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Over 5,600 patients with liver disease
from 10 European centres

e
Underwent liver biopsy and transient
elastography within 6 months

To evaluate
compensated advanced chronic

liver disease (cACLD),
defined as fibrosis stage 2 F3

Validation of the Baveno VI LS dual cut-off for cACLD

Excluding cACLD using Diagnosing cACLD using
low cut-off high cut-off
LS <10 kPa LS >15 kPa
Sensitivity 75% | Specificity 96% \
Optimal LS dual cut-off for cACLD
Excluding cACLD using Diagnosing cACLD using
low cut-off* high cut-off
LS <8 kPa LS >12 kPa

Specificity 92%

*Low cut-off LS <7 kPa for
patients with viral hepatitis.

For unclassified patients,
cACLD risk calculated by:
Pred. Probability of cACLD= e?/ (1+ e2)
with a=-5.264 +0.181*Age - 0.62 for male sex -
0.081* BMI +0.415* LS +0.126* ALT+0.257*
AST +0.129* GGT -0.289* Platelets +0.335 for

Type Il Diabetes
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ABSTRACT

Background: The Baveno VI consensus proposed a dual liver stiffness (LS) by
transient elastography threshold of <10 and >15 kPa for excluding and diagnosing
compensated advanced chronic liver disease (CACLD), in the absence of other

clinical signs. We validated these criteria in a real-world multicentre study.

Methods: We included 5648 patients (mean age 51+13 years, 53% males) from ten
European liver centres who had a liver biopsy and LS measurement within 6 months.
We included patients with chronic hepatitis C (CHC, n=2913, 52%), non-alcoholic
fatty liver disease (NAFLD, n=1073, 19%), alcohol-related liver disease (ALD, n=946,
17%) or chronic hepatitis B (CHB, n=716, 13%). cACLD was defined as fibrosis

stage 2F3.

Results: Overall, 3606 (66%) and 987 (18%) patients had LS <10 and >15 kPa,
respectively, while cACLD was histologically confirmed in 1772 (31%) patients. The
cut-offs of <10 and >15 kPa showed 75% sensitivity and 96% specificity to exclude
and diagnose cACLD, respectively. Examining the ROC curve, a more optimal dual
cut-off at <7 and >12 kPa, with 91% sensitivity and 92% specificity for excluding and
diagnosing cACLD (AUC=0.87, 95%CI:0.86-0.88, P<0.001) was derived. Specifically
for ALD and NAFLD, a low cut-off of 8 kPa can be used (sensitivity=93%). For the
unclassified patients, we derived a risk model based on common patient
characteristics with better discrimination than LS alone (AUC=0.74 vs. 0.69,

P<0.001).

Conclusions: Instead of the Baveno VI proposed <10 and >15 kPa dual cut-offs, we
found that the <8 kPa (or <7 kPa for viral hepatitis) and >12 kPa dual cut-offs have

better diagnostic accuracy in cACLD.



LAY SUMMARY

Compensated advanced chronic liver disease (CACLD) is a term introduced by the
Baveno VI consensus in 2015 to describe the spectrum of advanced fibrosis and
cirrhosis in asymptomatic patients with chronic liver disease. The same consensus
also proposed that cACLD could be ruled out by transient elastography
measurements with liver stiffness (LS) values <10 kPa or diagnosed by LS values
>15 kPa. We assessed the performance of these LS cut-offs in over 5,000 patients
and found that only 75% of the patients could be excluded with the low cut-off of <10
kPa, while 95% of them would be correctly diagnosed using the >15 kPa cut-off. To
improve these rates, we propose that the cut-offs of 7 and 12 kPa can correctly
exclude or diagnose ~90% of the patients. In patients with non-alcoholic or alcohol
related fatty liver disease, 8 kPa can be safely used as a low cut-off. The findings of
this study have important implications for patients with chronic liver disease, as the

use of liver biopsy can be safely reduced.



INTRODUCTION

The Baveno VI consensus introduced the term “compensated advanced chronic liver
disease (CACLD)” to describe the spectrum of advanced fibrosis and cirrhosis in
asymptomatic patients, who are at risk of developing clinically significant portal
hypertension (CSPH)(1). Despite the absence of symptoms and/or clinical signs,
patients with cACLD are at high risk of future liver-related morbidity and mortality(1).
Consequently, they may have improved outcome of their liver disease with early

diagnosis and subsequent prompt interventions(2).

In order to diagnose cACLD in the large group of patients with asymptomatic liver
disease, the Baveno VI consensus suggested that transient elastography (TE) is
sufficient to suspect cACLD, since it has good diagnostic accuracy and is also a
safe, painless, fast and relatively low-cost non-invasive diagnostic method(1). Liver
stiffness (LS) values <10 kPa were proposed as a safe cut-off for excluding the

presence of cACLD and LS values >15 kPa as highly suggestive of cCACLD.

The dual cut-off approach for TE was seldom used until the Baveno VI
recommendations. TE has been mostly studied as a single cut-off diagnostic test,
with optimal cut-offs derived in most studies from post-hoc analyses(3). Therefore,
reported cut-offs for the diagnosis of specific fibrosis stages vary, sometimes
significantly, amongst studies(4,5). Moreover, it is unlikely that the same cut-offs for
a specific fibrosis stage apply to different liver disease aetiologies(4,6). The use of
dual cut-offs may overcome both these limitations and introduce uniformity in the
diagnosis of chronic liver disease. The Baveno VI criteria on screening for varices
needing treatment including LS values <20 kPa and platelet count >150x10°

cells/L(1) have already been validated in several small to medium independent



cohorts(7-10) and in a recent large meta-analysis of 30 studies(11). However, the
criteria to rule in and out cACLD have not been externally validated in a real-world

population until now.

This study aimed to assess the diagnostic accuracy of LS dual cut-off (<10 and >15
kPa) as a standalone test for the exclusion and diagnosis of CACLD (defined as the
presence of advanced fibrosis or 2F3), as proposed by the Baveno VI criteria(l), in a
multicentre validation study of real-world data. Secondary aims were to explore
optimal alternative rule in/rule out cut-offs with a target specificity and sensitivity of

>90% and to derive a risk model for predicting cACLD in unclassified patients.



PATIENTS AND METHODS

Study population

This study included 5,648 adult patients followed in 10 liver centres in Europe
[Bordeaux n=1335 (24%), Cluj n=1180 (21%), Palermo n=808 (14%), Angers, n=698
(12%), Heidelberg 450 (8%), Firenze n=334 (6%), Odense, n=316 (6%), London
n=303 (5%), Athens n=154 (3%), Beaujon n=70 (1%)]. Study population included
patients with all fibrosis stages and no previous decompensation who had chronic
hepatitis B (CHB), chronic hepatitis C (CHC), non-alcoholic fatty liver disease
(NAFLD) or alcohol-related liver disease (ALD). Patients who had co-infection with
hepatitis B and C (n=21) were included in the group of CHC patients for the analysis

of this study.

Patients were included in the study if (i) they had undergone a liver biopsy and a TE
measurement with an interval of <6 months, (ii) the M probe was used for the TE

measurement and (iii) they were fasting >4 hours before TE was performed.

Exclusion criteria for the study were: a) absence of liver biopsy and/or TE
measurement within 6 months, b) TE measurement with XL probe, c) Meal ingestion
<2 hours prior to the TE measurement, d) Patients with HCV and previous SVR, e)

Patients with HBV under stable longstanding antiviral treatment.

Data on basic demographic and laboratory characteristics were collected for all
patients. All fibrosis staging in patients with viral hepatitis was adapted to the
METAVIR(12) staging system, to maintain consistency for the analysis (Suppl.
Table 1). Fibrosis was staged according to the Brunt staging system for ALD and
NAFLD(13). cACLD was defined as =F3 (in Brunt for ALD/NAFLD or METAVIR in

viral hepatitis) and cirrhosis as F4 fibrosis stage.



All TE examinations were performed by experienced operators with more than 500
procedures. For TE measurements, median LS values, as well as the number of
valid measurements and interquartile range (IQR) were recorded. Ten valid LS
measurements were obtained and reported as a median value in kPa. Adequacy of
the measurement was assessed by the TE device and the interquartile range/median
ratio (IQR/M) was used for the assessment of TE reliability: “very reliable”
(IQR/M=<0.10), “reliable” (0.10<IQR/M=<0.30, or IQR/M>0.30 with LS median <7.1

kPa), and “poorly reliable” (IQR/M>0.30 with LS median =7.1 kPa)(14).

The study was approved by the local ethics committee in each of the participating

centres.

Study endpoints

The primary endpoint was to validate the diagnostic accuracy of the LS cut-off values
of <10 and >15 kPa for ruling out and diagnosing cACLD (=F3 fibrosis stage),

respectively(1).
The secondary study endpoints were to:

1. Explore optimal alternative rule in/rule out LS thresholds with specificity and
sensitivity of >90%, respectively.
2. Evaluate risk factors and derive a diagnostic model for cACLD for unclassified

patients with indeterminate LS results.

We performed sensitivity analyses and explored the diagnostic accuracy of

established and alternative LS cut-offs according to:

a. Reliability of TE results.



. Aetiology of liver disease.

Biopsy sample length (<15 and =15 mm) and portal tract number (<10 and >10).
. Body mass index (BMI) (<30 and =30 kg/m?).

. Alanine aminotransferase (ALT) levels (<100, 2100 and <200, and =200 [U/L).

Participating centre.

Finally, we explored independent variables associated with the discrepancies

between LS and histology.

Statistical analysis

Data were analyzed either using the SPSS statistical package (IBM, Chicago, IL,
2019) or the R platform with the packages ggplot2(15), ROCR(16) and rms(17).
Parametric and non-parametric quantitative variables were presented by their mean
values * standard deviation (SD) or median values [IQR], respectively. Comparisons
between two patient groups were performed by the t-test or non-parametric Mann-
Whitney test. The Kolmogorov-Smirnov goodness-of-fit test was used to assess
distribution of each variable. Categorical variables were summarized as frequencies
and percentages. The corrected chi-squared or two-sided Fisher’'s exact test was
used to test for association between two categorical variables. Missing values in the
sensitivity analyses were handled with case-wise deletion and all analyses were
based on patients with available data.

Sensitivity (95% confidence intervals [CI]) and specificity (95%CI) levels of the LS
cut-offs were compared as percentages (%) using the “N-1" Chi-squared test as
recommended by Campbell(18) and Richardson(19). Their 95%CIl was calculated

according to Altman(20). Positive predictive (PPV) and negative predictive values



(NPV) of the LS cut-offs for the identification of the true positive (CACLD histological
diagnosis) and true negative (absence of cACLD histological diagnosis) were
calculated, respectively.

Optimal LS thresholds and their accuracy performance was evaluated in a receiver-
operating characteristics (ROC) analysis. For the unclassified patients, univariate
and multivariate binary logistic regression analyses were performed using patient
characteristics in order to identify risk factors for cACLD. For the regression analysis,
continuous variables were grouped in 5 quintiles to avoid predictors on different
scales. Risk models using combination of the identified predictive factors were
constructed and the predictive probability >0.5 or 0.5 was classified as positive or
negative for cACLD, respectively. Different combinations of the predictive factors
were tested, but the model including all independent factors had the best
discriminatory ability and is presented in this paper. This model was internally
validated and corrected for optimism with bootstrapping(21). To this end, 200 test
data sets of the same size as the analysis dataset were created by random selection
with replacement from the original dataset. To examine the performance of the risk
prediction model, we assessed the discrimination and calibration of the model(22)
and a nomogram was constructed based on the corrected logistic regression.

Finally, correctly classified patients using the LS dual cut-off were considered those
where cACLD was correctly excluded or diagnosed by the low or high LS cut-off,
respectively. For the calculation of the correct classification rate using the LS dual
cut-offs and the risk model, the number of unclassified patients who were correctly
predicted using the model was added to the rate of correctly classified patients using

the LS cut-offs.



RESULTS
Patient characteristics

Our study included 5648 patients from ten centres; mean age was 51+13 years and
3016 (53%) were males. Main patient characteristics are presented in Table 1. The
most common cause of liver disease was CHC (52%) followed by NAFLD (19%),
ALD (17%) and CHB (13%). The majority (66%) of the patients with valid TE
measurements (n=5483) had LS <10 kPa, while 18% of patients had LS >15 kPa.
Furthermore, 7% of the TE results were evaluated as “poorly reliable” and 27% were
considered as “very reliable”. Fibrosis stages FO, F1, F2, F3 and F4 (METAVIR or
Brunt) were present in 12%, 29%, 28%, 16% and 15% of patients, respectively. In
total, 1772 (31%) of 5648 cases had histologically confirmed advanced fibrosis =F3,
representing cACLD. Presence of portal hypertension had excellent concordance
with presence of cACLD (Suppl Index 1). Median LS values differed significantly

among patients with different fibrosis stages (Suppl. Figure 1) .

Patient characteristics differed significantly among patients with different aetiologies
of liver disease. Patients with CHB were younger with mean age 44+14 years
(P<0.001) and had the highest proportion of males (66%, P<0.001, compared to
patients of all other liver disease aetiologies). On the other hand, NAFLD patients
had the highest mean BMI (31+5 kg/m?) and more frequently type Il diabetes (43%)
(always P<0.001, compared to patients with all other liver disease causes). In
addition, NAFLD patients had the highest rate of poorly reliable TE results (9%) and
the lowest rate of very reliable results (23%); this could be potentially explained by
the higher median BMI and the fact that TE was performed with M-probe only.
Finally, ALD patients had more often LS values >15 kPa (32%) and more frequently

cACLD (38%) (Table 1).



Performance of the BAVENO VI proposed LS cut-offsf  or cACLD

The performance of the proposed LS cut-offs at <10 and >15 kPa was validated in
5483 patients (Suppl. Table 2) . A total of 165 patients did not have valid Fibroscan
measurements and were excluded from the analysis. Setting the low LS cut-off at 10
kPa resulted in a sensitivity of 75% and a NPV of 88%, while setting the high cut-off
at 15 kPa offered a specificity of 96% and PPV of 83% for diagnosing cACLD. The
reliability of TE measurements affected the specificity of LS measurements; “poorly
reliable” TE examinations were associated with >10% decrease in specificity (85%
vs. 96%) and PPV (71% vs. 85%) as well as 3-fold lower positive likelihood ratio
(LR+) (3.9 vs. 12.5), in comparison with “reliable” and *“very reliable” TE
measurements (always P<0.001). Patients with “poorly reliable” measurements had
significantly higher prevalence of cCACLD and significantly higher TE measurements
(Suppl. Material ). There was no significant difference of diagnostic accuracy

between “reliable” and “very reliable” TE measurements. (Suppl. Table 2, Figure 1 ).

Among patient groups with different liver disease aetiology, the sensitivity of the cut-
off <10 kPa to rule out cACLD was lower in patients with CHB vs. CHC [60% (52-
66%) vs. 72% (69-75%), P<0.001) and highest for NAFLD [79% (74-84%)] compared
to any other patient group (always P<0.001). The specificity of the high cut-off >15
kPa was 96% (96-97%) in CHC and 98% (96-99%) in CHB (P=0.113), while it was
lower in NAFLD [94% (92-96%), P<0.001 compared to CHB or CHC) and lowest in
ALD [92% (92-94%), P<0.001 compared to any other patient group] (Suppl. Table 3,

Figure 1).



Similarly, the specificity of the high cut-off was significantly higher in patients with
BMI <30 than =30 kg/m? [97% (94-100%) vs. 91% (84-98%)] as well as in patients
with ALT levels <100 than =100 and <200 [97% (93-100%) vs. 92% (85-100%)] or
than =200 IU/L [92% (85-100%) vs. 87% (72-100%)] (for the above comparisons all
P-values <0.001). The specificity was also significantly higher in patients with liver
biopsy sample length >15 mm. Conversely, the sensitivity of the low cut-offs was
higher in patients with BMI=30 kg/m? and with ALT levels >100. All comparisons

between groups are shown in Suppl. Table 4 .

Evaluation of optimal LS cut-offs to exclude or dia gnose cACLD

Since the low cut-off of <10 kPa had moderate sensitivity and the high cut-off of >15
kPa unnecessarily high specificity, we evaluated alternative optimal dual cut-offs with
=290% sensitivity and specificity values. Examination of the coordinate points of ROC
curve showed that the cut-offs of <7 kPa and >12 kPa offered overall better
diagnostic accuracy: sensitivity 91% and NPV 94% at <7 kPa and specificity 92%
and PPV 78% at >12 kPa (AUC: 0.87, 95%CI: 0.86-0.88, P<0.001) (Suppl. Figure

2).

Among patients with different liver disease aetiology, the cut-off of >12 kPa had
significantly higher specificity in patients with viral hepatitis, either CHC or CHB,
[CHC vs. CHB: 94% (92-95%) vs. 94% (92-96%), P=0.839)] compared to patients
with NAFLD [88% (86-91%), P<0.001] or those with ALD [89% (86-91%), P<0.001].
In contrast, patients with NAFLD and ALD were more accurately ruled out from
having cACLD using the <7 kPa cut-off [NAFLD: 96% (95%CI 93-98%) vs. ALD: 96%

(95%CI 94-98%), P=0.438] in comparison to patients with CHC [89% (95%CI 87-



91%), P<0.001] or CHB [83% (95%CI 77-88%) P<0.001] (Suppl. Table 6 Figure 2) .
The cut-off of <8 kPa had an overall sensitivity of 86% (CHC 85%, CHB 73%, ALD
94%, NAFLD 93%), therefore it could be potentially used for ruling out cACLD in

ALD or NAFLD but not in CHC or CHB.

Diagnostic accuracy performance of the new dual cut-offs of <7 and >12 kPa for
different patient subgroups are presented in detail in Suppl. Tables 6 and 7 .
Sensitivity analysis of the performance of LS cut-offs for cACLD per participating
centre of the study is shown in Suppl. Table 8 and factors associated with
discrepancies between histological findings and LS measurements are presented in

Suppl. Table 9 .

Diagnostic accuracy of the Baveno VI consensus cut- offs in cirrhosis

The diagnostic accuracy of LS measurements for diagnosing cirrhosis was excellent
(AUC: 0.92 (95%CIl: 0.91-0.93, P<001). The sensitivity/NPV was 92%/98%,
96%/99% and 98%/99% for the <10, <8 and <7 kPa low cut cut-offs, while the
specificity/PPV was 92%/62% and 87%/52% for the >15 and >12 kPa high cut offs,
respectively (Suppl. Table 10) . Diagnostic accuracies across aetiologies are also

shown in Suppl. Table 10 .

Evaluating cACLD in unclassified patients with LS v alues 7-12 kPa

The use of dual cut-offs to predict cACLD generates inevitably a group of
unclassified patients. Applying the Baveno VI* recommended cut-offs resulted in 891
(16%) unclassified patients, while applying the new cut-offs of <7 and >12 kPa

resulted in a larger number of unclassified patients (n=1797, 32%), which could be



reduced to 1647 patients (30%), if the cut-off <8 kPa was used for patients with
NAFLD/ALD. In order to diagnose cACLD in the 1797 unclassified patients, we
initially examined the diagnostic accuracy of the FIB-4 score. However, FIB-4 had
poor discriminative ability (AUC:0.65), whereas its established cut-off points of 1.3

and 2.67 had sensitivity of 77% and specificity of 87%, respectively.

Therefore, we identified risk factors of cACLD, using a binary logistic regression, with
the aim of constructing a new specific risk model for unclassified patients.
Accordingly, in such unclassified patients with available clinical data (n=1097),
cACLD risk was independently associated with age (adjusted OR per quintile: 1.19,
95%CI: 1.07-1.32, P=0.005), male sex (adjusted OR: 1.44, 95%CI: 1.09-1.90,
P=0.020), BMI (adjusted OR per quintile: 0.89, 95%CI: 0.81-0.99, P=0.045), LS
values (adjusted OR per kPa from 7-12kPa: 1.51, 95%CI: 1.38-1.66, P=0.005), AST
(adjusted OR per quintile: 1.36, 95%CI: 1.15-1.59, P=0.005), platelet count (adjusted
OR per quintile: 0.82, 95%CI: 0.74-0.90, P=0.005) and type Il diabetes (adjusted OR:

1.47, 95%CI: 1.05-2.06, P=0.020) but not with ALT or GGT serum levels (Table 2).

Using the above predictive factors, we constructed a risk model for the unclassified
patients. The risk model equation containing all variables of the model from the
unadjusted logistic regression is presented in the Supplementary Index 2 and the
risk model equation using the adjusted coefficients from the multivariable logistic
regression is the following:

Pred. Probability of cACLD= e?/(1+ e?)

with a=-5.264 +0.171*age +0.364 for male sex -0.113*BMI +0.415*LS +0.304*AST -

0.198*platelets +0.384 for type Il diabetes



(age in years per quintile, BMI in kg/m? per quintile, LS in kPa per quintile, ALT in
IU/L per quintile, platelets per mm?® per quintile). Quintiles are described in the
footnote of Table 2.

The discrimination of the risk model was better than using LS measurements alone
(AUC: 0.74, 95%Cl: 0.71-0.77 vs. 0.69, 95%CI: 0.65-0.72, P<0.001) in the
unclassified patients with LS values between 7 and 12 kPa (Suppl. Figure 3 ). Of
note, the discriminative ability of this model, based on the AUC, did not differ
significantly between patient groups with different liver disease aetiology (Suppl.
Figure 4). Suppl. Figure 5 shows the representation based on LS values,

calibration plot and nomogram of the risk model.

In total, using the new LS cut-offs of <7/<8 (for patients with viral hepatitis/ NAFLD or
ALD) and >12 kPa and then the risk model for the unclassified patients, a
classification rate of 84% could be reached, instead of 73% that would be achieved
with the original Baveno VI* criteria. The classification rates with the Baveno VI

criteria and the new proposed algorithm are depicted in Figure 3.



DISCUSSION

This is the first large study to validate the LS thresholds recommended by the
Baveno VI consensus(l) for diagnosing or ruling out cACLD in asymptomatic
patients with chronic liver disease. We included over 5,600 patients from 10 centres
across Europe. Our study showed that the proposed cut-offs of <10 and >15 kPa
have moderate sensitivity (75%) and very high specificity (96%) for ruling out and
diagnosing cACLD respectively. Thus, we propose the adoption of lower dual cut-
offs at <7 and >12 kPa, which offer optimal sensitivity for ruling out and specificity for
diagnosing cACLD of 91% and 92%, respectively. However, the inherent weakness
of the dual cut-off principle, which is the unclassified patient subgroup left with
indeterminate LS values, remained and increased when applying the new cut-off
points (although the misclassification rate was substantially lower). To counter this
limitation, we may first increase the low LS cut-off to 8 kPa for ruling out cACLD
specifically for patients with ALD and NAFLD. Moreover, using readily available
variables, we constructed a risk model that could predict the presence of cACLD in
>70% of the unclassified patients. Eventually, we reached a correct classification
rate of 84%, in comparison to 73% achieved by the original Baveno VI proposed LS
thresholds(1), with a significantly lower false negative rate. The original Baveno VI
thresholds can be used for ruling out or diagnosing cirrhosis (rather than cACLD),
where the sensitivity and specificity is above 90%. It is important to underline that
these findings apply to untreated patients with viral hepatitis, and not to patients with
CHC who have achieved sustained virological response or to CHB patients on long

term antiviral treatment.

Although considerable research efforts have been focused on excluding advanced

fibrosis with the use of non-invasive markers, including TE(3,23), there is no real



world data to validate the specific LS dual cut-offs for excluding or diagnosing
cACLD as suggested by the Baveno VI* consensus. The dual cut-off of <10 and >15
kPa was recommended after reviewing the available literature at that time and might
not have been optimal. Numerous studies proposing LS cut-offs for advanced
fibrosis have yielded a wide range of thresholds with varied accuracy performance
according to liver disease aetiology(4,24-26), partially due to spectrum bias.
Additionally, a large meta-analysis of 10 studies including 760 ALD patients with
fibrosis stage F3 or worse, which represents cACLD according to the new definition,
reported that cACLD could be diagnosed by LS values between 8 to 17 kPa(5).
However, considerable debate exists on whether one single LS threshold can
accurately diagnose advanced fibrosis or cACLD or a dual one is required. It was
recently shown that sequential use of non-invasive fibrosis tests performs better that

single tests when a single cut-off is used(27).

The approach of a dual cut-off(1) allows for better classification in terms of higher
NPV and PPV of the two cut-offs. Thus, a dual cut-off undoubtedly offers more
optimal performance than a single threshold, which would misclassify more patients.
Moreover, it allows the use of uniform cut-offs for all major liver disease aetiologies,
as the diagnostic performance was similar, particularly for the high cut-off values. On
the other hand, we must not disregard the major disadvantage of the dual threshold
principle in patient stratification, which lied in the proportion of patients that remained
unclassified in the grey zone. In order to rectify for these patients, we provided a

novel non-proprietary risk model based on readily available patient characteristics.

Although the high cut-off of >12 kPa performed uniformly well across all liver disease
aetiologies, the low cut-off of <7 kPa performed relatively worse in chronic viral

hepatitis and considerably worse in CHB. The inclusion of almost exclusively



patients with HBeAg-negative CHB, which has a distinctive natural history with a
non-linear fibrosis progression during flares, could be potentially responsible for the
worse performance of TE in these patients. Since there was a difference across
aetiologies for the low cut-offs, we chose to propose <7 kPa rather than <8 kPa,
which had a worse overall sensitivity of 86%. However, specifically for patients with
NAFLD or ALD, who are the majority of the patients evaluated these days, a cut-off
of <8 kPa for ruling out cACLD has a sensitivity of >90% and could be safely used. It
should also be noted that high ALT levels and obesity influence the diagnostic
accuracy of the criteria, with lower specificity (and higher sensitivity) of the high and

low cut-offs, respectively.

Finally, we show that the quality criteria for TE can be simplified to “reliable” and
“poorly reliable”, since there was no difference between “very reliable” and “reliable”
measurements in terms of diagnostic accuracy. This simplification is important for

clinical practice, as TE is increasingly used outside high volume hepatology services.

This study has some limitations. Firstly, diagnosis of cACLD was based on
histological assessment of fibrosis stage, which is considered an imperfect gold
standard that can be affected by non-uniform distribution of histological lesions
throughout the liver parenchyma and ascertainment variation. Liver biopsies were
not analysed by a central pathologist, but the relevant reports from each centre
where collected and analysed in this patient database. Although all the pathologists
evaluating the biopsies were highly experienced, potential inter-observer variability
could not be eliminated. Having said that, the lesions of interest were bridging
fibrosis (F3) and cirrhosis, where interobserver variability is lower. In addition, such
an independent evaluation of histological lesions reflects better routine clinical

practice. Moreover, we chose to include all liver biopsies that histopathologists



deemed adequate for staging, irrespective of the length and number of portal tracts.
We do provide however sensitivity analyses based on the quality of liver biopsies.
Secondly, TE was performed in all patients using M probe, regardless of their BMI,
which might have led to less accurate measurements in obese patients, although the
overall diagnostic performance for cACLD was not reduced. Similarly, patients with
ALD were not necessarily abstinent from alcohol for at least one week, which could
have optimised the TE performance(25). Thirdly, this was a cross sectional analysis,
therefore further longitudinal studies with liver-related outcomes could validate the
utility of these criteria. Finally, external validation of the diagnostic accuracy of the
whole approach is warranted. However, overall, we believe that the proposed
algorithm seems to allow for more efficient identification of cCACLD in a large diverse

patient population than the current standard of care.

In summary, the recommended Baveno VI(1) LS thresholds of <10 and >15 kPa
seem to be less sensitive and more specific than required to rule out or diagnose
cACLD, as demonstrated in a large real-world population. Therefore, we propose a
lower dual cut-off of <7 and >12 kPa to optimise the overall predictive performance
of TE for assessing the presence of CACLD. Specifically for ALD and NAFLD, a cut-
off of <8 kPa can be safely used for ruling out cACLD. In addition, we developed a
risk model to predict the probability of having cACLD in the unclassified patients with
indeterminate LS range. In this way, by using a two-step approach and combining
TE with readily available patient characteristics, we propose an algorithm that can

correctly classify more than 80% of patients with chronic liver disease.
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Table 1. Main characteristics of patients with different aetiologies of liver disease. ANOVA tests were performed to compare values of
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patient subgroups with different aetiologies. P-values for the comparisons are presented in the last column of the table.

All patients, CHC, NAFLD, ALD, CHB,
Patient characteristics n=5648 n=2913 n=1073 n=946 n=716 P-value
Age, years 50.7+12.5 50.6+11.5 52.6+12.9 55.2+10.5 43.6+13.8 <0.001
Male gender, n (%) 3016 (53) 1463 (50.2) 567 (52.8) 514 (54.3) 472 (65.9) <0.001
Body mass index, kg/m 2 27.016.5 25.817.6 30.615.4 26.945.1 25.3+4.1 <0.001
ALT, IU/L 63 [62] 71 [65] 63 [53] 35 [31] 63 [69] <0.001
AST, IU/L 45 [36] 48 [41] 42 [27] 37 [35] 42 [35] 0.003
GGT, IU/L 60 [89] 54 [72] 80 [109] 91 [206] 35 [35] <0.001
Platelets, x10 */mm? 210+74 204+70 220471 233491 198+71 <0.001
Diabetes mellitus, yes (%) 830 (14.6) 274 (10.4) 442 (43.2) 71 (17.7) 43 (6.5) <0.001
Liver stiffness, kPa 7.7 [6.1] 7.5[5.1] 8.5[6.3] 8.5[12.0] 6.8 [4.1] <0.001
Liver stiffness, n (%) <10 3606 (65.7) 1966 (68.6) 602 (61.2) 516 (55.2) 522 (74.1) <0.001



>15
10-15 kPa
Fibrosis stage, n (%) FO
F1
F2
F3
F4

CACLD, n (%)

Liver biopsy samples, n (%)
> 15mm length
>10 portal tracts

TE results, n (%)

“very reliable” *

“reliable” #

“poorly reliable” *

987 (17.9)
891 (16.3)
681 (12.1)
1644 (29.1)
1551 (27.5)
907 (16.1)
865 (15.3)

1772 (31.4)

2201/4400 (50%)

1412/2432 (58%)

1351 (26.8)
3338 (66.4)

338 (6.7)

442 (15.5)
456 (15.9)
182 (6.2)
885 (30.4)
955 (32.8)
477 (16.4)
414 (14.2)

891 (30.6)

755/1943 (39%)

829/1468 (57%)

736 (28.3)

1689 (65.0)

173 (6.7)

167 (17.0)
214 (21.8)
199 (18.5)
332 (30.9)
234 (21.8)
179 (16.7)
129 (12.0)

308 (28.7)

737/986 (75%)

379/559 (68%)

202 (22.5)
617 (68.8)

78 (8.7)

299 (32.1)
118 (12.7)
215 (22.7)
182 (19.2)
189 (20.0)
131 (13.8)
229 (24.2)

360 (38.0)

15/30 (50%)

251 (28.7)
573 (65.5)

52 (5.9)
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79 (11.2)  <0.001
103 (14.6)  <0.001
85(11.9)  <0.001
245 (34.2)
173 (24.2)
120 (16.8)
93 (13.0)
213(29.7)  <0.001

439/928 (47%) 270/523 (52%) <0.001

182/355 (51%) <0.001

0.001
162 (24.6)
461 (70.1)

35 (5.3)
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CHC, chronic hepatitis C; NAFLD, Non-alcoholic fatty liver disease; ALD, Alcohol-related liver disease; CHB, chronic hepatitis B; cCACLD, compensated
advanced chronic liver disease defined as =F3 Metavir fibrosis stage; BMI, Body mass index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma glutamyl transferase

Quantitative variables are presented as mean + standard deviation (SD) or median values [IQR]. Categorical variables are presented as frequency (valid
percentage, %)

*TE reliability by interquartile range/median ratio (IQR/M): “very reliable” (IQR/M < 0.10), “reliable” (0.10 < IQR/M < 0.30, or IQR/M > 0.30 with LS median
< 7.1 kPa), and “poorly reliable” (IQR/M > 0.30 with LS median =7.1 kPa).



Table 2. Predictive factors for compensated advanced chronic liver disease (CACLD) in
1797 unclassified patients with liver stiffness values between 7 and 12 kPa. All reported

odds ratios (OR) are based on the bootstrapped binary logistic regression analysis for

n=200 test data sets.

Factors OR (95%CI) P-value Adj. OR (95% CI) P-value
Age per quintile’ 1.20(1.12-1.29) 0.005 1.19 (1.07-1.32) 0.005
Sex, male vs female 0.94 (0.77-1.15)  0.522 1.44 (1.09-1.90) 0.020
BMI, per quintile? 0.92 (0.85-1.00) 0.060  0.89(0.81-0.99) 0.045
Liver stiffness, per 1.52 (1.41-1.64) <0.001 1.51(1.38-1.66) 0.005
kPa

ALT levels, per 1.13(1.05-1.22) 0.005 0.97(0.83-1.14) 0.721
quintile®

AST levels, per 1.29 (1.20-1.40) 0.005 1.36 (1.15-1.59) 0.005
quintile®

GGT levels, per 1.14(1.06-1.23) 0.010 0.95(0.86-1.05) 0.335
quintile®

Platelet count, per 0.75(0.69-1.81) 0.005 0.82 (0.74-0.90) 0.005
quintile®

Type |l diabetes, 1.40 (1.07-1.83) 0.020 1.47 (1.05-2.06) 0.020

yes vs no

Cl, confidence interval; Adj., Adjusted; BMI, Body mass index; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase.

'Age quintiles: <40/41-48/49-54/55-61/>62 years
’BMI quintiles: <23/23-24.9/25-27.9/28-30.9/231 kg/m?
3ALT quintiles: <40/40-57/58-81/82-124/2125 1U/L
*AST quintiles: <32/32-41/42-54/55-79/280 IU/L

®GGT quintiles: <32/32-50/51-82/83-142/>143 1U/L
®Platelets quintiles: <157/157-187.9/188-219.9/220-253.9/>254 x10¥mm?



Figures

Figure 1. Bar chart of specificity and sensitivity levels of the high (>15 kPa) and low (<10
kPa) liver stiffness (LS) cut-offs proposed by the Baveno VI consensus in order to
diagnose or rule out compensated advanced chronic liver disease (CACLD), respectively,
in different patient groups. CHC, chronic hepatitis C; CHB, chronic hepatitis B; NAFLD,
non-alcoholic fatty liver disease; ALD, alcohol-related liver disease; BMI: body mass

index (kg/m?); ALT, alanine aminotransferase.

Figure 2. Bar chart of specificity and sensitivity levels of new high (>12 kPa) and low (<7
kPa) liver stiffness (LS) cut-offs in order to diagnose or rule out compensated advanced
chronic liver disease (CACLD), respectively, in different patient groups of the study cohort
based on the aetiology of liver disease. CHC, chronic hepatitis C; CHB, chronic hepatitis
B; NAFLD, non-alcoholic fatty liver disease; ALD, alcohol-related liver disease; BMI: body

mass index (kg/m?); ALT, alanine aminotransferase.

Figure 3. Classification of patients with chronic liver disease in order to diagnose or rule
out compensated advanced chronic liver disease (CACLD) by liver stiffness (LS) cut-offs
proposed by the Baveno VI consensus, the newly-proposed LS thresholds of <7 for viral
hepatitis or <8 kPa for non-alcoholic fatty liver disease (NAFLD) and alcohol-related liver
disease (ALD) and >12 kPa and a risk model for the unclassified patients. ALT, alanine
aminotransferase; AST aspartate aminotransferase; BMI: body mass index; GGT,

gamma-glutamyl transferase.
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Fig3

Patients with liver disease evaluated for cACLD, n=5648

GOLD STANDARD: No cACLD: 3876 patients s cCACLD: 1772 patients
Liver biopsy
S
LS <10 kPa, n=3606 LS >15 kPa, n=986,
Misclassified 431 (12%) Misclassified 169 (17%)
BAVENO recommendations Patients with No cACLD and LS <10 kPa, Unclassified patients with LS 10-15 kPa, Patients with cACLD and LS >15 kPa,
LS cut-offs <10 and >15 kPa n=3175 n=891 (16%) n=817
<
Correct classification 73%
LS <71/<82 kPa, n=2522 LS >12 kPa, n=1314,
Misclassified 173 (7%) Misclassified 294 (22%)
<and >:‘::Pl;sf§:‘:-i(:;flshepati s Patients with No cACLD and Unclassified patients with LS 71/82 -12kPa, Patients with CACLD by LS >12 kPa,
<71/82 = n=1647 (30 n=1020
<8 and >12 kPa for ALD/NAFLD SRR, D (30%)
A\, S
Misclassified n=321 (30%)
Risk factor model Correctly classified as No Correctly classified as
developed from 1097 patients with available data CACLD by Risk model, CACLD by Risk model,
incl. LS, age, sex, BMI, ALT, AST, platelets, GGT, n=645 n=122
type Il diabetes
Misclassified n=788 (16%)
Combination of New LS cut-off:
and risk model in Correctly classified as No cACLD using new LS cut-offs Correctly classified as cACLD using new LS cut-offs
unclassified patients <71/<82 & >12 kPa and risk model, n=2994 <71/<82 & >12 kPa and risk model, n=1142

Correct classification 84%

" for patients with viral hepatitis (C or B)
2 for patients with ALD/NAFLD



HIGHLIGHTS

CACLD is the spectrum of advanced fibrosis and cirrhosis in asymptomatic
patients.

The Baveno VI consensus suggested a dual LS cut-off to diagnose/rule out
CACLD.

Proposed LS cut-offs <10/>15 kPa had 75%/96% Se/Sp to rule out/in cACLD.
We showed that LS cut-offs <7/>12 kPa are more optimal (Se/Sp 91%/92%).
In ALD and NAFLD, a cut-off <8 kPa to rule out cACLD can be used

(Se=93%).



