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Highlights
e Liver-related prognosis in non-alcoholic fatty liver disease
(NAFLD) is impaired in patients with advanced fibrosis.

o FibroMeterV“'E is a new test combining blood markers and
elastography.

o FibroMeterV“™ outperforms other fibrosis tests for the
diagnosis of advanced fibrosis in NAFLD.

VCTE

e Algorithms using FibroMeter as a second-line test

provide 90% diagnostic accuracy.
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Lay summary

The evaluation of liver fibrosis is manda-
tory in non-alcoholic fatty liver disease
(NAFLD), as advanced fibrosis identifies
the subgroup of patients with impaired
prognosis. FibroMeterV“™t is a new fibro-
sis test combining blood markers and the
result of vibration controlled transient
elastography (VCTE) into a single diag-
nostic test. Our results show that
FibroMeterV“™ outperforms other blood
fibrosis tests and VCTE alone for the
diagnosis of advanced fibrosis in a large
multi-centric cohort of 938 patients with
biopsy-proven NAFLD. Sequential algo-
rithms using a simple blood test or VCTE
as a first-line procedure, then
FibroMeterV' as a second-line test accu-
rately classified 90% of patients.

© 2019 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2019, 71, 389-396
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Background & Aims: Advanced liver fibrosis is an important
diagnostic target in non-alcoholic fatty liver disease (NAFLD) as
it defines the subgroup of patients with impaired prognosis.
The non-invasive diagnosis of advanced fibrosis is currently lim-
ited by the suboptimal positive predictive value and the grey zone
(representing indeterminate diagnosis) of fibrosis tests. Here, we
aimed to determine the best combination of non-invasive tests
for the diagnosis of advanced fibrosis in NAFLD.

Methods: A total of 938 patients with biopsy-proven NAFLD
were randomized 2:1 into derivation and validation sets. All
patients underwent liver stiffness measurement with vibration
controlled transient elastography (VCTE) and blood fibrosis tests
(NAFLD fibrosis score, Fibrosis-4 [FIB4], Fibrotest, Hepascore,
FibroMeter). FibroMeter""®, which combines VCTE results and
FibroMeter markers in a single test, was also calculated in all
patients.

Results: For the diagnosis of advanced fibrosis, VCTE was signif-
icantly more accurate than the blood tests (area under the recei-
ver operating characteristic curve [AUROC]: 0.840+0.013,
p <0.005). FibroMeter was the most accurate blood test (AUROC:
0.793 £ 0.015, p <0.017). The combinatory test FibroMeter'™E
outperformed VCTE and blood tests (AUROC: 0.866 +0.012,
p <0.005). The sequential combination of FIB4 then
FibroMeterV™®  (FIB4-FMV‘™® algorithm) or VCTE then
FibroMeterV“TE (VCTE-FMV™E algorithm) provided an excellent
diagnostic accuracy of 90% for advanced fibrosis, with liver biopsy
only required to confirm the diagnosis in 20% of cases. The FIB4-
FMYCE and VCTE-FMVC™E algorithms were significantly more
accurate than the pragmatic algorithms currently proposed.

Keywords: Non-alcoholic fatty liver disease; Fibrosis; Blood test; VCTE; Non-invasive
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Conclusion: The sequential combination of fibrosis tests in the
FIB4-FMVCTE and VCTE-FMV“E algorithms provides a highly accu-
rate solution for the diagnosis of advanced fibrosis in NAFLD.
These algorithms should now be validated for the diagnosis of
advanced liver fibrosis in diabetology or primary care settings.
Lay summary: The evaluation of liver fibrosis is mandatory in
non-alcoholic fatty liver disease (NAFLD), as advanced fibrosis
identifies the subgroup of patients with impaired prognosis.
FibroMeterV ™ is a new fibrosis test combining blood markers
and the result of vibration controlled transient elastography
(VCTE) into a single diagnostic test. Our results show that
FibroMeterV“™® outperforms other blood fibrosis tests and VCTE
alone for the diagnosis of advanced fibrosis in a large multi-
centric cohort of 938 patients with biopsy-proven NAFLD.
Sequential algorithms using a simple blood test or VCTE as a
first-line procedure, then FibroMeterV“™® as a second-line test
accurately classified 90% of patients.

© 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Non-alcoholic fatty liver disease (NAFLD), the liver manifesta-
tion of the metabolic syndrome linked to obesity and insulin
resistance, affects 25% of the general population both in western
and developing countries.! As in the other causes of chronic
liver disease, liver fibrosis is the main determinant of prognosis
in NAFLD.? The risk of liver-related mortality increases from
fibrosis stage 2 and is exponentially higher when transitioning
to stage F3 (bridging fibrosis) then F4 (cirrhosis).? Therefore,
as recommended by international guidelines, patients with
NAFLD should be assessed for the presence of advanced F3/4
fibrosis, because of its prognostic implications.>

Only a small number of patients with NAFLD develop
advanced liver fibrosis and it is a challenge for physicians to

EASL

The Home of Hepatology


mailto:JeBoursier@chu-angers.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2019.04.020&domain=pdf

Research Article

identify them within the large NAFLD population.® Non-invasive
tests, mainly blood tests and elastography devices, are now
available to facilitate the evaluation of liver fibrosis in chronic
liver diseases. A recent meta-analysis showed that non-
invasive fibrosis tests can accurately diagnose advanced fibrosis
in NAFLD, with an area under the receiver operating characteris-
tic curve (AUROC) around 0.80-0.85.° These tests have excellent
negative predictive values to confidently exclude advanced
fibrosis, but also have high rates of false positive results, limiting
their ability to affirm the diagnosis.® In addition, non-invasive
fibrosis tests are usually used with 2 diagnostic thresholds fram-
ing a grey zone where the diagnosis remains undetermined. Sev-
eral studies, mainly performed in chronic viral hepatitis, have
shown that combining non-invasive fibrosis tests helps to
reduce this grey zone and furthermore increases the positive
predictive value of the diagnosis.”~° For example, in the setting
of chronic hepatitis C, we have developed the FibroMeter"cTE3C
(FMV™E), which is a combination of the result of transient elas-
tography with the biomarkers of the blood test FibroMeter"?¢
(FM).'° This concept of combining tests remains poorly evalu-
ated in NAFLD. A stepwise algorithm (simple blood test first-
line, specialized blood test or elastography second-line) has
recently been proposed and is now presented in the slide deck
of the guidelines of the European Association for the Study of
the Liver (EASL).!!'? However, the development of this algo-
rithm was based on a pragmatic approach and literature results,
and its diagnostic accuracy has never been evaluated.

The aim of the present study was to determine the best com-
bination of non-invasive tests for the diagnosis of advanced liver
fibrosis in NAFLD, and to compare its accuracy to that of the
recent EASL guidelines algorithm.

Patients and methods

Patients

Adults aged >18years with biopsy-proven NAFLD were
included in 4 French University Hospitals: Angers, Bordeaux,
Grenoble and Toulouse. NAFLD was defined as >5% liver steato-
sis on liver biopsy after exclusion of concomitant steatosis-
inducing drugs, excessive alcohol consumption (>210 g/week
in men or >140 g/week in women), chronic hepatitis B or C
infection, and histological evidence of other concomitant
chronic liver disease. Patients were not included if they had
liver complications (liver failure, encephalopathy, ascites, vari-
ceal bleeding, systemic infection or hepatocellular carcinoma).
In each center, liver biopsy was performed mainly for suspected
NAFLD with abnormal liver function test, hyperferritinemia, or
abnormal fibrosis tests. All patients came from hepatology clin-
ics and no biopsy was performed during bariatric surgery. The
periods of inclusion were 2004-2017 for Angers, 2006-2017
for Bordeaux, 2014-2016 for Grenoble and 2015-2017 for Tou-
louse. The study protocol conformed to the ethical guidelines of
the current Declaration of Helsinki and was approved by the
local Ethic Committees. All patients gave written informed con-
sent before being included in the study.

Liver biopsy

Pathological examinations were performed in each center by
the same senior expert specialized in hepatology and blinded
to patient data. We and others have shown the excellent
inter-observer reproducibility for liver fibrosis evaluation when
performed by expert pathologists.'>~'® Liver fibrosis was evalu-
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ated according to the non-alcoholic steatohepatitis (NASH) Clin-
ical Research Network scoring system,'? i.e., FO: no fibrosis; F1:
perisinusoidal or portal/periportal fibrosis, F2: perisinusoidal
and portal/periportal fibrosis, F3: bridging fibrosis and F4: cir-
rhosis. Advanced liver fibrosis was defined as F3/4 fibrosis
stages and was the primary diagnostic target of the study.

Liver stiffness measurement

Liver stiffness measurements were performed using vibration
controlled transient elastography (VCTE) technology (FibroS-
can® device; Echosens, Paris, France). The examinations were
performed according to the manufacturer’s recommendations,'®
the day of or no more than 3 months before or after liver biopsy,
with patients in fasting conditions. An experienced observer
(>500 examinations), who was blinded to patient data, recorded
10 valid measurements. The VCTE results were expressed in kPa,
as the median of these valid measurements.

Blood fibrosis tests

Fasting blood samples were taken the day of or within the week
preceding liver biopsy. The following blood fibrosis tests were
calculated according to published or patented formulas: NAFLD
fibrosis score (NFS),'” Fibrosis-4 (FIB4),'® Fibrotest,'® Hepas-
core,”® FM,?' and FMV<™E.'? The last of which is a new fibrosis
test that combines, in a single formula, age, sex, the result of liver
stiffness measured by VCTE, and the blood markers of FM (aspar-
tate aminotransferase [AST], gamma glutamyltransferase, plate-
let count, prothrombin time, alpha-2-macroglobulin). All blood
assays were performed in the laboratories of the investigating
centers. We have previously demonstrated the excellent inter-
laboratory reproducibility of blood fibrosis tests.??

EASL guidelines algorithm

The EASL guidelines algorithm uses a simple blood test, either
NFS or FIB4, as the first-line procedure (Fig. 1): NFS <—1.455 or
FIB4 <1.30 rules out advanced fibrosis, whereas NFS >0.676 or
FIB4 >3.25 indicates a high risk of advanced fibrosis requiring
confirmation by liver biopsy. Following previously published
data,”® the algorithm recommends using age-specific cut-offs
to rule out advanced fibrosis in patients aged >65 years (<0.12
for NFS, <2.0 for FIB4). Should the first-line test give an interme-
diate result (in the grey zone), a second-line evaluation with a
specialized blood test or elastography is performed.

Statistical analysis

Identification of the best-performing fibrosis tests - The diagnostic
accuracy of the fibrosis tests was evaluated using the AUROC
and the Obuchowski index. The Obuchowski index is a multino-
mial version of the AUROC adapted to ordinal references such as
pathological fibrosis staging.?* This index measures the proba-
bility that 2 randomly chosen patients from different fibrosis
stages are correctly classified, with a penalty for incorrect clas-
sification (1 when the difference between stages is 1, 2 when
the difference is 2, etc.).

New algorithm development — The study population was ran-
domized 2:1 into derivation and validation sets. Two diagnostic
cut-offs, corresponding to the 90% sensitivity and 90% specificity
thresholds for advanced fibrosis, were calculated in the deriva-
tion set for the best-performing fibrosis tests. If a positive pre-
dictive value (PPV) >80% was not reached with the 90%
specificity threshold, a 95% specificity threshold was calculated.
Fibrosis tests were combined according to their ease of use: the
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NAFLD fibrosis score or FIB4
NFS <-1.455* NFS -1.455* to 0.676 NFS >0.676
FIB4 <1.30* FIB4 1.30%-3.25 FIB4 >3.25
Low risk Intermediate risk High risk
I
{ ¥ )
Exclude F 23 Grey zone Diagnose F 23
Fibrotest <0.30 Fibrotest 0.30-0.70 Fibrotest >0.70

Hepascore <0.37
Fibroscan <7.9

Hepascore 0.37-0.70
Fibroscan 7.9-9.6

Hepascore >0.70
Fibroscan >9.6

!

Monitoring every 2 years

Liver biopsy

Fig. 1. Diagnostic algorithm proposed by the European Association for the Study of the Liver to non-invasively assess advanced liver fibrosis in patients
with NAFLD.'"-'? *NFS threshold: —1.455 in patients <65 years old, 0.12 in patients 265 years old. *FIB4 threshold: 1.30 in patients <65 years old, 2.0 in patients
265 years old. FIB4, Fibrosis-4; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score.

simplest as a first-line test and the most complex as a second-
line test. Finally, the diagnostic accuracy of the algorithm was
evaluated in the validation set.

Statistical analyses were performed using SPSS version 18.0
software (IBM, Armonk, NY, USA). Results are reported in accor-
dance with the recently published LiverFibroSTARD
statements.”®

Results
Patients
The characteristics of the 938 patients included in the study are
detailed in Table 1. A total of 396 patients were included in
Angers, 441 in Bordeaux, 61 in Toulouse and 40 in Grenoble.

Table 1. Patient characteristics at inclusion.

Mean age was 56.5 + 12.1 years, mean body mass index was
31.8 £ 5.8 kg/m?, half of the patients were diabetic and 58.5%
were male. Mean biopsy length was 27 +12 mm (median:
26 mm; 1st quartile: 19 mm; 3rd quartile: 33 mm) and 89.0%
of the liver biopsies were >15 mm in length. The median VCTE
result was 8.9kPa (1st quartile: 6.3 kPa; 3rd quartile:
13.8 kPa). Bridging F3 fibrosis was present in 27.4% of patients
and cirrhosis in 13.4%.

Comparison of fibrosis tests

We first evaluated the most validated fibrosis tests used with
their published cut-offs (NFS: —1.455 and 0.676, FIB4: 1.30
and 3.25, VCTE: 7.9 and 9.6 kPa). NFS had good sensitivity
(85.4%) and negative predictive value (NPV) (81.9%), but insuffi-

All Derivation Validation p value
(n=938) (n=625) (n=313)
Age (years) 56.5 +12.1 56.4+12.0 56.7 £12.2 0.711
Male sex (%) 58.5 60.3 55.0 0.122
BMI (kg/m?) 31.8+5.8 31.8+59 320+56 0.401
Diabetes (%) 51.1 50.6 52.2 0.672
Biopsy length (mm) 2712 2712 27+11 0.256
NAS 40+1.6 40+1.6 41+16 0.503
Fibrosis stage (%): 0.655
FO 9.5 8.6 11.2
F1 22.8 22.4 23.6
F2 26.9 27.5 25.6
F3 27.4 27.4 27.5
F4 134 14.1 12.1
AST (IU/L) 39 (30-55) 39 (30-56) 38 (29-55) 0.226
ALT (IU/L) 56 (37-82) 57 (38-82) 54 (32-83) 0.290
GGT (IU/L) 80 (45-149) 80 (46-151) 77 (42-139) 0.217
Bilirubin (pumol/L) 12+7 11+£6 12+7 0.667
Platelets (x10°/L) 222 +70 219+ 67 227+ 75 0.170
Albumin (g/L) 42.5+40 424+42 42.6+3.5 0.529
Prothrombin time (%) 95+15 95+15 96+ 14 0.145
FIB4 1.43 (0.95-2.12) 1.44 (0.97-2.17) 1.43 (0.94-2.06) 0.446
NAFLD fibrosis score —-0.816 + 1.607 —0.788 + 1.588 —0.873 +1.647 0.676
VCTE result (kPa) 8.9 (6.3-13.8) 9.0 (6.4-14.0) 8.8 (6.2-13.0) 0.344

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FIB4, Fibrosis-4; GGT, gamma glutamyltransferase; NAFLD, non-alcoholic fatty liver
disease; NAS, NAFLD activity score; VCTE, vibration controlled transient elastography (Fibroscan). Quantitative variables were compared with the Mann-Whitney Test and

percentages with the Fisher’s Exact Test.
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cient PPV (70.6%) (Table S1). FIB4 had good PPV (82.9%), but
<80% sensitivity and NPV. VCTE had excellent sensitivity and
NPV (>90%), included many less patients than blood tests in
the grey zone between the 2 diagnostic thresholds (16.3% vs.
49.7% for NFS and 47.8% for FIB4; both p <0.001), but had insuf-
ficient 68.5% PPV.

The comparison of AUROCs for the diagnosis of advanced
fibrosis showed that FM was significantly more accurate than
other blood fibrosis tests, and that VCTE was significantly more
accurate than all blood tests (Table 2, see Table S2 for pairwise
comparisons). The combinatorial test FMV™ was significantly
more accurate than FM alone or VCTE alone. The same results
were obtained when the AUROCs for the other diagnostic tar-
gets (F 22 and cirrhosis) were compared, and when Obuchowski
indexes were compared. Therefore, FM, VCTE, and their combi-
nation in FMV<TE were selected to develop the new study algo-
rithms, as well as NFS and FIB4 which are the most validated
blood fibrosis tests in the literature.

New diagnostic algorithms for advanced liver fibrosis in
NAFLD

The characteristics of the patients in the derivation and valida-
tion sets did not differ significantly (Table 1). In the derivation
set, the 90% sensitivity thresholds of NFS, FIB4, FM, VCTE, and
FMVCTE were —1.669, 1.04, 0.26, 8.0 kPa and 0.32, respectively.
Using these cut-offs, advanced fibrosis was ruled out with an
NPV of 85-90% (Table S3). FMVC'E attained the objective of a
>80% PPV (81.5% PPV) using its 90% specificity threshold
(0.69). However, the 4 other tests did not attain that objective
(Table S3). Therefore, for these tests, we calculated the 95%
thresholds (0.927 for NFS, 2.67 for FIB4, 0.77 for FM and
15.7 kPa for VCTE). Using the 95% specificity threshold, FM
and VCTE reached the >80% PPV objective (80.8% and 83.7%,
respectively), whereas PPV was 78.3% for FIB4 and only 74.4%
for NFS.

We have previously shown that an interquartile range/me-
dian ratio (IQR/M) >0.30 in intermediate/high VCTE results indi-
cates an unreliable VCTE examination with poor diagnostic
accuracy.”® In the derivation set, the rates of advanced fibrosis
in patients with VCTE results <8.0 kPa (false negatives) did not
significantly differ between IQR/M <0.30 and IQR/M >0.30
(10.6% vs. 6.9%, p = 0.749; Table 3). In contrast, they significantly
differed in patients with VCTE results >8.0 kPa, with respective
rates of 67.2% vs. 40.0% (p <0.001). That same trend was
obtained for FMVCE (Table 3).

Based on the results above, we designed several stepwise
algorithms for the diagnosis of advanced fibrosis in NAFLD
(Fig. S1): blood tests as a first-line procedure then VCTE in
second-line (NFS-VCTE, FIB4-VCTE and FM-VCTE algorithms);
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blood tests then FMVC™® (NFS-FMV<'E, FIB4-FMVCTE, FM-FMVYCTE
algorithms); VCTE then FMV‘™ (VCTE-FMV‘™® algorithm). The
accuracy of these algorithms in the derivation set is detailed
in Table S4 (see Table S5 for contingency tables).

Validation of the new algorithms

In the validation set, results showed that using VCTE as a
second-line test decreased the need for liver biopsy by 2-fold
compared to single tests, while maintaining high diagnostic
accuracy (Table 4). Using FMV<'E instead of VCTE as a second-
line test reduced the need for liver biopsy even more: NFS-
VCTE required 32.9% liver biopsy vs. 20.1% with NFS-FMY<TE (p
<0.001, 39% decrease), FIB4-VCTE required 30.4% liver biopsy
vs. 21.1% with FIB4-FMVC™ (p <0.001, 31% decrease), and FM-
VCTE required 27.5% liver biopsy vs. 19.2% with FM-FMV<TE
(p =0.001, 30% decrease). These results demonstrate the interest
of FMVCTE as a second-line specialized fibrosis test rather than
VCTE alone.

Among the 4 algorithms using F as a second-line proce-
dure, the VCTE-FMVE provided the highest diagnostic accuracy
(89.8%) and the lowest rate of second-line test requirement
(46.3%, Table 4). Conversely, the NFS-FMY<'E provided the low-
est diagnostic accuracy (85.6%) and the highest rate of FMV¢TE
requirement (63.6%). Despite FM having a significantly higher
AUROC (Table 2) and a lower grey zone than FIB4 for advanced
fibrosis (Table 4), this did not translate into a significantly dif-
ferent diagnostic accuracy or rate of liver biopsy requirement
between FM-FMY“™ and FIB4-FMVC'E algorithms. Considering
the advantages of FIB4 and VCTE (no additional cost for the for-
mer, immediate result during the consultation for the latter), we
selected the FIB4-FMV‘™ and the VCTE-FMVC® algorithms
(Fig. 2) for further analyses. FIB4-FM"“™ and VCTE-FMY'E had
excellent diagnostic accuracy for advanced fibrosis in the vali-
dation population, correctly classifying 90% of patients, with
85% sensitivity, 90% specificity, 90% NPV, 85% PPV, and a
requirement for liver biopsy in only 20% of patients (Table 4).
The “FMVYCTE for all” strategy significantly increased sensitivity
to 90% but required both blood markers and VCTE for all
patients and significantly increased the liver biopsy require-
ment to 28.4%.

The diagnostic accuracy of FIB4-FMVC™® and VCTE-FMY¢TE
algorithms was not significantly different between the deriva-
tion and the validation sets. In multivariate analysis (adjusted
on age, sex, body mass index, diabetes, derivation/validation
set, F3/4, biopsy length, and AST), neither the period of liver
biopsy (2004-2009 vs. 2010-2013 vs. 2014-2017) nor the
investigating center were independently associated with diag-
nostic accuracy of the FIB4-FMV“™E or the VCTE-FMV‘™E algo-
rithms (detailed data not shown).

MVCTE

Table 2. AUROCs and Obuchowski indexes of non-invasive fibrosis tests (see Table S2 for pairwise comparisons).

Fibrosis test AUROC Obuchowski index
F >2 F >3 F4
NFS 0.712 £ 0.018 0.722 £ 0.017 0.749 £ 0.021 0.715+0.014
FIB4 0.711£0.017 0.763 £ 0.016 0.784 +0.022 0.741 £ 0.013
Fibrotest 0.706 + 0.018 0.738 £ 0.016 0.768 £ 0.022 0.727 £ 0.013
Hepascore 0.712 £0.017 0.756 £ 0.016 0.798 + 0.021 0.739 £ 0.013
FibroMeter 0.751 £ 0.016 0.793 £ 0.015 0.815 + 0.020 0.777 £ 0.012
VCTE 0.826 £ 0.014 0.840 +0.013 0.872 £ 0.015 0.832£0.010
FibroMeter"<™® 0.833 £0.014 0.866 + 0.012 0.897 £ 0.013 0.849 + 0.079

AUROC, area under the receiver operating characteristic curve; FIB4, Fibrosis-4; NFS, NAFLD fibrosis score; VCTE, vibration controlled transient elastography (Fibroscan).
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Table 3. Rate of patients with advanced F3/4 fibrosis as a function of the IQR/M ratio of VCTE examination.

IQR/M VCTE <8.0 kPa VCTE >8.0 kPa
All Derivation Validation p value All Derivation Validation p value
<0.30 103 10.6 9.8 1.000 65.7 67.2 62.9 0.365
>0.30 7.1 6.9 7.7 1.000 38.2 40.0 333 0.792
p value 0.784 0.749 1.000 = <0.001 <0.001 0.016 -
FibroMeter"<'® <0.32 FibroMeterV<™® >0.32
All Derivation Validation p value All Derivation Validation p value
<0.30 11.1 114 10.5 0.857 65.5 66.8 63.0 0.420
>0.30 2.5 4.0 0.0 1.000 39.7 39.0 42.1 1.000
p value 0.102 0.491 0.358 = <0.001 <0.001 0.087 -
IQR/M, interquartile range/median; VCTE, vibration controlled transient elastography (Fibroscan). Percentages were compared with the Fisher’s Exact Test.
Table 4. Diagnostic accuracy of study algorithms based on single tests or stepwise combinations in the validation set.
Algorithm 1st test 2nd test DA Se Spe NPV PPV -LR +LR OR 2nd test LB
Single tests®
NFS NFS - 92.3 89.5 94.2 93.2 91.0 0.11 15.4 138.2 - 63.6
FIB4 FIB4 - 94.6 91.9 96.3 94.8 94.2 0.08 24.8 296.4 - 59.1
FM FM - 91.7 88.7 93.7 92.7 90.2 0.12 14.0 115.9 - 49.5
VCTE VCTE - 94.6 90.3 97.4 93.9 95.7 0.10 34.1 3435 - 46.3
Stepwise combinations”
NFS-VCTE NFS VCTE 88.5 83.1 92.1 89.2 87.3 0.18 10.5 56.9 63.6 32.9
FIB4-VCTE FIB4 VCTE 90.7 84.7 94,7 90.4 91.3 0.16 16.0 98.9 59.1 304
FM-VCTE FM VCTE 88.5 83.1 92.1 89.2 87.3 0.18 10.5 56.9 49.5 27.5
NFS-FMVCTE NFS FMVCTE 85.6 83.1 87.3 88.7 81.1 0.19 6.5 33.7 63.6 20.1
FIB4-FM"CTE FIB4 FMVCTE 88.8 86.3 90.5 91.0 85.6 0.15 9.1 59.8 59.1 21.1
FM-FMV<TE M FMVCTE 87.2 84.7 88.9 89.8 83.3 0.17 7.6 44.2 49.5 19.2
VCTE-FMVCTE VCTE FMVCTE 89.8 85.5 92.6 90.7 88.3 0.16 11.5 73.6 46.3 22.0
FMVCTE FMVCTE 91.1 90.3 91.5 93.5 87.5 0.11 10.7 100.9 - 28.4

2nd test, rate of patients requiring the second-line fibrosis test (%); DA, diagnostic accuracy (%); FIB4, Fibrosis-4; FM, FibroMeter'2¢; FMVT, FibroMeter'“'%; LB, rate of
patients requiring liver biopsy (%); —LR, negative likelihood ratio; +LR, positive likelihood ratio; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; NPV,
negative predictive value (%); OR, odds ratio; PPV, positive predictive value (%); Se, sensitivity (%); Spe, specificity (%); VCTE, vibration controlled transient elastography
(Fibroscan).

2 See Fig. S1A. Fibrosis tests are used with their 2 thresholds calculated in the derivation set (NFS: —1.669 and 0.927; FIB4: 1.04 and 2.67; FM: 0.26 and 0.77; VCTE: 8.0 and
15.7 kPa). Liver biopsy is performed in case of result in the grey zone between the 2 thresholds

b See Fig. S1B. Fibrosis test are used with their 2 thresholds calculated in the derivation set. The second test is used in case of result in the grey zone of the first test, liver

biopsy is performed in case of result in the grey zone of the second test

A

B

VCTE

<1.04 1.04-2.67 >2.67 <8.0 kPa 8.0-15.7 kPa >15.7 kPa
j or >15.7 kPa with IQR/M 20.30 with IQR/M <0.30
FibroMeterVc™ FibroMeter'c™®
<0.32 0.32-0.69 >0.69 <0.32 0.32-0.69 >0.69
or >0.69 with IQR/M <0.30 or >0.69 with IQR/M <0.30
with IQR/M 20.30 j with IQR/M 20.30
No/mild fibrosis Grey zone Advanced fibrosis No/mild fibrosis Grey zone Advanced fibrosis
F0-2 Liver biopsy F3-F4 F0-2 Liver biopsy F3-F4

Fig. 2. FIB4-FMV“™ and VCTE-FMV'E algorithms. FIB4, Fibrosis-4; FMV<'E, FibroMeterV<'E,

Comparison to the EASL guidelines algorithm

Age-specific cut-offs were recently proposed for NFS (<0.12) and
FIB4 (<2.0) in patients aged >65 years.”> In the subgroup of
patients aged 265 years and using these age-specific cut-offs,
advanced fibrosis was ruled out for 50% of patients and specificity
was increased from 15-25% to 50-60% (Table S6). However, there
was an important concomitant decrease in sensitivity, from 90%
to 60%. When considering the whole population, using the
age-specific cut-offs led to a >10% decrease in sensitivity to only
72.6% for NFS and 66.8% for FIB4.
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As there was no significant difference in diagnostic accuracy
for both the FIB4-FMY™ and VCTE-FMVE algorithms between
the derivation and validation sets, we compared them with the
EASL guidelines algorithm in the whole study population.
According to the diagnostic tests used, the guidelines algorithm
had 80-85% diagnostic accuracy, 50-70% sensitivity, 100%
specificity, 75-80% NPV, 100% PPV, and 30-45% liver biopsy
requirement (Table 5). Compared to the guidelines algorithm,
both FIB4-FMVC™® and VCTE-FMV‘™® showed greater accuracy
and sensitivity for advanced fibrosis, and required fewer liver
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Table 5. Comparison of the FIB4-FMV™ and the VCTE-FM" algorithms with the EASL guidelines algorithm.

Algorithm 1st test 2nd test DA Se Spe NPV PPV -LR +LR OR 2nd test LB
Study algorithms™
FIB4-FMVCTE FIB4 FMVCTE 87.6% 84.3" 89.9° 89.3 85.2 0.17 8.4 48.0 57.7¢ 21.9°
VCTE-FMVCTE VCTE FMVCTE 89.6°  84.6" 93.08 89.7 89.3 0.17 12.0 72.7 4402 22.2°
EASL algorithms®
EASL NFS-FT NFS Fibrotest 85.1 63.4 100.0 79.9 100.0 0.37 na. na. 40.6 429
EASL NFS-HS NFS Hepascore 82.5 57.2 100.0 77.2 100.0 0.43 na. na. 40.6 34.8
EASL NFS-VCTE NFS VCTE 87.4 69.2 100.0 82.5 100.0 0.31 na. na. 40.6 44.7
EASL FIB4-FT FIB4 Fibrotest 83.3 59.0 100.0 77.9 100.0 0.41 na. na. 40.0 39.1
EASL FIB4-HS FIB4 Hepascore 79.7 50.4 100.0 74.5 100.0 0.50 n.a. n.a. 40.0 28.9
EASL FIB4-VCTE FIB4 VCTE 84.9 62.9 100.0 79.6 100.0 0.37 na. na. 40.0 36.1
Modified EASL algorithms®
NFS-VCTE NFS VCTE 80.4 67.4 89.4 79.9 81.4 0.37 6.3 17.4 58.0 14.7
FIB4-VCTE FIB4 VCTE 80.4 62.4 92.8 78.1 85.7 0.41 8.7 214 48.1 11.2

2nd test, rate of patients requiring the second-line fibrosis test (%); DA, diagnostic accuracy (%); EASL, European Association for the Study of the Liver; FIB4, Fibrosis-4; FM,
FibroMeter¥2¢; FMVTE, FibroMeter'“%; FT, Fibrotest; HS, Hepascore; LB, rate of patients requiring liver biopsy (%); —LR, negative likelihood ratio; +LR, positive likelihood
ratio; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; NPV, negative predictive value (%); OR, odds ratio; PPV, positive predictive value (%); Se, sensitivity

(%); Spe, specificity (%); VCTE, vibration controlled transient elastography (Fibroscan).

*#See Fig. 2; %See Fig. 1; %See Fig. S2.

Comparison of study algorithms vs. EASL or modified EASL algorithms (McNemar’s Test):
3 p <0.050 vs. others (except EASL NFS-VCTE: p = n.s.); ® p <0.001 vs. others; € p = 0.033 vs. modified EASL FIB4-VCTE; ¢ p <0.001 vs. others (excepted vs. modified EASL NFS-
VCTE: p=n.s.); © p<0.002 vs. others; 'p <0.001 vs. others (excepted vs. EASL NFS-VCTE: p = n.s.); & p <0.010 vs. modified EASL NFS-VCTE.

biopsies (Table 5). We also evaluated “modified” EASL algo-
rithms where VCTE was used to confirm the diagnosis of
advanced fibrosis suggested by the first-line blood test NFS or
FIB4, and liver biopsy was performed only when the diagnosis
remained undetermined after VCTE evaluation (Fig. S2). Com-
pared to these modified EASL algorithms, FIB4-FMV‘'E and
VCTE-FMVYC'E algorithms showed significantly higher diagnostic
accuracy, sensitivity and NPV for advanced fibrosis (Table 5).

Discussion

Liver fibrosis must be accurately evaluated to assess the severity
of NAFLD,>* a pathology now affecting 25% of the general pop-
ulation.! In such a large patient set, non-invasive tests of liver
fibrosis are a very attractive option. These non-invasive tests
include simple blood tests using common parameters available
to all physicians, more specialized blood tests using costly but
more accurate direct markers of liver fibrosis, and elastography
devices.?” In the present study, we have extended the concept of
combining tests previously developed in chronic viral hepatitis
to NAFLD, demonstrating that the association of the blood test
FM with VCTE in the FMVC'E algorithm provides a powerful
solution for the diagnosis of advanced fibrosis.'!® We thus devel-
oped an algorithmic approach wherein VCTE or FIB4 may be fol-
lowed by the combinatory FMVC™. This approach correctly
classified 90% of patients and reduced the requirement for liver
biopsy to only 20%. The strengths of our study were the large
sample of nearly a thousand patients with NAFLD and high
quality liver biopsies, and the large panel of non-invasive tests
including simple blood tests, specialized blood tests and VCTE,
through which we were able to identify the best combinations
for advanced fibrosis diagnosis in NAFLD.

FM and VCTE were the most accurate fibrosis tests in our
study. FMVS™E, which is a combination of the blood markers of
FM and the results of VCTE, gave even greater diagnostic accu-
racy, as it had already done in the setting of chronic hepatitis
C where it was developed.!® Because the pathophysiological
processes of liver fibrosis are the same whatever the type of
liver injury, this suggests that biomarkers directly and closely
linked to this lesion are of interest in all chronic liver diseases.
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FMVCTE does however require both blood sampling and VCTE
examination. That aspect could represent a limitation for feasi-
bility in clinical practice considering the few VCTE devices avail-
able for the large population of patients with NAFLD requiring
evaluation. We therefore decided to develop a sequential algo-
rithmic approach starting with a single fibrosis test, either
FIB4 or VCTE. This has 2 advantages. First, as shown by our
results, advanced fibrosis can be ruled out in a large proportion
of patients with only the first-line test (FIB4 or VCTE), with no
need to continue to the FMV'E step. Second, physicians can
choose the algorithm that is best suited to the locally available
resources. When available, VCTE is very attractive as a first-line
procedure because it gives an immediate result after a quick and
easy-to-perform examination, and thus enables decisions dur-
ing the consultation. In contrast, the advantage of FIB4 is that
it induces no additional cost as serum aminotransferase and
platelet counts are part of the basic liver evaluation. In both
cases, should the entry result be indeterminate, moving on to
the second step in the algorithm requires performing the
FMVCTE which is the best-performing non-invasive test. In this
context, using FMV'E instead of VCTE alone reduced the need
for liver biopsy by a further 30%, emphasizing the value of this
test as a second-line procedure in our study algorithms. As
FMVTE rules advanced fibrosis in or out in half of the patients
who reach the second step of the algorithm, the final rate of
required liver biopsy is very low, around 20% in our work.

The present study performed in a large population of
patients with NAFLD further validates our previously published
reliability criteria for VCTE examination.’® Indeed, we con-
firmed here that an IQR/M ratio >0.30 is associated with a signif-
icant decrease in diagnostic accuracy, but only in patients with
increased liver stiffness. Thus, it appears that reliability criteria
based only on IQR/M without consideration for the level of liver
stiffness erroneously exclude reliable examinations and artifi-
cially increase the rate of unreliable examinations.

Petta et al. recently proposed a combination of non-invasive
tests in NAFLD but, in addition to VCTE, they only had simple
blood tests in their dataset.”® In their work, they found that
NFS and FIB4 had insufficient sensitivity (70-75%) as first-line
tests and thus recommended performing the second-line VCTE
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in their final algorithm even when the simple blood tests gave
negative results. This required the use of VCTE in 90% of cases,
which would seem to decrease the utility of the first-line eval-
uation with blood tests. The EASL guidelines algorithm is a com-
bination of fibrosis tests based on a pragmatic approach and
literature results.'""'? The guidelines algorithm starts with NFS
or FIB4 used with age-specific cut-offs recently published.?* In
the subgroup of patients aged >65 years, our results showed
that these cut-offs did increase specificity, but at the price of a
dramatic decrease in sensitivity. When considering the whole
population, the age-specific cut-offs decrease the sensitivities
of NFS and FIB4 to respectively 72.6% and 66.8%. Added to the
false-negative results of the second-line procedure, the overall
sensitivity of the guidelines algorithm was insufficient, around
50-70%. The guidelines algorithm also recommends considering
liver biopsy to confirm the diagnosis of advanced fibrosis when
the non-invasive tests are positive. It seems to us that this very
strict attitude could be refined, since some fibrosis tests can
reach an excellent 90% PPV in a significant proportion of
patients.”® Our FIB4-FMV“™® and VCTE-FMV‘™® algorithms cir-
cumvents these limitations. First, our algorithmic approach
demonstrates that using an accurate test as a first-line proce-
dure helps to rule out advanced fibrosis in a large proportion
of patients while maintaining high sensitivity. Second, our
approach shows it is possible to rule in advanced fibrosis with
very good PPV and thus no need for a confirmatory liver biopsy.
Finally, our approach provides better diagnostic accuracy and a
lower rate of liver biopsy requirement than the EASL algorithm.

For use as a first-line procedure, VCTE or specialized blood
tests are more expensive than simple tests. However, they are
also more specific, which can reduce the need for, and therefore
the costs linked to second-line evaluations. This is especially the
case for liver biopsy, which is a very expensive procedure. Fur-
ther studies evaluating and comparing the cost-effectiveness of
the different strategies will help to identify those best suited to
clinical practice. Our FIB4-FM"‘TE and VCTE-FMY™® algorithms
are still limited by the need for liver biopsy in a small subgroup
of patients. Magnetic resonance elastography was recently
shown to have excellent diagnostic accuracy for liver fibrosis
evaluation in chronic liver diseases.>’ It would be of great inter-
est to evaluate the use of this technology as a potential third-
line exam in our algorithms, to reduce even further the need
for liver biopsy in patients with NAFLD.

Given their sequential approach, the FIB4-FMV‘™ and VCTE-
FMVYCE algorithms could help organize the patient pathway
between physicians involved in the management of patients
with NAFLD (diabetologists, general practitioners...) and spe-
cialized hepatologists, in order to facilitate the identification
of patients with advanced liver disease requiring specific man-
agement while avoiding unnecessary referrals of patients with
mild liver disease. Because our algorithms were developed in
a population from tertiary care centers, their use in less selected
populations requires further independent validation. Our study
focused on the diagnosis of advanced F3/4 fibrosis because it
represents the subgroup of patients with impaired prognosis.
A recent meta-analysis has shown that prognosis in NAFLD
starts to decline as soon as F2 stage.? In addition, many ongoing
therapeutic trials in NAFLD target patients with NASH and F2/3
fibrosis, so called “fibrotic NASH” in the latest European guide-
lines.>*! Non-invasive tests able to diagnose fibrotic NASH will
therefore be of great interest once the new drugs for NAFLD are
approved. In this context, we have recently developed the
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MACK-3, a blood test combining AST, homeostatic model
assessment of insulin resistance and cytokeratin 18, with high
accuracy for the diagnosis of fibrotic NASH.'> Meanwhile, cir-
rhosis represents the highest-risk subgroup; it is recommended
that patients with cirrhosis are screened for hepatocellular car-
cinoma. When considering AUROC of fibrosis tests, data accu-
mulated in the literature show very good accuracy for the
diagnosis of cirrhosis.® However, how to interpret the results
of fibrosis tests to diagnose cirrhosis in NAFLD remains to be
determined.

In conclusion, the FIB4-FMY™ and the VCTE-FMV‘TE algo-
rithms are highly accurate solutions for the non-invasive diag-
nosis of advanced fibrosis in NAFLD. These algorithms propose
either VCTE or a simple blood test as the first-line procedure,
therefore providing all physicians with a solution to identify
the patients who develop advanced NAFLD disease, and who
are candidates for inclusion in therapeutic trials and who will
benefit from treatment with new drugs when they become
available on the market. These algorithms should now be vali-
dated for the diagnosis of advanced liver fibrosis in diabetology
or primary care settings.
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