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Abstract

Background & Aims

Alcohol is the most common cause of liver-related mortality and morbidity. We therefore aimed to assess
and compare the prognostic performance of elastography and blood-based markers to predict time to the
first liver-related event, severe infection, and all-cause mortality in patients with a history of excess
drinking.

Methods

We performed a prospective cohort study in patients with early, compensated alcohol-related liver disease.
At baseline, we obtained a liver biopsy, transient elastography (TE), 2-dimensional shear-wave
elastography (2D-SWE), enhanced liver fibrosis test (ELF), FibroTest, fibrosis-4 index (FIB-4), non-
alcoholic fatty liver fibrosis score (NFS) and Forns index. We compared C-statistics and time-dependent
AUC for prognostication. We used validated cut-off points to create 3 risk groups for each test: low,
intermediate and high risk.

Results

We followed 462 patients for a median of 49 months (IQR 31–70). Median age was 57 years, 76% were
males, 20% had advanced fibrosis. Eighty-four patients (18%) developed a liver-related event after a
median of 18 months (7-34). TE had the highest prognostic accuracy, with a C-statistic of 0.876, and time-
dependent AUC at 5 years of 0.889, comparable to 2D-SWE and ELF. TE, ELF and 2D-SWE
outperformed FibroTest, FIB4, NFS, Forns index and biopsy-verified fibrosis stage. Compared to patients
with TE <10 kPa, the hazard ratios for liver-related events for TE 10–15 kPa were 8.1 (3.2–20.4), and 27.9
(13.8–56.8) for TE >15 kPa. Periods of excessive drinking during follow-up increased the risk of
progressing to liver-related events, except for patients in the low-risk groups.

Conclusion
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TE, ELF and 2D-SWE are highly accurate prognostic markers in patients with alcohol-related liver
disease. Easy-to-use cut-offs can distinguish between substantially different risk profiles.

Lay summary

Alcohol is the leading cause of death and illness due to liver disease. In this study, we assessed the ability
of biomarkers to predict the risk of developing symptomatic liver disease in patients with early stages of
alcohol-related liver disease. We found that several tests accurately predicted the risk of liver-related
events such as ascites, esophageal varices and hepatic encephalopathy during an average follow-up of 4.1
years. Liver stiffness measurements by ultrasound elastography and the enhanced liver fibrosis test
performed best. By using them, we were able to stratify patients into 3 groups with significantly different
risks.

Keywords: Alcoholic liver disease, Liver stiffness, Mortality, Prognosis, Decompensation

Graphical abstract

Introduction

Alcohol-related liver disease (ALD) is on the rise, with an annual growth exceeding 3% in the United
States throughout the past decade.  More than ever, ALD remains the major cause of liver-related

mortality, accounting for more than half of all deaths associated with liver disease.  In an effort to

improve early detection of advanced fibrosis in ALD, the diagnostic utility of non-invasive tests, such as
elastography and blood-based tests, has been thoroughly investigated and validated in recent years.

However, to improve risk stratification, prognostic markers are needed for patients with ALD, before
development of decompensation. The presence of advanced fibrosis is an independent predictor of
mortality in compensated ALD.  While non-invasive markers of fibrosis predict mortality and morbidity

in non-alcoholic fatty liver disease, there is scarce evidence of a prognostic potential in ALD.  This gap in

knowledge includes the most widely used non-invasive test, transient elastography (TE), particularly in
comparison with competing imaging and blood-based biomarkers, patented or non-patented.

We hypothesized that non-invasive fibrosis tests may provide long-term prognostic information in patients
with early, compensated ALD, and that the prognostic accuracy of non-invasive tests could potentially
outperform biopsy-verified liver fibrosis stage. Our primary aim was to evaluate the prognostic ability of
TE, 2-dimensional shear-wave elastography (2D-SWE), FibroTest, enhanced liver fibrosis test (ELF),
fibrosis-4 index (FIB-4), non-alcoholic fatty liver fibrosis score (NFS), and Forns index, compared to
biopsy-verified Kleiner fibrosis stage, to predict time to the first liver-related event in a cohort of patients
with ALD without symptoms of decompensated cirrhosis. Secondary outcomes were infections requiring
hospitalizations and all-cause mortality. We also assessed the ability of the tests to stratify patients into
groups at low, moderate and high risk of liver-related events, according to previously reported cut-off
points for each test. Finally, we evaluated the robustness of the prognostic estimates in subgroup and
sensitivity analyses accounting for alcohol at inclusion and during follow-up, and other known risk
factors.

Materials and methods

Study design
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This is a single-center, biopsy-controlled, prospective, prognostic study. The Danish Data Protection
Agency (13/8204) and the Ethics Committee for the Region of Southern Denmark (S-20120071,
S-20160021) approved the study. The study is registered with Odense Patient data Explorative Network
under study ID OP_40. The study adheres to the TRIPOD checklist for transparent reporting of prediction
models (Table S11). All patients signed a consent form after written and oral information and the study
conformed to the Declaration of Helsinki.

Patients

The patients were included as part of a previously published study of diagnostic markers in ALD.  We

included patients from 3 sources: secondary care patients who were referred to 3 outpatient liver clinics,
primary care patients recruited from 2 municipal alcohol rehabilitation centers, and patients who
responded to our online advertisement. The inclusion criteria were age 18–75 years, prior or current
chronic alcohol overuse defined as >24 g/d for women and >36 g/d for men for >1 year, and informed
consent to a research liver biopsy. Exclusion criteria were: evidence of decompensated cirrhosis
(clinically obvious ascites, overt hepatic encephalopathy, large esophageal varices with or without
variceal bleeding); concurrent liver disease other than ALD (chronic viral hepatitis, autoimmune liver and
bile duct diseases, or heritable diseases related to deposition of iron, copper or α-1-antitrypsin); cancer or
other debilitating diseases with an expected survival <12 months; severe alcoholic hepatitis scored by
Glasgow Alcoholic Hepatitis Score; hepatic congestion or bile duct dilation evidenced by ultrasound; and
contraindication to percutaneous liver biopsy.

Non-invasive tests and liver biopsy

We performed all investigations and sampled blood for biobanking at inclusion within 1 week.
Investigations included 7 non-invasive tests: TE, 2D-SWE, ELF, FibroTest, FIB-4, NFS, and Forns index.
We thawed stored, frozen serum once for ELF and FibroTest measurements. Experienced nurse operators
performed TE with the FibroScan 502 Touch (Echosens, France) while experienced ultrasound operators
performed 2D-SWE with Aixplorer (Supersonic Imagine, France) using standard operating procedures and
quality criteria.  We measured the ELF test on an Advia Centaur XP (Siemens Healthcare, Erlangen,

Germany), and FibroTest (BioPredictive, Paris, France) according to the manufacturer’s instructions. We
calculated FIB-4, NFS and Forns index from routine blood tests, in accordance with published equations
(Table S10).  Finally, we performed a percutaneous suction needle liver biopsy in the same

intercostal space as the elastography (17 G Menghini needle; Hepafix, Braun, Germany). An experienced
liver pathologist assigned Kleiner fibrosis stage while blinded to all other study data (previously reported,
Kappa 0.71 for intra-observer variance).  We considered a biopsy to be of adequate quality if it had a

length of at least 10 mm and at least 6 portal tracts, or presence of regeneration nodules. In 2016 we
changed the study protocol, since no patient with TE <6.0 kPa had advanced fibrosis. We therefore
refrained from a liver biopsy in 96 patients with TE below 6.0 kPa. These patients were not used in
analyses of the prognostic ability of fibrosis stage but contributed to the analyses of non-invasive markers.

Risk groups

For each of the 7 non-invasive tests of fibrosis, we used validated cut-offs to stratify patients into 3 risk
groups for comparisons between no or minimal fibrosis (F0-1), moderate fibrosis (F2), and severe fibrosis
or cirrhosis (F3-4). For TE, we labelled <10.0 kPa as low risk, 10.0–15.0 kPa as intermediate risk, and
>15.0 kPa as high risk, in accordance with the Baveno VI guideline.  For 2D-SWE, we used 10.0 kPa

and 16.4 kPa, similar to the optimal cut-offs for diagnosing significant fibrosis (≥F2) and advanced
fibrosis (≥F3).  For ELF, we used 9.8 and 10.5 as cut-offs, according to published literature.  For

FibroTest, we used manufacturer-recommended thresholds of 0.31 and 0.58.  For FIB-4 and NFS we

used different cut-offs for people below or above the age of 65, as previously suggested.  For FIB-4, the

low cut-off points were 1.3 (age ≤65 years) and 2.0 (age >65 years), and the high cut-off point was 2.67
(for all). For NFS, the cut-off points were -1.455 (age ≤65 years) or 0.12 (age >65 years), and 0.76 (for
all). For Forns index we used 4.2 and 6.9 as suggested in a recent population-based study.
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Follow-up and outcome assessment

We manually reviewed the participants’ electronic health records for every encounter with the health care
system in the Region of Southern Denmark. Follow-up started on inclusion and ended if the patients died,
moved out of the region, or by October 2020.

We defined liver-related events following guideline definitions as occurrence of any of the following:
Alcoholic hepatitis, varices needing treatment, variceal bleeding, ascites, spontaneous bacterial
peritonitis, hepatic encephalopathy (HE), hepatocellular carcinoma (HCC), hepatorenal syndrome, upper
gastrointestinal bleeding, or jaundice due to liver failure (see supplementary information for detailed
definitions). We chose these liver-related events because of their negative consequences for the patient in
terms of need for medical care/interventions, reduced quality of life, and/or hospitalization. Secondary
outcomes were infection requiring hospitalization, and all-cause mortality.

Subgroup and sensitivity analyses

We investigated whether the prognostic estimates changed in subgroup analyses of patients stratified
according to episodes of excessive drinking during follow-up, type 2 diabetes, obesity defined as a BMI
≥30 kg/m , age ≥65 years, and smoking. We also tested whether the non-invasive tests independently

predicted liver-related events in multivariable Cox regression analyses adjusting for age, sex, BMI,
drinking at inclusion and during follow-up, fibrosis stage, and presence of steatohepatitis (ballooning,
lobular inflammation and steatosis). We conducted sensitivity analyses for prognostic accuracies using a
more restrictive endpoint of decompensation, defined as overt HE, variceal bleeding, ascites requiring
paracentesis, or jaundice. Finally, we analyzed the robustness of our findings for the primary endpoint in
analyses using multiple imputation of missing values and competing risk Cox regression with all-cause
mortality as a competing event.

Statistics

We report quantitative data as medians (IQR), and categorical data as counts and percentages, with
Wilcoxon rank sum or Fischer’s exact test for difference. We used Cox regression with Harrell’s C to
assess overall prognostic ability.  Harrell’s C of 1.0 denotes perfect ability to predict the order of

occurrence of events, whereas 0.5 is a random prediction. We also assessed the ability of each of the tests
to predict outcomes at 5 years of follow-up using time-dependent AUC statistics. We used the log rank test
to test for significant differences between the low-, intermediate- and high-risk groups, and we illustrated
the time-to-event in these risk groups with Kaplan-Meier plots. If people died or moved out of the country,
we treated it as random censoring, and in case of missing values, we made complete case analyses. We
used STATA 16 (Statacorp TX, US) for statistical analyses and considered p <0.05 as statistically
significant.

Results

Patients

We included 462 consecutive patients between April 2013 and September 2018, 222 from secondary care,
143 from alcohol rehabilitation centers, and 97 from online advertisement. Median age at inclusion was
57 years, 351 patients (76%) were men, and 94 (20%) had advanced fibrosis (≥F3) at inclusion (Table 1).

Follow-up

During a median follow-up of 49 months (IQR 31–70) and 1,878 person years, 84 (18%) patients
experienced a first liver-related event, 141 (31%) were hospitalized for infection and 76 (16%) died. Ten
patients were lost to follow-up. The first liver-related event occurred after a median of 18 months (range
1–77, IQR 7–34). Patients who experienced a liver-related event were on average more likely to have type
2 diabetes and less likely to be obese (Table 1). All the investigated non-invasive tests, liver fibrosis stage
and presence of steatohepatitis showed higher results in patients with liver-related events (Table 1).
Ascites, covert HE and varices needing treatment were the most frequent liver-related events with 31, 15
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and 15 cases, respectively (Table S1).

Prognostic markers of liver-related events

TE had the highest C-statistic for prediction of liver-related events with a value of 0.876 (0.833–0.918),
comparable to 2D-SWE and ELF with values at 0.868 (0.832–0.903) and 0.859 (0.822–0.897) (Table 2,
Fig. 1). TE, 2D-SWE and ELF significantly outperformed all other non-invasive tests (Table S2).

Similarly, TE, ELF and 2D-SWE had the highest AUCs for prediction of liver-related events over time (
Fig. 2; integrated AUCs in Tables S3-S4 and Fig. S1). FibroTest, Forns index, NFS and FIB-4 had good
prognostic accuracies, with C-statistics around 0.80 and no statistically significant differences.

Three risk groups for prediction of liver-related events

For 4 of the non-invasive tests (TE, 2D-SWE, ELF and FibroTest), the pre-selected cut-off points divided
patients into 3 significantly different risk groups with low, intermediate and high hazard ratios for liver-
related events (Table 3, Fig. 3), while hazard ratios for Forns, NFS and FIB-4 did not statistically differ
between low- and intermediate-risk groups (Fig. S2). Patients with TE between 10 and 15 kPa in the
intermediate-risk group had an 8-fold higher likelihood of liver-related events than the low-risk patients
with TE below 10 kPa (hazard ratio 8.07; 95% CI 3.2–20.4), while those with TE above 15 kPa had a 28-
fold higher likelihood of liver-related events than low-risk patients (hazard ratio 28.0; 95% CI 13.8–56.8).
Of the 443 patients with a reliable TE measurement, 303 (68%) were in the low-risk group with TE
<10 kPa, and 9 of those (3%) developed a liver-related event. Forty-two patients with ALD (9%) were in
the intermediate group, of whom 9 (21%) experienced an event, and 98 (22%) were in the high-risk group,
of whom 53 (54%) experienced an event.

The prognostic performance of fibrosis stage compared to non-invasive tests

Fibrosis stage had C-statistics of 0.819 for prediction of liver-related events, and a time-dependent 5-year
AUC of 0.786 (Table 2, Fig. 2). Consequently, fibrosis stage had a lower prognostic accuracy than TE, 2D-
SWE and ELF, albeit only significantly so for TE (Tables S2-4). Fibrosis stage is however an ordinal
outcome, and therefore at a disadvantage compared to the continuous non-invasive markers in C-statistic
and ROC curve analyses. When dividing into 3 risk groups, fibrosis stage performed similarly to TE, 2D-
SWE, and ELF (Table 3, Fig. 3).

Subgroup and sensitivity analyses

Excessive drinking was the most prominent predictor of liver-related events in subgroup analyses,
independent of the non-invasive tests and of fibrosis stage. We were able to obtain data on alcohol
drinking pattern during follow-up in 405 patients. Sixty-seven (80%) of those who developed liver-related
events drank excessively on at least 1 occasion during follow-up, compared to 198 (62%) of those who did
not develop events, resulting in a hazard ratio of 2.20 (1.29–3.74, p = 0.004) in univariable Cox regression
(Fig. 4).

Controlling for excessive drinking did not change the C-statistics of any of the tests significantly.
However, when using TE, ELF, and fibrosis stage to divide patients into 3 risk groups, those in the
intermediate- and high-risk groups with excessive drinking during follow-up had significantly higher
hazard ratios for liver-related events compared to patients without drinking episodes (Fig. 4). For the other
subgroup analyses, we observed only minor changes to Harrell’s C when stratifying patients according to
obesity, smoking, age ≥65 years, and type 2 diabetes. Similarly, all of the prognostic tests independently
predicted liver-related events in a multivariable Cox regression analysis adjusted for age, sex, BMI,
drinking at inclusion, drinking during follow-up, fibrosis stage, and presence of steatohepatitis.
Steatohepatitis predicted liver-related events in univariable analysis, but the correlation disappeared when
controlling for fibrosis stage. Adjusting hazard ratios for the 3 risk groups also led to only slight changes
(Tables S6-7). Finally, our results only changed minimally when we used a more restrictive endpoint of
decompensation (Tables S8-9), and when using multiple imputation of missing values and competing risk
Cox regression with all-cause mortality as a competing event (not reported).
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All-cause mortality and infections requiring hospitalization

Six of the 7 non-invasive tests predicted all-cause mortality with moderate accuracy and C-statistics at 0.7
or above. The exception was NFS, with a C-statistic of 0.66 (Table 2). For infections requiring
hospitalization, we found poor C-statistics in the range of 0.594 to 0.677, with TE, 2D-SWE and ELF
significantly outperforming Forns index, FIB-4 and NFS (Table 2, Table S5).

Discussion

In this prospective, single-etiology cohort of 462 patients with biopsy-proven ALD and up to 7 years of
follow-up, we found that elastography and the ELF test predict liver-related events with excellent
prognostic accuracy, superior to fibrosis stage. Other, cheaper, blood-based tests are valid alternatives with
good prognostic accuracies. Our findings suggest that widely known cut-offs for TE can be used to
separate patients into 3 groups of distinctly different risks profiles: Compared to patients with a liver
stiffness below 10 kPa, patients with liver stiffness between 10 and 15 kPa had an 8-fold higher hazard for
liver-related events, and those with liver stiffness >15 kPa had a 28-fold higher hazard. Our results
furthermore highlight the importance of excessive drinking, which significantly worsened prognosis in
patients at high and moderate risk of progressing to liver-related events. Finally, our data indicate that
liver biopsy can be substituted with non-invasive testing for prognostication purposes.

This is the first study to comprehensively report on the prognostic ability of several non-invasive tests to
predict liver-related events, all-cause mortality, and infections requiring hospitalizations in a population of
patients with biopsy-verified ALD at mostly early stages of fibrosis. By ascertainment of events from
manual review of the electronic health records of every study participant, we were able to obtain a
detailed follow-up with a negligible number of losses to follow-up and extensive subgroup analyses.

One prior study reported the ability of non-invasive liver tests to predict mortality in 218 patients with
ALD.  However, this study only reported on serum markers, assessed death as the only outcome, and

included almost one-third with cirrhosis at baseline, not clearly excluding those with evidence of
decompensated disease. We did however confirm their reported cut-off points for FibroTest of 0.31 and
0.58, since the same cut-offs in our cohort reliably stratified patients at low, moderate and high risk of
liver-related events.

Our study validates the use of 7 non-invasive fibrosis markers for prognostication in ALD. We thereby
expand the findings of other studies, which have investigated the same markers for predicting clinical
outcomes in patients with liver fibrosis of other etiologies.

 For example, we find a similar prognostic performance of ELF and FibroTest, as others have reported

in patients with chronic hepatitis C.  And the 9.8 and 10.5 ELF cut-off points to assign patients into 3

risk groups with distinct hazard ratios are comparable to cut-off points reported in studies of chronic
hepatitis B and mixed-etiology patients.

One study found that TE below 20 kPa excluded decompensation, HCC or liver-related death in a
population of mixed etiology, including 65% with viral hepatitis.  This was not the case in our study,

where 18 patients with TE below 15 kPa developed decompensation. In general, our study demonstrated a
surprisingly high event rate for patients with moderate fibrosis (F2) at baseline and/or test results in the
intermediate risk groups. This probably reflects the well-known excess morbidity and faster progression
rate in ALD compared to other etiologies like non-alcoholic fatty liver disease.  In line with this,

episodes of excessive alcohol use during follow-up worsened the hazard ratios for liver-related events in
intermediate- and high-risk groups, but not in the low-risk groups.

In a large Swedish registry study in patients from the general population, FIB-4, Forns index and NFS
accurately stratified the population into 3 groups with different risk of liver-related outcomes.  Our data

confirms this finding in a clinical cohort. However, while FIB-4, Forns index and NFS may provide a
robust estimate of the risk for liver-related events, their prognostic abilities are lower than ELF and
elastography, making them less suited for individual risk stratification.

Our study’s unique strength is the head-to-head comparison of both elastography, patented and non-
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patented serum markers, and the traditional gold standard of liver biopsy. We evaluated well-established
cut-off points to make the prognostic predictions more manageable for the clinician, and thereby easier to
incorporate into everyday patient care. By validating previously reported cut-off points, we also avoided
cut-off points that were fitted to our data, which would lead to over-optimistic prognostic accuracies.
Another strength is the number of patients and the length of follow-up, which enabled us to study the
prognosis of liver disease in a population of patients where decompensating events take longer to develop
and are relatively infrequent.

In comparison to population-based studies, however, our study cohort is small and the follow-up period
short. This particularly affects estimates for mortality. Yet, 16% of patients died during a median follow-
up of 4.1 years, underlining the severity of ALD, even for patients from outpatient clinics and primary
care who were free of decompensated cirrhosis and had low levels of inflammatory activity. Another
limitation is the lack of repeated testing to evaluate the role of changes from baseline of the non-invasive
markers. This is in contrast to most real-world settings, where patients are repeatedly monitored. Our data
indicates that especially those in the intermediate-risk groups could benefit from a monitoring program.

The non-invasive markers of fibrosis predicted all-cause mortality and severe infections with poorer
prognostic accuracy than liver-related events and decompensation. This is probably because patients have
high competing risks of alcohol-associated extrahepatic disease. For example, harmful use of alcohol
alone increases the risk of severe infections.

In conclusion, our study endorses the use of elastography and the ELF test as highly accurate prognostic
markers in patients with early stages of alcohol-related liver fibrosis or compensated cirrhosis, with easy-
to-use cut-offs to distinguish between patients at substantially different risks of liver-related events.
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Figures and Tables



Table 1

Baseline patient characteristics.

Open in a separate window

Medians (IQR) or counts (proportions). p value for difference between groups by Wilcoxon rank sum test or Fischer’s
exact test. Liver-related event is a composite endpoint of alcoholic hepatitis, varices needing treatment, variceal
bleeding, any ascites, spontaneous bacterial peritonitis, covert or overt hepatic encephalopathy, hepatocellular
carcinoma, hepatorenal syndrome, upper gastrointestinal bleeding, and jaundice due to liver failure.

2D-SWE, 2-dimensional shear-wave elastography; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; GGT, gamma glutamyltransferase; NFS non-alcoholic fatty
liver disease fibrosis score; TE, transient elastography.

Two missing alcohol status at baseline, 31 missing alcohol history.∗
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Fibrosis stage missing in 98 patients: we refrained from a biopsy from 2016 and onwards if TE <6 kPa (n = 96), 1

patient had an inconclusive biopsy, and the liver biopsy procedure was not technically possible in 1 patient due to
emphysema. Steatosis, ballooning and lobular inflammation subscores missing in 106 (97 missing, 9 inconclusive).

TE missing in 19 (5 unreliable measurements, 6 attempts failed, 8 because of service to the equipment).

∗∗

∗∗∗



Table 2

Harrell’s C prognostic performance of 7 non-invasive tests and biopsy-verified fibrosis stage
in 462 patients with alcohol-related liver disease.

Liver-related event All-cause mortality Infection requiring hospitalization

TE 0.876 (0.833–0.918) 0.757 (0.702–0.812) 0.677 (0.629–0.724)

ELF 0.859 (0.822–0.897) 0.758 (0.703–0.813) 0.672 (0.624–0.720)

2D-SWE 0.868 (0.832–0.903) 0.714 (0.647–0.780) 0.660 (0.609–0.710)

FT 0.808 (0.764–0.853) 0.721 (0.660–0.781) 0.645 (0.592–0.699)

Forns 0.783 (0.729–0.838) 0.701 (0.636–0.766) 0.621 (0.572–0.670)

NFS 0.794 (0.742–0.847) 0.657 (0.579–0.735) 0.594 (0.543–0.645)

FIB-4 0.821 (0.772–0.870) 0.705 (0.636–0.774) 0.608 (0.557–0.660)

Fibrosis stage 0.819 (0.779–0.859) 0.699 (0.641–0.757) 0.638 (0.588–0.688)

Prognostic accuracy with 95% CIs for 7 non-invasive tests and histological fibrosis stage. Survival analyses with
C-statistics reporting Harrell’s C from univariable Cox regression for liver-related events, all-cause mortality and
infections requiring hospitalization.

2D-SWE, 2-dimensional shear-wave elastography; ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; NFS non-
alcoholic fatty liver disease fibrosis score; TE, transient elastography.



Fig. 1

Plot of the prognostic accuracy of 7 non-invasive diagnostic tests and histological fibrosis stage.

The plot lists Harrell’s C with 95% CIs, for the ability of each test to predict a liver-related event in 462 patients
with alcohol-related liver disease during a median follow-up of 49 months (IQR 31–70) and 1,878 person years.
Between-test comparisons of Harrell’s C showed no statistical significance between 2D-SWE, ELF, and TE (p
>0.33). TE had a significantly higher Harrell’s C than FT, Forns, NFS, FIB-4, and Kleiner fibrosis stage (p <0.05).
The same was true for 2D-SWE, except for fibrosis stage (p = 0.14). ELF had a significantly higher Harrell’s C
than FT, Forns, and NFS, but not than fibrosis stage (p = 0.14) and FIB-4 (p = 0.12). 2D-SWE, 2-dimensional
shear-wave elastography; ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; FT, FibroTest; NFS non-
alcoholic fatty liver disease fibrosis score; TE, transient elastography.



Fig. 2

Time-dependent AUC for prediction of liver-related events during 5 years of follow-up for 7 non-invasive tests
and liver fibrosis stage.

2D-SWE, 2-dimensional shear-wave elastography; AUC, area under the receiver operating characteristics curve;
ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; FT, FibroTest; NFS non-alcoholic fatty liver disease
fibrosis score; TE, transient elastography. (This figure appears in color on the web.)



Table 3

Risk of liver-related events for 3 risk groups defined by test-specific cut-offs.

Risk groups Events/patients in group (%) Hazard ratio p value

TE (kPa)

 <10 9/303 (3%) 1 —

 10-15 9/42 (21%) 8.07 (3.20–20.35) <0.001

 >15 53/98 (54%) 27.94 (13.75–56.78) 0.001

ELF

 <9.8 15/300 (5%) 1 —

 9.8-10.5 11/49 (22%) 4.53 (2.08– 9.87) <0.001

 >10.5 57/108 (53%) 16.94 (9.56–30.04) <0.001

2D-SWE (kPa) —

 <10 12/222 (5%) 1

 10-16.4 9/60 (15%) 3.4 (1.43– 8.09) 0.006

 >16.4 53/83 (64%) 21.6 (11.47–40.67) <0.001

FibroTest

 <0.31 12/157 (8%) 1 —

 0.31-0.58 19/59 (32%) 5.33 (2.58–10.98) <0.001

 >0.58 37/67 (55%) 10.93 (5.68–21.02) 0.011

Forns index

 <4.2 11/135 (8%) 1 —

 4.2-6.9 22/214 (10%) 1.36 (0.66– 2.81) 0.403

 >6.9 51/106 (48%) 9.19 (4.77–17.71) <0.001

NFS

 Low 16/191 (8%) 1 —

 Intermediate 22/175 (13%) 1.6 (0.84– 3.05) 0.151

 >0.676 42/66 (64%) 13.44 (7.53–24.00) <0.001

FIB-4

 Low 11/170 (6%) 1 —

 Intermediate 15/156 (10%) 1.62 (0.74– 3.53) 0.224

 >2.67 56/103 (54%) 13.39 (7.00–25.64) <0.001

Open in a separate window

Hazard ratios from univariable Cox regression for prediction of liver-related events according to 3 groups of low,
intermediate and high risk, with p values for between-group difference in hazard ratios. We used previously published
cut points to define the risk groups.

2D-SWE, 2-dimensional shear-wave elastography; ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; NFS non-
alcoholic fatty liver disease fibrosis score; TE, transient elastography.

Age-dependent cut-off points for NFS and FIB-4. For NFS, the cut point between low and intermediate was -1.455

(for age ≤65 years) and 0.12 (for age >65 years). For FIB-4, the cut point between low and intermediate was 1.3 (for
age ≤65 years) and 2.0 (for age >65 years).
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Fig. 3

Kaplan-Meier survival curves from univariable Cox regressions for liver-related events.

Patients were stratified into 3 groups of high (solid lines), intermediate (long dash) and low (short dash) risk. All
3 tests stratified groups into significantly different hazard ratios (all p <0.001; Table 3). ELF, enhanced liver
fibrosis test; TE, transient elastography. (This figure appears in color on the web.)
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Fig. 4

Kaplan-Meier survival curves from univariable Cox regression for liver-related events, stratified according to
reports of excessive drinking episodes or not during follow-up in 405 patients.

(A) Overall cohort (hazard ratio = 2.20; 95% CI 1.29–3.74; p = 0.004). (B) According to fibrosis stage. No
significant difference between F0-1 and F2 & no overuse, while significantly different hazard ratios for F2 &
overuse, F3-4 & no overuse, and F3-4 & overuse. This pattern was repeated for TE (C) and ELF test (D). ELF,
enhanced liver fibrosis; TE, transient elastography. (This figure appears in color on the web.)


