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Introduction

 Until now, there was no satisfactory
measurement of liver steatosis.

» Our aim was to implement a quantitative
histological measurement through the area
of steatosis (AOS) to dispose a reference,
and to try to obtain a non invasive
diagnosis.

Methods and results
1st step: implementation

« Implementation of an algorithm for AOS by image analysis
with automatic thresholding (figure 1).
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Figure 1. Measurement of area of steatosis. 1a: optical image of liver specimen with
picrosirius staining in a patient with NAFLD and Kleiner grade 3 steatosis (x 20). 1b: labelled
image with 3 classes (steatosis vesicles in white, fibrosis tissue in black and others in grey)g
1c: binary image with steatosis vesicles in white used to calculate AOS.

2nd step: qualitative validation

« Qualitative validation of AOS images was evaluated in liver specimen
by 3 independent pathologists according to 6 criteria. The global result

was considered as very good or good in (186% of 100 images (table 1):

Table 1. Evaluation of liver steatosis obtained on image analysis by 3 pathologists.

b

Good/very good (%) Overall agreement

Observer 1 2 3 Al # All

Large vesicles 100 99 94 94 (100) 0.57
Small vesicles 80 54 98 49 (100) 0.30
Sinusoids 89 100 99 89 (100) 0.87
Vessels 98 100 99 97 (100) 0.81
Other artifacts 100 100 100 100 (100) 0.70
Global evaluation 86 87 89 72(97) 0.36
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in all observers (in at least one observer); ® AC1 statistic for assignment into 4 classes

3 step: quantitative validation

« The algorithm specificity was checked in 12 patients
classified without steatosis by pathologists:
— mean AOS = 0.84 + 0.04%,

— extremes: 0.09 - 1.39%.

¢ The intra- and inter-operator AOS reproducibility was
evaluated by 2 engineers in 20 patients with NAFLD:
intraclass correlation coefficient = 1.00.

* The relationship between AOS and steatosis Kleiner
grades was very significant in 204 patients with NAFLD
(difference p<10-® by ANOVA and between each grade
with Bonferroni weighting, table 2) with a high correlation
(rs = 0.92) (figure 2).




Quantitative validation (2)

Table 2: area of steatosis (%) as a function of Kleiner steatosis grade
or fibrosis stage

Stage/grade 0 1 2 3 4 p
Steatosis 2.3+1.3| 8.8#3.1 |16.8+5.4|28.44+59 <10
Fibrosis 6.9+8.8| 13.8+10.5( 15.5+7.6 | 9.9+8.8 |5.7+8.1| <107

The AOS increased from fibrosis stage FO to F2 then
d;acreased from stage F2 to F4 (cirrhosis) (p<10-3, table
2).

Thus, in stages F* 2, the AOS was negatively correlated
with the area of fibrosis (r, = -0.57, p<10-) (figure 3) and
with the architectural distortion (fractal dimension) of
fibrosis (ry=-0.50, p<10-3).
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Figure 2. Pathological data: relationship
between area (AOS) and Kleiner grades
of steatosis (p <10 for linear trend).
rAOS denotes the area of steatosis in
non-fibrous tissue. Box plots (median,
interquartile range and extremes).
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Figure 3. Relationship of area of steatosis or
fibrosis as a function of fibrosis stages of
Kleiner. Box plots (median, interquartile range
and extremes). Raw area of steatosis (p <104
for quadratic trend) or of fibrosis (p <10 for
linear trend) or of both (p <10 for linear trend).

* In the population of 204 NAFLD, the AOS was estimated

4% step: non invasive diagnosis

by a score including blood or clinical variables (,R?=0.34):
glycemia, AST, ALT, triglycerides, weight and adjusted on
blood fibrosis score (figure 4).

e The presence of significant AOS (3 3%) was diagnosed by
another score (glycemia, AST, ALT, triglycerides,
hyaluronate, haemoglobin, and weight) with AUROC: 0.84
(figure 5).
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Figure 4: Quantitative blood
test.
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Figure 5: Qualitative blood test for
significant steatosis

9

Conclusions

steatosis via the area of
steatosis in an objective,

manner thanks to a near
complete automation.

accuracy.

* The steatosis presence or
degree can be non-invasively C
evaluated by clinical and blood
scores with a satisfactory

* It is possible to measure liver
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precise and very reproducible

Presence of
significant steatosis:
AUROC: 0.84




