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> Steatosis or probe type had no impact on LSM (multivariable analysis)

>>> CAP and LSM by FibroScan are reliable
biomarkers to non-invasively assess liver
steatosis and fibrosis respectively in NAFLD
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Abstract

Background & Aims: We estimated the accuracy of FibroScan vibratiamrotled transient
elastography controlled attenuation parameter (CAR{Y liver stiffness measurements

(LSMs) in assessing steatosis and fibrosis in petieith suspected NAFLD.

Methods: We collected data from#50 consecutive adults who underwent liver biopsy
analysis for suspected NAFLD at 7 centers in thaéddrKingdom from March 2014 through

January 2017. FibroScan examinations with M or Xbbe were completed within the 2

weeks of the biopsy analysis (404 had a valid eration). The biopsies were scored by 2
blinded expert pathologists according to non-altichgteatohepatitis clinical research
network criteria. Diagnostic accuracy was estimatsthg the area under the receiver
operating characteristic curves (AUROC) for theegaties of steatosis and fibrosis. We
assessed effects of disease prevalence on paaitt/@egative predictive values. For LSMs,
the effects of histological parameters and proljee twere appraised using multivariable

analysis.

Results: Using biopsy analysis as the reference standardfowed that CAP identified
patients with steatosis with an AUROCs of 0.87 (96%0.82-0.92) for 8S1, 0.77 (95%
Cl, 0.71-0.82) for 852, and 0.70 (95% CI, 0.64—0.75) for S=S3. Youdgroff values for
S>S1, $S2 and SS3 were 302 dB/m, 331 dB/m, and 337 dB/m respdgtivieSM
identified patients with fibrosis with AUROCs of70. (95% CI, 0.72-0.82) for>2, 0.80
(95% CI, 0.75-0.84) for 3, and 0.89 (95% CI, 0.84-0.93) for F=F4. Youdet-aoff
values for BF2, B-F3 and F=F4 were 8.2 kPa, 9.7 kPa, and 13.6 kipactegely. Applying
the optimal cut-off values, determined from thishad, to populations of lower fibrosis
prevalence increased negative predictive values raddced positive predictive values.
Multivariable analysis found that the only parameteat significantly affect LSMs was

fibrosis stageF<10-16); we found no association with steatosigrobe type.

Conclusions: In a prospective analysis of patients with NAFLDe found CAP and LSMs
by FibroScan to assess liver steatosis and fibroespectively, with AUROC values ranging
from 0.7 to 0.89. Probe type and steatosis did aféect LSMs. Study registration:
ClinicalTrials.gov Identifier: NCT019850009.
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Background & Aims:

Non-alcoholic fatty liver disease is an increasingbmmon cause of chronic liver disease,
and is expected to soon become the commonest fitdicéor liver transplantatioh 2
Estimates of its prevalence vary from 20-40% indbaeral population, although only 1-3%
have evidence of significant inflammation and fiish The presence of liver fibrosis in
particular is an important predictor of clinicalests, both in terms of overall mortality and
also liver-related morbidities and mortafity. The challenge therefore remains how to
identify those individuals with NAFLD that have neosignificant pathology in a manner

which is non-invasive and affordable by healthcayrgems.

Vibration-controlled transient elastography (VTCE) one such approach which is in
widespread clinical usage and for which there isrameasing understanding of clinically
relevant cut-off values. By the use of a pulse-adtr@sonic acquisition, vibration-controlled
transient elastography (VCTE) can quantify the dp&fea mechanically induced shear wave
in liver tissue and hence generate an estimatdefdegree of liver fibrosis with a liver
stiffness measurement (LS#MJ. More recently this has been supplemented by biliyato
guantify hepatic steatosis by measuring ultrasattenuation of the echo wave, termed the
controlled attenuation parameter (CAP) which has been compared to liver biopsy in

prospective studies with the M prdBé?

Previous studies have demonstrated the limitatioihshe M probe in patients with an

increased skin to liver capsular distance as caourocommonly in NAFLD and



overweight/obese patiefits ** there is a much higher failure rate which led the

development of the XL probe. However, much of thelghed literature with the XL probe
and CAP consists of either retrospectiver small/medium prospective cohort studiés
with the exception of the recent NASH CRN stutfles. However, none have been the
subject of large prospective powered diagnostidistuadhering to standards for reporting of

diagnostic accuracy studies (STARD) guidelfies

Importantly, there are still uncertainties about impact of other histological features on
LSM readings with reports suggesting that steatosig be a contribut6t 2* although these
studies were limited in that only the M probe wasdi Similarly, whilst the advent of the XL
probe has markedly reduced the failure rate in weight/obese individualy there are

reports suggesting that cut-off ranges differ aditwy to probe choi¢&

We designed a large prospective diagnostic studysac/ centres in the United Kingdom to
evaluate the diagnostic accuracy of CAP measutbdravith the M or XL probe (depending
on the FibroScan device automatic probe recommemdtgdol) in patients being investigated
for potential NAFLD compared to a reference stadddrhistological evaluation of steatosis.
The secondary objectives were to evaluate the d&tgnaccuracy of LSM (with either M or
XL probe) compared to a reference standard basdtustwlogical evaluation of fibrosis, and
study of impact of histological parameters and projpe on LSM reading. In addition we

aimed to identify cutoffs for use in clinical prexet with both CAP and LSM.



Methods

Sudy participant and design

The study was a cross-sectional prospective meittre study, with the primary and
secondary outcomes being to assess the diagnesticaay of CAP and LSM against liver
histology which is the gold standard to evaluatelier steatosis and fibrosis. NAFLD was
suspected on the basis of the presence of abndivealenzymes in the presence of an
ultrasound scan showing and echobright liver was phinciple reason, usually in the
presence of metabolic syndrome components. The ®TARidelines were followed to
report the methods and results of this stddsee Supplementary Table 1 for further details).
Consecutive patients were prospectively recruiteiveen March 2014 and January 2017 in
7 liver centres across the United Kingdom (UniugrsHospitals Birmingham NHS
Foundation Trust, Birmingham; Addenbrooke’s Hodpi@ambridge; Royal Free Hospital,
London; Freeman Hospital, Newcastle upon Tyne; Ehsity Hospitals Plymouth NHS

Trust, Plymouth; Queen’s Medical Centre, Nottinghemd John Radcliffe Hospital, Oxford).

The study (NCT01985009) was approved by the Nortded/ Research Ethics Committee
(13/WA/0385) and by the Local Research Ethics Comemiat each centre. All patients gave
written informed consent to participate in the gtuthe study was conducted in accordance
with the declaration of Helsinki and in agreementhwthe International Conference on

Harmonisation (ICH) guidelines on Good Clinical &ree (GCP). All authors had access to

the study data and reviewed and approved the finaaluscript.

Main analyses: The primary outcome of the proteeas to evaluate the diagnostic accuracy
of CAP measured either with the M or XL probe (degirg on the FibroScan device

automatic probe recommendation tool) against higioal evaluation of steatosis. A



secondary outcome of the protocol was to evaldaedtagnostic accuracy of liver stiffness
measured either with M or XL probe (depending om EibroScan device automatic probe

recommendation tool) against histological evaluatbfibrosis.

Inclusion and exclusion criteria

Inclusion criteria were as follows: patients werg8 years of age, able to give written
informed consent and were scheduled, independéotly this study, to have a liver biopsy
(LB) for investigation of assumed NAFLD within 2 aks of Fibroscan examination (before
or after). Patients were also negative for HBsAmgL-ACV, HCV-RNA and HBVDNA.
Exclusion criteria were as follows: patients witides, pregnant women, patient with any
active implantable medical device (such as pacemakelefibrillator), patients who had
undergone liver transplantation, patients with @ardfailure and/or significant valvular
disease, patients with haemochromatosis, patiéais refused to undergo liver biopsy or
blood tests, patients with an alcohol consumptioova recommended limits (>14 units/week
for women and >21 units/week for men; 1 unit = 8fgethanol), patients with a confirmed
diagnosis of active malignancy, or other terminmledse, patient participating in another

clinical trial within the preceding 30 days.

Patient Characteristics

The following characteristics were recorded forhepatient: age, gender, BMI, presence of
diabetes, hypertension, and hypercholesterolentaekch patient, a 12 hour fasting blood
collection was performed locally on the same dayhef FibroScan procedure and was then
shipped to a central laboratory for assessmenthef following laboratory parameters:
platelets count, international normalized ratio RN aspartate transaminase (AST), alanine

transaminase (ALT), gamma-glutamyl-transferase (;Glkaline phosphatase, albumin,
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bilirubin, fasting glucose, total cholesterol, higansity lipoprotein (HDL) cholesterol, low
density lipoprotein (LDL) cholesterol, triglyceridderritin, urea, creatinine, alpha-2-
macroglobulin (A2M), hyaluronic acid, C-reactiveop®in (CRP) and cytokeratin 18 neo-

epitope M30 (CK18-M30).

Histopathol ogic evaluation

Percutaneous LB was performed on all patients doogrto local standard procedure LB
specimens were fixed in formalin, embedded in pigraind stained with Hematoxylin and
Eosin and Sirius Red for fibrosis evaluation. Sideere analysed independently by two
experienced pathologists (PB and VP) who were blintd each other’s reading and also to
the patient’s clinical and Fibroscan data if avaia In case of disagreement, they reviewed

the slides together to reach consensus.

Steatosis (from 0 to 3), ballooning (from 0O to IBpular inflammation (from 0 to 3), fibrosis
(from 0 to 4) and NAFLD activity score (NAS) wereosed using the NASH clinical
research network (NASH CRN) scoring systtmNASH was diagnosed using the “fatty
liver: inhibition of progression” (FLIP) definition(presence of steatosis, hepatocyte
ballooning and lobular inflammation with at leasipaint for each category). In addition,
steatosis was semi-quantitatively assessed in p@ge and the activity score (Ballooning
(0-2) plus lobular inflammation (0-2)) accordingttee Steatosis Activity Fibrosis (SAF) was
also assessetf. The presence of portal inflammation was also ndea. Biopsies were
categorised by the pathologists as normal liverlfrer pathology), NAFL (steatosis but no
NASH), NASH or other diagnosis when no NAFLD butert histological features suggestive
of another diagnostic were observed.g( granulomatous hepatitis, biliary disease,

autoimmune hepatitis). Interpretability for liveiopsy was based on the standard criteria of
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length, width and lack of major fragmentation. Ténesiteria were occasionally over-looked
by the pathologist when the biopsy showed obviog#ological criteria of NASH, septal

fibrosis or cirrhosis even if the biopsy was snealfragmented.

FibroScan liver stiffness measurement and controlled attenuation parameter

FibroScan (Echosens, Paris, France) examinationpedermed in each centre by nurses or
physicians trained and certified by the manufactarel blinded to the patient’s histological
evaluation. The FibroScan used in each center wabraScan 502 Touch model, equipped
with both M and XL probes. An automatic probe setectool was embedded in the device
software which recommends the appropriate probedcoh patient according to the real time
assessment of the skin to liver capsule distanbe. HibroScan examination procedure has
been detailed previoush?®. Briefly, all patients were asked to fast at le&stours prior to
the examination, and then placed in the supinetipasivith their right arm fully abducted.

Measurements were performed by scanning the ringit lobe through an intercostal space.

The FibroScan device simultaneously measures LS¥ GAP using VCTE technology.
CAP has been designed to measure liver ultrasdteawation (go and return path) at 3.5
MHz on both M and XL prob&son signals acquired by the Fibroscan. The prlaaip CAP
measurement has been described elsefhtrand CAP was computed only when the
associated LSM was valid and using the same sigmalthe one used to measure liver
stiffness. At the beginning of the study, CAP was available on the XL probe, therefore,
the raw ultrasonic radio-frequency signals wereestan the Fibroscan examination file to
enable computation of CAP off-line. CAP computatwas performed blinded to all patients’
clinical and histological data using the exact saroefiguration and algorithm to the one

embedded in the commercial device for N=116 patielithen CAP was commercially
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available for the XL probe, all software were ugdhand the CAP value was displayed on
the device screen for both probes during the praeed he final CAP and LSM results were
expressed in dB/m and kPa respectively. Only exatioins with at least 10 valid individual

measurements were deemed valid.

Satistical Analysis

Sample size estimation: Since no study had beeforpeed previously using the probe
recommendation on the FibroScan device, the samsjze was calculated for patient
measured with the XL probe only. It was hypothesieat approximately 1/3 of the total
patients would be measured with M probe. Givenettigected performance of CAP to detect
steatosis (8S1) with an AUROE0.80" ** 3! a projected sample size of 212 patients was
deemed necessary to estimate an AUROC of 0.80 théh XL probe with an (¥
confidence intervalg being set to 5%, at a 5% standard error leveltHerXL probe only.
The total number of patients measured using bathg® was set to 312 patients and the final

number of patients was set at 450 assuming a 30ealrt rate

For descriptive statistics, continuous variablesenexpressed as medians [interquartile range
(IQR)] and categorical variables as absolute figusth percentages. Confidence intervals
were reported at the 95% level. Evidence for défifees between CAP and LSM between
steatosis grades and fibrosis stages was assessegl Kruskal-Wallis test followed by
Dunn's tests witlpost hoc comparison. P values of < 0.05 were consideretistitally

significant.

Overall diagnostic accuracy of CAP and LSM wasnested as the area under the ROC curve

(AUROC) together with its 95% confidence interv@l), Data are reported for thresholds of
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steatosis and fibrosis. Cut-off values for CAP a&&d were identified that (a) maximise the
Youden index, and also (b) at fixed values of gesisi and specificity of 90%. For each cut-
off value, we reported sensitivity (Se), specific{iSp), positive predictive value (PPV),
negative predictive value (NPV), positive likelirdboatio (LR+), negative likelihood ratio
(LR-) together with 95% confidence intervals. Indanal analyses we investigated the
performance of the tests in settings with differ@mévalence using Bayes equation to
estimate post-test probabilities from the estimdilezlihood ratios. For these computations
we focused on fibrosis thresholds ¢ff2 and F=4 which are of particular importance &y th
correspond with stages which result in changesaiiiept management. We also identified
cutoffs which minimized the consequences of tegireracross different relative weightings

of false positives and false negatives (see Supgiény Methods).

Factors influencing LSM: To evaluate the impacthigtological parameters that possibly
influenced LSM, a multivariable linear regressiondal was constructed with fibrosis stage,
steatosis grade, ballooning grade, lobular inflatmonaand portal inflammation as candidate
covariates and LSM as the outcome variable. Inteuhgdithe probe type used (M or XL) was
also entered as a candidate covariate to evaluiatead an impact on LSM when adjusted on
histological parameters. All first order interactsowere entered into the model. LSM was
Box-Cox transformed to approximate a normal distitn. Final model selection was
performed with a backward elimination procedureedasn Bayesian information criteria
(BIC). Multi-collinearity of independent variablegas checked using the variance inflation
factor. In addition to this multivariable analysisSM versus fibrosis stage stratified by
probe type and by semi-quantitative steatosis pé&ige quartile was represented using a

boxplot. Univariate analysis was performed usingndal rank correlation coefficient
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between each histological parameter and LSM andpedaermed using the Mann-Whitney

U test between the probe type and LSM.

The sensitivity analyses on CAP and LSM diagnoaticuracy and the analyses relative to
the influence of disease prevalence on PPV and NR&,cutoffs which minimized the

consequences of test errors across different velateightings of false positives and false
negatives and factors influencing LSM were explamatanalyses which were not pre-

specified.

For all analyses, only patients with histologicakults and median LSM or CAP values
available with at least ten valid measurements \aegdyzed. In addition, no replacement of

missing data has been performed. All analyses per®rmed using the software R, version

3.3.0%
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Results

Patient Characteristics
The study flow chart is represented in Figure 1bl@al details the clinical, serological,
histological characteristics and Fibroscan data8¥ patients with a valid FibroScan reading

and an interpretable liver biopsy.

FibroScan applicability

Of 415 patients evaluated using the FibroScan (Eidy, 138 (33%) were with the M probe
and 277 (67%) with the XL probe. FibroScan readingse valid (with at least 10 valid
individual measurements as per the manufactucammendations) in 404 patients leading
to an applicability value of 97%. For the 11 patsefor whom a valid FibroScan was not
achieved; 2 were with the M probe and 9 with the pthbe. Of note 4 of these 11 patients
had 9 valid measurements (rather than the 10 mdjuirPatients with less than 9 valid
measurements (n=7) had a significantly higher BMint others (46.5 [13.6] kg:frversus
36.4 [9.2] kg.nf; P = 0.003). Within the 404 patients with valibiScan, patients assessed
with the XL probe (N=268) had a significantly higr&MI than patients measured by the M
probe (36.3 [7.8] kg.ffi versus 29.3 [4.7] kg.fy P < 10'). No adverse event has been

reported related to the use of the FibroScan device

Liver biopsies

A total of 412 patients underwent LB (see Figurel3d3 eligible patients minus 16 patients
who did not have LB, 4 patients who had LB canckebg the investigator and 1 patient who
withdrew consent before LB). The LB slides of 3igatis were lost during shipment and a
further 15 LB were judged as non-interpretable g pathologist leaving 394 (96%) as
having an interpretable LB. A further ten patienésl a LB that although interpretable by the
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pathologist could not be staged according to the&sNACRN scoring system. A description
of those LB is provided in Supplementary Table 2#&Pents being NAFLD with associated
lesions and 8 being not NAFLD but not normal livéJ note, 33 patients (8% of the patients
with interpretable LB) had a histological diagnostber than NAFLD or normal liver. A

description of those LB is provided in Supplementaable 2. After LB, 3 adverse events
were reported: 1 patient had a syncopal episodewiig LB and pain at LB site requiring

oral analgesia, 1 patient had hemorrhage followiBgequiring hospitalization and 1 patient

was admitted with pain and fever.

Assessment of steatosis using controlled attenuation parameter

Of 415 patients, 380 patients had an interpretiie biopsy and valid CAP values (Figure
1). According to histological assessment, steamside distribution was as follows: SO = 47
(12%), S1 = 89 (23%), S2 = 107 (28%), S3 = 137 (Bé&¥d the boxplot of CAP versus
steatosis grade is shown in Figure 2a. CAP wasfigntly different between SO, S1 and S2
but not S2 and S3 (Kruskal-Wallis H = 97.70, P €*JMunn's post hoc tests, P = 0.19
between CAP in S2 and CAP in S3, P <*iftherwise). Areas under the ROC curve
(AUROC) as well as diagnostic performance of CAR-afti values optimized using
Youden’s index, a sensitivity of 90% or a specificdf 90% are detailed in Table 2 for SO
versus S1 and above, SO-S1 versus S2-S3 and SErS%\E3. Accuracy was highest at the
S>S1 threshold, with an AUROC of 0.87 (95% CI: 0.822) and sensitivity of 0.80 (0.75-
0.84) and specificity of 0.83 (0.69-0.92) at a #na@d of 302 dB/m selected by maximizing
Youden’s Index. Accuracy dropped to an AUC of 0(@771-0.82) for the £S2 threshold,
with the corresponding sensitivity of 0.70 (0.63%). and specificity of 0.76 (0.68-0.83) at
the threshold of 331 dB/m maximizing Youden’s indexd to an AUROC of 0.70 (0.64-

0.75) for the S=S3 threshold with the correspondirgsitivity of 0.72 (0.63-0.79) and a
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specificity of 0.63 (0.56-0.69) at the threshold387 dB/m maximizing Youden'’s index.
The ROC plots for 851, $S2 and S=S3 are given in Supplementary Figure rforffeance

of CAP to diagnose NASH was also assessed. ComdsppAUC was 0.71 (0.65-0.76).

The use of quality criteria based on the IQR of G&Fproposed by Causayal ** and Wong

et al ** which recommend excluding patients with IQR of Cdtater or equal to 30 dB/m or
40 dB/m, respectively was tested in our cohortalyé proportion of patients had an IQR of
CAP >30 or 40 dB/m (57% and 39%, respectively), and querthnce was no better in
patients with an IQR of CAP <30 or <40 dB/m (Suppdmtary Table 3). Indeed for the
diagnosis of higher stages of steatosis performamaseeven lower in patient with an IQR of
CAP <30 or <40 dB/m. To determine the influencesefum ALT on CAP diagnostic
performance patients were stratified by ALT val@9LN, between ULN and 2xULN and
>2XULN), but this did not influence CAP AUROCs ($lgmentary Table 4). Performance
of CAP was compared to the hepatic steatosis ifd&) *° in a subset of patients (N=375,
due to 5 missing biological data). CAP significgntiutperformed HSI for each steatosis

grade $S1, $S2 and S=S3 (Supplementary Table 5).

Assessment of fibrosisusing liver stiffness measurement

Of the 384 patients with valid LSM and interpre&ahB, only 373 had fibrosis interpretable
according to the NASH CRN scoring system (Figure Differences in characteristics

between the 373 patients used for fibrosis stagmaysis and the 10 patients with fibrosis

not staged are given in Supplementary Table 6.

Fibrosis stage distribution was as follows: FO:(62%), F1: 86 (23%), F2: 85 (23%), F3:

106 (28%), F4: 34 (9%). LSM versus fibrosis stagresented as a boxplot in Figure 2b.
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LSM was significantly different between all fibresstages with the exception of FO and F1
(Kruskal-Wallis H = 119.8, P < 18§; Dunn's post hoc tests, P = 1 between LSM in kD an
LSM in F1, P < 0.05 otherwise). AUC as well as diagfic performance of LSM cut-off
values optimized using Youden’s index, a sensytiat 90% or a specificity of 90% are
detailed in Table 3 for FO-F1 versus F2 and abB0ef-2 versus F3-F4 and FO-F3 versus F4.
Accuracy was highest at the F=F4 threshold, wittABIC of 0.89 (95% CI: 0.84-0.93) and
sensitivity of 0.85 (0.69-0.95) and specificity @79 (0.74-0.83) at a threshold of 13.6 kPa
selected by maximizing Youden’s Index. Accuracy waser at lower fibrosis thresholds
dropping to an AUROC of 0.80 (0.75-0.84) forH3 with the corresponding sensitivity of
0.71 (0.62-0.78) and a specificity of 0.75 (0.686).at a threshold of 9.7 kPa maximizing the
Youden’s index and to an AUROC of 0.77 (0.72-0.8%) the BF2 threshold, with the
corresponding sensitivity of 0.71 (0.64-0.77) anmecficity of 0.70 (0.62-0.77) at the
threshold of 8.2 kPa maximizing the Youden’s indéke ROC plots for #-2, F~F3 and
F=F4 are given in Supplementary Figure 2. Perfooearf LSM to diagnose NASH was also

assessed. Corresponding AUC was 0.68 (0.62-0.74).

The performance of the Boursier critéfias a quality control for Fibroscan were evaluated
in this cohort (IQR/median<30% in patient with LSK1 kPa). Whilst 43 (12%) patients did
not reach the Boursier criteria, analysis in tlokart did not find evidence that these criteria
improved performance of Fibroscan (Supplementarblel&) where we have assessed
AUROC for patients reliable according to Boursiestgeria only. The influence of ALT on
LSM diagnostic performance was evaluated by syiatif patients on ALT valuesULN,
between ULN and 2xULN and >2xULN). No significanfluence of the effect of ALT on
the LSM AUROC for each fibrosis stage was obser{@dpplementary Table 8). The

performance of the Baveno VI cut-offsin relation to patients with compensated advanced
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chronic liver disease with advanced fibrosi$KB) were tested in this cohort. The NPV
associated with the1l0 kPa cutoff was 0.80 and the PPV associated twith15 kPa cutoff

was 0.75.

Performance of LSM was also compared to #tahd the NAFLD fibrosis score (NE%.
Diagnostic performance in terms of AUROC for eaitinasis stagexF2, B=F3 and F=F4)
are provided in Supplementary Table 9. LSM outpentd Fib4 and NFS for the diagnosis
of cirrhosis and NFS for the diagnosis ot For the diagnosis of advanced fibrosis,
performance of LSM was compared using the dualotfst{cut-off for Se0.90 = 7.1 kPa
and cut-off for Sp0.90 = 14.1 kPa determined in the present cohgetinat the dual cut-offs
for Fib4 (1.30 and 3.28) and NFS (-1.455 and 0.678)LSM had a higher Se for the

confirmation of advanced fibrosisXB) with a PPV = 0.74 (Supplementary Table 10).

Further analysis was performed to identify cuteffich minimized the consequences of test
errors across different relative weightings of dalpositives and false negatives (see
Supplementary Results and Supplementary Tableldihese analyses the consequences of
diagnostic error were explored in situations wh#re priority was to either avoid false
positive diagnoses (for the diagnostic ef2) or false negative diagnoses (for the diagnostic
of F=F4). The analyses were performed under a rahgeenarios with the cost of a false
positive (FP) being set at 2 times, 5 times andirh@s worse than a false negative (FN) for
the diagnostic of #-2. The effect on threshold is shown in Supplemgniable 11 along

with the corollary analyses for the diagnostic efE.

Impact of fibrosis prevalence on predictive value of liver stiffness measurement
We set out to determine the impact of fibrosis pltence on PPV and NPV values by

utilising a range of different pre-test probabégivalues (prevalence). The prevalence figures
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used represent values from this cohort (60, 38% @%d for F2, F3 and F=4
respectively) and also values seen in cohorts téma with type 2 diabetes mellitus, patients
at risk of liver disease and the general popul&lith For a diagnosis offF2, ©-F3 and
F=F4 there was a marked reduction in the PPV agteealence of fibrosis was lowered
(Table 4). Rounding the proposed cut-offs did rftéch the PPV and NPV, irrespective of

prevalence (see Supplementary Table 12).

Influence of probe type and histological parameterson liver stiffness measurement

We next investigated the influence of probe type laistological parameters on LSM values.
In univariate analysis, no significant differencasaffound between LSM and the probe type
(P = 0.55); all histological parameters were sigaifitly correlated to LSM: fibrosis stage (

= 0.43, P < 18°, ballooning gradet(= 0.22, P < 10), lobular inflammation grade € 0.21,

P < 10°, portal inflammation grader (= 0.17, P < 10) and steatosis grade € 0.11, P =
0.004). Then, a multivariable linear regression lysist was performed. Following a
backward selection procedure based on BIC, the @ngriate influencing LSM was fibrosis
stage £ = 0.18, 95% CI = (0.15-0.21), P <"19. When adjusted for fibrosis stage, there was
no significant influence of probe type or steatogiade on the LSM value. To further
illustrate this, a boxplot of LSM versus fibrosiage stratified by probe type is presented in
Figure 3a and a boxplot of LSM stratified by semanqtitative steatosis percentage quatrtile is

presented in Figure 3b.
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Conclusions

This prospective study examined the associatiorcarftemporaneous VTCE and liver
histology in a cohort of patients undergoing liveopsy for investigation for suspected
NAFLD, and the results were reported accordinghto $TARD guidelines. It demonstrates
the high applicability rate of VTCE (97%) in a laryK NAFLD cohort with BMI up to 53.2
kg/m2 and provides optimised cut-off values forgsig steatosis and fibrosis depending on
prevalence and clinical context (Youden criteri@¥®sensitivity or 90% specificity). This
study also provides novel approaches to thresteitthg taking into account the prevalence
of fibrosis in the population to be tested and dlasing thresholds around clinical priorities
such as minimising false positive diagnoses ®FZF or false negative diagnoses of F=4.
Critically this study demonstrates that only fiisostage, and not probe type or any other

histological parameters, influence LSM values.

Whilst the cut-offs for steatosis grade increasgpssively from SO to S3 when set for high
sensitivity or high specificity there is not mucifference between S2 and S3 when using the
Youden cut-off values which were 331 dB/m and 3®/nd respectively. Nevertheless in
clinical practice the identification of moderateabsis is of greater utility than distinctions
between S2 and S3, and thus the Youden cut-of§fe62 of 331 dB/m is sufficient. The
determination of steatosis by CAP is relevant far tonfirmation of any degree of steatosis
and also potentially as a serial measure in regptméifestyle or pharmacological/surgical
intervention. The former is demonstrably feasibl¢his study whereas the latter will require

examination in intervention studies.
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With regards to the association between LSM valed histological evaluation of liver
fibrosis there is a clear demarcation between ifierent degrees of fibrosis for Youden cut-
off as well as for those with high sensitivity quesificity. As expected the cut-off for liver
cirrhosis is markedly higher at 20.9 kPa when thecHicity is set at 90%. The Youden cut-
off values from this study for#2, BF3 and F=F4 were 8.2 kPa, 9.7 kPa, and 13.6 kPa
respectively, which demonstrate a clear upwardement with progressive liver fibrosis.
These cut-off values have good sensitivity and ifipég with a good PPV (0.78) forF2

and an excellent NPV (0.98) for F4. Distinguishif@-F2 versus F3-4 can be achieved
despite a slightly lower PPV (0.63), although thisra higher NPV (0.81) with the cut-off for

F>F3.

The diagnostic performance of LSM and cutoffs ftages of fibrosis in this study are
broadly in keeping with data from a US coRbr(Supplementary Table 13) and those
recommended in a UK guideliffe The cutoffs from a range of other published stsdire
included in Supplementary Table 14 for compariséfilst reasonably similar there are
some differences in the UK cohort such as gende(female vs 68% female in US cohort)
and presence of diabetes mellitus (50% vs 44% irc&tort). For CAP however, diagnostic
performance is higher in our cohort than in the ¢dé8ort (AUROC 0.87 (0.82-0.92) for the
diagnostic of $1 in our cohort versus 0.76 (0.64-0.89) in the @Bact. This difference may
be accounted to the prevalence of patients witB1Ssteatosis which is 88% in our cohort
versus 95% in the US cohort. Another possibilitthigt the delay between FibroScan and LB

was up to 12 months in NASH CRN study whereasimdtudy it was only 2 weeks.
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Reports have suggested that factors other tham fibeosis, such as steatoSis may
influence LSM readings. To evaluate this questiom performed multivariable analysis
including all potentially relevant factors and fatathe only factor that predicted LSM was
the degree of liver fibrosis. Explicitly, neithdret degree of steatosis or inflammation was
associated with differences in LSM. This is likddgcause prior studies had not included
other factors such as degree of fibrosis in thaalyses, which when taken into account
reveal that other histological elements do notuierfice LSM readingd Also these studies
only used the M probe which is likely to give arcamrect reading in many patients with
NAFLD. Similarly, groups have suggested that LSM-affis differ according to probe

choicé® % although in this study we did not find this tothe case.

The threshold values will also be significantly aeped by the prevalence of the underlying
condition. In Table 4 the effect of changing prevele is demonstrated again allowing for
appropriate choice of cut-off values depending loa dlinical setting. This modelling data

demonstrates that as the prevalence of liver fibr¢sF2 or F4) decreases there is a
commensurate reduction in PPV and increase in NIP\4 is relevant as cut-offs generated
in secondary care are often applied in primary edétbout taking into account the marked

difference in prevalence. In this situation a negatest would be very reassuring although a
positive test would have a low likelihood of cajtgra true positive and raises the question

of needing further confirmatory tests.

Conventional cut-off criteria for grades of ste&amnd fibrosis whilst useful, do not capture
the importance to clinical decision making anddépendence on the relevant clinical setting.

To better model this we explored two settings; one/hich the presence ofF2 or F4 was
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being tested (Supplementary Appendix). In the forsetting £F2) the assumption was
made that a false positive was two, five or tenesnworse than a false negative, with
concomitant increases in the threshold. In contfastF4 the opposite view was taken,
namely that it was more important to not miss aywlesis (Supplementary Table 11). This
allows for healthcare organisations to make degisiepending on how they value the ratio

of false positive to false negatives.

Our study has several strengths; it is a largepaas/e appropriately powered study, and
captures real world clinical practice of cliniciaegaluating patients with potential NAFLD.

By incorporating the automatic probe recommendatibah we also ensured that the correct
probe was used to generate LSM and CAP valuegfiltas a number of cut-offs which can
be used according to the clinical setting and alswides modelling data on the impact of

prevalence on performance.

A potential weakness of our study is that a nundbfdriopsies were not interpretable as they
did not show NAFLD but there again this is repreéatwe of real-world examination of this
technology. In addition, we did not establish wieetrepeat VTCE examination would have

generated consistent readings as demonstratedigé€en

In summary, this study confirms the high applicégibw failure rate of VTCE in a cohort
of patients with potential NAFLD, and demonstrdtattLSM readings are not influenced by
other histological components or choice of probenaly, our study provides a

comprehensive range of cut-offs for LSM and CAPeat&ling on the value a clinician places
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on false positive/false negatives as well as takihgaccount the prevalence of the degree of

fibrosis. This will be critical for the roll-out 0¥ TCE in a range of clinical settings.
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Figure legends

Figure 1. Study flow chart.

Of 450 patients enrolled, 433 were eligible, 418 kize FibroScan examination performed
and 404 had a valid FibroScan examination. Evelyt@8&3 had a valid controlled attenuation
parameter (CAP) measurements and steatosis gradssasd on liver biopsy (LB) and 373

had a valid liver stiffness measurement (LSM) ahtbkis stage assessed on LB.

Figure 2. Boxplot of (a) controlled attenuation parameter (CAP) versus steatosis grade,
(b) liver stiffness measurement (L SM) versusfibrosis stage.

(a) CAP values increase with increasing steatosisley (Kruskal-Wallis test p < 18
Dunn'spost hoc tests, p = 0.19 between CAP in S2 and CAP in S81f° otherwise); (b)
LSM values increase significantly with increasirilordsis stage (Kruskal-Wallis p < 18

Dunn'spost hoc tests, p = 1 between LSM in FO and LSM in F1,(@G5 otherwise).

Figure 3. Boxplot of LSM versusfibrosis stage stratified by (a) probe type, (b) quartile

of semi-quantitative steatosis per centage.

The boxplot represent the LSM distribution for eéibnosis stage (a) according to the probe
used. Patients were scanned either with the M orpkdbe as proposed by the automatic
probe recommendation tool. (b) stratified by steigtamount: for each fibrosis stage, patients

are stratified by steatosis quartile in the fibsastage.
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Table legends

Table 1. Patient characteristics

Table 2. Diagnostic performance of controlled attenuation parameter (CAP) for

steatosisgrade greater or equal than 1, greater or equal than 2 and equal to 3.

Table 3. Diagnostic performance of liver stiffness measurement (LSM) for each fibrosis

stage greater or equal than 2, greater or equal than 3 and equal to 4.

Table 4. Impact of prevalence of F>F2 and F=4 on positive predictive value (PPV) and

negative predictive value (NPV) for cut-offs.

28



References

1.

10.

11.

12.

13.

14.

15.

Younossi ZM, Blissett D, Blissett R, et al. TeReonomic and clinical burden of
nonalcoholic fatty liver disease in the United 8satand Europe. Hepatology
2016;64:1577-1586.

Charlton MR, Burns JM, Pedersen RA, et al. Feegy and outcomes of liver
transplantation for nonalcoholic steatohepatitishe United States. Gastroenterology
2011;141:1249-53.

Younossi ZM, Koenig AB, Abdelatif D, et al. GlalbEpidemiology of Non-Alcoholic
Fatty Liver Disease-Meta-Analytic Assessment of vBlence, Incidence and
Outcomes. Hepatology 2015.

Angulo P, Kleiner DE, Dam-Larsen S, et al. Livbrosis, but No Other Histologic
Features, Is Associated With Long-term Outcome$atients With Nonalcoholic
Fatty Liver Disease. Gastroenterology 2015;149:38@10.

Dulai PS, Singh S, Patel J, et al. Increasek efsmortality by fibrosis stage in
nonalcoholic fatty liver disease: Systematic reviamd meta-analysis. Hepatology
2017;65:1557-1565.

Sandrin L, Fourquet B, Hasquenoph JM, et al.nJiemt elastography: a new
noninvasive method for assessment of hepatic fikrosltrasound Med Biol
2003;29:1705-13.

Tsochatzis EA, Gurusamy KS, Ntaoula S, et ahstéigraphy for the diagnosis of
severity of fibrosis in chronic liver disease: atesanalysis of diagnostic accuracy. J
Hepatol 2011;54:650-9.

Sasso M, Audiere S, Kemgang A, et al. Liver ®tsa Assessed by Controlled
Attenuation Parameter (CAP) Measured with the Xbaberof the FibroScan: A Pilot
Study Assessing Diagnostic Accuracy. Ultrasound Bexd 2016;42:92-103.

Sasso M, Beaugrand M, de Ledinghen V, et al.tilGbbed attenuation parameter
(CAP): a novel VCTE guided ultrasonic attenuatioeasurement for the evaluation
of hepatic steatosis: preliminary study and valatatin a cohort of patients with
chronic liver disease from various causes. Ultraddded Biol 2010;36:1825-35.

de Ledinghen V, Vergniol J, Capdepont M, etGdntrolled attenuation parameter
(CAP) for the diagnosis of steatosis: a prospecsitgly of 5323 examinations. J
Hepatol 2014;60:1026-31.

Jun BG, Park WY, Park EJ, et al. A prospecteeparative assessment of the
accuracy of the FibroScan in evaluating liver sis@t PLoS One 2017;12:e0182784.
Runge JH, Smits LP, Verheij J, et al. MR Smesxtopy-derived Proton Density Fat
Fraction Is Superior to Controlled Attenuation Paeter for Detecting and Grading
Hepatic Steatosis. Radiology 2018;286:547-556.

Myers RP, Pomier-Layrargues G, Kirsch R, et FBgasibility and diagnostic
performance of the FibroScan XL probe for liveffsgss measurement in overweight
and obese patients. Hepatology 2012;55:199-208.

Tapper EB, Challies T, Nasser |, et al. ThefdPerance of Vibration Controlled
Transient Elastography in a US Cohort of PatienithVWWonalcoholic Fatty Liver
Disease. Am J Gastroenterol 2016;111:677-84.

Naveau S, Voican CS, Lebrun A, et al. Contbllattenuation parameter for
diagnosing steatosis in bariatric surgery candglatéh suspected nonalcoholic fatty
liver disease. Eur J Gastroenterol Hepatol 201T7(222-1030.

29



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Chan WK, Nik Mustapha NR, Wong GL, et al. Colied attenuation parameter
using the FibroScan(R) XL probe for quantificatioh hepatic steatosis for non-
alcoholic fatty liver disease in an Asian populatit/nited European Gastroenterol J
2017;5:76-85.

Park CC, Nguyen P, Hernandez C, et al. MagnRBsonance Elastography vs
Transient Elastography in Detection of Fibrosis &whinvasive Measurement of
Steatosis in Patients With Biopsy-Proven Nonalcchdfatty Liver Disease.
Gastroenterology 2017;152:598-607 e2.

Garg H, Aggarwal S, Shalimar, et al. Utilitytedinsient elastography (fibroscan) and
impact of bariatric surgery on nonalcoholic fattyet disease (NAFLD) in morbidly
obese patients. Surg Obes Relat Dis 2018;14:81-91.

de Ledinghen V, Hiriart JB, Vergniol J, et &@ontrolled Attenuation Parameter
(CAP) with the XL Probe of the Fibroscan((R)): A i@parative Study with the M
Probe and Liver Biopsy. Dig Dis Sci 2017;62:2569-25

Vuppalanchi R, Siddiqui MS, Van Natta ML, et Berformance characteristics of
vibration-controlled transient elastography for leasion of nonalcoholic fatty liver
disease. Hepatology 2018;67:134-144.

Siddiqui MS, Vuppalanchi R, Van Natta ML, et ¥ibration-controlled Transient
Elastography to Assess Fibrosis and Steatosis fierfea With Nonalcoholic Fatty
Liver Disease. Clin Gastroenterol Hepatol 2018.

Bossuyt PM, Reitsma JB, Bruns DE, et al. STARDS5: an updated list of essential
items for reporting diagnostic accuracy studies.JB¥)15;351:h5527.

Petta S, Maida M, Macaluso FS, et al. The #gvef steatosis influences liver
stiffness measurement in patients with nonalcohfaity liver disease. Hepatology
2015;62:1101-10.

Petta S, Wong VW, Camma C, et al. Improved maasive prediction of liver fibrosis
by liver stiffness measurement in patients with alooholic fatty liver disease
accounting for controlled attenuation parameteuesl Hepatology 2017;65:1145-
1155.

Wong VW, Vergniol J, Wong GL, et al. Liver $tiéss measurement using XL probe
in patients with nonalcoholic fatty liver diseagen J Gastroenterol 2012;107:1862-
71.

de Ledinghen V, Wong VW, Vergniol J, et al. fhasis of liver fibrosis and cirrhosis
using liver stiffness measurement. comparison betw® and XL probe of
FibroScan(R). J Hepatol 2012;56:833-9.

Kleiner DE, Brunt EM, Van Natta M, et al. Deasignd validation of a histological
scoring system for nonalcoholic fatty liver diseadepatology 2005;41:1313-21.
Bedossa P, Poitou C, Veyrie N, et al. Histoplathical algorithm and scoring system
for evaluation of liver lesions in morbidly obesatipnts. Hepatology 2012;56:1751-
9.

de Ledinghen V, Vergniol J. Transient elastpgya(FibroScan). Gastroenterol Clin
Biol 2008;32:58-67.

de Ledinghen V, Vergniol J, Foucher J, et anhhvasive diagnosis of liver steatosis
using controlled attenuation parameter (CAP) aaddient elastography. Liver Int
2012;32:911-8.

Myers RP, Pollett A, Kirsch R, et al. Contrdlldttenuation Parameter (CAP): a
noninvasive method for the detection of hepaticatstgs based on transient
elastography. Liver Int 2012;32:902-10.

30



32.

33.

34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

R Core Team. R: A Language and Environment Statistical Computing. In:
https://www.R-project.org/, ed. Vienna, Austria: Roundation for Statistical
Computing, 2016.

Caussy C, Alquiraish MH, Nguyen P, et al. Opfinthreshold of controlled
attenuation parameter with MRI-PDFF as the golchddad for the detection of
hepatic steatosis. Hepatology 2017.

Wong VW, Petta S, Hiriart JB, et al. Validityteria for the diagnosis of fatty liver by
M probe-based controlled attenuation parameteephkbl 2017.

Lee JH, Kim D, Kim HJ, et al. Hepatic steatosidex: a simple screening tool
reflecting nonalcoholic fatty liver disease. Digrer Dis 2010;42:503-8.

Boursier J, Zarski JP, de Ledinghen V, et @tebmination of reliability criteria for
liver stiffness evaluation by transient elastogsaptepatology 2013;57:1182-91.

de Franchis R, Baveno VIF. Expanding consensy®rtal hypertension: Report of
the Baveno VI Consensus Workshop: Stratifying @sid individualizing care for
portal hypertension. J Hepatol 2015;63:743-52.

Sterling RK, Lissen E, Clumeck N, et al. Deyal@nt of a simple noninvasive index
to predict significant fibrosis in patients with WHCV coinfection. Hepatology
2006;43:1317-25.

Angulo P, Hui JM, Marchesini G, et al. The NAFIibrosis score: a noninvasive
system that identifies liver fibrosis in patientsittw NAFLD. Hepatology
2007;45:846-54.

Roulot D, Costes JL, Buyck JF, et al. Transadastography as a screening tool for
liver fibrosis and cirrhosis in a community-basexpplation aged over 45 years. Gut
2011;60:977-84.

Harris R, Harman DJ, Card TR, et al. Prevaleiaginically significant liver disease
within the general population, as defined by norasive markers of liver fibrosis: a
systematic review. Lancet Gastroenterol Hepatolr20288-297.

Kwok R, Choi KC, Wong GL, et al. Screening diab patients for non-alcoholic
fatty liver disease with controlled attenuation graeter and liver stiffness
measurements: a prospective cohort study. Gut B61359-68.

Newsome PN, Cramb R, Davison SM, et al. Gudslion the management of
abnormal liver blood tests. Gut 2018;67:6-19.

31



Table 1. Patient characteristics

Characteristic N Distribution Range
Birmingham: 102 (27%)
Newcastle: 51 (13%)
London: 52 (14%)
Centre | 383 | Nottingham: 40 (10%) —
Plymouth: 48 (13%)
Cambridge: 60 (16%)
Oxford: 30 (8%)
Age (years) | 383 | 54[18] [19-77]
BMI (kg.m?) | 383 | 33.8[9.2], [19.5-53.2]
Femalegender | 383 | 171 (45%) —
Diabetes mellitus | 383 | 193 (50%) —




Hypertension | 383 | 207 (54%) —
Hypercholesterolemia | 383 | 199 (52%) —
Platelets count (x10%/L) | 373 | 236[84] [57-446]
INR | 361 | 1.08[0.09] [0.81-2.54]
AST (IU/L) | 378 | 36[25] [9-203]
ALT (IU/L) | 378 | 50[40] [7-298]
GGT (lU/L) | 378 | 59[88] [9-1718]
Alkaline phosphatase (IU/L) | 377 | 82[40] [4-738]
Albumin (g/dL) | 379 | 4.5[0.4] [3.6-5.5]
Bilirubin (mg/dL) | 378 | 0.50[0.35] [0.12-3.96]
Fasting glucose (mg/dL) | 376 | 106 [51] [50-312]
Total cholesterol (mg/dL) | 363 | 179 [64] [80-274]




HDL cholesterol (mg/dL) | 351 | 43[17] [15-101]
LDL cholesterol (mg/dL) | 350 | 102[51] [3-189]
Triglyceride (mg/dL) | 362 | 161[92] [51-501]
Ferritin (ng/mL) | 378 | 134[214] [7-4320]
Urea (mg/dL) | 378 | 29[11] [12-84]
Creatinine (mg/dL) | 379 | 0.85[0.22] [0.36-1.94]
A2M (mg/dL) | 376 | 205 [121] [91-523]
Hyaluronic acid (ug/L) | 379 | 40[55] [19-1850]
CRP (mg/dL) | 378 | 0.31[0.47] [0.02-7.53]
CK18-M30 (IU/L) | 369 | 415[395] [74-1825]
Time between FibroScan and
383 | 0[7] [0-14]

liver biopsy (day)




XL probe | 383 | 255 (67%) —
LSM (kPa), range 1.5-75kPa | 383 | 8.8[7.9] [1.7-75.0]
CAP (dB/m), range 100-400
380 | 336[74] [100-400]
dB/m
Length of liver biopsy
383 | 23[10] [5-60]
specimen (mm)
FO: 62 (17%)
F1: 86 (23%)
Fibrosisstage | 373 | F2: 85 (23%) —
F3: 106 (28%)
F4: 34 (9%)
S0: 47 (12%)
Seatosisgrade | 383 | S1: 89 (23%) —

S2: 109 (28%)




Ballooning grade

Lobular inflammation grade

NAS score

Activity grade (according to

SAF)

383

383

383

383

S3: 138 (36%)

BO: 106 (28%)
B1: 147 (38%)

B2: 130 (34%)

10: 90 (23%)
11: 235 (61%)
12: 51 (13%)

13: 7 (2%)

0-2: 90 (23%)
3-4: 122 (32%)

5-8: 171 (45%)

AO: 55 (14%)
A1: 80 (21%)

A2: 102 (27%)




A3: 110 (29%)

A4: 36 (9%)
Portal inflammation present | 382 | 172 (45%) —

Normal liver: 17 (4%)
NAFL: 91 (24%)

Pathologists diagnosis | 383 —
NASH: 242 (63%)

Other: 33 (9%)

Distribution is expressed as median [interquartile range] or figure (percentage).

A2M: dpha-2 macroglobulin, ALT: alanine transaminase, AST: aspartate aminotransferase, BMI: body mass index, CK18-M30: cytokeratin 18
neoepitope M30, CAP: controlled attenuation parameter, CRP: C-reactive protein, GGT: gamma-glutamyl transferase, HDL: high-density
lipoprotein, INR: international normalized ratio, LDL: low-density lipoprotein, LSM: liver stiffness measurement, NAFL: non-alcoholic fatty

liver, NAFLD: NAFL disease, NASH: non-alcoholic steato-hepatitis, NAS: NAFLD activity score.



Table 2. Diagnostic performance of controlled attenuation parameter (CAP) for steatosis grade greater or equal than 1, greater or equal

than 2 and equal to 3.

S>S1 (>5% steatosis)

S>32 (>34% steatosis)

S=S3 (>67% steatosis)

AUROC (95%Cl) 0.87 (0.82-0.92) 0.77 (0.71-0.82) 0.70 (0.64-0.75)
Prevalence (N) 0.88 (N=303) 0.64 (N=244) 0.36 (N=137)
Cut-off (dB/m) 302 331 337
Se (95%Cl) 0.80 (0.75-0.84) 0.70 (0.63-0.75) 0.72 (0.63-0.79)
TP/(TP+FN) (266/333) (170/244) (98/137)
Vouden | SP (95%Cl) 0.83 (0.69-0.92) 0.76 (0.68-0.83) 0.63 (0.56-0.69)
index  TN/(TN+FP) (39/47) (104/136) (152/243)
PPV (95% Cl) 0.97 (0.94-0.98) 0.84 (0.78-0.89) 0.52 (0.45-0.62)
NPV (95% CI) 0.37 (0.31-0.59) 0.58 (0.52-0.68) 0.80 (0.73-0.84)

LR+ (95% Cl)

4.69 (2.49-8.84)

2.96 (2.16-4.05)

1.91 (1.57-2.32)




LR- (95% CI)

0.24 (0.19-0.31)

0.40 (0.32-0.49)

0.46 (0.34-0.60)

Se=0.90

Cut-off (dB/m)

Se (95%Cl)
TP/(TP+FN)
Sp (95%Cl)

TN/(TN+FP)

PPV (95% Cl)

NPV (95% Cl)

LR+ (95% Cl)

LR- (95% CI)

274

Se=0.90 (0.87-0.93)
(301/333)
Sp = 0.60 (0.44-0.74)

(28/47)

PPV = 0.94 (0.90-0.96)

NPV = 0.47 (0.38-0.62)

LR+ = 2.24 (1.58-3.17)

LR- = 0.16 (0.11-0.24)

290

Se=0.90 (0.86-0.94)
(220/244)
Sp = 0.44 (0.36-0.53)

(60/136)

PPV = 0.74 (0.67-0.82)

NPV =0.71 (0.62-0.78)

LR+ =161 (1.38-1.88)

LR- = 0.22 (0.15-0.34)

302

Se=0.90 (0.83-0.94)
(123/137)
Sp = 0.38 (0.32-0.44)

(92/243)

PPV = 0.45 (0.38-0.61)

NPV = 0.87 (0.79-0.90)

LR+ = 1.44 (1.29-1.62)

LR- = 0.27 (0.16-0.45)

Sp=0.90

Cut-off (dB/m)

Se (95%Cl)

TP/(TP+FN)

325

Se=0.66 (0.61-0.71])

(220/333)

370

Se =0.34 (0.28-0.40)

(83/244)

398

Se=0.14 (0.09-0.21)

(19/137)




Sp (95%Cl)

TN/(TN+FP)

PPV (95% Cl)

NPV (95% CI)

LR+ (95% Cl)

LR- (95% Cl)

Sp =0.90 (0.77-0.96)

(42/47)

PPV = 0.98 (0.95-0.98)

NPV = 0.27 (0.23-0.55)

LR+ =6.21 (2.70-14.27

LR- = 0.38 (0.32-0.45)

Sp =0.90 (0.83-0.94)

(122/136)

PPV = 0.86 (0.77-0.89)

NPV = 0.43 (0.36-0.59)

LR+ = 3.30 (1.95-5.59)

LR- = 0.74 (0.66-0.82)

Sp = 0.90 (0.86-0.94)

(219/243)

PPV = 0.44 (0.34-0.56)

NPV = 0.65 (0.52-0.75)

LR+ = 1.40 (0.80-2.47)

LR- = 0.96 (0.88-1.03)

AUROC: area under the receiver operating curve, Cl: confidence interval, FN: number of false negative, FP: number of false positive, LR-:
negative likelihood ratio, LP+: positive likelihood ratio, NPV: negative predictive value, PPV: positive predictive value, S: steatosis, Se:

sensitivity, Sp: specificity, TN: true negative, TP: true positive.



Table 3. Diagnostic performance of liver stiffness measurement (LSM) for each fibrosis stage greater or equal than 2, greater or equal

than 3 and equal to 4.

F>F2 F>F3 F=F4
AUROC (95%Cl) HIS 0.80 (0.75-0.84) 0.89 (0.84-0.93)
Prevalence (N) 0.60 (N=225) 0.38 (N=140) 0.09 (N=34)
Cut-off (kPa) 8.2 9.7 136

Se (95%Cl)
TP/(TP+FN)
Youden SP (95%Cl)
index  TN/(TN+FP)

PPV (95% Cl)

NPV (95% Cl)

LR+ (95% Cl)

Se=0.71(0.64-0.77)
(159/225)
Sp =0.70 (0.62-0.77)

(103/148)

PPV =0.78 (0.71-0.83)

NPV = 0.61 (0.54-0.69)

LR+ = 2.32 (1.80-3.01)

Se=0.71(0.62-0.78)
(99/140)
Sp = 0.75 (0.69-0.80)

(174/233)

PPV = 0.63 (0.55-0.71)

NPV = 0.81 (0.74-0.85)

LR+ = 2.79 (2.19-3.57)

10

Se=0.85 (0.69-0.95)
(29/34)
Sp=0.79 (0.74-0.83)

(267/339)

PPV = 0.29 (0.24-0.57)

NPV = 0.98 (0.95-0.99)

LR+ =4.02 (3.13-5.15)




LR- (95% CI)

LR- = 0.42 (0.34-0.53)

LR- = 0.39 (0.30-0.51)

LR- = 0.19 (0.08-0.42)

Se=0.90

Cut-off (kPa)

Se (95%Cl)
TP/(TP+FN)
Sp (95%Cl)

TN/(TN+FP)

PPV (95% Cl)

NPV (95% Cl)

LR+ (95% Cl)

LR- (95% CI)

6.1

Se = 0.90 (0.86-0.94)
(203/225)
Sp = 0.38 (0.30-0.46)

(56/148)

PPV = 0.69 (0.61-0.78)

NPV =0.72 (0.62-0.78)

LR+ = 1.45 (1.27-1.66)

LR- = 0.26 (0.17-0.40)

7.1

Se=0.90 (0.84-0.94)
(126/140)
Sp = 0.50 (0.43-0.56)

(116/233)

PPV = 0.52 (0.45-0.67)

NPV = 0.89 (0.83-0.92)

LR+ = 1.79 (1.56-2.06)

LR-=0.20 (0.12-0.34)

10.9

Se=0.91 (0.76-0.98)
(31/34)
Sp =0.70 (0.64-0.74)

(236/339)

PPV = 0.23 (0.19-0.61)

NPV = 0.99 (0.96-0.99)

LR+ = 3.00 (2.48-3.64)

LR- = 0.13 (0.04-0.37)

Sp=0.90

Cut-off (kPa)

Se (95%Cl)

TP/(TP+FN)

121

Se=0.44 (0.38-0.51)

(100/225)

141

Se=0.48 (0.39-0.56)

(67/140)

11

20.9

Se=0.59 (0.41-0.75)

(20/34)




Sp (95%Cl)

TN/(TN+FP)

PPV (95% Cl)

NPV (95% Cl)

LR+ (95% Cl)

LR- (95% Cl)

Sp =0.91 (0.85-0.95)

(134/148)

PPV = 0.88 (0.80-0.90)

NPV = 0.52 (0.45-0.67)

LR+ = 4.70 (2.79-7.90)

LR- = 0.61 (0.54-0.70)

Sp = 0.90 (0.86-0.94)

(210/233)

PPV = 0.74 (0.65-0.80)

NPV = 0.74 (0.67-0.82)

LR+ = 4.85 (3.17-7.41)

LR- = 0.58 (0.49-0.68)

Sp = 0.90 (0.86-0.93)

(305/339)

PPV = 0.37 (0.29-0.56)

NPV = 0.96 (0.91-0.97)

LR+ = 5.87 (3.83-8.97)

LR- = 0.46 (0.31-0.69)

AUROC: area under the receiver operating curve, Cl: confidence interval, FN: number of false negative, FP: number of false positive, LR-:

negative likelihood ratio, LP+: positive likelihood ratio, NPV: negative predictive value, PPV: positive predictive value, Se: sensitivity, Sp:

specificity, TN: true negative, TP: true positive.
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Table 4. Impact of prevalence of F>F2, F>F3 and F=4 on positive predictive value (PPV) and negative predictive value (NPV)

together with their (95% confidenceinterval) of LSM for the cutoff for Se=0.90, for the Youden index cutoff and for the cutoff

for Sp=0.90.

Prevalence

Justification

Cutoff for Se=0.90

Y ouden index cutoff

Cutoff for Se=0.90

Diagnostic
of
F>F2

Cutoff = 6.1 kPa

Cutoff = 8.2 kPa

Cutoff = 12.1 kPa

60%

Actua prevalencein

our population

PPV=69% (66%-71%)
NPV =72% (62%-80%)

PPV=78% (73%-82%)
NPV =61% (56%-67%)

PPV=88% (81%-92%)
NPV =52% (49%-55%)

40%

Estimated prevalencein
diabetic clinic *?

PPV=49% (46%-53%)
NPV =85% (79%-90%)

PPV=61% (54%-67%)
NPV =78% (74%-82%)

PPV=76% (65%-84%)
NPV =71% (68%-74%)

7%

Estimated prevalencein

general population ©°

PPV=10% (9%-11%)
NPV =98% (97%-99%)

PPV=15% (12%-18%)
NPV =97% (96%-98%)

PPV=26% (17%-37%)
NPV=96% (95%-96%)

Diagnostic
of
F>F3

Cutoff = 7.1 kPa

Cutoff = 9.7 kPa

Cutoff = 14.1 kPa

38%

Actual prevalencein
our population

PPV = 52% (45%-67%)
NPV = 89% (83%-929%)

PPV = 63% (55%-71%)
NPV = 81% (74%-85%)

PPV = 74% (65%-80%)
NPV = 74% (67%-829%)

18%

Estimated prevalencein
diabetic clinic *

PPV =28% (24%-32%)
NPV =96% (92%-98%)

PPV=38% (30%-46%)
NPV =92% (89%-94%)

PPV=520 (37%-66%)
NPV =89% (87%-91%)

2%

Estimated prevalencein

general population **

PPV =4% (3%-4%)
NPV=99.6% (99.2%-99.8%)

PP\V/=5% (4%-7%)
NPV=99.2% (98.9%-99.4%)

PP\V/=9% (5%-15%)
NPV=098.8% (98.6%-99.1%)
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Diagnostic
of
F=F4

Cutoff = 10.9 kPa

Cutoff = 13.6 kPa

Cutoff = 20.9 kPa

9%

Actual prevalencein

our population

PPV=23% (20%-26%)
NPV=098.7% (96.5%-99.6%)

PPV =28% (24%-34%)
NPV=98.2% (96.0%-99.2)

PPV=37% (27%-47%)
NPV =95.7% (93.7%-97.1%)

3%

Estimated prevalencein
population at risk of

liver disease

PPV/=8% (7%-10%)
NPV=99.6% (98.9%-99.9%)

PPV=11% (9%-14%)
NPV=99.4% (98.7%-99.8%)

PPV=15% (11%-22%)
NPV =98.6% (97.9%-99.1%)

1%

Estimated prevalencein

general population

PPV=3% (2%-4%)
NPV'=99.9% (99.6%-100%)

PPV/=4% (3%-5%)
NPV=99.8% (99.6%-99.9%)

PPV/=6% (4%-8%)
NPV=99.5% (99.3%-99.7%)
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N=450 potentially eligible participants

N=13 screen failure

N=2 didn’t fulfil all inclusion criteria, liver biopsy not scheduled within 2 weeks of FibroScan
didn't fulfil all inclusion criteria, patient with hepatis C

with exclusion criteria, patient with ascites

with exclusion criteria, refused the liver biopsy

with exclusion criteria, refused to undergo a blood test

with exclusion criteria, alcohol consumption above limits

with exclusion criteria, confirmed diagnosis of active malignancy

with exclusion criteria, cardiac failure and/or significant valvular disease

N=1 did not sign the consent

N=4 a posteriori excluded
liver biopsy and FibroScan were not performed within 2 weeks

N=433 eligible participants ‘

N=2 no FibroScan only
patients didn’t come to appointments

N=16 no FibroScan and no LB

N=6 withdrew consent

out of time: appointments could not be scheduled appropriately
patients didn’t come to appointments

investigator decision, no longer eligible for the study

N=2 serious adverse event (not related to the study device)

‘ N=415 with FibroScan performed |

‘ N=404 with valid FibroScan ‘ ‘ N=11 with invalid FibroScan

N=4 no liver biopsy N=1 no liver biopsy
investigator cancelled biopsy patient withdrew consent

N=3 no liver biopsy results » N=1 biopsy non interpretable
slides lost

_’| N=14 biopsy non interpretable | N=9 with invalid FibroScan & biopsy results

N=383 with valid FibroScan & biopsy results

N=3 no CAP | | N=10 fibrosis not staged according to NASH CRN scoring system

FibroScan file lost or corrupted | biopsy interpretable but fibrosis lesion patterns non compatible with NASH CRN score
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Supplementary material

Supplementary Methods

Influence of the consequences of diagnostic error and of disease prevalence on LSM cut-offs:
further analysis on cut-offs was performed for the diagnostic of F>F2 and F=F4 to take into account
the consequences of incorrect classifications on the diagnosis and the disease prevalence. This can

be achieved by finding the cut-off value (C) that minimizes the misclassification-cost term®?:
MCT(C) = EF—NP(l —Se(C)) + (1 —P)(1 —Sp(C)) (Eq. 3)
FP

where: Cry is the cost associated with a false negative (FN), Crp is the cost associated with a false
positive (FP), P is the prevalence. Of note P(1 — Se) is the probability of false-negative Prob(FN) and
(1 = P)(1 — Sp) is the probability of false-positive Prob(FP). For the diagnostic of F>F2, a FP is
worse than a FN, therefore we computed the cut-off value for a cost of an FP 2 times, 5 times and 10
times the cost of an FN"2. For the diagnostic of F=4, a FN is worse than a FP, therefore we computed
the cut-off value for a cost of an FN 2 times, 5 times and 10 times the cost of an FP. Finally, we
assessed the impact of disease prevalence on the computed cut-offs by varying the prevalence in

(Eq. 1) from 5% to 70% for F>F2 and from 0% to 10% for F=F4.

Supplementary Results
Using clinical consequences to determine optimal cut-offs

Understanding the consequences of diagnostic error, which will vary depending on the clinical
setting, can make a major impact on the choice of cut-offs. In Supplementary Table 11 we modelled
several scenarios for a diagnosis of F>F2 and then for F=F4. In a low prevalence setting there may be
a greater priority on reducing false positive rate and thus we examined scenarios where the cost of a
false positive (FP) was 2 times, 5 times and 10 times worse than a false negative (FN). In another

setting there may be prioritisation on not missing a patient with cirrhosis, and here the cost of a FN 2



times, 5 times and 10 times worse than a FP. The impact of the prevalence on those computed cut-
offs is given in Supplementary Figure 3 by varying the prevalence from 5% to 70% for F>F2 and from

0% to 10% for F=F4.



Supplementary Table 1. Standards for Reporting of Diagnostic Accuracy (STARD) check-list

TITLE OR
ABSTRACT
Identification as a study of diagnostic accuracy using at least one 1
measure of accuracy (such as sensitivity, specificity, predictive
values, or AUC)
ABSTRACT
Structured summary of study design, methods, results, and 6
conclusions (for specific guidance, see STARD for Abstracts)
INTRODUCTION
Scientific and clinical background, including the intended use and | 8-9
clinical role of the index test
Study objectives and hypotheses 9
METHODS
Study design Whether data collection was planned before the index test and 10
reference standard were performed (prospective study) or after
(retrospective study)
Participants Eligibility criteria 11
On what basis potentially eligible participants were identified 10
(such as symptoms, results from previous tests, inclusion in
registry)
Where and when potentially eligible participants were identified 10

(setting, location and dates)




Test methods

9 Whether participants formed a consecutive, random or
convenience series
10a Index test, in sufficient detail to allow replication
10b Reference standard, in sufficient detail to allow replication
11  Rationale for choosing the reference standard (if alternatives
exist)
12a Definition of and rationale for test positivity cut-offs or result
categories of the index test, distinguishing pre-specified from
exploratory
12b  Definition of and rationale for test positivity cut-offs or result
| categories of the reference standard, distinguishing pre-specified
from exploratory
13a %‘WHé{h‘éF‘Ei‘i}{‘iéé"|‘”iHfé‘k‘r‘i&‘é{iéﬁ‘5‘6‘&”}éf”é‘ké‘ﬁ‘éé‘”.‘c;{é‘ﬁ‘a‘é‘Ea‘}éédi{é\}&é‘ké “““
| available to the performers/readers of the index test

. to the assessors of the reference standard

Analysis

14

15

- Methods for estimating or comparing measures of diagnostic

.~ accuracy

- How indeterminate index test or reference standard results were

handled

16

17

Any analyses of variability in diagnostic accuracy, distinguishing

pre-specified from exploratory

18

Whether clinical information and index test results were available




RESULTS

Participants

19

20

21a

Distribution of severity of disease in those with the target

condition

21b

Distribution of alternative diagnoses in those without the target

condition

22

Time interval and any clinical interventions between index test

and reference standard

Test results

23

Cross tabulation of the index test results (or their distribution)

by the results of the reference standard

24

Estimates of diagnostic accuracy and their precision (such as 95%

confidence intervals)

25

Any adverse events from performing the index test or the

reference standard

DISCUSSION

26

Study limitations, including sources of potential bias, statistical

uncertainty, and generalisability

27

- Implications for practice, including the intended use and clinical

role of the index test

OTHER

INFORMATION

28

29

-~ Available upon

Table 2 &

Table 3

request to the



ACCEPTED MANUSCRIPT

corresponding

author

30 : Sources of funding and other support; role of funders 2




Supplementary Table 2. Histological description of patients with histological diagnoses other than
NAFLD or normal liver (including those for whom it was not possible to stage fibrosis according to

the NASH CRN scoring system (F=NA)).

Number | Pathology diagnosis Pathology comment SAF score’
of cases
4 Cryptogenic cirrhosis | Burnt out NASH or other N=3: SOAOF4
N=1: SOA1F4
aetiology
2 Inflammatory Other disease N=2: SOA2F4
cirrhosis
7 Fibrosis without any Burnt out NASH or other N=3: SOAOF2
N=3: SOAOF3
sign of NAFLD aetiology N=1: SOA1F3
3 NAFLD and associated | Granuloma or lesions N=1: S2A2F3
N=1: SIA1F_ya
lesions suggesting active chronic N=1: S1A2F_ya
hepatitis
17 Not NAFLD but not Inflammatory lesion or other | N=1: SOAOFO
N=2: SOAOF1
normal liver cause. None have steatosis, N=1: SOA1FO
N=4: SOA1F1
all have portal inflammation | N=1: SOA1F2
N=1: SOAOF_y
N=1: SOAOF_y
N=2: SOALF_ya
N=2: SOALF_ya
N=1: SOALF_ya
N=1: SOA2F_ya

*: SAF score is given in patients for whom fibrosis could be staged. For others, only steatosis and
activity grade are given, fibrosis stage is mentioned as F = NA.
A: activity, F: fibrosis, NA: not applicable, NAFLD: non-alcoholic fatty liver disease, NASH: non-

alcoholic steato-hepatitis, S: steatosis.




Supplementary Table 3: AUROC (95% ClI) for the diagnostic of steatosis grade 21, 22 and = to 3
when dichotomizing patients by their IQR of CAP value (< and = 30 dB/m and (< and = 40 dB/m). P-
value corresponds to the AUROC comparison using Delong test.

N AUROC AUROC AUROC
(95%cCl) P (95%cCl) P (95%cClI) P
rti value value value
QR 0.88 0.69 0.64
164 (43%) 0.01
CAP<30 (0.77-0.99) (0.59-0.79) (0.56-0.73)
0.60 0.09
0.85 0.80 0.78
IQR
Q N 216 (57%)
CAP230 (0.78-0.91) (0.74-0.85) (0.72-0.84)
0.87 0.74 0.68
IQR
Q 232 (61%)
CAP<40 (0.79-0.95) (0.66-0.82) (0.61-0.74)
0.91 0.51 0.07
QR 0.85 0.80 0.78
N 148 (39%)
CAP240 (0.78-0.91) (0.74-0.85) (0.72-0.84)




Supplementary Table 4: Diagnostic performance of controlled attenuation parameter (CAP) for
each steatosis grade 21, 22 and = to 3 stratified by ALT value.

S21 S22 S=3
Stratum 1 0.86 (0.80-0.93) 0.74 (0.67-0.82) 0.73 (0.65-0.81)
AUROC (95%Cl) for

Pr=0.86 Pr=0.56 Pr=0.22
ALT<ULN
Stratum 2 0.87 (0.73-1.00) 0.78 (0.68-0.88) 0.69 (0.60-0.77)
AUROC (95%Cl) for

Prevalence=0.92 Prevalence=0.75 Prevalence=0.49
ULN>ALAT<2*ULN
Stratum 3 0.95 (0.88-1.00) 0.84 (0.68-1.00) 0.67 (0.48-0.85)

[V)

AUROC (95%Cl) for Prevalence=0.95 Prevalence=0.80 Prevalence=0.55
ALAT>2*ULN
AUROC comparison Stratum 1/2: P=0.89 Stratum 1/2: P=0.53 Stratum 1/2: P=0.47

Stratum 1/3: P=0.08

Stratum 2/3: P=0.34

Stratum 1/3: P=0.29

Stratum 2/3: P=0.55

Stratum 1/3: P=0.54

Stratum 2/3: P=0.83




Supplementary Table 5: AUROC of CAP, HSI and FLI for the diagnosis of S21, S22 and S=3. P value
corresponds to the AUROC comparison with CAP AUROC using Delong test.

s>1 5>2 s=3
CAP AUROC 0.87 (0.81-0.92) | 0.77(0.72-0.83) | 0.70 (0.65-0.75)
HSI AUROC 0.63 (0.55-0.71) | 0.63 (0.58-0.69) | 0.59 (0.53-0.65)

P value <10 <10® 0.01




Supplementary Table 6. Comparison of patient characteristics between the 10 patients with

fibrosis not staged according to the NASH CRN scoring system and the 373 patients used for

fibrosis staging analysis (Figure 1).

All bio-clinical parameters from Table 1 were tested. Only those with a P-value < 0.20 for the

comparison are represented in the table. Distribution is expressed as median [interquartile range] or

figure (percentage). Comparison was performed using Mann-Whitney U test for continuous variables

and using X2 test or Fisher-exact test, as applicable for binary or categorical variables.

N=10 N=373 P_Va|ue
Patients with fibrosis not Patients with fibrosis
Characteristic
staged according to staged according to NASH
NASH CRN CRN
Birmingham: 1 (10%) Birmingham: 101 (27%) <10
Newcastle: 1 (10%) Newcastle: 50 (13%)
London: 0 (0%) London: 52 (14%)
Centre | Nottingham: 0 (0%) Nottingham: 40 (11%)
Plymouth: 6 (60%) Plymouth: 42 (11%)
Cambridge: 0 (0%) Cambridge: 60 (16%)
Oxford: 2 (20%) Oxford: 28 (8%)
Female gender | 8 (80%) 163 (44%) 0.05
Alkaline phosphatase
161 [100] 81 [38] 0.006
(lu/L)
Fasting glucose (mg/dL) | 87 [15] 107 [52] 0.02
HDL cholesterol (mg/dL) | 54 [14] 43 [17] 0.06




Ferritin (ng/mL) | 111 [92] 135 [216] 0.15
Creatinine (mg/dL) | 0.76[0.14] 0.86[0.22] 0.05
CK18-M30 (IU/L) | 310([210] 416 [402] 0.09
CAP (dB/m) | 242 [63] 337 [73] <107
S0: 8 (80%) S0: 39 (10%) <10°
S1: 2 (20) S1: 87 (23%)
Steatosis grade
S2: 0 (0%) $2:109 (29%)
S3: 0 (0%) $3:138 (37%)
BO: 9 (90%) BO: 97 (26%) <10™
Ballooning grade | B1:1(10%) B1: 146 (39%)
B2: 0 (0%) B2:130 (35%)
0-2: 8 (80%) 0-2: 82 (22%) <10™
NAS score | 3-4:2 (20%) 3-4: 120 (32%)
5-8: 0 (0%) 5-8: 171 (46%)
AO: 2 (20%) AO: 53 (14%) 0.02
Al: 6 (60%) Al: 74 (20%)
Activity grade | A2:2 (20%) A2:100 (27%)
A3:0(0%) A3:110 (29%)
A4:0 (0%) A4: 36 (10%)
Portal inflammation
10 (100%) 162 (44%) <107
present
Pathologists diagnostic | Normal liver: 0 (0%) Normal liver: 17 (5%) <10




NAFL: 0 (0%) NAFL: 91 (24%)
NASH: 0 (0%) NASH: 242 (65%)

Other: 10 (100%) Other: 23 (6%)

GGT: gamma-glutamyl transferase, HDL: high-density lipoprotein, NAFL: non-alcoholic fatty liver,

NAFLD: NAFL disease, NASH: non-alcoholic steato-hepatitis, NAS: NAFLD Activity Score.



Supplementary Table 7: AUROC (95% Cl) for the diagnosis of fibrosis stage 22, 23 and = to 4 in all
patients and patients with Fibroscan fulfilling Boursier’s criteria®.

N F>F2 F>F3 F=F4
Patients with 331 | AUROC=0.78 AUROC=0.80 AUROC=0.90
Fibroscans fulfilling (0.73-0.83) (0.75-0.86) (0.86-0.95)
Boursier’s criteria Prevalence=0.70 | Prevalence=0.53 | Prevalence=0.07




Supplementary Table 8: Diagnostic performance of liver stiffness measurement (LSM) for each
fibrosis stage 22, 23 and = to 4 stratified by ALT value. The AUROC comparison was performed

using Delong test.

F>2 F23 F=4
Stratum 1

0.80(0.71-0.88) 0.81 (0.72-0.90) 0.87 (0.78-0.95)
AUROC (95%Cl) for
ALT<ULN Prevalence=0.46 Prevalence =0.34 Prevalence =0.10
Stratum 2

0.75 (0.67-0.83) 0.77 (0.70-0.85) 0.93 (0.89-0.98)
AUROC (95%Cl) for
ULN>ALAT<2*ULN Prevalence =0.64 Prevalence =0.40 Prevalence =0.09
Stratum 3

0.79 (0.69-0.89) 0.81 (0.71-0.90) 0.86 (0.72-0.99)
AUROC (95%Cl) for
ALAT>2*ULN Prevalence =0.68 Prevalence =0.36 Prevalence =0.07

Stratum 1/2: P=0.41 Stratum 1/2: P=0.58 Stratum 1/2: P=0.17
AUROC comparison Stratum 1/3: P=0.93 Stratum 1/3: P=0.96 Stratum 1/3: P=0.90

Stratum 2/3: P=0.51

Stratum 2/3: P=0.62

Stratum 2/3: P=0.30




Supplementary Table 9: AUROC of LSM, Fib4 and NFS for the diagnosis of fibrosis stage 22, 23 and
= to 4. P value corresponds to AUROC comparison with LSM AUROC using Delong test.

F>2 F>3 F=4
LSM AUROC 0.77 (0.72-0.82) 0.80 (0.75-0.85) 0.90 (0.85-0.94)
AUROC 0.72 (0.67-0.78) 0.78 (0.73-0.83) 0.84 (0.78-0.91)
Fib4
P value 0.09 0.31 0.03
AUROC 0.69 (0.63-0.74) 0.75 (0.70-0.80) 0.81(0.73-0.90)
NFS

P value

0.006

0.07

0.01




Supplementary Table 10: Performance comparison of LSM, Fib4 and NFS using dual-cutoff approach for the diagnosis of advanced fibrosis (F23).

LSM Fib4 NFS
Lower cut-off Upper cut-off Lower cut-off Upper cut-off Lower cut-off Upper cut-off
Grey zone Grey zone Grey zone
(<7.1kPa) (>14.1 kPa) (<1.30) (>3.25) (<-1.455) (>0.676)
N =127 (35%) | N=148 (41%)| N=87 (24%)] N =209 (58%) | N=131(36%)| N =22 (6%) N =153 (42%) | N=170 (47%)| N =39 (11%)
Sp=0.50 Se=0.48 Sp=0.73 Se=0.14 Sp=0.56 Se=0.22
NPV=0.90 PPV=0.74 NPV=0.80 PPV=0.86 NPV=0.84 PPV=0.74

F<3: 114 (50%)

F<3: 93 (41%)

F<3: 22 (10%)| F<3: 168 (73%)

F<3: 58 (25%)

F<3: 3 (1%)

F<3: 128 (56%)

F<3: 91 (40%)

F<3: 10 (4%)

F>3: 13 (10%)

F>3: 55 (41%)

F>3: 65 (49%)

F>3: 41 (31%)

F>3: 73 (55%)

F>3: 19 (14%)

F>3: 25 (19%)

F>3: 79 (59%)

F>3:29 (22%)




Supplementary Table 11: Diagnostic performance of liver stiffness measurement (LSM) taking into account the consequences of diagnostic error: for the

diagnostic of F>F2 with a cost false positive (FP) 2 times, 5 times and 10 times worse than a false negative (FN); for the diagnostic of F=F4 with a cost FN 2

times, 5 times and 10 times worse than a FP.

F>F2 F=F4

Cut-off 10.3 27.4
Se/Sp Se=0.55/ Sp=0.85 Se=0.41/Sp=0.97
PPV/NPV | t5 5 times worse | PPV=0.85 / NPV=0.55 EN 2 times PPV=0.61/ NPV=0.94
LR+ / LR- than FN LR+=3.68 / LR-=0.53 worse than FP- || g4 1551/ LR-=0.60
CcC 0.67 0.92
FP /FN FP=22 / FN=102 FP=9 / FN=20
Cut-off 16.8 19.8

FP 5 times worse FN 5 times
Se /Sp Se=0.30 / Sp=0.96 Se=0.65 / Sp=0.89

than FN worse than FP
PPV / NPV PPV=0.92 / NPV=0.47 PPV=0.37 / NPV=0.96




LR+ / LR- LR+=7.35 / LR-=0.73 LR+=5.93 / LR-=0.40
cc 0.56 0.87

FP / FN FP=6/ FN=158 FP=37 / FN=12
Cut-off 233 C=13.6

Se Se=0.15 / Sp=0.99 $e=0.85 / Sp=0.79
PPV/NPV | £0 10 times PPV=0.94 / NPV=0.43 EN 10 times PPV=0.29 / NPV=0.98
LR+ / LR- worsethan FN | o, 11 18 /1R-=0.86 worse than FP- | o, 4 02 / LR-=0.19
cc 0.48 0.79

FP / FN FP=2 / FN=191 FP=72 / FN=5

AUROC: area under the receiver operating curve, CC: proportion of correctly classified, F: fibrosis, FN: number of false negative, FP: number of false
positive, LR-: negative likelihood ratio, LP+: positive likelihood ratio, NPV: negative predictive value, PPV: positive predictive value, Se: sensitivity, Sp:

specificity.



Supplementary Table 12: Impact of rounding cut-offs from Table (Impact of prevalence of F2F2, F>F3 and F=4) on positive predictive value (PPV) and
negative predictive value (NPV) of LSM for cut-offs for Se=0.90, Youden index cutoff and Sp=0.90).

Prevalence | Justification Cutoff for Se=0.90 Youden index cutoff Cutoff for Se=0.90
Diagnosis | - - Cutoff = 6.1 kPa | Rounded Cutoff =8.2 kPa | Rounded Cutoff = 12.1 kPa | Rounded
; cutoff = 6.0 kPa cutoff = 8.0 kPa cutoff = 12.0 kPa
(o]
60% Actual prevalence in PPV=69% / PPV=69% / PPV=78% / PPV=77% / PPV=88% / PPV=88% /
F2F2
our population NPV=72% NPV=72% NPV=61% NPV=61% NPV=52% NPV=52%
40% Estimated prevalence PPV=49% / PPV=49% / PPV=61% / PPV=59% / PPV=76% / PPV=76% /
in diabetic clinic * NPV=85% NPV=85% NPV=78% NPV=78% NPV=71% NPV=71%
7% Estimated prevalence PPV=10% / PPV=10% / PPV=15% / PPV=14% / PPV=26% / PPV=26% /
in general population®> | NPV=98% NPV=98% NPV=97% NPV=97% NPV=96% NPV=96%
Diagnosis | - - Cutoff=7.1 kPa | Rounded Cutoff =9.7 kPa | Rounded Cutoff = 14.1 kPa | Rounded

cutoff = 7.0 kPa

cutoff = 10.0 kPa

cutoff = 14.0 kPa




38% Actual prevalence in PPV=52% / PPV= | PPV=52% / PPV=63% / PPV=63% / PPV =74% / NPV | PPV=74% /
our population 89% PPV=89% NPV=81% NPV=79% =74% NPV=74%
18% Estimated prevalence PPV=28% / PPV=28% / PPV=38% / PPV=38% / PPV=52% / PPV=52% /
in diabetic clinic * NPV=96% PPV=96% NPV=92% NPV=91% NPV=89% NPV=89%
2% Estimated prevalence PPV=4% / PPV=4% / PPV=5% / PPV=5% / PPV=9% / PPV=9% /
in general population ® | NPV=99.6% PPV=99.5% NPV=99.2% NPV=99.1% NPV=98.8% NPV=98.8%
- - Cutoff = 10.9 kPa | Rounded Cutoff = 13.6 kPa | Rounded Cutoff = 20.9 kPa | Rounded

cutoff = 11.0 kPa

cutoff = 14.0 kPa

cutoff = 21.0 kPa

9% Actual prevalence in PPV=23% / PPV=23% / NPV | PPV=28% / PPV=29 / PPV=37% / PPV=38% /
our population NPV=98.7% =98.3% NPV=98.2% NPV=97.2% NPV=95.7% NPV=95.6%

3% Estimated prevalence PPV=8% / PPV =8% / PPV=11% / PPV=11% / PPV=15% / PPV=16% /
in population at risk of | NPV=99.6% NPV=99.5% NPV=99.4% NPV=99.1% NPV=98.6% NPV=98.6%
liver disease °

1% Estimated prevalence PPV=3% / PPV=3% / PPV=4% / PPV=4% / PPV=6% / PPV=6% /




in general population ®

NPV=99.9%

NPV=99.8%

NPV=99.8%

NPV=99.7%

NPV=99.5%

NPV=99.5%




Supplementary Table 13: Comparison of the main results from Siddiqui et al.” and from the

present study.

Present study

Siddiqui et al.” study

N 384 398
Age (year) 54 [18] 51+11
Patients main Female gender 45% 68%
characteristics” BMI (kg.m-2) 33.8[9.2] 34.4+6.4
AST (1U/L) 36 [25] 49+37
ALT (1U/L) 50 [40] 64+44
Prevalence 0.60 0.51
AUROC (95% ClI) 0.77 (0.72-0.82) 0.79 (0.74-0.83)
F>F2 Cut-off for Youden’s index 8.2 kPa 8.6 kPa
Cut-off for Se=0.90 6.1 kPa 5.6 kPa
Cut-off for Sp=0.90 12.1 kPa 11.9 kPa
Prevalence 0.38 0.32
Diagnostic AUROC (95% ClI) 0.80 (0.75-0.84) 0.83 (0.79-0.87)
performance F>F3 Cut-off for Youden's index 9.7 kPa 8.6 kPa
of LSM Cut-off for Se=0.90 7.1 kPa 6.5 kPa
Cut-off for Sp=0.90 14.1 kPa 12.1 kPa
Prevalence 0.09 0.09
AUROC (95% ClI) 0.89 (0.84-0.93) 0.93 (0.90-0.97)
F=F4 Cut-off for Youden'’s index 13.6 kPa 13.1 kPa
Cut-off for Se=0.90 10.9 kPa 12.1 kPa
Cut-off for Sp=0.90 20.9 kPa 14.9 kPa
Prevalence 0.88 0.95
AUROC (95% Cl) 0.87 (0.82-0.92) 0.76 (0.64-0.89)
>S1 Cut-off for Youden’s index | 302 dB/m 285 dB/m
Diagnostic
Cut-off for Se=0.90 274 dB/m 263 dB/m
performance
Cut-off for Sp=0.90 325 dB/m 353 dB/m
of CAP
Prevalence 0.64 0.58
5>52 AUROC (95% Cl) 0.77 (0.71-0.82) 0.70 (0.64-0.75)
Cut-off for Youden’s index | 331 dB/m 311 dB/m




Cut-off for Se=0.90 290 dB/m 280 dB/m

Cut-off for Sp=0.90 370 dB/m 367 dB/m

Prevalence 0.36 0.27

AUROC (95% Cl) 0.70 (0.64-0.75) 0.58 (0.51-0.64)
=S3 Cut-off for Youden’s index | 337 dB/m 306 dB/m

Cut-off for Se=0.90 302 dB/m 274 dB/m

Cut-off for Sp=0.90 398 dB/m 380 dB/m

*: results are given as median [inter-quartile range] for the present study and as meantstandard
deviation for the Siddiqui et al.” study.

AUROC: area under the receiver operating curve, ALT: alanine transaminase, AST: aspartate
aminotransferase, BMI: body mass index, CAP: controlled attenuation parameter, Cl: confidence

interval, F: fibrosis, LSM: liver stiffness measurement, S: steatosis, Se: sensitivity, Sp: specificity.




Supplementary Table 14: Published Youden cutoffs in NAFLD studies, except for Siddiqui et al’

) Diagnostic Youden cutoff
Reference N BMI (kg.m™) Probe usage Prevalence | AUC Se/Sp
target (kPa)
M or XL probe according to F>F2 0.36 0.91 7.8 82/78
Chen et al.® 111 | 40.3
manufacturer’s recommendations. | F>F3 0.20 0.87 7.6 84/64
F>F2 0.54 0.82 11.0 65/89
Imajo et al.’ 127 28.1 M only F>F3 0.32 0.88 11.4 86/84
F=F4 0.08 0.92 14.0 100/76
40% of patients F>F2 0.58 0.81 8.5 74/74
Petta et al."’ 324 M only
>30 F>F3 0.36 0.86 10.1 78/78
7.0 77/78
F>F2 0.45 0.85
9.0 85/88
Kumar et al.** 120 | 26.1 M only F>F3 0.23 0.94
11.8 90/88
F=F4 0.08 0.96
M or XL probe according to F>F2 0.22 0.81 7.6 73/78
Naveau et al.? 100 42.3 manufacturer’s
) F>F3 0.09 0.85 7.6 100/74
recommendations
Mahadeva et al.” 120 33% of patients | M only F>F2 0.57 0.67 6.9 59/69




>30 F>F3 0.22 0.77 7.1 70/67
F=F4 0.06 0.95 11.3 88/89
Tapper etal.™ 120 | 31.3 M only F>F3 0.18 0.93 9.9 95/77
7.0 79/76
F>F2 0.41 0.84
s 28.0 8.7 84/83
Wong et al. 246 M only F>F3 0.23 0.93
10.3 92/88
F=4 0.10 0.95
M: 0.83
M: 7.0 79/64
F>F2 0.54
XL: 6.2 73/66
XL: 0.80
Both probes used on each patient
M: 0.87
Wong et al.’® 193 28.9 regardless of manufacturer’s M: 8.7 83/78
recommendations.
F>F3 0.33
XL: 7.2 78/78
XL: 0.85
M:0.89 | M:10.3 81/83
F=4 0.14




XL: 0.91

XL: 7.2

92/70




Supplementary Figure 1. Receiver operating characteristic (ROC) curve of controlled attenuation
parameter (CAP) for identifying (a) $251, (b) $252 and (c) S=S3.
For each steatosis threshold, are overprinted: area under ROC curve (AUROC) with its 95% Cl and the

cut-off values maximizing Youden’s index, for a fixed sensitivity (Se) and Specificity (Sp) of 0.90.
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Supplementary Figure 2. Receiver operating characteristic (ROC) curve of liver stiffness
measurement (LSM) for identifying (a) F>F2, (b) F>F3 and (c) F=F4.
For each fibrosis threshold, are overprinted: area under ROC curve (AUROC) with its 95% Cl and the

cut-off values maximizing Youden’s index, for a fixed sensitivity (Se) and Specificity (Sp) of 0.90.
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Supplementary Figure 3. Impact of the prevalence on the liver stiffness measurement (LSM) cut-
offs computed taking into account the consequences of diagnostic error.

This was undertaken (a) for the diagnostic of F>F2 with a cost false positive (FP) 2 times, 5 times and
10 times worse than a false negative (FN), (b) for the diagnostic of F=F4 with a cost FN 2 times, 5
times and 10 times worse than a FP. The range of prevalence is 5 to 70% for F>F2 and 0% to 10% for
F=F4, respectively. For F>F2, for a prevalence up to 20% the cut-offs value is 35.4 kPa. The cut-off
value decreases from a prevalence of 20% for a cost for a FP 2 times worse than a FN, from a
prevalence of 35% for a cost for a FP 5 times worse than a FN and from 55% for a cost for a FP 10
times worse than a FN. For F=F4, for a prevalence up to 1% the cut-offs value is 35.7 kPa. The cut-off
value decreases from a prevalence of 1% for a cost for a FN 10 times worse than a FP, from a
prevalence of 5.5% for a cost for a FN 5 times worse than a FP and from 5.5% for a cost for a FN 10

times worse than a FP.

40
1

FP 2 times worse than FN
—=— FP 5 times worse than FN
—4— [P 10 times worse than FN

cutoff values (kPa) for FP X-times worse than FN
10 20
1

T I T I T 1 I
0.1 02 03 04 0.5 08 07

i
&

prevalence of FzF2

;

20
1

_._R
\I—I—l—l—q

FN 2 times worse than FP
—=— FN 5 times worse than FP
—4— FN 10 times worse than FP

cutoff values (kPa) for FN X-times worse than FP

T T I T T
0.02 0.04 0.08 0.08 0.10

prevalence of F=F4

_
o
-~



References

10.

11.

12.

13.

14,

15.

16.

Greiner M, Pfeiffer D, Smith RD. Principles and practical application of the receiver-operating
characteristic analysis for diagnostic tests. Prev Vet Med 2000;45:23-41.

Bakir M, Dosanjh DP, Deeks JJ, et al. Use of T cell-based diagnosis of tuberculosis infection to
optimize interpretation of tuberculin skin testing for child tuberculosis contacts. Clin Infect
Dis 2009;48:302-12.

Boursier J, Zarski JP, de Ledinghen V, et al. Determination of reliability criteria for liver
stiffness evaluation by transient elastography. Hepatology 2013;57:1182-91.

Kwok R, Choi KC, Wong GL, et al. Screening diabetic patients for non-alcoholic fatty liver
disease with controlled attenuation parameter and liver stiffness measurements: a
prospective cohort study. Gut 2016;65:1359-68.

Roulot D, Costes JL, Buyck JF, et al. Transient elastography as a screening tool for liver
fibrosis and cirrhosis in a community-based population aged over 45 years. Gut 2011;60:977-
84.

Harris R, Harman DJ, Card TR, et al. Prevalence of clinically significant liver disease within the
general population, as defined by non-invasive markers of liver fibrosis: a systematic review.
Lancet Gastroenterol Hepatol 2017;2:288-297.

Siddiqui MS, Vuppalanchi R, Van Natta ML, et al. Vibration-controlled Transient Elastography
to Assess Fibrosis and Steatosis in Patients With Nonalcoholic Fatty Liver Disease. Clin
Gastroenterol Hepatol 2018.

Chen J, Yin M, Talwalkar JA, et al. Diagnostic Performance of MR Elastography and Vibration-
controlled Transient Elastography in the Detection of Hepatic Fibrosis in Patients with Severe
to Morbid Obesity. Radiology 2017;283:418-428.

Imajo K, Kessoku T, Honda Y, et al. Magnetic Resonance Imaging More Accurately Classifies
Steatosis and Fibrosis in Patients With Nonalcoholic Fatty Liver Disease Than Transient
Elastography. Gastroenterology 2016;150:626-637 e7.

Petta S, Maida M, Macaluso FS, et al. The severity of steatosis influences liver stiffness
measurement in patients with nonalcoholic fatty liver disease. Hepatology 2015;62:1101-10.
Kumar R, Rastogi A, Sharma MK, et al. Liver stiffness measurements in patients with
different stages of nonalcoholic fatty liver disease: diagnostic performance and
clinicopathological correlation. Dig Dis Sci 2013;58:265-74.

Naveau S, Lamouri K, Pourcher G, et al. The Diagnostic Accuracy of Transient Elastography
for the Diagnosis of Liver Fibrosis in Bariatric Surgery Candidates with Suspected NAFLD.
Obes Surg 2014.

Mahadeva S, Mahfudz AS, Vijayanathan A, et al. Performance of transient elastography (TE)
and factors associated with discordance in non-alcoholic fatty liver disease. J Dig Dis
2013;14:604-10.

Tapper EB, Challies T, Nasser |, et al. The Performance of Vibration Controlled Transient
Elastography in a US Cohort of Patients With Nonalcoholic Fatty Liver Disease. Am J
Gastroenterol 2016;111:677-84.

Wong VW, Vergniol J, Wong GL, et al. Diagnosis of fibrosis and cirrhosis using liver stiffness
measurement in nonalcoholic fatty liver disease. Hepatology 2010;51:454-62.

Wong VW, Vergniol J, Wong GL, et al. Liver stiffness measurement using XL probe in patients
with nonalcoholic fatty liver disease. Am J Gastroenterol 2012;107:1862-71.



ACCEPTED MANUSCRIPT

Diagnostic of S21

10

08

'AUROC=0.87 (0.82-0.92)

o8
S

0.0

1.0

Sensitivity

02 04

00

08 10

06

AAUROC=0.70 (0.64-0.75)

Sensitivity

04

“Cutoftfor Sp=0.90 = 398 dB/m.
(89=090,5ex0.14)

00

0.0




ACCEPTED MANUSCRIPT

Diagnostic of F22

Sensitivity

10

08

06

'AUROC=0.80 (0.75-0.84)
141kPa

Sensitivity

02 04

0.0

Diagnostic of F=4

Cutoff for Se=0.90 = 109 kPa

(5p=070.8e=091)

Youden's index cutff = 136
Se=085)

'AUROC=0.89 (0.84-0.93)

Sensitivity




z

T

c o _|

c <

S

) P m I 4

& 8—8—8—=8

o

= 9 |

o O

[0}

=

X

: R-

e

©

£ o

2 FP 2 times worse than FN
=) —=— FP 5 times worse than FN
g —e— FP 10 times worse than FN
5 © -

5 I [ I [ I I I
O

0.1 0.2 0.3 0.4 0.5 0.6 0.7

prevalence of F=F2

>

40
|

10

FN 2 times worse than FP
—=— FN 5 times worse than FP
—e— FN 10 times worse than FP

I I I I I
0.02 0.04 0.06 0.08 0.10

cutoff values (kPa) for FN X-times worse than FP
20
L

prevalence of F=F4



