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Performance of liver biomarkers, in patients at
risk of nonalcoholic steato-hepatitis, according to
presence of type-2 diabetes
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Objective There is a controversy about the performance of blood tests for the diagnostic of metabolic liver disease in

patients with type-2-diabetes in comparison with patients without type-2-diabetes. These indirect comparisons assumed that
the gold-standard is binary, whereas fibrosis stages, steatosis and nonalcoholic-steato-hepatitis (NASH) grades use an ordinal
scale. The primary aim was to compare the diagnostic performances of FibroTest in type-2-diabetes vs. controls matched on
gender, age, fibrosis stages and obesity, and taking into account the spectrum effect by Obuchowski measure.

Methods Data were retrospectively compared among patients prospectively included, with simultaneous biopsy and blindly
assessed FibroTest, SteatoTest-2 and NashTest-2. The secondary aim was to construct an index (SpectrumF3F4-Index) to
predict an adjusted-area under the receiver operating curve (AUROC) for F3F4 diagnosis from the prevalences of fibrosis
stages, permitting to reduce the spectrum effect when performances of FibroTest, transient elastography and magnetic
resonance elastography are indirectly compared.

Results In 505 patients at risk of NASH, the Obuchowski measures [95% confidence interval (Cl)] of FibroTest, SteatoTest-2
and NashTest-2 were all equivalent in 136 type-2-diabetes cases vs. 369 matched controls: 0.871 (0.837-0.905), vs. 0.880
(0.879-0.881), 0.835 (0.797-0.873) vs. 0.806 (0.780-0.832) and 0.829 (0.793-0.865) vs. 0.855 (0.829-0.869), respectively.

spectrum effect. Eur J Gastroenterol Hepatol 32: 998-1007

Standard-AUROCs (95% CI) were 0.932 (0.898-0.965), 0.872 (0.837-0.907) and 0.834 (0.699-0.969) and reduced after
adjustment by SpectrumF3F4-Index to 0.794 (0.749-0.838), 0.767 (0.750-0.783) and 0.773 (0.725-0.822) for transient,
magnetic resonance elastography and FibroTest, respectively.

Conclusions When compared by Obuchowski measures, the performances of tests were not different in patients with
T2-diabetes vs. patients without T2-diabetes. When individual data are not available, adjusted-AUROCs reduced the

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Due to the increase in the liver disease-related mortal-
ity and the forthcoming treatment of nonalcoholic-stea-
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to-hepatitis (NASH), there is a need to identify performant
noninvasive biomarkers for the diagnosis of significant
metabolic liver diseases [nonalcoholic fatty liver disease
(NAFLD)] [1].

In patients with type-2-diabetes mellitus (T2-diabetes)
[2], the performances of patented blood tests such as
FibroTest, SteatoTest-2, NashTest-2 for the diagnosis of
liver diseases lesions, despite in the range of performances
observed in patients at risk of NASH with and without
diabetes [3-5], have been interpreted as lower than those
usually observed in patients without T2-diabetes. These
indirect comparisons, without controls and not taking
into account the spectrum effect, assumed that the gold
standard is binary, whereas fibrosis stages, steatosis and
NASH grades use an ordinal scale.

Indirect comparisons should be adjusted on the liver
lesions’ prevalence in the context of use and on the spec-
trum of stages or grades (spectrum effect). These issues
have been already studied in patients with chronic hepa-
titis C for the performance of FibroTest for the diagnosis
of fibrosis stages, and the use of Obuchowski measure was
recommended as well as adjusted-AUROC according to
the prevalences of stages [6,7].

These recommendations were not frequently followed
in patients at risk of NASH. In a recent meta-analysis of
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64 studies of fibrosis biomarkers [8], only four (6.4%)
used Obuchowski measure [3,9-11]. We identify only two
other studies published in the same period not included in
the meta-analysis [12,13], and two studies published later
[14,15], which used Obuchowski measure.

Therefore, the first aim was to analyze the perfor-
mances of FibroTest (primary endpoint), and the new
SteatoTest-2 [4], NashTest-2 [5], in a large group of
T2-diabetes compared to patients at risk of NASH with-
out T2-diabetes, and with patients with chronic hepati-
tis C, with and without T2-diabetes, using Obuchowski
measures and matched controls for gender, age, obesity
and fibrosis stages. The second aim, in the absence of
Obuchowski measure, was to construct an index [index
of fibrosis spectrum variability (Spectrum-Index)] in
patients at risk of NASH, to predict an adjusted-AU-
ROC for F3F4 diagnosis from the prevalences of biopsy
proven fibrosis stages, as previously published for
chronic hepatitis C [7]. This index was assessed in all
the possible combinations of fibrosis stages using data-
base with and without patients with T2-diabetes. This
index permitted to assess the variability of the standard
(binary) AUROCs for the diagnosis of fibrosis stages
F3F4 of three biomarkers, FibroTest, transient elastog-
raphy and magnetic resonance elastography, due to the
presence of T2-diabetes, after adjustment according to
the prevalences of fibrosis stages, from an-overview of
25 published studies [8].
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Patients and methods
Common criteria of inclusion

The design was a noninterventional analysis of fresh
serum specimen recorded in prospective subsets, two with
patients at risk of NASH, and one with hepatitis-C to
increase the sample size of cases and controls with biopsy
with and without T2-diabetes (Fig. 1).

The inclusion criteria were the same. To standardize
the performances’ comparisons as much as possible, cases
were defined as history of T2-diabetes or treatment of
T2-diabetes, together with a fasting glucose of 7.0 > mmol/l,
with a contemporaneous biopsy and blood sample used
for liver tests [16]. Patients receiving specific treatment for
NAFLD before biopsy or other cause of diabetes were not
included. All patients had contemporaneous biopsies with
centralized scoring of features, independently to any result
of blood tests. Patients were excluded if the blood tests
were disqualified according to the company recommenda-
tions for reliable tests [17], or if the interval between the
biopsy and blood tests was greater than 4 weeks.

We analyzed post-HOC patients with T2-diabetes
and at risk of NASH, and patients with chronic hepati-
tis C, prospectively included in two cohorts (FibroFrance
NCT01927133, FLIP) [18-20] and a multicenter trial
(EPIC3) [12,13,19,20] described in Supplementary File
S2, Supplemental digital content 2, hitp://links.lww.com/
EJGH/A490. The inclusion criteria were the presence of

Comparison of blood tests performances in patients at risk of NASH, or with chronic hepatitis C,
with and without type-2 diabetes

2 cohorts at risk of NASH
FLIP and FibroFrance
with biopsy and blood tests

Figure 2. Panel A

Regression curve between

K 136 with, 464 without T2-diabetes

FibroFrance and 1 multicenter trial in
chronic hepatitis C
with biopsy and blood tests
n=470
35 with, 435 without T2-diabetes

n=600

binary FibroTest F3F4 AUROCs

and the F34vsF012-index (
permits to assess an adjusted F3F4-AUROCs
Panel of 43 stages combinations

22 with, 21 without T2-diabetes

—

Patients at risk of liver disease, with or without T2-diabetes

and centralized liver biopsy and liver blood tests

n=1070 including 171 T2-diabetes, Obuchowski measure

Table 1 and Table S2

Figure 2. Panel B

Impact of T2-diabetes

assessed by comparing the regression curves
in 22 subsets with T2-diabetes

versus the 2Isubsets without T2-diabetes

\ M

Excluded n=201

—

Matched patients n=869
171 cases with T2-diabetes
698 controls without T2-diabetes
Table 1 and Table S2

patients T2-diabetes
not matching T2-diabetes
95 risk NASH, 126 hepatitis C

Figure 2. Panel C
Impact of T2-diabetes

M
in 11 subsets with high T2-diabetes prevalence

assessed by comparing the regression curves
versus the 10 subsets with low T2-diabetes

—

Case-control study in NAFLD
atched on gender, age. obesity, and fibrosis
n=505: 136 T2-diabetes, 369 controls
for AUROCSs comparisons of FibroTest,
Steatotest-2, NashTest-2
Table 3

Case-control study in hepatitis C

Matched on gender, age, obesity, and fibrosis
n=364: 35 T2-diabetes, 329 controls
for AUROCSs comparisons of FibroTest,
Steatotest-2, NashTest-2
Table 3

Figure 2. Panel D

Transient elastography (15 studies) magnetic
resonance elastography (5 studies) and
FibroTest performances for F3F4 variability when
assessed by binary- or adjusted-AUROCs
Table 4

Prevalences of fibrosis stages and F34vsF012-index

in patients at risk of NASH

according to the presence of T2-diabetes.
Table 81

Fig. 1. Populations included.
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reliable FibroTest, ActiTest and SteatoTest, as well as the
reading of the biopsy using the SAF scoring system. Ethical
approvals were obtained for the interventional studies at
each participating institution and all patients provided
written informed consent [12,13,18-20].

Blood tests

The FibroTest, the updated NashTest-2, the updated
SteatoTest-2 are patented tests (BioPredictive, Paris,
France) that have been validated extensively to assess the
stages of fibrosis, the necro-inflammatory activity and stea-
tosis grades of steatosis, using the SAF and NASH Clinical
Research Network (CRN) scoring systems for NAFLD
[2-5,12,13,15,18,21], and the meta-analysis of histolog-
ical data in viral hepatitis (METAVIR) scoring system for
hepatitis-C [22]. Details were given in Supplementary file
S2, Supplemental digital content 2, hitp://links.lww.com/
EJGH/A490.

The FibroTest includes serum a.2-macroglobulin, apoli-
poprotein-A1, haptoglobin, total bilirubin and y-glutamyl
transpeptidase. NashTest-2 combined the seven compo-
nents of FibroTest, plus cholesterol and triglycerides [5],
SteatoTest-2 combined with different weights, 10 compo-
nents of NashTest-2, without bilirubin, but with fasting
glucose [4]. As the presence of at least 5% of steatosis is
mandatory for the definition of NASH, but with a risk of
false negative due to ‘burning steatosis’ (NASH without
steatosis at biopsy, in cases without any cause of balloon-
ing or inflammation) two NashTest-2 values were assessed
by the algorithm. The standard NashTest-2 followed the
CRN definition and cases with SteatoTest-2 grade SO
(<0.40 grade Slcutoff) were graded as non-NASH. The
second value was the NashTest-2-‘raw’ value even if the
SteatoTest-2 concluded as grade SO (<0.40 grade S1 cut-
off) [4,5,21]. The scores of these biomarkers range from
0 to 1.00, the highest scores being attributed to the most
severe lesions. The preanalytical analytical procedures
were those recommended by BioPredictive. Exclusion cri-
teria were nonreliable results identified using security con-
trol algorithms [17].

Histological references

The SAF scoring system, specific for NAFLD features
and permitting simplified construction of blood tests, has
been described elsewhere, and detailed in Supplementary
file S2, Supplemental digital content 2, hitp://links.lww.
com/EJGH/A490 [21]. According to the combination of
each semi-quantification of the three elementary features
of NAFLD using the SAF score for steatosis, inflamma-
tory activity and fibrosis, respectively, the steatosis score
(S) varies from 0 to 3. Activity grade (A, from 0 to 4) is
the addition of hepatocyte ballooning (0-2) and lobular
inflammation (0-2). Fibrosis stage (F) varies from 0 to 4
[21,22].

Statistical methods

Comparison of Obuchowski measures

Our main hypothesis was that there was no significant
difference between the Obuchowski measure of the three
blood tests, for the prediction of fibrosis stages, NASH

Copyright © 2020 Wolters Kluwer Health, Inc.

August 2020 e Volume 32 ¢ Number 8

grades and steatosis grades, respectively, in T2-diabetes vs.
matched non-TD2M controls.

The primary endpoint was the Obuchowski measure,
with five, five and four SAF ordinal classes, for FibroTest,
NashTest-2 and SteatoTest-2, respectively [6].

Case-control studies

We matched the controls according to the four main fac-
tors associated, besides the presence of T2-diabetes, with
the severity of NAFLD (male gender, age > 50 years, liver
fibrosis stages > stage 2) and the severity of overweight
(BMI > 30kg/m?) [23-26].

To construct a case-control population with the max-
imum of power and the minimum of differences between
the confounding factors, we classified T2-diabetes and
controls in 16 groups according to the 16 possible com-
binations of the four confounding factors. A nonsignifi-
cant difference was defined as a Fisher exact test > 0.05
(Supplementary File S3, Table S1, Supplemental digital
content 3, http://links.lww.com/EJGH/A491).

Construction and comparisons of adjusted-area under
the receiver operating curves in patients with and without
diabetes

The second aim, in the absence of Obuchowski measure,
was to construct a ‘SpectrumF3F4-Index’ in patients at
risk of NASH, with and without T2-diabetes, to predict
an adjusted-AUROC of FibroTest for F3F4 diagnosis from
the prevalences of biopsy proven fibrosis stages, as previ-
ously published for chronic hepatitis C [7]. Two studies
with biopsy and FibroTest were used, 600 subjects at risk
of NASH, with and without diabetes [3], and in the only
study in cases with T2-diabetes [2]. Details were described
in Table 4.

The adjusted-AUROC was predicted by the linear
regression linking the observed standard-AUROC to the
SpectrumF3F4-Index. In a prospective study including 501
at risk of T2-diabetes of a tertiary center [23], the preva-
lence of the stages had an almost uniform distribution (each
stage prevalence = 20%), and the SpectrumF3F4-Index
was 2.59 (Supplementary File S3. Table S2, Supplemental
digital content 3, hitp://links.lww.com/EJGH/A491).

The regression curves linking the observed stand-
ard-AUROC:s to the SpectrumF3F4-Index were compared
for the 42 different combinations of prevalences in subsets
of patients at risk of NASH with biopsy, in patients with
and without T2-diabetes [2,3].

Furthermore, it was possible from published studies, to
assess a possible impact of diabetes. For this purpose, we
compared the regression lines of the subset of studies with
prevalence of T2-diabetes equal or above the median vs.
the subset with prevalence lower than the median. These
data were those of an overview of the performances of
transient and magnetic resonance elastography [8], with
the studies of FibroTest [2,3,12,27].

We seek for a minimum of 100 cases of T2-diabetes to
reach the median of the number of subjects included in diag-
nostic studies [28,29]. Comparison between Obuchowski
measures used Z-test and equivalence tests of means [21].
Means comparison between several groups used multi-
ple comparison Tukey-Kramer’s test. Number Crunching

Unauthorized reproduction of this article is prohibited.
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Statistical System (NCSS12) and numROC-software were
used for statistical analyses [30,31].

Results
Patients’ characteristics

A total of 1070 subjects were preincluded, 600 at risk of
metabolic liver disease, and 470 with chronic hepatitis-C,
including 136 and 35 T2-diabetes, respectively (Fig. 1). All
the 16 combinations of matching factors were represented
(Supplementary File S3, Table S1, Panel A, Supplemental
digital content 3, hitp://links.lww.com/EJGH/A491). In
control groups, and in comparison, with T2-diabetes,
there was a predominance of male under the age of 50
year, with BMI < 30kg/m?, and without clinically signifi-
cant fibrosis (group 8).

The exclusion of 201 controls permitted to match the
remaining controls with all T2-diabetes (Supplementary
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File S3, Table S1, Panel B, Supplemental digital content
3, bitp://links.lww.com/EJGH/A491), without significant
differences in prevalences of gender, age, severe obesity,
and advanced fibrosis. A total 505 patients at risk of
NASH were included, 369 controls and 136 T2-diabetes
cases. A total of 354 hepatitis-C patients were included,
329 controls and 35 T2-diabetes cases, with similar preva-
lences of clinically significant fibrosis (Table 1).

Comparison of Obuchowski measures in patients with
and without diabetes

For the primary endpoints, the Obuchowski measures in
patients at risk of NASH, all the diagnostic performances of
the three tests, were not different in cases with T2-diabetes
vs. matched controls without T2-diabetes (Table 2). The
higher difference was observed for NashTest-2, mean
[95% confidence interval (CI)], 0.829 (0.793-0.865) in
T2-diabetes vs. 0.855 (0.829-0.869) in matched controls, a

Table 1. Characteristics of 869 patients included in the case-control analyses

NASH risk, n = 505

Chronic hepatitis C, n = 364

Characteristics Matched controls T2-diabetes Matched controls T2-diabetes
N 369 136 329 35

Matching factors (%)

Male gender 211 (57.2) 74 (54.4), P = 0.61 220 (66.9) 26 (74.3), P = 0.37

Age = 50 years 242 (65.6) 101 (74.3), P = 0.07 113 (34.0) 17 (48.6), P = 0.09

Prevalence F2F3F4 204 (53.8) 80 (58.8) P =0.23 157 (47.7) 17 (48.6), P = 0.92

BMI > 30kg/m? 194 (52.6) 85 (62.5), P = 0.06 60 (13.8) 11 (31.4), P =0.06
Prevalence stages P =0.02 P =0.80

FO 66 (17.9) 13 (9.6) 22 (6.7) 4(11.4)

F1 109 (29.5) 43 (31.6) 150 (45.6) 14 (40.0)

F2 96 (26.0) 26 (19.1) 80 (24.3) 7 (20.0)

F3 76 (20.6) 43 (31.6) 46 (14.0) 6(17.1)

F4 22 (6.0) 11(8.1) 31(9.4) 4 (11.4)
Activity grades P =0.55

A0 32 (8.7) 14 (10.3) NA NA

Al 52 (14.1) 13 (9.6) NA NA

A2 125 (33.9) 34 (25.0) NA NA

A3 102 (27.6) 33 (24.3) NA NA

A4 58 (15.7) 42 (30.9) NA NA
Steatosis grades P =0.55

S0 (0-4%) 14 (3.8) 2(1.5) 241 (73.3) 15 (42.9)

S1 (5-32%) 119 (32.2) 30 (22.1) 59 (17.9) 7 (20.0)

S2 (33-65%) 130 (35.2) 66 (48.5) 17 (5.2) 7 (20.0)

S3 (66-100%) 106 (28.7) 38 (27.9) 12 (3.7) 6(17.1)
NAS score

0 7(1.9) 2(1.5) NA NA

1 23 (6.2) 7(5.2) NA NA

2 29 (7.9) 11(8.1) NA NA

3 59 (16.0) 9 (6.6) NA NA

4 87 (23.6) 32 (23.5) NA NA

5 78 (21.1) 25 (18.4) NA NA

6 61 (16.5) 35 (25.7) NA NA

7-8 25 (6.8) 15 (11.0) NA NA
BMI (kg/m?), median 28.8 31.6 24.8 28.0
Age (year) 51.0 58.0 44.9 49.0
Glucose (mmol/l) 5.30 8.70 4.70 8.10
Cholesterol (mmol/l) 5.15 4.63 4.61 4.32
Triglycerides (mmol/l) 1.54 1.75 1.17 1.22
ApoAT (g/l) 1.40 1.38 1.28 1.23
Haptoglobin (g/1) 1.17 1.40 0.79 0.67
A2M (g/1) 1.78 2.00 2.39 2.53
Bilirubin (umol/l) 10 9 10 10
GGT (IU/) 61 83 35 50
ALT (1U/1) 60 60 65 79
AST (IU/1) 41 44 47 63
FibroTest (0-1) 0.24 0.37 0.40 0.64
NashTest-2-raw (0-1) 0.64 0.76 NA NA
NashTest-2 (0-1) 0.63 0.76 NA NA
SteatoTest-2 (0-1) 0.61 0.81 0.37 0.68

NA, not applicable in patients with chronic hepatitis C; NASH, nonalcoholic-steato-hepatitis.
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Table 2. Diagnostic performances of FibroTest, NashTest-2 and
SteatoTest-2 in T2-diabetes vs. controls: Obuchowski measures in
600 patients at risk of nonalcoholic-steato-hepatitis

NASH risk

All Controls T2-diabetes
Tests Not-matched Matched
N 600 464 369 136
Obuchowski m SE M  SE m SE m SE
Fibrotest 0.878 0.007 0.876 0.008 0.880 0.009 0.871 0.017
NashTest-2 0.844 0.008 0.842 0.009 0.850 0.010 0.829 0.019
NashTest-2-raw 0.849 0.009 0.849 0.009 0.855 0.010 0.829 0.018
SteatoTest-2 0.815 0.010 0.798 0.011 0.806 0.013 0.835 0.019

m, mean; NASH, nonalcoholic-steato-hepatitis; SE = standard error.

nonsignificant difference (Z = -1.0) and equivalence (tests
of means, P = 0.01). For SteatoTest-2, the Obuchowski
measure was even higher in T2-diabetes, 0.835 (0.797-
0.873) vs. matched-controls, 0.806 (0.780-0.832), non-
significantly P = 0.23, with equivalence (tests of means,
P = 0.01). For FibroTest, the Obuchowski measure was
0.871 (0.837-0.905) in T2-diabetes, vs. 0.880 (0.879-
0.881) in matched-controls nonsignificantly different (P =
0.60), with equivalence (P = 0.01).

In hepatitis-C, the results were in line with the results
observed in patients at risk of NASH, for the variability
of standard-AUROCs (Supplementary File S3, Table S3,
Supplemental digital content 3, http:/links.lww.com/E]JGH/
A491), for the absence of impact of diabetes on Obuchowski
measures (Supplementary File S3, Table S4, Supplemental
digital content 3, hitp://links.lww.com/EJGH/A491) and for
the interest of spectrum-adjusted AUROC: in indirect com-
parisons (Supplementary File S3, Table S5, Supplemental
digital content 3, http://links.lww.com/EJGH/A491).

Case-control studies to compare performances using
standard-area under the receiver operating curves in
patients with and without T2-diabetes

According to the histological endpoint, the standard-AU-
ROCs of blood test varied in patients with T2-diabetes
and suspected NASH from 0.575 to 0.801, without any
significant differences with the performances in matched
controls, which also varied from 0.555 to 0.848 (Table 3).

InT2-diabetes, the greatest standard-AUROC difference vs.
matched controls was for NashTest-2-raw and the diagnostic
of clinically significant NASH A2-5, 0.607 (0.481-0.708) vs.
0.671 (0.601-0.731) and was not-significant (P = 0.34), with
equivalence (P = 0.01). For SteatoTest-2 and the diagnostic
of steatosis grade S3, the standard-AUROC was even higher
in T2-diabetes, 0.637 (0.506-0.739) vs. matched-controls,
0.555 (0.490-0.614), and was nonsignificant (P = 0.22) with
equivalence (P = 0.01). In hepatitis C, the results were also
in line with the results observed in patients at risk of NASH
(Supplementary File S3, Table S3, Supplemental digital con-
tent 3, http:/links.ww.com/EJGH/A491).

Construction and comparisons of adjusted-area under
the receiver operating curves in patients with and
without diabetes

The linear regression between SpectrumF3F4-Index and
standard-AUROCs was assessed among the 43 subsets

Copyright © 2020 Wolters Kluwer Health, Inc.
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combining fibrosis stages with and without T2-diabetes.
The uniform standardized point is the intersection of the
regression line (AUROCs vs. SpectrumF3F4-Index) and
the horizontal line, assuming a SpectrumF3F4-Index of
2.5 (black dashed line), which is the index of a population
of equal fibrosis stage prevalence (prevalence FO = F1 =
F2 = F3 = F4 = 20%). The adjusted-AUROC for FibroTest
was 0.774. The regression curve permitted to calculate the
adjusted F34-AUROC as = 0.553 + (0.088 x Spectrum-
Index) with a R* = 0.628 (Fig. 2, Panel A). The red dot-
ted line corresponds to an example of a given study in
T2-diabetes [2], which had a FibroTest with standard-AU-
ROC = 0.720 and is equivalent to an adjusted AUROC =
0.760 using its Spectrum-Index = 2.34 (green dotted line).

Among all the combinations of fibrosis prevalences,
the regression lines (with 95% confidence limits), in 22
subsets with diabetes (in red, 95% confidence interval,
R? = 0.72), and in 21 without T2-diabetes (in green, R?
= 0.53), were similar. There was no significant curve-in-
equality between the two curves (F-ratio-test = 0.03, P =
0.97) (Fig. 2, Panel B).

Among 21 different studies of patients at risk of NASH,
there was no significant curve-inequality between the two
regression lines according to a prevalence of T2-diabetes
equal or above the median (231.9%, in red with 95% CI,
n = 11, R? = 0.36) vs. those with prevalence <median (in
green, n = 10, R? = 0.34) F-ratio-test = 0.36, P = 0.70)
(Fig. 2, Panel C).

Pilot study for comparing the impact of spectrum effect
on biomarkers performances

For FibroTest, there was a significant difference between
standard-AUROCs lower in patients at risk of NASH
(0.741; 95% CI: 0.691-0.784) vs. CHC (0.821; 0.766—
0.864; P = 0.02). When adjusted-AUROCs were com-
pared, the significance disappeared (0.745; 0.698-0.792)
vs. 0.754 (0.705-0.803; P = 0.80) (Table 4).

Standard-AUROCs were 0.932 (0.898-0.965), 0.872
(0.837-0.907) and 0.834 (0.699-0.969) and reduced after
adjustment to 0.794 (0.749-0.838), 0.767 (0.750-0.783)
and 0.773 (0.725-0.822) for magnetic resonance, tran-
sient elastography and FibroTest respectively, without sig-
nificant difference (Table 5).

Regression lines in publications assessing stages with
transient elastography (n = 15), magnetic resonance elas-
tography (n = 5) or FibroTest (n = 5), permitted to assess
a possible variability between these three biomarkers.
Indeed, a significant correlation (R-Pearson = 0.81; P =
0.005) was reached by FibroTest (green line; R? = 0.50) or
magnetic resonance (red line R* = 0.79) but not by tran-
sient elastography (blue line, R?> = 0.01) (Fig. 2, Panel D).

Discussion

Ninety percent of studies designed to validate noninvasive
tests for the diagnosis of metabolic liver disease continue
to use the standard-AUROC as a summary measure of
diagnostic accuracy [1,2,8,23,24], even if the risk of spec-
trum effect and the type-one error of the tests comparing
these measures in two samples with different distributions
of stages or grades, have been identified [3,4]. In patients at
risk of NASH, several articles discussed these limitations,
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Fig. 2. Correlation between the standard-area under the receiver operating curve (AUROC) of FibroTest for the diagnosis of stage F3F4 according to the
different spectrum of stages prevalences (summarized by the SpectrumF3F4-index), in patients with or without T2-diabetes. SpectrumF3F4-index is the
difference between the mean of F3-F4 stages (from 3 if all patients were F3 to 4 if all were F4) and the mean of FO-F1-F2 stages (from O if all patients were
FO to 2 if all were F2). The regression curve (black line) between SpectrumF3F4-index and observed FibroTest” F3F4-AUROCSs permitted to adjust the
standard AUROC to various distribution of stages. If there was a uniform distribution between all fibrosis stages (uniform prevalence FO = F1 =F2 = F3 =
F4 = 20%), the SpectrumF3F4-index is equal to 2.5 {(3+4)/2 = 3.5 — (2+ 1 + 0)/3 = 1}. The uniform standardized point is the intersection (black dashed
line) of the regression curve (between SpectrumF3F4-index and observed FibroTest’ F3F4-AUROCSs) and the horizontal line assuming a SpectrumF3F4-
index = 2.5. Panel A: F3F4 AUROC adjusted using SpectrumF3F4-index (dashed green line) or not (dashed red line). A total of 43 combinations of fibrosis
stages, with and without T2-diabetes. R = 0.628. Regression curve (black line with 95%Cl): predicted FibroTest adjusted F34-AUROC = 0.554 + (0.088
x SpectrumF3F4-index). For FibroTest, the adjusted F34-AUROC for a uniform distribution was 0.774 (black dashed line) with SpectrumF3F4-Index = 2.5
(dashed black line). The red dotted line corresponds to an example of a given study in T2-diabetes, the reference 2 (Bril et al.), which had a FibroTest with
standard-AUROC = 0.720, which is equivalent to an adjusted AUROC = 0.760 (dashed dotted line) using its SpectrumF3F4-index which is 2.34. Panel B:
Regression curves in 22 subsets with diabetes (in red, 95% confidence interval, R? = 0.72), and in 21 without T2-diabetes (in blue, R? = 0.53) were similar.
There was no significant curve-inequality between the two curves (F-ratio-test = 0.03, P = 0.97). Panel C: Regression curves in 21 different publications in
patients at risk of nonalcoholic-steato-hepatitis (NASH) giving the prevalence of diabetes, permitted to assess a possible impact according to a prevalence
of T2-diabetes equal or above the median (=31.9%, in red with 95% CI, n = 11, R? = 0.36) vs. those with prevalence < median (in blue, n = 10, R? = 0.34).
There was no significant curve-inequality between these two regression lines (F-ratio-test = 0.36, P = 0.70). Panel D: Regression curves in 25 different
publications assessing fibrosis stages assessed with transient elastography (TE, n = 15 in grey), magnetic resonance elastography (MRE, n = 5, in red) or
FibroTest (n = 5, in blue), permitted to assess a possible variability between these three biomarkers. Indeed, a significant correlation (R-Pearson = 0.81; P
= 0.005) was reached by the 10 studies using FibroTest (blue line; R? = 0.50) or magnetic resonance elastography (red line R% = 0.79) but not by the 15
studies using transient elastography (red curve, R-Pearson = 0.16; R = 0.01).
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Table 3. Standard-area under the receiver operating curves variability according to the histological feature’s endpoint and choices of controls in

600 patients at risk of nonalcoholic-steato-hepatitis

Feature Tests NASH risk
CRN score All Controls without T2-diabetes T2-diabetes
Not-matched Matched
N 600 464 369 136
Fibrosis m/P-value 95% CI m/P-value 95% ClI m/P-value 95% ClI m/P-value 95% ClI
F1-F4 Fibrotest 0.666 < 0.001 0.613-0.714 0.644 < 0.001 0.585-0.697 0.659 < 0.001 0.584 0.723 0.706 0.004 0.516-0.830
F2-F4 Fibrotest 0.697 <0.001 0.653-0.736 0.702 < 0.001 0.651-0.746 0.712 < 0.001 0.656-0.760 0.650, 0.001 0.546-0.734
F3-F4 Fibrotest 0.741 <0.001 0.691-0.784 0.735 < 0.001 0.672-0.787 0.724 < 0.001 0.659-0.778  0.716 < 0.001 0.616-0.793
F4 FibroTest 0.845 <0.001 0.744-0.909 0.861 <0.001 0.746-0.926 0.848 < 0.001 0.730-0.917 0.801, 0.001 0.562-0.917
NASH
A2-A5 NashTest-2 0.636 <0.001 0.584-0.682 0.631 <0.001 0.574-0.683 0.659 < 0.001 0.592-0.718 0.614, 0.03 0.486-0.716
A2-A5 NashTest-2raw  0.643 <0.001 0.591-0.690 0.647 < 0.001 0.588-0.699 0.671 < 0.001 0.601-0.731 0.607, 0.03 0.481-0.708
A4-A5 NashTest-2 0.705 < 0.001 0.646-0.757 0.687 < 0.001 0.607-0.753 0.688, 0.001 0.607-0.754  0.669 < 0.001 0.559-0.757
A4-A5 NashTest-2raw  0.700 < 0.001 0.641-0.751 0.683,0.001 0.605-0.748 0.673 < 0.001 0.591-0.742  0.672 < 0.001 0.562-0.758
Steatosis
S1-S3 ST-2 0.632, 0.03 0.478-0.748 0.622,0.05 0.454-0.747 Not applicable Not applicable Not applicable Not applicable
only 2 cases SO only 2 cases S0 only 2 cases SO only 2 cases SO
S2-S3 ST-2 0.586 <0.001 0.536-0.631 0.546,0.04  0.490-0.598 0.555, 0.04 0.490-0.614 0.637, 0.01 506-0.739

Cl, confidence interval; CRN, NASH Clinical Research Network; NASH, nonalcoholic-steato-hepatitis.

Table 4. Comparison between standard-F3F4-area under the receiver operating curves of FibroTest vs. adjusted-area under the receiver operat-

ing curves and Spectrum-index, according to presence of T2-diabetes

F3F4 Adjusted- Standard
FO-F1-F2 stages stages Mean F012 spectrum Mean F34 spectrum F34 vs. FO12-Index AUROC  AUROC
(%F1 x 1+ %F2 x 2)/ (%F3 x 3 + %F4 x Mean-F3F4-
Disease (n) %F0 %F1 %F2 %F3 %F4 (%FO + %F1 + %F2) A)/(%F3 + %F4) Mean-FOF1F2 Mean (95% ClI)
Uniform fibrosis prevalence 20.0 20.0 20.0 20.0 20.0 1.00 3.50 2.50 0.774 0.774
Subsets (number cases)
All NASH risk (600)2 20.3 30.6 233 20.1 5.50 1.04 3.21 217 0.744 0.741
0.694 0.691
0.787 0.784
No-T2-diabetes (464) 234 303 245 16.8 4.7 1.01 3.22 2.21 0.747 0.735
0.684 0.672
0.799 0.787
Controls
Non-T2-diabetes 179 295 26.0 20.6 0.06 1.11 3.23 212 0.740 0.712
matched (369)
0.684 0.656
0.798 0.760
T2-diabetes (136) 95 316 19.1 316 8.0 1.16 3.20 2.04 0.733 0.716
0.633 0.616
0.585 0.568
T2-diabetes (151)° 251 417 165 125 3.9 0.90 3.24 2.34 0.760 0.720
0.650 0.610
0.870 0.830

Adjusted AUROC = 0.553 + (0.088 x Spectrum Index).

AUROC, area under the receiver operating curve; Cl, confidence interval; NASH, nonalcoholic-steato-hepatitis.

aPresent study; °Bril et al.

but less than 10% used the recommended Obuchowski
measure [2,8,24].

The present results demonstrate that using appropri-
ate methods, Obuchowski measures, adjusted AUROC:s or
case-controls comparisons, there was no significant differ-
ence between the performances of FibroTest, NashTest-2
or SteatoTest-2, in patients with or without T2-diabetes. A
simple index of spectrum effect, SpectrumF3F4-Index, has
been constructed, which permits to assess adjusted-AU-
ROCs with decreased variability in comparison with
standard-AUROC:s. Finally, a pilot study suggests that
this SpectrumF3F4-Index could identify biomarkers more
impacted than others by spectrum index.

Strengths

First, we reproduce the same results for estimating the
accuracy of FibroTest for fibrosis staging in patients
at-risk of NASH than in hepatitis-C” and extend the anal-
yses for estimating the accuracy of NashTest-2 for NASH
grading and SteatoTest-2 for steatosis grading. Indeed, the
Obuchowski measures were equivalent in T2-diabetes vs.
nonT2-diabetes, as well than the standard-AUROCs when
adjusted on the prevalence of fibrosis stages and the main
covariables.

The strength of the present study was the consistent
concordance between all the performances of FibroTest,

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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SteatoTest-2, in the two cases-controls population at-risk
of NASH or with hepatitis-C, whatever the methodology
used, Obuchowski measure, or adjusted-AUROC:s.

The number of cases and controls together with the
centralized assessment of both the histological endpoint
and the components of the tests were also a strength of the
study. The number of controls was sufficient to find those
who matched according to the main covariables, gender,
age, obesity and fibrosis. Indeed, cases with diabetes had
twice more women, older than 50 years of age and with
severe obesity (25.7%) than in the non-T2-diabetes of
the population at risk of NASH (11.3%). Matching was
mandatory as male younger than 50 years of age, with-
out severe obesity, and without significant fibrosis was
10 times more frequent (17.2%) than among T2-diabetes
(1.5%) (Supplementary file S4, Table S2, Supplemental
digital content 3, hitp://links.lww.com/EJ]GH/A491).

The SpectrumF3F4-Index will never replace the
Obuchowski measure to assess the complete performance
of diagnostic tests for the prediction of an ordinal end-
point such as fibrosis stages. However, this method needs
to have all the individual data. The interest of a spectrum
index is that it can be simply assessed if the details of
stages are given, and the adjusted-AUROCs can be directly
compared to the standard-AUROC:s.

Our study has revealed several other limitations of
recent overviews or meta-analyses of biomarkers in
patients at risk of NASH [8,32,33]. Ideally, comparisons
between biomarkers should be performed by direct com-
parisons in the same patients and analyzed in intention
to diagnose, the failure and the nonreliable results being
considered as a misclassification of the biomarker [29].
Therefore, the AUROC: of transient elastography with the
M-probe in patients at risk of NASH should be reduced
by at least 20%. If patients with nonreliable/failure results
had different prevalences than those with reliable results,
that is more reliable in F4 and less reliable in obese FO, a
major spectrum effect is possible. Frequently, the preva-
lences of FO were not separately given from F1 [8]. Here,
the heterogeneity of histological FO prevalence varied
from 3.8 to 50% in transient-elastography studies, much
more than for FibroTest (26.8-59.0%).

Limitations

We acknowledge several limitations. We defined
T2-diabetes as fasting glucose =7 mmol/l. This definition
permitted to homogenize the matching with controls, but
we have not analyzed the previous history of diabetes,
the glycosylated hemoglobin-A1C, and the treatments
received for the diabetes as well as lipid-lowering and
blood pressure medications. Due to the sample size and
to the four covariables already included in the matching,
we were not able to assess several other factors potentially
associated with variability of the tests in T2-diabetes, that
is, African-American ethnicities [34].

Another limitation was the absence of recognized ‘nat-
ural’ prevalences of fibrosis stages, NASH grades and
steatosis grades, in large population of T2-diabetes and
matched controls, as available in hepatitis-C [3]. Ideally,
the tests should be compared by Obuchowski measures in
T2-diabetes vs. not-T2-diabetes, using the ‘natural’ prev-
alences of stages or grades in the different context usual

August 2020 e Volume 32 ¢ Number 8

context of use. However, according to the larger study
published, we used the prevalences assessed in diabetology
open clinics, which was close to the uniform prevalence of
the five fibrosis stages [23].

The regression curves and the spectrum index were
assessed on a relatively small number of combinations
(n = 43) and published studies (n = 33). However, the
graphical concordance of the curves with and without
T2-diabetes was useful for excluding a significant impact
of T2-diabetes. For transient-elastography, contrarily to
magnetic resonance and FibroTest curves, there was no
significant correlation between the standard-AUROCs
and the spectrum index. In the absence of individual data,
it was not possible to explain these differences, such as
a heterogeneity between covariables or between cutoffs.
We also acknowledge that the power to exclude a signifi-
cant impact of diabetes was limited by the sample size of
patients with T2-diabetes. However, it is the first time that
the risk of false interpretations of indirect comparisons
between NASH tests performances was underlined.

In conclusion, when compared by Obuchowski meas-
ures, the performances of FibroTest, SteatoTest-2 and
NashTest-2 were not different in patients with T2-diabetes
vs. patients without T2-diabetes. When individual data are
not available, adjusted-AUROCs reduced the variability
due to spectrum effect.
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