while the main outcome measures in the validation

6
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cohorts were elevated liver stiffness measure (LSM), defined as TE >8 kPa as a surrogate marker of
significant fibrosis and TE >12 kPa for advanced fibrosis. For evaluation of the prognostic
performance, LREs and liver-related mortality were the main outcomes of interest. LREs were
defined as the occurrence of ascites, spontaneous bacterial peritonitis, varices requiring treatment
(secondary prophylaxis), variceal bleeding, liver failure-induced jaundice, hepatorenal syndrome, or
hepatocellular carcinoma. Non-spontaneous bacterial peritonitis infections were not included in the
analysis. These clinical outcomes were derived by two physicians/researchers through systematic
review of participants’ electronic medical records from the development cohort and based on
International Classification of Disease version 10 (ICD-10) codes (Table S3 in supplementary
material) for the UK Biobank.?

Statistical analyses

Statistical analyses were conducted using Stata version 17 (Stata Corporation, USA), and Python
3-11 software. Descriptive statistics were used to summarize patient demographic and clinical
characteristics. Continuous variables were described using means, standard deviation or 95%
confidence intervals (95% Cls) where applicable, or medians with interquartile range (IQR), and
categorical variables were described using frequencies and proportions.
We assessed calibration, representing the model's fit to the data, through Akaike information
criterion (AIC), where lower scores indicate superior fit. Supplementary discrimination, indicating
the test's ability to predict fibrosis, was evaluated using AUC. AUC values range from 0 to 1, with 1
indicating perfect predictive accuracy.

Diagnostic performance

Diagnostic performance of LiverPRO and other indices are the primary analysis, and assessed by
calibration and discrimination in both development and validation cohorts. AUC results were
considered excellent for values 0-9-1, good for values 0-8—0-9, fair for values 0-7-0-8, poor for values
0-6—0-7, and failed for values 0-5-0-6. AUC comparison was conducted using the Delong test.
Subgroup analyses were performed to assess the diagnostic performance of LiverPRO and other
indices in individuals with ALD (in development and DECIDE cohorts) and MASLD (in German SLD
and DECIDE cohorts). Differentiation by etiology was not possible in the other validation cohorts
(i.e., SLP, Inter99).

Cut-off values for LiverPRO were established in the DECIDE cohort and used to assess the clinical
performance of the model to predict significant (TE 28 kPa) and advanced (TE 212 kPa) fibrosis. First,
subjects were stratified into LiverPRO rule-out (i.e., low risk), grey zone, or rule-in (i.e., high risk)
groups. Cut-off values were calculated for each potential value of LiverPRO between 0% and 100%
(0% and 100% score indicating 0% and 100% chance of significant fibrosis (TE 28 kPa), respectively).
The rule-out cut-off was selected to achieve an 80% sensitivity, while the rule-in cut-off was chosen
for a specificity of 90%, enabling detection of true positives while minimizing false positives.
Participants with missing blood samples where a LiverPRO score could not be calculated were
excluded. Participants in the rule-in group have significant/advanced fibrosis and should be referred
to a hepatologist, whereas no further examinations for SLD are required in primary care for those
in the rule-out group. Repeat testing would be recommended in participants categorized in the grey
zone. Cut-off values for other indices were based on previous research as follows: FIB-4 (<1-3 rule-
out, >2-67 rule-in), ELF test (<9-8 rule-out, >10-5 rule-in); NFS (<—1-46 rule-out, >0-68 rule-in); and
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as the LiverRisk score is a score that aims to mirror the FibroScan, we used <8 rule-out and >12 rule-
in.””

Prognostic performance

We assessed the prognostic performance of LiverPRO and other indices to predict LREs and
mortality in the development cohort and the UK Biobank. NFS and ELF test could not be calculated
in the UK Biobank due to missing input parameters. We used Cox regression with time-to-event
analyses and investigated the relationship between survival time and LiverPRO and other indices.
Furthermore we used Fine-Gray regression to investigate LREs with death as a competing event.
Prevalent cases as defined from ICD-10 codes used to define liver-related events, were excluded
prior to the analysis and calculation of the different indices. LiverPRO was not re-developed for
prognostic purposes; rather the LiverPRO score was used as a single variable in the regression
analyses. Proportional hazards and linearity assumptions of Cox regression were evaluated through
diagnostic plots (Figure S3 in supplementary material). Kaplan—Meier plots were created to show
the survival curves of the different risk groups. Overall prognostic accuracy was presented using
Harrell's C-statistic and hazard ratios (HR), which measure the capacity of the prognostic model to
distinguish between participants survival. The starting point was defined as the time of test
calculation, while the endpoint was determined by either a LRE or the conclusion of the follow-up
period. Participants were tracked from enrollment until death, loss to follow-up, or October 1, 2020.
For participants in the UK Biobank, the censoring date was November 30, 2022.

Results

Participants

A total of 479,843 participants were included: 462 in the development cohort; 6,486 in DECIDE;
1,367 in SLP; 390 in Inter99; 711 in German SLD Registry; and 470,795 in UK Biobank. Participant
demographics and clinical characteristics are displayed in Table 1. The mean age ranged from 51 to
67 years and 48—75% of participants were male. Excessive alcohol consumption was reported by all
participants in the development cohort and 7-40% of participants in the other cohorts. Diabetes
was present in >40% of participants in the SLP and German SLD Registry compared to <15% in all
other cohorts. Between 69-100% of participants underwent TE, except for participants in the UK
Biobank. The prevalence of TE 8-12 kPa ranged from 4-19% and the prevalence of TE 212 kPa
ranged from 1-35% (Table 1). In the development cohort 60% of participants had ALD, whereas in
the DECIDE cohort 31% and 59% had MASLD and no SLD, respectively (Table 1)

LiverPRO development

In univariable regression analyses, 13 of the 25 identified candidate predictors of fibrosis correlated
(p<0-1) with both significant and advanced fibrosis in the development cohort. Three variables
(creatinine, mean corpuscular volume, triglycerides) were subsequently removed as they exhibited
high covariance with other, stronger predictors. The final variable list included nine biochemical
variables (AST, gamma-glutamyl transferase [GGT], ALP, total cholesterol, sodium, international
normalized ratio [INR], bilirubin, albumin, platelets) and age (Table S4 in supplementary material).
A total of 466 unique, multivariable models were constructed; the models with the highest AUC and
lowest AIC scores were identified as the models with the best performance and goodness of fit,
respectively (Table S4 and Figure S4 in supplementary material).
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LiverPRO performed well in terms of discrimination but showed moderate calibration, with an
overestimation of liver stiffness prevalence above 8 kPa (Figure S4) However the calibration towards
the outcome in the validation cohorts were not perfectly calibrated, most likely due to missing input
parameters, not allowing the best performing sub-models to be used, and because of the difference
between outcome used for development (biopsies) and that used when testing calibration (TE>8
kPa) (Figure S4). The diagnostic accuracy (AUC) of LiverPRO in the development cohort was 0-86
(95% Cl 0-83—0-90) for significant fibrosis (=F2) and 0-89 (95% Cl 0-85—0-92) for advanced fibrosis
(=F3; Table 2). These findings are comparable with LSM to predict significant and advanced fibrosis
(Table S5 in supplementary material). The ELF test predicted a comparable level of significant and
advanced fibrosis in the development cohort, whereas the FIB-4 index was less accurate than
LiverPRO to predict significant fibrosis, and NFS was less accurate for advanced fibrosis (Figure 2A-
D; Table 2).

LiverPRO cut-offs

LiverPRO was calculated for 97% (n=5,869) of participants in the DECIDE cohort, the cohort used to
evaluate cut-off values. Participants were categorized as rule-out if their score was <25% (n=3,581,
61%), grey zone if their score was 25-65% (n=1,905, 32%), and rule-in if their score was >65%
(n=383, 7%). With a rule-out cut-off of <25%, LiverPRO correctly classified 82% (sensitivity) of
participants with TE >8 kPa, higher than FIB-4 (>1.3) and ELF (>9.8) test which correctly classified
56% and 46%, respectively. Findings were comparable for advanced fibrosis although test
sensitivities were higher (Table 3). With a rule-in cut-off of >65%, LiverPRO correctly classified 95%
of participants with TE 212 kPa, comparable to the other indices (Table S6 in supplementary
material). To ensure equitable evaluation of the various non-invasive tests, we have added a
supplementary analysis with adjusted the cutoffs to achieve a 80% sensitivity and 90% specificity,
for all the non-invasive tests in the DECIDE cohort and included the performance results in Table S7
in the supplementary material.

Diagnostic performance

In the DECIDE cohort, LiverPRO detected TE 28 kPa with good accuracy (AUC 0-80, 95% Cl 0-78—
0-82), comparable to the LiverRisk score (0-:81 95% Cl 0-79—-0:84) and the ELF test (AUC 0-78, 95% Cl
0-75-0-80), but superior to FIB-4 (AUC 0:69, 95% CI 0-66—0-72), and NFS (AUC 0-74, 95% Cl 0-72—
0:77), (Table 2). LiverPRO detected TE 28 kPa with moderate accuracy in the SLP (AUC 0:69, 0-65—
0:72), Inter99 (AUC 0-70, 0-57—0-84), and German SLD (AUC 0:72, 0-68-0-76) cohorts. FIB-4 and NFS
were calculated in all validation cohorts, whereas the ELF test and LiverRisk score was calculated in
the development cohort, and in the DECIDE cohort. The diagnostic accuracy of LiverPRO for
predicting TE 212 kPa (AUC 0-86, 95% Cl 0-82—0-89) in the DECIDE cohort was comparable to the
LiverRisk score, ELF test, FIB-4, and NFS. Findings were consistent in the other three validation
cohorts, albeit accuracy was lower (Table 2). A head-to-head analysis were performance
benchmarks are conducted only on participants with all indices present can be found in the
supplementary material (Table S8).

In participants with ALD, LiverPRO and LiverRisk score were superior for diagnosing significant
fibrosis in the DECIDE cohort (TE =8 kPa; LiverPRO AUC 0-89, 95% Cl 0-83—0-94, LiverRisk score AUC
0-89, 95% ClI 0-83-0-94) compared to the ELF test, FIB-4, and NFS (Table S9 in supplementary
material). In the subgroup of participants with MASLD, the diagnostic accuracy of LiverPRO for
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significant fibrosis (TE >8 kPa; AUC 0-72, 95% Cl 0-68—-0-77) was comparable to the LiverRisk score,
ELF test, and NFS but superior to FIB-4.

Prognostic performance

Liver-related events in the Developmentcohort

In the development cohort, LiverPRO had a C-statistic of 0-78 (95% Cl 0-73-0-84) for predicting LREs,
comparable to FIB-4, NFS, ELF test, and LiverRisk score (Table 4).

Liver-related events in the UK Biobank

In the UK Biobank, 2865 LREs were observed during the study period. We excluded 403 participants
from the UK biobank due to known liver diseases before the calculation of the different indices.
LiverPRO predicted LREs with a C-statistic of 0-74 (95%Cl 0-73—0:-75) compared to 0-67 (95% Cl 0-66—
0:-68) for FIB-4 and 0.72 (95% Cl 0-71-0-73) for LiverRisk score (Table 4). Furthermore, a HR of 17-1
(95%Cl 15-6—18-9; p<0-001) was observed for LiverPRO in the high-risk (>65%) versus low-risk
category (<25%). Similarly, a HR of 15:2 (95% Cl 13-7-16-9; p<0-001) was estimated for FIB-4 >2-67
compared to FIB-4 <1-3, and LiverRisk score >12 had a HR of 43:3 (95% Cl 37-7-49-6; p<0-001)
compared to LiverRisk score <8. When including death as a competing event for LREs, sub-hazard
ratios were consistent with the hazard ratios (Table S10 in the supplementary material).

Liver-related mortality in the Developmentcohort

The follow-up period was median 4.4 years (IQR 2-8—-6-2), hereof, 75 of 462 (16%) participants in the
development cohort died; the median survival time was 3-6 years (95% Cl 2:9-4-3 years); (Figure
3A-D). Given that 16% of participants died, 84% of participants were censored, 98% at the end of
the study and 2% were lost to follow-up. The participants with high-risk LiverPRO scores had a
cumulative all-cause mortality rate of 30-9%, whereas participants with grey zone and low-risk
LiverPRO scores had a cumulative all-cause mortality rate of 10-8% and 6:2%, respectively. The
LiverPRO score had a C-statistic of 0-87 (95% Cl 0-78—0-97) for predicting liver-related mortality at
two years in the development cohort, comparable to FIB-4 0-80 (95% Cl 0-66—0-94), ELF test 0-90
(95% CI 0-86—0-94), and NFS 0-77 (95% Cl 0-59—-0-94) (Table 4).

Liver-related mortality in the UK Biobank

During the follow-up period, 40,133 of 470,795 (8-5%) participants in the UK Biobank died. The
LiverPRO score had a C-statistic 0-75 (95% Cl 0-73-0-76) for predicting liver-related mortality in the
UK Biobank, slightly better than FIB-4 0-71 (95% Cl 0-:69—-0-72), and comparable to LiverRisk score
0-73 (95% CI 0-71-0-74) (Figure 4A-F) (Table 4).

Discussion

We describe the development and validation of LiverPRO, a CE-marked risk prediction model for
significant liver fibrosis, liver stiffness, and LREs in patients with SLD from metabolic dysfunction
and/or excess alcohol intake. LiverPRO can calculate a score from 466 combinations of age and three
to nine routine blood tests, making it cheap, flexible, and easily adaptable to various healthcare
systems.

LiverPRO showed good accuracy for significant fibrosis in a high-prevalence cohort and for liver
stiffness in the low-prevalence DECIDE cohort. Slightly lower accuracy in the SLP, German SLD, and
Inter99 cohorts was likely due to missing input variables, leading to the use of lower-priority models.
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LiverPRO's accuracy was comparable to the LiverRisk score and the ELF test. However, the ELF test
requires specific, costly equipment (Siemens Atellica or Centaur platforms), while LiverRisk, though
also using routine blood tests, lacks LiverPRO's flexibility as it relies on a fixed set of six tests and
age.

Two studies reported poor correlation of FIB-4 and NFS scores with liver stiffness, resulting in many
false positives and false negatives, making them suboptimal for case-finding or screening in low-
prevalence populations>!?. These tests were developed for high-prevalence populations in
secondary or tertiary care3334 EASL proposed a three-tier approach (FIB-4, TE, and serum-based
markers) to diagnose liver fibrosis and reduce liver biopsies?®. Validation in a low-prevalence cohort
found that 40% would have a positive FIB-4 result and be referred for TE; further testing reduced
FIB-4 false positives by 42% with FibroTest and 29% with FibroMeter3°. However, the EASL algorithm
did not reduce referrals for secondary care®. Using a more specific test like LiverPRO in primary care
could reduce false positives and unnecessary patient anxiety>3°.

Recent publication of the LiverRisk score highlights the need for advanced models using
multivariable input to improve risk stratification and referral pathways in low prevalence cohorts?’.
Advanced fibrosis models, like LiverPRO, offer better diagnostic and prognostic potential than older
tests such as FIB-4 by utilizing more complex data'®. Key features for future models include ease of
automation, integration into existing electronic laboratory systems, and market access
authorization, such as CE marking in Europe and FDA approval in the US. LiverPRO is the first CE-
certified medical device software product (IVDR class b) using routine laboratory tests, integrating
seamlessly into laboratory information systems for immediate clinical use. Further research is
needed to determine LiverPRQ’s optimal role in liver fibrosis referral pathways, evaluate its cost-
benefit ratio, and investigate diagnostic and prognostic concordance and discordance. LiverPRO
includes a feature to avoid overestimations by refusing to calculate algorithms containing INR if the
INR is above 2.0 for patients on warfarin or direct oral anticoagulants.

This study showed that LiverPRO strongly predicted LREs (C-statistic 2-years 0.8), comparable to ELF
and LiverRisk score, and superior to FIB-4. LiverPRO identified more high-risk events (891, 31%)
compared to FIB-4 (550, 19%). While LiverPRO's diagnostic superiority over FIB-4 and NFS is evident,
its prognostic capabilities need further research to fully leverage advanced statistical modeling.
Implementing LiverPRO in primary care could enable early detection of compensated liver disease.

Our study has several strengths. We designed a diagnostic algorithm that integrated accessible
biochemical parameters from a cross-sectional biopsy-proven study of asymptomatic participants
at risk of ALD due to ongoing or prior excessive alcohol consumption. The sample size of both the
development and validation cohorts was substantial. As the data collection procedures differed by
cohort, the LiverPRO model had an opportunity to simulate real-world practice in which blood
sample collection procedures may differ across clinics, hospitals, or regions. Some limitations also
need consideration. First, the choice of TE as a surrogate marker for liver fibrosis in the validation
cohorts can be debated, as well as the chosen cut offs. We chose TE as a surrogate marker because
of its global availability and high number of publications, although it is not the perfect marker and
the accuracy to diagnose fibrosis is moderate. Second, the missing input variables for the SLP,
German SLD, and Inter99 cohorts resulted in calculation of models of lower priority and some loss
of accuracy. Third, our development cohort consisted only of participants with alcohol-related SLD

11



399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

rather than that associated both with alcohol and metabolic dysfunction. The development cohort
had a higher prevalence of liver fibrosis compared to the background population, resulting in only
moderate calibration for estimating elevated liver stiffness in the low prevalence cohort.
Nonetheless, LiverPRO was designed to diagnose fibrosis in at-risk individuals, thus we believe this
cohort was adequate as a development cohort. In addition, most validation cohorts were skewed
towards a high proportion of alcohol consumers; however, the German SLD registry included only
MASLD participants. Fourth, LiverPRO was validated in northern European, predominantly
Caucasian populations so applicability in other parts of the world and in other ethnic groups remains
unknown. Non-invasive tests for liver fibrosis have been shown to preform differently in various
ethnic groups.?” It will be important to further validate LiverPRO in other populations, as this score
might be a good solution in low- and middle-income countries where availability of more advanced
diagnostic tests, such as TE or direct fibrosis markers like ProC3 or ELF test is variable, but MASLD is
increasing at an alarming rate.3® However, it should be noted that the accuracy and discriminative
power of the model applied depends on the combination of variables that are available in a
particular clinical setting. Fifth, dietary habits, which may be a confounding variable for liver disease,
were not analysed in this study. Sixth, retrospective study design is associated with issues around
selection bias, confounding, data quality, and generalizability. Finally, Cox regressions models and
HRs can present challenges with regard to interpretation and there may be inherent bias associated
with their use.38 The large HR estimates and Cls observed in our study may suggest sparse-data bias;
however, as our study comprises a substantial number of individuals in the high-risk category with
observed events, we anticipate minimal sparse-data bias and rather the large effect sizes observed
are related to the differences between a LiverPRO of a 100% risk of liver fibrosis and a LiverPRO of
0% risk of liver fibrosis. Nevertheless, despite these complexities, HRs remain commonly employed
and a preferred metric by many researchers.

In conclusion, LiverPRO is an accurate, user-friendly, CE-certified diagnostic and prognostic tool that
can improve the assessment of patients with risk factors for significant liver fibrosis in primary care.
LiverPRO is based solely on age and biochemical variables, and can therefore be integrated with
existing automated laboratory data.
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Table 1. Participant demographic and clinical characteristics

Development Validation cohorts 'Pro'gnostlc
cohort validation cohort
(n=462) DECIDE Scarred Liver Project Inter99 German SLD Registry UK Biobank
(n=6,468) (n=1,367) (n=390) (n=711) (n=470,795)
Country Denmark Denmark UK Denmark Germany UK
Age, mean years (SD) 56 (10-4) 56 (8-5) 58 (13-9) 67 (6:3) 51 (13-2) 57 (8.1)
Male sex, n (%) 349 (75%) 3114 (48%) 839 (61%) 153 (54%) 346 (49%) 215,568 (56%)
Ethnicity, % Caucasian NA 99% 76%* NA 57%* NA
Metabolic comorbidities
BMI (kg/m2), mean (SD) 27 (5-3) 29 (6-0) 29 (5-7) 27 (4-7) 33(7-1) NA
Normal weight, (BMI<25) n, (%) 148 (32%) 1444 (22%) 297 (22%) 109 (38%) 51 (7%) NA
Overweight, (BMI 25-30) n, (%) 173 (37%) 2257 (35%) 444 (32%) 110 (39%) 209 (29%) NA
Obesity, (BMI>30) n, (%) 141 (31%) 2767 (43%) 626 (46%) 66 (23%) 451 (63%) NA
Type 2 diabetes, n (%) 64 (14%) 592 (9%) 671 (49%) 29 (7%) 289 (41%) 27,024 (6%)
Dyslipidaemia, n (%) 47 (10%) 2801 (44%) 735 (54%) 181 (46%) 526 (74%) 220,778 (47%)
Hypertension, n (%) 332 (72%) 1878 (29%) 597 (44%) 171 (44%)

Excessive alcohol consumption, n (%) 462 (100%) 1,851 (29%) 543 (40%) 63 (16%) NA 10,103 (7%)
Liver stiffness measurements, n (%) 462 (100%) 6,451 (99-7%) 1,357 (93%) 270 (69%) 711 (100%) NA
Liver stiffness (kPa), median (IQR) 6-5 (4-8-11-7) 4.5 (3-7-5-5) 5-4 (4-3—6-8) 4-6 (3-6-5:6) 6:8 (4-9-11) NA
TE 8-12 kPa, n(%) 83 (19%) 262 (4%) 162 (12%) 17 (6%) 99 (14%) NA
TE > 12 kPa, n(%) 123 (27%) 140 (2%) 89 (7%) 5 (1%) 246 (35%) NA

SLD categories

MASLD 24 (5%) 2014 (31%) NA NA NA NA
MetALD 19 (4%) 461 (7-1%) NA NA NA NA
ALD 278 (60%) 198 (3-1%) NA NA NA NA
No SLD 140 (30%) 3795 (59%) NA NA NA NA
Liver biopsy, n (%)** 356 (77%) 239 (3.7%) NA NA 127 (18%) NA
Mild fibrosis (FO-1), n (%) 163 (46%) 77 (1.2%) NA NA 57 (45%) NA
Moderate fibrosis (F2), n (%) 106 (30%) 82 (1.3%) NA NA 21 (17%) NA
Advanced fibrosis (>F3), n (%) 86 (24%) 80 (1.2%) NA NA 48 (39%) NA
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NAS score, mean (SD) 3(2:1) 3(1-9) NA NA NA NA
Degree of steatosis, n (%)
None (<5%) 158 (45%) 40 (17%) NA 111 (41%) 25 (4%) NA
Low (5-33%) 85 (24%) 92 (38%) NA 69 (26%) 45 (6%) NA
Moderate (>33-66%) 73 (21%) 69 (29%) NA 52 (19%) 105 (15%) NA
Severe (>66%) 39 (11%) 38 (16%) NA 38 (14%) 323 (45%) NA
Biochemistry, median (IQR)
ALT (U/L) 31(22-48) 25 (19-34) 24 (18-34) 23 (18-31) 48 (32-76) 20 (15-27)
AST (U/L) 34 (25-51) 24 (21-30) 24 (20-30) 31 (28-36) 35 (26-51) 24 (21-29)
ALP (U/L) 80 (66-111) 71 (59-86) 77 (63-94) NA 82 (66—100) 80 (67-96)
GGT (U/L) 72 (34-190) 26 (17-42) NA NA 58 (31-117) 26 (19-41)
INR 1-0 (0-9-1-1) 0-9 (0-9-1-0) NA NA 1.0 (0.9-1.0) NA
Albumin (g/L) 42 (40-45) 45 (44-47) 40 (37-44) 45 (43-46) 45 (41.5-47) 45 (43-47)
Bilirubin (mg/dL) 10 (7-14) 8 (6-11) 10 (7-13) NA 10 (7-14) 8 (6-10)
Platelets (10°/L) | 232 (186-286) 245 (211-283) 248 (209-291) 246 (215-283) 238 (196-286) 248 (213-287)
Sodium (mmol/L) 140 (138-141) 140 (139-141) 140 (138-141) 141 (140-142) NA NA
Cholesterol (mmol/L) 5 (4-3-5-9) 5-1 (4-4-5-8) 5 (3:8-5-5) 5-4 (4-6-6-1) 4-8 (3-9-5:6) 5-7 (4-9-7-2)
HbA1C, (mmol/mol) 36 (33-39) 36 (34-39) 43 (36-54) 38 (36—-40) 40 (36-48) 35 (33-38)
Fasting glucose level (mmol/L) 6:2 (5-7-6-9) 56 (5.3-6.1) NA NA NA 4.9 (4-6-5-3)
Indirect indices, median (IQR)
FIB-4 index 1-52 (1-0-2-5) 1-13 (0-9-1-5) 1-17 (0-9-1-6) 1-78 (1-45-2-3) 1-11 (0-72-1-72) 1-25 (0-98-1-58)
NAFLD Fibrosis Score | —0-8 (-1-9-0-3) -1-43 (-2-2-0-6) -1-29 (-2:3-0-3) 0-82 (0-1-1-3) -1-53 (-2-67— -0-24) NA
ELF test 9-25 (8:6—-10-3) 89 (8:4-9-4) NA NA NA NA
LiverRisk score 7.0 (5-8-9-9) 5:4 (4-8-6-1) NA NA NA 4-8 (4-3-5'5)

Diabetes defined as hemoglobin Alc >48 mmol/L in at least two consecutive measurements or antidiabetic medication prescribed. Obesity defined as BMI =30 (kg/m2).
Dyslipidemia defined as either low HDL cholesterol (€1:03 mmol/L for men and <1:29 mmol/L for women), high triglycerides (>1:7 mmol/L), or medical treatment. Excessive
alcohol consumption defined as either current, previous, or both with >21/14 units per week for men/women over a period of more than 5 years. In the Development cohort,
the Danish definition of a unit alcohol of 12g. was used. In the UK Biobank the definition of excessive alcohol consumption is calculated on a subgroup of 148,317 (31%) and
based on the definition from the new steatotic liver disease nomenclature, counting >20g/day for female and >30g/day for male. *In Scarred Liver Project information on
Ethnicity is obtained in a related project. In German SLD information on ethnicity missing in 40%.
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**In the Development cohort, liver biopsy was performed in 363 (79%) of participants. In the DECIDE cohort, liver biopsy was performed in a subgroup of patients with a TE
28 kPa. In both cohorts, liver biopsy was not performed when clear signs of cirrhosis were evident based on ultrasound examinations. In the German SLD cohort, liver biopsy
was performed on clinical judgement. Degree of steatosis was assessed by liver biopsy as low, moderate, or severe steatosis or from controlled attenuation parameter by TE.
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; dL: Decilitre; ELF: Enhanced Liver Fibrosis; FAST:
FibroScan-AST; FIB-4: Fibrosis-4; g: Gram; GGT: Gamma-glutamyl transferase; INR: International normalized ratio; IQR: Interquartile range; kPa: Kilopascal; mg: Milligram;
mmol: Millimole; NA: Not available; NAFLD: Non-alcoholic fatty liver disease; SLD: Steatotic liver disease; UK: United Kingdom; U/L: Units per litre.
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Table 2. Diagnostic performance (AUC) of LiverPRO and other indices in the development and validation cohorts

Development cohort

Validation cohorts

DECIDE Scarred Liver Project” Inter99™ German SLD Registry
LiverPRO" n=6,468 n=1,385 n=251 n=711
>F2 0-86 (0-83—0-90) NA NA NA NA
>F3 0-89 (0-85—-0-92) NA NA NA NA
TE>8 kPa 0-87 (0-84-0-91) 0-80 (0-78-0-82) 0-69 (0-65-0-72) 0:70 (0-57-0-84) 0:72 (0-68-0-76)
TE>12 kPa 0-91 (0-89-0-95) 0-86 (0-82—0-89) 0-77 (0-72—-0-83) 0-79 (0-48-0-99) 0-74 (0-70-0-77)
FIB-4 index**
>F2 0-77 (0-73-0-82) NA NA NA NA
>F3 0-84 (0-79-0-89) NA NA NA NA
TE>8 kPa 0-79 (0-75-0-84) 0-69 (0-66—0-72) 0-58 (0-53-0-62) 0-57 (0-44-0-69) 0-67 (0-63—-0-71)
TE>12 kPa 0-86 (0-81—-0-90) 0-80 (0-76—0-84) 0:70 (0-64-0-76) 0-58 (0-33-0-83) 0-69 (0-64—0-73)
NAFLD Fibrosis
Score**t
>F2 0-81 (0-76—0-87) NA NA NA NA
>F3 0-73 (0-68—0-78) NA NA NA NA
TE>8 kPa 0-77 (0-73-0-82) 0-74 (0-72—-0-77) 0:66 (0-62—0-69) 0-54 (0-42-0-67) 0-68 (0-63—0-72)
TE>12 kPa 0-81 (0-76—0-86) 0-82 (0-79-0-85) 0-75 (0-70-0-80) 0-51 (0-10-0-92) 0-65 (0-61-0-70)
ELF test™**
>F2 0-84 (0-80-0-88) NA NA NA NA
>F3 0-92 (0-89-0-95) NA NA NA NA
TE>8 kPa 0-85 (0-81-0-88) 0-78 (0-75-0-80) NA NA NA
TE>12 kPa 0-94 (0-91-0-96) 0-89 (0-86—-0-92) NA NA NA
LiverRisk score™*
>F2 0-81 (0-76—0-85) NA NA NA NA
>F3 0-78 (0-73-0-83) NA NA NA NA
TE>8 kPa 0.85 (0.82—0.89) 0-81 (0-79-0-84) NA NA NA
TE>12 kPa 0.85(0.81-0.89) 0-87 (0-83—0-90) NA NA NA

Numbers are presented as diagnostic performance by AUC and numbers in percentages are 95% confidence intervals (Cl).

20



*LiverPRO had 2 mising in the Development cohort, and none missing across the other cohorts. “LiverPRO is calculated in the Scarred Liver Project based on
a 7-variable model comprising AST, ALB, ALP, bilirubin, cholesterol, sodium, and platelets. "LiverPRO is calculated in the Inter99 cohort based on a 5-variable
model comprising AST, ALB, cholesterol, sodium, and platelets. **FIB-4 had 18 mising in the Development cohort, 249 in the DECIDE cohort, 170 in the Scarred
Liver Project, 132 in the Inter99 cohort, and 10 in the German SLD Registry. ***NAFLD Fibrosis score had 25 mising in the Development cohort, 287 in the
DECIDE cohort, 187 in the Scarred Liver Project, 155 in the Inter99 cohort, and 104 in the German SLD Registry. ****ELF test had 5 mising in the Development
cohort, and 3,095 in the DECIDE cohort. ELF test was not analysed in the Scarred Liver Project, the Inter99 cohort, and in the German SLD Registry.
++ jverRisk score had 15 mising in the Development cohort, and 344 in the DECIDE cohort. LiverRisk score was not analysed in the Scarred Liver Project,
the Inter99 cohort, and the German SLD Registry.

AUC: Area under the curve; Cl: Confidence interval; ELF: Enhanced Liver Fibrosis; FIB-4: Fibrosis-4; NA: Not available; NAFLD: Non-alcoholic fatty liver disease;
TE: Transient elastography.
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Table 3. Clinical performance of LiverPRO and other indices to predict significant liver fibrosis in included cohorts

Rule-out’ Grey zone Rule-in”
n Sensitivity Specificity NPV n n Sensitivity Specificity PPV
Development cohort
LiverPRO 113 (25%) 93:2% 39:1% 88-5% 197 (43%) 152 (33%) 59-4% 88-6% 79-7%
(88-7-96-3) (33-0-45-3) (81-1-93-7) (52:1-66-4) (84-1-92-3) (72-2—-86-0)
FIB-4 index 178 (40%) 80-1% 56-4% 78:7% 164 (37%) 102 (23%) 44-1% 95-9% 89-1%
(73-6-85-6) (50-1-62-9) (71-9-84-6) (36-8-51:5) (92:6-98-0) (80-9-94-7)
NAFLD Fibrosis Score 149 (34%) 83:2% 49-2% 79-1% 207 (48%) 80 (18%) 36-2% 98-7% 95-7%
(77-1-88-3) (42-6-55-7) (71-6-85-3) (29-3-43-6) (96-4-99-7) (88-0-99-1)
ELF test 300 (66%) 63:4% 90-0% 76.4% 51 (11%) 106 (23%) 48-7% 97-6% 93-9%
(56-1-70-2) (85-7-93-5) (71-2-81-1) (41-4-56-0) (94-9—99-1) (87-3—97-7)
LiverRisk score 270 (61%) 67:6% 84-0% 77:1% 104 (23%) 72 (16%) 30-9% 96-7% 87-9%
(60-4-74-2)  (78-8-88:4) (71-5-82.0) (24-3-38-0) (93:6-986) (77-5-94-6)
DECIDE cohort
LiverPRO 3,899 (60%) 80-6% 63-1% 98% 2,157 (33%) 412 (6%) 33-6% 95-5% 33-0%
(76-:4-84-3) (61-8-64-3) (97-5-98-4) (29-0-38-4) (94-9-96-0) (28:5-37-8)
FIB-4 index 4,087 (66%) 53:8% 66-9% 95-8% 2,014 (32%) 118 (2%) 11-3% 98-7% 35-6%
(48-5-58-9) (65-7-68-2) (95-1-96-4) (8:3-15-0) (98-:4-99-0) (27-0-44-9)
NAFLD Fibrosis Score | 3,035 (49%) 80-8% 51-1% 97-7% 2,936 (48%) 210 (3%) 16:5% 97-5% 29-5%
(76-4-84-7) (49-8-52-3) (97-1-98-2) (12-9-20-7) (97-0-97-9) (23-4-36-2)
ELF test 2,889 (86%) 45-9% 88-1% 95-5% 358 (11%) 126 (4%) 22:7% 97-7% 43-7%
(39:5-52:4) (86-9-89-2) (94-6-96-2) (17-6-28-5) (97-1-98-2) (34-8-52:8)
LiverRisk score 5,783 (94%) 35:3% 96:3% 95-9% 289 (5%) 52 (1%) 10-1% 99-7% 712%
(30-4-40-5) (95-8-96-8) (95-:4-96-4) (7-2-13-7) (99-6-99-9) (56-9-82:9)
SLP cohort
LiverPRO 304 (22%) 88:5% 24-8% 90-1% 668 (49%) 395 (29%) 49-4% 75-9% 32:7%
(84-0-92-1) (22:3-27-4) (86:2-93-2) (43-2-55-7) (73-3-78-4) (28:1-37-5)
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FIB-4 index 709 (52%) 50-4% 61-8% 82:5% 427 (31%) 231 (17%) 10-8% 96-4% 44-3%
(44-0-56-8) (58-6—64-9) (79-5-85-2) (7-2-15-3) (95-0-97-5) (31-5-57-6)
NAFLD Fibrosis Score 438 (32%) 77-5% 41-0% 87-2% 565 (41%) 177 (13%) 23-3% 87-2% 32:8%
(71-8-82-5) (37-9-44-3) (83-7-90-2) (18-2-29-0) (84-9-89-3) (25-9-40-2)
Inter99
LiverPRO 134 (34%) 90-9% 9-7% 92:3% 201 (52%) 55 (14%) 36-4% 83-1% 16-0%
(70-8-98-9) (6-3-14-1) (74-9-99-1) (17-2-59-3) (77-8-87-5) (7-2-29-1)
FIB-4 index 43 (11%) 95-2% 18:2% 97-6% 184 (47%) 163 (42%) 19-0% 89-8% 14-8%
(76-2—99-9) (13-4-23-9)  (87-4-99-9%) (5-5-41-9) (85-1-93-4) (4-2-33-7)
NAFLD Fibrosis Score 5(1-3%) 100% 2:4% 100% 104 (27%) 126 (32%) 68-4% 48-1% 10-8%
(82-4-100) (0-8-5-6) (47-8-100) (43-4-87-4) (41-1-55-1) (5-9-17-8)
German SLD
LiverPRO 241 (34%) 79-1% 46-2% 70-1% 328 (46%) 142 (20%) 33-0% 92-3% 80-3%
(74-5-83-3) (41-0-51-4) (63-9-75-8) (28:1-38-3) (89:1-94-9) (72-8-86-5)
FIB-4 index 435 (61%) 52-8% 757% 63-7% 178 (25%) 88 (12%) 23-6% 97-5 89-9
(47-3-58-3) (71-0-80-0) (59-0-68-2) (19-1-28-5) (95-4-98-9) (81-5-95-2)
NAFLD Fibrosis Score 314 (44%) 59-9% 62-6% 62-4% 219 (31%) 74 (10%) 21-8% 96-8% 86-5%
(54-0-65-5) (57-0-68-0) (56-8-67-8) (17-2-26-9) (94-2-98-5) (76-5-93-3)

*Cut-offs are as follows: LiverPRO: <25% rule-out, >65% rule-in; FIB-4: 1-3 rule-out, >2-67 rule-in; NAFLD Fibrosis Score: —1-46 rule-out, >0-68 rule-in; ELF test:
9-8 rule-out, 10-5 rule-in; LiverRisk score: <8 rule out, >12 rule in. Numbers in percentages are 95% confidence intervals (Cl). ELF test and LiverRisk score was
not calculated in the following three cohorts: SLP cohort, Inter99 and in German SLD.
ELF: Enhanced Liver Fibrosis; FIB-4: Fibrosis-4; kPa: Kilopascal; NAFLD: Non-alcoholic fatty liver disease; NPV: Negative predictive value; PPV: Positive
predictive value; TE: Transient elastography.
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Table 4. Prognostic performance” of LiverPRO and other indices in the development cohort and UK Biobank

Development cohort
(n=462)

UK Biobank
(n=470,795)

Liver-related mortality ‘ Liver-related

Liver-related mortality \ Liver-related events

LiverPRO

Harrel’s C

0-79 (0-71-0-86)

0-78 (0-73-0-84)

0-75 (0-73-0-76)

0-74 (0-73-0-75)

Harrel’s C (2 years)

0-87 (0-78-0-97)

0-86 (0-80-0-92)

0-78 (0-72-0-86)

0-80 (0-77-0-84)

Harrel’s C (5 year)

0-76 (0-67-0-86)

0-78 (0-72-0-84)

0-72 (0-69-0-76)

0-77 (0-75-0-79)

HR Low risk 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

HR Moderate risk 2:2 (0-6-7-8) 2:3 (0-9-56) 2:3(2:1-26) 2:5(2:2-2-7)

HR high risk 7-8 (2:4-25-7) 86 (3-7-19-9) 20-1(17-7-22:9) 17-1 (15.6-18-9)
Events Events Total n Events | Totaln Events Total n Events Total n
- Low risk 3(7%) 113 6 (7%) 113 460 (29%) 265441 742 (26%) 265661
- Moderate 11 (25%) 194 23 (27%) 194 744 (47%) 182443 1226 (43%) 182657
- High risk 30 (68%) 152 55 (66%) 152 365 (23%) 20840 891 (31%) 20641
Total 44 459 84 459 1569 455775 2859 468959
FIB-4

Harrel’s C 0.75 (0.67-0.84) 0-82 (0-77-0-87) 0-71 (0-69-0-72) 0:67 (0-66—0-68)

Harrel’s C (2 years)

0-80 (0-66-0-94)

0-87 (0-81-0-93)

0-72 (0-63-0-79)

0-75 (0-71-0-79)

Harrel’s C (5 year)

0-73 (0-62-0-85)

0-83 (0-76-0-90)

0-72 (0-68-0-76)

0-73 (0-71-0-75)

HR Low risk 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

HR Moderate risk 1-3(0-5-35) 1-8 (0-8-3-8) 2:2(1-9-2-4) 1-8 (1:7-2-0)

HR high risk 7.1(3-2-155) 14-1 (7-3-26-9) 216 (18:8-24-8) 15-2 (13-7-16-9)
Events Events Totaln Events | Totaln Events Total n Events Totaln
- Low risk 8 (18%) 177 11 (13%) 177 460 (29%) 249455 968 (34%) 249639
- Moderate 8 (18%) 164 16 (19%) 164 744 (47%) 195844 1333 (47%) 196082
- High risk 28 (64%) 102 56 (68%) 102 365 (23%) 10476 550 (19%) 10570
Total 44 443 83 443 1569 455775 2851 455775
NAFLD Fibrosis Score

Harrel’s C 0-71 (0-61-0-81) 0-77 (0-71-0-83) NA NA

Harrel’s C (2 years) 0-77 (0-59-0-94) 0-84 (0-77-0-91) NA NA

Harrel’s C (5 year) 0-69 (0-56—0-81) 0-76 (0-67—-0-84) NA NA

HR Low risk 1 (Ref) 1 (Ref) NA NA

HR Moderate risk 0-7 (0-3-1-6) 1-2 (0:6-2-2) NA NA

HR high risk 5.2 (2:5-10-8) 9.9 (5-4-18-1) NA NA

Events Events Total n Events | Totaln NA NA NA NA

- Low risk 10 (23%) 149 14 (17%) 149

- Moderate 9 (21%) 207 22 (27%) 207

- High risk 24 (56%) 80 45 (56%) 80

Total 43 436 81 436 NA NA NA NA
ELF test

Harrel’'s C 0-85 (0-81-0-90) 0-86 (0-82—0-90) NA NA

Harrel’s C (2 years) 0-90 (0-86—0-94) 0-90 (0-86—0-95) NA NA

Harrel’s C (5 year) 0-83 (0-76—0-91) 0-87 (0-82—0-92) NA NA

HR Low risk 1 (Ref) 1 (Ref) NA NA

HR Moderate risk 3-8 (1-:2-12-0) 4.4 (2-1-9:5) NA NA

HR high risk 16-:0(7-1-36:3) 17-9 (10-1-31-8) NA NA
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Events Events Total n Events | Totaln NA NA NA NA
- Low risk 7 (16%) 299 15 (18%) 299

- Moderate 5(11%) 55 12 (14%) 55

- High risk 32 (73%) 102 56 (68%) 102

Total 44 456 83 456 NA NA NA NA
LiverRisk score

Harrel’s C 0-75 (0-:69-0-82) 0.79 (0.75-0.83) 0-73 (0:71-0-74) 0-72 (0:71-0-73)

Harrel’s C (2 years)

0-80 (0-70-0-90)

0.84 (0.78-0.89)

0-79 (0-71-0-87)

0-81 (0-77-0-85)

Harrel’s C (5 year)

0-74 (0-66—0-82)

0.80 (0.74-0.86)

0-71 (0-67-0-75)

0-76 (0-74-0-78)

HR Low risk 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

HR Moderate risk 2:9 (1-:3-6-2) 3-7 (2:1-6-4) 12:3(10:7-14-2) 11-2 (10-1-12-4)
HR high risk 6-1(3-:0-12:7) 7-8 (4-6—13-4) 58-0 (49-2-68-4) 43-3 (37-7-49-6)
Events Event Total Event Total Events Totaln Events Totaln
- Low risk 12 (27%) 270 22 270 995 (71%) 406560 1919 (74%) | 406560
- Moderate 14 (32%) 104 28 104 247 (18%) 8958 433 (17%) 8958
- High risk 18 (41%) 72 33 72 166 (12%) 1446 231 (9%) 1446
Total 44 446 83 446 1408 416964 1684 416964

*Presented as Harrell’s C statistic and hazard ratios (HR) with 95% confidence intervals. Participants with
events, shows the total number of participants with a liver-related event, in-between the three risk groups
for each indices. Hazard ratios compared high risk vs. low risk. Cut-offs used were LiverPRO >65% vs. <25%.
For FIB-4 >2-67 vs. <1-3. For ELF test >10-5 vs. <9-8. For NFS >0-68 vs. <—1-46 LiverRisk score >12 vs. <8.

ELF: Enhanced Liver Fibrosis; FAST: FibroScan-AST; FIB-4: Fibrosis-4; LRE: Liver-related event; NA: Not
available; NAFLD: Non-alcoholic fatty liver disease.
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Figure 1. Study design. We developed our model in a prospective, biopsy-controlled cohort which included
both MetALD and ALD patients (development cohort). The model was validated in four independent cohorts
from Denmark (DECIDE and Inter99 study cohorts), Germany (German SLD Registry), and the United Kingdom
(Scarred Liver Project cohort). The DECIDE cohort included patients with MASLD, MetALD, and ALD. The and
German SLD Registry only included patients with MASLD, whereas the Inter99 and Scarred Liver Project
cohorts included participants from the general population. The UK Biobank, a large-scale biomedical
database and research resource containing genetic, lifestyle, and health information from UK participants,
served as the prognostic evaluation cohort.

Purpose

Data sets

Analyses

Model training Model testing for fibrosis and liver stiffness Model testing for

liver-related
-» -» mortality and liver-
related events
Development DECIDE Scarred Liver Inter99 German SLD UK Biobank
cohort Project

N=711 N=470,795

Develop model to Evaluate clinical

diagnose significant performance and
fibrosis (=F2) or establish cut off
advanced fibrosis values

(=F3)

ALD: Alcohol-related liver disease; MASLD: Metabolic dysfunction-associated steatotic liver disease; MetALD:
Metabolic and alcohol related/associated liver disease; SLD: Steatotic liver disease; TE: Transient
elastography; UK: United Kingdom.
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Figure 2A-D. Area under the receiver operating characteristic curve for LiverPRO in the development and
DECIDE cohorts. A) Significant fibrosis (>F2) in the development cohort (n=462); B) Advanced fibrosis (>F3)
in the development cohort (n=462); C) Transient elastography (TE 28 kPa) in the DECIDE cohort (n=6,468); D)
Transient elastography (TE 212 kPa) in the DECIDE cohort (n=6,468). P-values tested using DeLong method.
P-values tested using DeLong method.
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C) Transient elastography (TE >8 kPa) in the DECIDE cohort
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Figure 3A-D. Cumulative incidence for liver-related events and liver-related mortality in the development cohort for
LiverPRO and FIB-4

A) Liver-related events in the development cohort for LiverPRO B) Liver-related mortality in the development cohort for LiverPRO
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Tests are compared using Log-rank test and p-values reported, and shaded areas are 95% confidence bands. A) Liver-
related events in the development cohort for LiverPRO (p-value <0.001); B) Liver-related mortality in the development
cohort for LiverPRO (p-value <0.001); C) Liver-related events in the development cohort for FIB-4 (p-value <0.001); D)
Liver-related mortality in the development cohort for FIB-4 (p-value < 0.001).
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Figure 4 A-F. Cumulative incidence for liver-related events and liver-related mortality in the UK Biobank cohort for

LiverPRO, FIB-4, and LiverRisk score
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B) Liver-related mortality in the UK biobank for LiverPRO
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Tests are compared using Log-rank test and p-values reported, and shaded areas are 95% confidence bands. A) Liver-
related events in the UK biobank for LiverPRO (p-value <0.0001); B) Liver-related mortality in the UK biobank for
LiverPRO (p-value < 0.001); C) Liver-related events in the UK biobank for FIB-4 (p-value <0.0001); D) Liver-related
mortality in the UK biobank for FIB-4 (p-value <0.0001); E) Liver-related events in the UK biobank for LiverRisk score
(p-value <0.0001); F) Liver-related mortality in the UK biobank for LiverRisk score (p-value <0.001).
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