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Summary

Background: One of the unmet needs in patients with type 2 diabetes mellitus
(T2DM) is the prediction of non-alcoholic liver disease by non-invasive blood tests,
for each of the three main histological features, fibrosis, non-alcoholic steatohepati-
tis (NASH) and steatosis.

Aims: To validate externally the performances of a recent panel, Nash-FibroTest, for
the assessment of the severity of fibrosis stages, NASH grades and steatosis grades.
Methods: We prospectively analysed 272 patients with T2DM. Standard definitions
of stages and grades were used, and analyses were centralised and blinded. The per-
formances of the FibroTest, NashTest-2 and SteatoTest-2 were assessed using the
Obuchowski measure (OM), the main outcome recommended as a summary measure
of accuracy includeing all pairwise stages and grades comparisons, which is not pro-
vided par the extensively used binary area under the ROC curve.

Results: The diagnostic performance of each component of the panel was signifi-
cant. OM (SE; significance) of the FibroTest, the NashTest-2 and the SteatoTest-2
was 0.862 (0.012; P < 0.001), 0.827 (0.015; P < 0.001) and 0.794 (0.020; P < 0.01),
respectively. For ballooning and lobular inflammation, OM was 0.794 (0.021;
P < 0.001) and 0.821 (0.017; P < 0.001), respectively. In a post hoc analysis the
FibroTest outperformed VCTE by 4.1% (2.5-6.5; P < 0.001) for reliability, with a
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1 | INTRODUCTION

One of the unmet needs in patients with components of the met-
abolic syndrome such as android obesity, type 2 diabetes mellitus
(type 2 diabetes), hyperlipidaemia and hypertension is easy access
to non-invasive tests (NITs) to assess the severity of non-alcoholic
steato-hepatitis (NASH), including its three main histological fea-
tures, steatosis, activity and fibrosis. Although the courses and clin-
ical relevance of these features differ, they are intercorrelated.’?
Steatosis is the early feature of disease, the progression of fibrosis
is the most accurate predictor of mortality and severe liver events,
and inflammatory ‘activity’ is the biological driver of the progression
of fibrosis.>*

Thus, the availability of one NIT for each feature would pro-
vide a simple alternative to liver biopsy for the surveillance and
treatment strategy in patients at risk of NASH. Among the nu-
merous available NITS for the diagnosis of NASH, one panel,
called the ‘Nash FibroTest’ panel, provides a specific test for
each of the three features including the FibroTest (FibroSure
in the USA)S; NashTest-2 for NASH®; and SteatoTest-2 for ste-
atosis.” This panel was constructed and internally validated in
600 patients at risk of NAFLD in a multicentre cohort, using the
steatosis activity fibrosis score (SAF-score), which defines the
grades of NASH and steatosis and their associated clinical out-
comes independently.®1°

These tests were then used in a prospective phase-2 trial of
selonsertib,” and in an ongoing phase-3 trial of obeticholic acid,**
and validated in a retrospective analysis of 220 patients, all with
type 2 diabetes.'? The latter study is the only existing trial evalu-
ating type 2 diabetes patients. In a review of 25 NITs of NAFLD,
the prevalence of type 2 diabetes ranged between 14% and 50%.°
Of all the components of the metabolic syndrome, type 2 diabe-
tes is the most important risk factor for NAFLD and non-alcoholic
steatohepatitis (NASH), and the most important clinical predictor
of adverse outcomes such as advanced liver fibrosis and mortal-
ity.'* Indeed, a meta-analysis of population-based observational
studies found that type 2 diabetes is associated with a more than
twofold increase in the risk of developing severe liver disease.'”
The performance of NITs for the diagnosis of the features of liver
disease in type 2 diabetes patients is controversial,’®!” because
of the absence of prospective evaluations as well as methodolog-
ical limitations such as biopsy sampling variability,*® intra- and

interobserver variability for scoring the features,'® the impact of
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non-significant difference for OM for fibrosis staging, 0.859 (0.012) for FibroTest vs
0.870 (0.009) for VCTE.

Conclusions: From a single blood sample, the panel provides non-invasive diagnosis
of the stages of fibrosis, and the grades of NASH and steatosis in patients with T2DM.
Trial registration number: NCT03634098.

the spectrum effect on binary AUROCs,Y7%

and inappropriate
histological references to assess the performance of NITS such as
the NAS score.2222 Thus, the first aim of the prospective QUID-
NASH research program focusing on type 2 diabetes (https://rhu-
quidnash.com), was to externally validate the performance of the
‘Nash FibroTest’ panel in the specific context of diabetology out-
patient clinics using a centralised biopsy review, and appropriate

methods.

2 | RESEARCH DESIGN AND METHODS
2.1 | Study participants and design

The primary outcome of this prospective cross-sectional multicen-
tre study in patients with type 2 diabetes is to assess the diagnostic
accuracy of the FibroTest, NashTest-2 and SteatoTest-2 using liver
histology as the reference to evaluate liver fibrosis, activity and ste-
atosis. NAFLD was suspected based on the presence of abnormal
liver enzymes as well as an ultrasound scan showing a bright liver
echo pattern, in patients with type 2 diabetes diagnosed in a diabe-
tology outpatient clinic.

The STARD and FibroSTARD guidelines were followed
(File S2) particularly for items 13.7 and 13.8.2% Consecutive

patients were prospectively recruited between October
2018 and 2020 in four outpatient diabetology clinics in the
Assistance-Publique-Hoépitaux-de-Paris (File S1). The study

(NCT03634098) was approved by the Research Ethics Committee
#18.021-2018-A00311-54. All patients gave written informed
consent. The study was performed in accordance with the dec-
laration of Helsinki. All authors had access to the study data and

reviewed and approved the final manuscript.

2.2 | Main analyses

The primary objective of the study was to evaluate the diagnostic
accuracy of each component of the NashFibroTest, the FibroTest,
the NashTest and the SteatoTest, in relation to the histological evalu-
ation of fibrosis, Nash activity and steatosis. The primary endpoint
was the validation of the FibroTest because the stage of fibrosis
is the main prognostic criterion compared the grades of Nash or

Steatosis. '


https://rhu-quidnash.com
https://rhu-quidnash.com
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2.3 | Inclusion and exclusion criteria in the
validation population

Inclusion criteria were as follows: patients were 218 years of age,
able to give written informed consent, with type 2 diabetes defined
according to American Diabetes Association (ADA) or World Health
Organization (WHO) criteria,?* and were scheduled, independently
from this study, to undergo a liver biopsy for investigation of sus-
pected NAFLD within 4 weeks after ultrasonography and alanine
aminotransferase (ALT) assessment. These patients had abnormal
transaminases had to be negative for standard tests for liver dis-
eases (File S3). Exclusion criteria were as follows: patients with HBV,
HCV and autoimmune diseases, pregnant women, patients without
national health insurance, with a history of chronic liver disease, pa-
tients with serum haemoglobin <7g/L or <10g/L in the presence of
cardiovascular or pulmonary disease, patients who refused liver bi-
opsy or tests, patients with significant alcohol consumption (230 g/
day for males and 220 g/day for females) and by serum carbohy-
drate deficient transferrin per cent >2%, and patients with a terminal
disease.

2.4 | Patient characteristics

The following characteristics were recorded in all patients: age, gen-
der, body mass index (BMI), temperature, the presence of diabetes
and arterial pressures. A 12-hour fasting blood test was performed
locally on fresh samples for assessment of the following parameters:
platelet count, aspartate transaminase (AST), ALT, gamma-glutamyl-
transferase (GGT), alkaline phosphatase, albumin, bilirubin, fasting
glucose, total cholesterol, high-density and low-density choles-
terol lipoproteins, triglyceride, ferritin, urea, creatinine, alpha-2-
macroglobulin (A2M), A1C-haemoglobin, insulinaemia, HOMA score,

urea, creatinine, sodium, potassium, calcium and C-reactive protein.

2.5 | Histopathologic evaluation in the
validation group

Liver biopsy (intercostal or transvenous) was performed in all pa-
tients according to the standard local procedure. Biopsy specimens
were fixed in formalin, embedded in paraffin and stained with hae-
matoxylin and eosin and Sirius Red. Slides were analysed in each
centre by an experienced pathologist (VP, BT) and then centrally
reviewed by a single experienced pathologist (PB) for the read-outs,
blinded to all patient characteristics. The length and the number
of fragments were assessed, and the quality scored according to a
three-class classification (adequate, marginal and inadequate). The
cause of any inadequate liver biopsy was specified: length, fragmen-
tation or technical issues, that is, inadequate staining, or granuloma.
NASH was diagnosed according to the presence of steatosis, hepat-
ocyte ballooning (three grades 0-2) and lobular inflammation (three

grades 0-2) with at least 1 point for each category. NAFLD activity
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(Nash score) was scored using both the SAF (main outcome in four

) 8-10
s

classes, and NASH-CRN scoring systems, which are different for

several feature scores (File $3).!

Fibrosis was scored using the same SAF and CRN definition in
five stages from O to 4.2 Steatosis was scored in four grades (from
0, ‘less than 5%/, 1 '5%-30%', 2 ‘33%-66%’, to 3 ‘more than 66% of
hepatocyte with steatosis’). Portal inflammation and Mallory bodies
were also recorded by grade into three classes. Liver biopsies were
categorised by pathologists as a normal liver (no liver pathology),
NAFL (steatosis but no NASH), NASH or other diagnosis when no
NAFLD but other histological features suggesting another diagnosis

were observed.

2.6 | Nash FibroTest panel

The FibroTest is called the NASH-FibroSure® (LabCorp) in the USA.
The FibroTest includes A2M, apolipoprotein-Al, haptoglobin, total
bilirubin and GGT.>?> The comparative components of the FibroTest,
the new NashTest-2,° the SteatoTest-2” and the original NashTest,
and SteatoTest are described in Table 1. Compared to the original
NashTest,?® NashTest-2 was developed for a quantitative diagnosis
of NASH (SAF score as reference) with no need for the body mass
index (BMI). Compared to the original SteatoTest,?’ SteatoTest-2 was
constructed without total bilirubin and BMI.” The tests were all ad-
justed for age and gender. All components were assessed on fresh
samples. The pre-analytical and analytical procedures were those
recommended by BioPredictive. Exclusion criteria were the non-
reliable results identified using security control algorithms.?® Using
both the FibroTest and the NashTest-2, it was possible to predict the
presence or the absence of clinically significant NAFLD as defined by
the histological SAF score: fibrosis stage >F2 (FibroTest >0.48), the
standard cutoff for stage F2-F3-F4,>2° and/or activity grade >grade
A2, (NashTest-2 20.50).°

2.7 | Effect of the uncertainty of biopsy on tests
performances

Biopsy is an imperfect gold standard.’®?-3% We used the method

1,3 and for the first time we as-

recently suggested by McHugh et a
sess the effect of uncertainty in the patient classification (Files S3
and S4). The performance of any test must be evaluated with refer-
ence to a comparator. The presence of classification uncertainty in
the comparator (here biopsy) is therefore an important confounding
factor when interpreting the diagnostic performance of the test (ie
FibroTest). We report the comparator uncertainty together with the
estimated performance of the test. As increasing amounts of noise
are introduced into the biopsy, such as the biopsy Iength,32’33 the
apparent performance of the diagnostic test compared to biopsy the
comparator, will decrease accordingly. Each amount of uncertainty
(here the false positive/negative of biopsy according to the speci-

men length vs large surgical biopsy) was randomly introduced into
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100 iterations and the aggregate results are shown. This simulation
was implemented using the online simulation tool, https://imper

fect-gold-standard.shinyapps.io/classification-noise/.>®

The perfor-
mances of liver biopsy where those assessed using large surgical
biopsy as the ground truth for staging.3* The percentage of 25 mm
liver biopsy that was correctly classified for fibrosis by the METAVIR
score was 75%. Thus, a 25 mm biopsy was considered to have a sen-
sitivity of 82.5% and a specificity of 82.5% for the percentage of cor-
rect classifications into the five stages of fibrosis. The same method
was applied for the NashTest-2. There was no large surgical biopsy
for ground truth in NASH, thus we used the repeated biopsies re-

sults as ground truth as recommended. 8333

2.8 | Discordance analysis

A major discordance was defined as a difference >2 stages for fi-
brosis, or >2 grades for activity according to the SAF score, which
could influence clinical decision-making. For steatosis, as NAFLD
and NASH required the presence of steatosis no major discordances
could be observed. To attribute these major discordances to biopsy
or to the Nash-FibroTest panel, reliable VCTE and FIB4 were used
for the staging of fibrosis, ALT, AST and GGT levels were used to
grade significant NASH. All cases with such major discordances were
independently adjudicated by two clinicians DV and TP.%?

2.9 | Comparisons between NashFibroTest,
VCTE and FIB-4

A prospective, direct comparison between the FibroTest, VCTE and
FIB4 in intention to diagnose and per-protocol analyses would have
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required 600 cases, based on the multiple comparisons between
the Obuchowski measure and reliability.3® These comparisons have
been scheduled in other work packages of the Quid-Nash con-
sortium (https://rhu-quidnash.com). In this study, we performed a
post hoc analysis to compare the reliabilities and diagnostic perfor-
mances of FibroTest, VCTE and FIB4 for fibrosis and SteatoTest-2
and controlled attenuation parameter (CAP) for steatosis. The VCTE
FibroScan (FibroScan 502Touch model Echosens, Paris, France) ex-
amination was performed by nurses or physicians trained and certi-
fied by the manufacturer and blinded to the patient's histological
evaluation and NashFibroTest. Only examinations with at least 10
valid liver stiffness measurements (LSMs) as well as those with LSMs
median/IQR ratio 230%, both for LSMs, and CAP were considered
to be valid.3%%738 FIB-4 was assessed with the original formula: age
(Iyr] x AST [IU/L)/(PLT [10°/L]) x (ALT [1U/L])*3).%

2.10 | Statistical analysis

The chosen same sample size of n = 300 for the primary aim of
the study was the same as that used for the internal validation of
SteatoTest-2, and for validation of the original SteatoTest.” Evidence
of differences in variables between the stages of fibrosis and the
grades of NASH or of steatosis was evaluated with the Kruskal-
Wallis test followed by Dunnett's tests with a post hoc comparison.
P values <0.05 were considered to be statistically significant.

The overall diagnostic accuracy of tests (main outcome) and VCTE
and FIB4 (post hoc analysis) was estimated by the Obuchowski mea-
sure together with the standard error, to take into account the spec-
trum effect.>?%2% The performances of the FibroTest, NashTest-2 and
SteatoTest-2 were assessed using the Obuchowski measure, the main
outcome recommended as a summary measure of accuracy which

TABLE 1 Comparison of the components of FibroTest, NashTest-2 and SteatoTest-2, the three tests available in the Nash FibroTest panel

NASH FibroTest

First generation

Components FibroTest NashTest-2 SteatoTest-2 NashTest SteatoTest
Reference Imbert-Bismut?® Poynard® Poynard’ Poynard Poynard
Apha-2 macroglobulin X X X X X
Apolipoprotein-A1l X X X X X
Haptoglobin X X X X X

GGT X X X X X

Total Bilirubin X X - X X

ALT X X X X

AST X X X -
Cholesterol X X X X
Triglyceride X X X X
Glucose = X X X
Weight and height (BMI) - X X

Age and sex XX XX XX XX XX
Total number 7 11 11 14 11


https://imperfect-gold-standard.shinyapps.io/classification-noise/
https://imperfect-gold-standard.shinyapps.io/classification-noise/
https://rhu-quidnash.com
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includes all pairwise stages and grades comparisons, which is not pro- TABLE 2 Characteristics of included patients

vided par the extensively used binary area under the ROC curve.}>?°

Distribution %

The Obuchowski measure can be interpreted as the probability that Characteristic n or median (IQR) Range
the non-invasive index will correctly rank 2 randomly chosen patient Total 279 100
samples from different fibrosis stages according to the weighting F—
scheme, with a penalty for misclassifying patients. The binary under
» . Lariboisiere-Beaujon 184 66.7
the ROC curve only measure the probability to be lower or higher than
. . hin-HEGP 79 29.0
the cutoff, that is, 0.48 for the FibroTest for stages FOF1 vs F2F3F4 Cochin-HEG
(significant fibrosis) that is one comparison. The Obuchowski measure Avicenne ? 3.3
summarises the performance of the all pairwise comparisons, that is 10 Deimog:adphlc and
ini t
comparisons for the five stages of fibrosis (FO to F4).* cinicatdata
‘To compare the performance of FibroTest between the origi- Age 272 59 (52-66) 23-55
nal Construction and the Validation subsets, we assess the binary- BMI 272 32(28-35)
AUROC "spectrum adjusted" (binaryAUROCsa), together with the Female gender 168 61.8
associated the difference between the mean fibrosis stages of Diabetes mellitus 272 100
(F2 + F3 + F4) and the mean fibrosis stages of (FO + F1) as previously Geographical origin
described.?° This permitted to estimate the spectrum effect without Europe 230 84.6
computing the individual data. The binaryAUROCsa is calculated by Other 42 15.4
its linear regression curve with binary-AUROC. The maximum is 4 Hypertension 182 66.9
when all patients are FO or F4. The minimum is 1 when all patients Stroke 11 4.0
. . o
are F1 or F2. When there is an uniform prevalence of stages, 20% for Myocardial infarction 9 30
each five stages, the binaryAUROCsa is 2.5.20 "
Arteritis 10 3.7
Due to the absence of patients grade SO and with only two S1
. . Retinopathy 50 18.6
(Table 2), we could only validate the SteatoTest-2 vs the original pop-
. . . . N h 49 18.4
ulation, and performed a binary AUROC for the diagnosis of S3 vs S2. europathy 8
Data were reported for standard predetermined thresholds of the Smoker 127 46.7
stages of fibrosis for the Fibrotest (0.27,0.48, 0.58 and 0.74 for F1, F2, Previous alcohol ) 10 3.7
ti tri
F3 and F4 respectively), grades of activity for the NashTest-2 (0.25, consumption atmis
0.50 and 0.75 for A1, A2 and A3 respectively) and of steatosis for the Alic?hcil Cfmsumptlon
at inclusion
SteaoTest-2(0.40,0.55 and 0.62 for S1,S2 and S3 respectively). We re-
. e . . L. None 137 50.4
ported the sensitivity (Se), specificity, positive predictive value (PPV), )
negative predictive value (NPV), positive likelihood ratio and negative Not at risk 135 496
likelihood ratio together with 95% CI for each cutoff value. We also Atrisk 0 0
investigated the performance of the tests in settings with different Treatment first year
. . . . - after diagnosis
prevalences using Bayes' equation to estimate post-test probabilities.
In this case we used the F2 threshold for fibrosis, and A2 for NASH PlEEEr G ErEse e ekl
activity which correspond to clinically significant liver disease.? The Oral 242 90.0
post hoc analysis was performed in intention to diagnose, the reliabil- Insulin 21 7.7
ity and the diagnostic performances being compared by the paired Blood tests
binary test. For FIB-4 there was no definition of reliability in the litera- Alpha-2 272 2.10(1.54-2.76) 1.22-
ture. FibroTest reliability definition followed the manufacturer recom- macroglobulin 4.32
mendation.?® TE reliability was assessed among the participants of the Apolipoprotein Al 272 1.33(1.21-1.48)  0.7-2.43
core group, as not prospectively scheduled in the eligible participants. Haptoglobin 272 1.44(1.06-1.86)  0.8-2.76
To assess possible variability due to the length of biopsy 2 GGT 272 56 (36-86) 12-454
subsets was also analysed, one with biopsy length of 15 mm or Bilirubin 272 9 (6-12) 6-30
longer, and one with length lower than 15 mm. The original cut- ALT 272 49 (36-70) 16-335
38 39
offs for F2 were used 7.1 kPa for VCTE,”® and 1.45 for FIB-4." All AST 272 35 (28-47) 13-163
analyses were performed using the software R, version 3.3.0.32 Fasting glucose 279 8.4 (6.9-10.5) 33-193
and NCSS 2020, and in duplicate by two independent teams of
R P y two indep Haemoglobin-glycate 269 7.5(6.8-8.4) 5.3-13.1
statisticians, one independent from the inventor (JM, PM); and
. . . . X Total cholesterol 272 1.56 (1.33-1.89) 0.71-
one including the inventor (TP). Continuous variables were ex- 287

pressed as medians (interquartile range [IQR]) and categorical

variables as absolute figures with percentages. Cls were reported

(Continues)
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TABLE 2 (Continued)

Characteristic

HDL cholesterol

LDL cholesterol

Triglyceride

Platelets count
Prothrombin time
Creatinine
C-reactive protein

FibroTest range 0-1

NashTest-2 range 0-1

SteatoTest-2 range
0-1

Time blood test and
biopsy (days)

Imaging

Ultrasonography
brightness

Ultrasonography
segment
hypertrophy

VCTE

Performed

Not performed
XL probe

Time VCTE and
biopsy (d)

Reliability VCTE

Reliable 10
measures IQR/m
<30%

Missing

Not reliable
LSM reliable (kPa)

10 measures

>10 measures
CAP

CAP (dB/m), range
100-400 dB/m

CAPIQR

CAP reliable IQR/
median <30%

Liver biopsy
Transparietal

Transjugular

272

260

272

272
266
270
267
272

272
272

272

P88

100

269

168
269

258

179
86

258
258

258
142

184
88

Distribution %
or median (IQR)

0.40(0.34-0.47)

0.82(0.61-108)

1.57 (1.10-2.16)

245 (200-292)
100 (93-100)

71 (59-84)

2.6 (1.1-5)
0.33(0.16-0.54)

0.72(0.58-0.82)
0.76 (0.63-0.86)

55(31-82)

85.7

36.8

98.9

11

61.8

27 (0-75)

94.8

2.2

29

7.8 (6.1-11.6)
65.8

31.6

338 (304-370)

27 (18-38)
55.0

67.7
32.3

Range
0.20-
1.64

0.09-
3.12

0.50-
7.84

87-478
42-128
32-551
0-27

0.04-
0.92

0-0.96

0.15-
0.96

0-343

0-174

3.6-70.5

0-89

(Continues)

TABLE 2 (Continued)

Characteristic

Length of liver biopsy
specimen (mm)

Number of fragments

1

23

Quality biopsy
Adequate
Marginal
Inadequate

Fibrosis stage
SAF-CRN

FO
F1
F2
F3
F4

Activity grade
according to SAF

AO
Al
A2
A3

Ballooning grade
(SAF)

BO no

B1 round and clear
hepatocyte

B2 ballooned
hepatocytes

Ballooning grade
(CRN)

BO no
B1 few
B2 many

Lobular inflammation
grade (SAF)

10 absent
11 less than 3 foci
12 3 foci or more

Lobular inflammation
grade (CRN)

10 no
11 less than 2 foci
12 2-4 foci

I3 more than 4 foci

272

272
124
83
65

233
39

54
65
50
74
29

57
51
73
91

106
95

71

107
98
67

59
138
75

60
136
66

Distribution %
or median (IQR)

17.0 (16-18)

45.6
30.5
14.9

85.7
14.3

19.9
239
18.4
27.2
10.7

21.0
18.8
26.8
334

39.0
34.9

261

39.3
36.1
24.6

21.7
50.7
27.6

22.0
50.0
24.3
3.7

957
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Range
5-38

1-20

(Continues)
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TABLE 2 (Continued)

Distribution %

Characteristic n or median (IQR) Range
Portal inflammation
10 92 33.8
11 142 52.2
12 38 14.0
Mallory bodies
MO 239 87.9
M1 26 9.5
M2 7 2.6
Steatosis grade
SO <5% 0 0
S15-33 2 0.7
$2 23-66 59 21.7
S366-100 211 77.6
Micro steatosis 3 1.1
NAS score
0 1 0.4
1 27 9.9
2 41 151
3 37 13.6
4 58 21.3
5 48 17.6
6 37 13.6
7 18 6.6
8 5 1.8
Pathologist diagnosis
Not NAFLD 0 0
Non-Alcoholic 108 39.7
Fatty Liver
Non-Alcoholic 162 59.6
Steato Hepatitis
Burned-out 2 0.7

fibrosis (without
inflammation)

at the 95% level. Details are given in File S3. An explanation of
the impact of spectrum effect and of the uncertainty of biopsy is
given in File S4.

3 | RESULTS
3.1 | Patient characteristics

The study flow chart of patients included in the validation popula-
tion with biopsy is presented in Figure 1. Table 2 presents the clini-
cal, serological, histological characteristics and NashFibroTest data
for all the 272 included patients.

POYNARD ET AL.

3.1.1 | Liver biopsies

A total of 325 patients underwent liver biopsy (see Figure 1). The
median (IQR) length was 17 mm (8 mm), with 55 (31-82) days be-
tween the blood test and biopsy (days) (Table 2). Biopsies were not
available in 50 patients. The reading was not centralised in 22 and
18 biopsies were inadequate (Table S1). Only one significant side ef-
fect was observed in the 325 patients, one case with an accidental

intestinal biopsy, without symptoms.

3.1.2 | Main outcomes

The Obuchowski measure (SE; significance) for the FibroTest was
0.862 (0.012; P < 0.001), for NashTest-2 was 0.827 (0.015; P < 0.001),
and for SteatoTest was 0.794 (0.020; P < 0.01) with the corresponding
medians and IQR by stages and grades in Figure 2A-C respectively.

The comparisons of test performances in diabetes vs the original
population are provided in Table 3, for the Obuchowski measures,
standard binary AUROCSs, and including the adjusted AUROC for
the FibroTest, and Figure 3 for the spectrum of stages and grades.

The influence of the prevalence of advanced fibrosis on the
PPV and the NPV (95% Cl) is provided in Table 5 and in File S3 for
references. The PPV for the standard predetermined cutoff used,
was 80% (71-89) and the NPV was 56% (48-63) in type 2 diabetes
with a high (56%) prevalence of advanced fibrosis. In a large co-
hort of 30 761 NAFLD patients with type 2 diabetes and a prev-
alence of 32% of advanced fibrosis the PPV was 61% (52-69) and
the NPV was 78% (69-86). In a group representative of the French
general population with the lowest prevalence of advanced fibro-
sis (2.8%), the PPV was 9% (8-10) and the NPV was 98% (97-99).

The influence of the prevalence of significant NASH on PPV
and NPV is also presented in Table 5. In these cases the PPV at the
standard predetermined NashTest-2 cutoff (0.50), was 64% (57-70)
and the NPV was 63% (45-79) in type 2 diabetes, with a high (56%)
prevalence of significant NASH. In a large cohort of 89 427 NAFLD
patients with type 2 diabetes and a prevalence of significant NASH
of 60% the PPV was 67% (60-73) and the NPV was 59% (49-74). In
a group representative of the French general population with the
lowest prevalence of NASH (1.1%), the PPV was 1.3% (0.8-18) and
the NPV was 99% (98-100).

3.1.3 | Secondary outcomes

The diagnostic performance of the NashTest-2 was also significant
for each of the elementary features of NASH activity, according to
both the SAF and CRN scoring systems. All w-AUROCs were above
0.790 (P < 0.001). Results are presented in Figure S1A for CRN bal-
looning, Figure S1B for SAF ballooning 0.0794 (0.021), Figure S1C for
CRN lobular inflammation, Figure S1D for SAF lobular inflammation
0.821 (0.017), Figure S1E for portal inflammation and Figure S1F for
Mallory bodies.
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N = 325 potentially eligible participants with T2 diabetes

N = 50 biopsies not available

n=22 not centralized for reading

N = 275 eligible participants

> n=18 not reliable: size inadequate, no coloration
no liver tissue, granulomas,
n=10 not NAFLD

N = 3 test not availbale

S n=1 Fibro Test not reliable
n=2 Tests not performed

N = 272 with at least 1 reliable test of NashFibro Test panel and centralized biopsy

v v

v

N = 272 for fibrosis staging N = 272 for NASH grading

N = 272 for steatosis grading

FIGURE 1 Study flow chart of core population with biopsy. Of 325 patients enrolled, 272 were eligible. Eventually among 275 patients
with an interpretable biopsy, 272 had reliable FibroTest, NashTest-2 and SteatoTest-2. Only one patient with a non-reliable FibroTest has

been excluded

3.1.4 | Post hoc comparisons between NITs, VCTE,
FIB-4 and CAP

FibroTest was performed in 273 of the eligible patients and 272 were
reliable, for a reliability of 99.6% (98.0-100). A total of 260 of the
272 included patients had a reliable VCTE, for a reliability of 95.6%
(92.5-97.4). For the 272 cases with paired NITs the FibroTest reli-
ability outperformed VCTE by 4.1% (2.5-6.5; P < 0.001). In an inten-
tion to diagnose analysis, the Obuchowski measure (se) for fibrosis
stage was 0.859 (0.012) for the FibroTest, 0.870 (0.009) for VCTE,
a non-significant difference (P = 0.10). If the analysis included only
reliable stiffness measurements Obuchowski measures were higher
for VCTE 0.910 (0.009), than for FibroTest, 0.862 (0.012; P = 0.009).
For FIB-4, analysis cannot be performed in intention to diagnose,
and the standard Obuchowski measure was 0.828 (0.011) which was
lower than the FibroTest (P = 0.02) and VCTE (P = 0.001).

The diagnostic performances by other endpoints are described in
Table S2. The overall results were similar for cases with biopsy 215 mm,
and for cases with a biopsy <15 mm, the Obuchowski measure was
only a higher for VCTE vs FIB-4. Comparison of CAP with SteatoTest-2
cannot be performed in intention to diagnose in the absence of a rec-
ognised cutoff for the CAP reliability. The binary AUROC for S3 vs S2
was 0.60 (0.52-0.67) and 0.69 (0.60-0.77), a not significant difference
(Z=1.71; P=0.09) between SteatoTest-2 and CAP respectively.

3.1.5 | Effect of the uncertainty of biopsy on tests
performances

The effect of biopsy uncertainty on the diagnostic performance of
the FibroTest was significantly associated with the length of the
specimen (Figure 4A). The maximum expected binary AUROC of

3

an ideal NIT for fibrosis using 25 mm biopsies,® as a comparator

in a study of 272 patients, would be 0.83. In the present study the

median biopsy specimen was 17 mm and the maximum expected
AUROC for an ideal NIT decreased to 0.70 due to the 30% misclas-
sification rate of the biopsy.*®

The effect of biopsy uncertainty on the diagnostic performance
of NashTest-2 was even higher than for fibrosis, and also significantly
associated with the length of the specimen, with AUROC decreasing
from 0.69 with 25 mm to 0.60 with 17 mm (Figure 4B).

3.1.6 | Analysis of severe discordances

A major discordance was found between the biopsy and the FibroTest
in 28 patients (10.3%; 7.0-14.5). After adjudication 10 (3.7%; 1.8-6.7)
were considered to be a FibroTest error, 5 (1.8%; 0.6-4.2) a biopsy
error and 14 (5.1%; 2.8-8.5) indeterminate (Table S3A). A major dis-
cordance was found in nine patients (3.3%; 1.5-6.2) between the bi-
opsy and the NashTest-2. After adjudication 7 (3.7%; 1.8-6.7) were
considered as an error of biopsy, and two (2.6%; 1.0-5.2) to be inde-
terminate (Table S3B).

4 | DISCUSSION

This prospective study examined the association of the NashFibroTest
panel and liver histology in a cohort of type 2 diabetes patients un-
dergoing biopsy for investigation of suspected NAFLD. The results
validated the diagnostic performances with the Obuchowski meas-
ure, the primary endpoint. To our knowledge, this is the first prospec-
tive study focusing on patients with type 2 diabetes in a context of
use of diabetology clinics. The present findings confirm the results of

several retrospective studies in patients with type 2 diabetes,?1%17

and in subsets of patients at risk of Nash including type 2 diabetes.>”
The results of the comparisons between NashFibroTest and NITs

confirmed the similar performance already observed in NAFLD and
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FIGURE 2 FibroTest performance in 272 type 2 diabetes
patients for Fibrosis staging. (A) FibroTest was significantly
different between Stage FO (n = 54) vs F2, F3 and F4; Stage F1

(n = 65) vs F2, F3, and F4; Stage F2 (n = 50) vs FO, F1 and F4;
Stage F3 (n = 74) vs FO and F1; Stage F4 (n = 29) vs FO, F1 and

F2. All 272 patients had reliable tests and centralised biopsies.
The corresponding Obuchowski measure (SE; significance) was
0.862 (0.012; P < 0.001). (B) NashTest-2 performance in 272 T2M
patients for NASH grading. NashTest-2 was significantly different
between Grade AO (n = 57) vs A2 and A3; Grade Al (n = 51) vs A3;
Grade A2 (n = 73) vs AO and A3; Grade A3 (n = 91) vs FO, F1 and
F2. The corresponding Obuchowski measure (SE; significance) was
0.827 (0.015; P < 0.001). (C) SteatoTest-2 performance in 272 T2M
patients for Steatosis grading. By definition there was no SO, and
only 2 S1. SteatoTest-2 was significantly different between grade
S3 (n=207) vs S2 (n=58; P=0.03).

viral hepatitis, for FibroTest vs VCTE in intention to diagnose, with a
higher reliability of Fibrotest vs VCTE, as well as the higher perfor-
mance of FibroTest vs FIB-4, especially when the biopsy was more

than 15 mm Iong.f”31'3"”40

4.1 | Strengths

The study has several advantages compared to others evaluating the
performance of NITs in NAFLD.

All of the elements in the liver-FIBROSTARD checklist were as-
sessed except for cost-effectiveness (File 52).28 Although the main
limitations have been well known since 2003,%* few studies have
used appropriate methods.

This study takes into account a possible spectrum effect
using the Obuchowski measure as the main endpoint, as rec-
ommended.'??%23 This was particularly important because our
population had a high prevalence of minimal fibrosis, and for the
grading of steatosis because of the very low prevalence of grade
0. In patients with type 2 diabetes, the influence of the spectrum
effect on binary AUROCSs explains the misleading interpretation
of binary AUROCs in the absence of face-to-face comparisons be-

12,1617 ayen when using the C-statistic,”*? that is, only

tween NITs,
one comparison for fibrosis staging instead of 10 pairwise compar-
isons by Obuchowski measure, or the Harrel-C statistic which has
a risk of overestimation.*’

This really means for practice that a clinician can prefer a test
with a 0.70 binary AUROC predicting significant fibrosis or signifi-
cant Nash, because of the methodological quality of the validation of
this test. He can also reject a test with 0.90 binary AUROC because
the validation studies had not eliminated a spectrum effect or a risk
of overestimation due to the uncertainty of biopsy.

The NashFibroTest panel was constructed using the SAF scoring
system, which has several advantages compared to the standard CRN
scoring system.®%22 A simpler definition of activity was used as a ref-
erence: hepatocyte ballooning, and lobular inflammation with at least

1 point for each category. Indeed, this definition does not require the
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TABLE 3 Test performance according to statistical methods, by features and population

Method assessing test performance as determined in the protocol

Primary endpoint Obuchowski Not taken as an endpoint. Not taken as an endpoint.
measure weighted AUROC Standard binary AUROC Binary AUROC spectrum
summarises all pairwise stages cannot test the pairwise adjusted on the different
Features, test and or grades performances. Mean comparisons. stages proportion among
population N (standard error) Mean (95% Cl) F2F3F4 and among FOF1
Fibrosis and FibroTest 5 stages 10 comparisons F2F3F4 vs FOF1 F2F3F4 vs FOF1
Original construction 541 0.904 (0.007) 0.80 (0.76-0.84) 0.84 (2.11)
Diabetes validation 272 0.862(0.012) 0.74 (0.65-0.83) 0.76 (2.32)?
NASH and NashTest 4 grades 6 comparisons A3A2 vs AOA1 Not published
Original construction 541 0.827 (0.015) 0.77 (0.73-0.81)
Diabetes validation 272 0.849 (0.013) 0.70 (0.62-0.75)
Steatosis and SteatoTest 3 grades 3 comparisons S253 vs SOS1 Not published
Original construction 541 0.801 (0.013) 0.74 (0.65-0.80)
Diabetes validation 272 0.794 (0.020) 0.74 (0.60-0.83)

*The binary AUROC spectrum adjusted is given with the difference between the mean fibrosis stages of (F2 + F3 + F4) and the mean fibrosis stages
of (FO + F1) in parenthesis.

% Fibrosis stages FOF1F2F3F4 % Nash grades NON1N2N3 % Steato sisgrades S1S2S3
40 40 60

50

Percent
Percent
Percent

Original
2
80
60
i< € €
8 S S 40
& ¢ &
20
Diabetes 0
0 1 2 3 4 0 1 2 3 0 1 2

FIGURE 3 Spectrum of stages and grades in the original (upper row) and diabetes (lower row) subset. The spectrum of the stages of
Fibrosis was not uniform in the original subset and almost uniform in diabetes. The prevalence of F3 and F4 was twice as high in diabetes
as in the original subset. The difference between the mean advanced fibrosis stage and non-advanced stage was 2.32 in diabetes and 2.11
in the original population resulting in a slight underestimation of binary AUROC for both subsets vs a perfect uniform distribution. Binary
AUROCs were 0.76 and 0.84 after standardisation vs 0.72 and 0.80 before, for the diabetes and original subsets respectively

presence of steatosis or the presence of both lobular inflammation construction of a NIT because it adds the grade of steatosis to the
and ballooning. This independence among features reduces the risk grades of ballooning and lobular inflammation.””??2 A NAS score of 4

of false positive/negatives.?* The NAS score is not appropriate for the can correspond to a patient with grade 3 steatosis and grade 1 lobular
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(A) FIGURE 4 The effect of biopsy
- . uncertainty on patient classification,
l Biopsy 25 mm Length ] ’ Biopsy 17mm Length due to specimen length in relation to
07 e AUC the diagnostic performance of FibroTest
0.9 —*— PPA (Panel A) and NashTest-2 (Panel B). The
—s— NPA . S
0.8 o PPV ground truth is a large surgical liver
—* NPV specimen. (FP, false positive, FN, false
071 negative). In this study with 272 patients
0.6 - and a median 17 mm long biopsy the
054 expected area under the ROC curve
(AURQOC) of the FibroTest (or NashTest-2)
047 as a comparator cannot be more than
0.3 0.70 whatever its real performance due
024 to the 30% misclassification rate of the
’ biopsy as comparator. PPV, positive
0.1+ predictive value, and NPV, negative
0.0 : predictive value. The terms positive per
FP rate: 5 10 15 2‘; 25 30 % 40 45 20 cent agreement (PPA) and negative per
EN rate ;) g ; ’ - ; ; y ; ; . cent agreement (NPA) are used instead
5 10 15 29 25 30 35 40 45 50 of sensitivity and specificity, respectively,
Comparator Misclassification rate (%) when the comparator is known to contain
B uncertainty
( ) Biopsy 25 mm Lengthﬂ vBiopsy 17mm Length'
: ! - AUC
! ~e— PPA
—e— NPA
—e— PPV
o NPV

0.1
0'0_ ........................................................................... I ...........................................................................
FPrate: g 5 10 15 20 28 30 35 40 45 50

1
FNrate: 5 10 15 20 28 30 35 40 45 50

Comparator Misclassification rate (%)

inflammation as well as to a patient with higher histological activity,
grade 2 lobular inflammation, grade 1 ballooning and grade 1 steato-
sis. Furthermore, the grades of inflammation with the SAF score are
more detailed with less inter-pathologist variability, and ballooning is
differentiated from round and clear hepatocytes,” but not in the CRN
score.?? Our study used a centralised reading by a single expert, re-
ducing the inter-observer variability.

Our results externally validated that a single blood sample pro-
vided an independent assessment of the severity of three histologi-
cal features of NAFLD, the stage of fibrosis, the SAF grades of Nash
by NashTest-2 and steatosis by SteatoTest-2, including elementary
features of activity. This is an improvement in comparison to our
first generation of tests. The sample was analysed in a biochem-
istry unit and results were obtained within few hours. These re-
sults (Obuchowski measures and NPV) confirmed previous studies
(Tables 3 and 4).° In cases of lower prevalence, NIT of this type with
high NPV would be an excellent ‘rule out’ test, particularly as in the

context of use with a relatively low prevalence of NASH (Table 5).

The risks of false positive/negative are well known, lower than
2%.2928 Another advantage is the numerous studies of FibroTest
and SteatoTest whose diagnostic and prognostic performances
have been extensively validated in chronic viral hepatitis and alco-

6738 which are frequently associated with type

holic liver disease.
2 diabetes. Furthermore, in comparison to the first generation test
the NashTest-2 did not include fasting glucose or BMl in its compo-
nents,® which simplifies its use. The SteatoTest-2 has also the advan-

tage of increased reliability, as total bilirubin is no more included.”

4.2 | Limitations

The main limitation for the validation of NITs in NAFLD, including
ours, is sampling variability which is directly associated with spec-
imen length.!® In our study the median (IQR) biopsy length of 17
(8) mm does not correspond to the recommended ideal of 25 mm.*

However, 17 mm is also the mean length of the only retrospective
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TABLE 4 Diagnostic performance of FibroTest, NashTest-2 and SteatoTest-2 for the diagnosis of fibrosis stage (SAF-CRN scoring system),

Nash grade and steatosis grade, using predetermined cutoffs and SAF-scoring system

N

Primary endpoint

Obuchowski measure (SE)

Secondary endpoints
Binary AUROC
AUROC (95% Cl)
Prevalence (n)

Cutoff (range 0-1)

Youden index (Se + Sp - 1)

Sensitivity (95% Cl)
Specificity (95% Cl)

Positive predictive value (95% Cl)

Negative predictive value (95% Cl)

Positive likelihood ratio LR+

Negative likelihood ratio LR-
DOR diagnostic odds ratio LR+/LR-

FibroTest NashTest-2 SteatoTest-2

272 272 272

0.862(0.012) <0.001 0.849 (0.013) <0.001 0.794 (0.02) <0.01
F2F3F4 vs FOF1 A2A3 vs AOA1 $253 vs SOS1

0.74 (0.65-0.83)
0.56 (n = 153/272)
0.48

0.33

0.47 (0.39-0.55)
0.86(0.78-0.92)
0.81(0.71-0.89)
0.56 (0.48-0.63)
3.29

0.62

583

0.70 (0.62-0.75)
0.60 (n = 164/272)
0.50

0.13

0.92 (0.87-0.96)
0.20(0.13-0.29)
0.62 (0.55-0.69)
0.66 (0.47-0.81)
117

0.373

SMI8

2Not applicable as only two patients with steatosis SO-S1 to assess specificity and predictive values.

Note: References are detailed in File S3.

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

0.74 (0.60-0.83)
0.99 (n = 270/272)
0.55

0.27

0.85 (0.80-0.89)
Not applicable®
0.99 (0.97-0.93)
Not applicable®
Not applicable®
Not applicable®
Not applicable®

TABLE 5 Impact of the prevalence of significant stage or grade, on PPV and NPV (95% ClI), according to FibroTest and NashTest-2 cutoffs
Diagnostic method of Prevalence, n/total Predictive More sensitive More specific
advanced fibrosis F2 or (%), of disease using value (95%  Predetermined  cutoff (1 stage/ cutoff (1 stage
significant activity A2 predetermined cutoff Context of use Cl) NIT cutoff grade less) /grade more)
SAF fibrosis stage 2F2 >0.48 (F2) >0.27 (F1) >0.58 (F3)

Biopsy stage: F2F3F4  153/272 (56%) Our type 2 diabetes PPV 80% (71-89) 70% (62-77) 82% (71-89)
clinic
NPV 56% (48-63) 65% (55-74) 51% (45-58)
FibroTest F2 >0.48 209/7463 (2.8%) General population PPV 9% (8-10) 5% (4-6) 9% (8-9)
France
NPV 98% (97-99) 99% (98-100) 98% (97-99)
FibroTest F2 >0.48 9896/30,761 (32%) Type 2 diabetes PPV 61% (52-69) 46% (37-55) 63% (54-71)
NAFLD USA
NPV 78% (69-86) 83% (65-91) 74% (64-84)
FibroTest F2 >0.48 19797/105,255 (19%) No type 2 diabetes PPV 44% (38-50) 30% (21-39) 46% (38-54)
NAFLD USA
NPV 88% (80-96) 91% (90-92) 85% (77-93)
VCTE 27.1 kPa 89/1190 (7%) General Population PPV 20% (15-25) 12% (10-14) 21% (16-26)
France
NPV 96% (94-98) 97% (95-99) 95% (93-97)
SAF NASH grade A2 >0.50 (A2) >0.25 (A1) >0.75 (A3)
Biopsy stage: A2-A3 164/272 (60%) Our type 2 diabetes PPV 64% (57-70) 60% (54-66) 76% (67-83)
clinic
NPV 63% (45-79) 33% (1-91) 50% (42-58)
NashTest-1: Nash 80/7463 (1.1%) General population PPV 1.3% (0.8-1.8) 1.1% (0.7-1.5) 2.2% (1.7-2.7)
France
NPV 99% (98-100) 99% (98-100) 99% (98-100)
NashTest-2: N2-N3 5416/89,427 (64%) NAFLD USA PPV 67% (60-73) 64% (57-70) 79% (70-80)
NPV 59% (49-74) 30% (1-91) 46% (38-50)
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study in patients with type 2 diabetes,” and is within the range of
lengths found in 64 studies in NAFLD.'® This study confirms the ef-
fect of this uncertainty using the appropriate definitions as well as

its associated simulation tool.33

The median biopsy specimen was
17 mm, thus the maximum expected binary AUROC for an ideal NIT
decreased to 0.70 due to the 30% misclassification rate of the biopsy
(Figure 4). Therefore, binary AUROCs of more than 0.80 using biop-
sies of around 17 mm as a reference, may have been overestimated in
past studies.??*3”7 A minor limitation is also that the NashFibroTest
requires fasted samples.

There are several other limitations to the present study. Our
study only provides an external validation of the NashFibroTest
panel in diabetology clinics and not in a general population. Like in
the construction subset, we also acknowledge that all patients pre-
included for biopsy required abnormal transaminases, which is usu-
ally recommended by ethics committees in France. However, despite
patient selection based on increased liver enzymes, the spectrum of
stages was uniform up to stage F3 with a lower prevalence of cirrho-
sis than in the original study. The performances of NashTest-2 were
also similar to those of the original study, with an uniform spectrum
of grades.

We found the same high sensitivity of SteatoTest-2 (0.85; 0.80-
0.89) as in the T2DM subset of the original validation (0.85) and the
same limited specificity vs the original SteatoTest.

A cost-effectiveness analyses should be performed like in
Hepatitis C.** Face-to-face comparisons between the main NITs
in intention to diagnose, with appropriate sample size, are man-
datory for an objective ranking. Fibroscan can measure two of
the three features here and MRE could do all of them. However,
it not yet clear for CAP what are the criteria of reliability, and
for MRE the performances for staging NASH severity are not yet
fully validated. Even if our results confirm the performance ob-

1617 other validation outside France is

served in United States,
needed.

Finally, our results support a simplification of the standard defi-
nitions of NAFLD without the mandatory concomitant (temporal)
presence of steatosis and inflammation. Most transversal studies as-
sessing NITs in type 2 diabetes, only included patients with at least
5% steatosis at MRI-PDFF, and therefore excluded by definition
burnt-out fibrosis (fibrosis without inflammation) or burnt-out NASH

(inflammation without steatosis).*?

Only very large cohort studies
using NITs such as the NashFibroTest panel, without selection on
transaminases values, could estimate the true prevalence of burnt-
out fibrosis, limited here to 0.7%.

In summary, despite the limitations of biopsy, this study confirms
the significant performances of the NashFibroTest panel for the di-
agnostic of fibrosis stages, NASH grades and steatosis grades in a

cohort of patients with type 2 diabetes.
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