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of TE obtained by maximizing only the specificity were
as high as 6.9 kPa for F = 2; 9.6 kPa for F = 3; 12.2
kPa for F = 4 in all patients (7 = 246), and as high as
7.0 kPa for F = 2; 9.3 kPa for F = 3; 12.3 kPa for F =
4 in patients with hepatitis C (7 = 195).

CONCLUSION: The cut-off values of TE obtained in
this single center study are comparable to that ob-
tained in a recently published meta-analysis that in-
cluded up to 40 studies.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

In chronic viral hepatitis, the degree of liver fibrosis af-
fects both prognosis and treatment. Biopsy is still con-
sidered the reference standard for the assessment of liver
fibrosis, even though it evaluates 1/50 000 only of the
liver parenchyma and is subject to intra and inter-observ-
er variability!”. Moreover, it is an invasive procedure not
well accepted by patients that is burdened by complica-
tions even though at a low rate™. For these reasons, in
recent years imaging[sfs] or biochemical methods” " for a
noninvasive assessment of liver fibrosis have been tested.
The imaging methods estimate elasticity of liver paren-
chyma, which is directly related to the amount of fibrosis.
The method most widely used and validated is transient
elastography (TE) (FibroScan Echosens, Paris) o1
which allows to evaluate the elasticity of a portion of
liver parenchyma that is around 100 times greater than
that examined by biopsy“s].

Several studies have shown significant positive cor-
relation between TE and the stage of liver fibrosis! .
The performance of TE is optimal for advanced stages
of fibrosis"**.,

A limitation of all the studies performed so far is
that reference cut-off values of TE for each fibrosis
stage were calculated from their own cohort of patients
after data collection, and they are different across stud-
ies™. Few metanalysis have been carried out that have
analysed the heterogeneity between studies and the over-
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all performance of TEP™. In the most recent one the
cut-off values of 7, 9.5, and 12 kPa in stages F2, F3, and
F4, respectively, were used".

The aim of this study was to compare the cut-offs of
TE obtained by receiver operating characteristic (ROC)
curve analysis in our series of consecutive patients, with
chronic viral hepatitis referring to our center for liver
biopsy, to those used in the recently published meta-

analysis'”,

MATERIALS AND METHODS

Patients

This was a single center cross-sectional study. From June,
2009 through February, 2012, all consecutive patients
with chronic viral hepatitis scheduled for liver biopsy at
the outpatient ward of our Infectious Diseases Depart-
ment were enrolled into the study.

Diagnosis of chronic hepatitis was based on the
presence, at the time of the first observation, of active
viral replication or detectable hepatitis C virus (HCV)-
RNA in hepatitis B surface antigen or anti-HCV positive
carriers, respectively, and, at least transiently, elevated
serum alanine aminotransferase level. Patients character-
istics, epidemiological data, and biochemical tests were
recorded. Liver biopsy was performed on the same day
as TE, as day case procedure.

The study protocol was approved by the institutional
Ethics Committee. Participants gave their informed writ-
ten consent.

Transient elastography

TE was carried out by using FibroScan™ (Echosens,
Paris, France), a dedicated medical device which pro-
vides a quantifiable estimate of liver stiffness in kilopas-
cal (kPa). Two physicians (Ferraioli G and Zicchetti M),
with experience of at least 50 TE procedures as previ-
ously recommended"”, performed all the examinations.
Measurements of liver stiffness were performed on the
right lobe through intercostal spaces on patients lying in
the dorsal decubitus position with the right arm in maxi-
mal abduction, following the examination procedure
previously described™. Only patients with 10 validated
measurements, a success rate of at least 60%, and in-
terquartile range (IQR) of less than 30% of the median
liver stiffness value were included. Values were expressed
in kPa.

Liver biopsy and histology

Ultrasound-assisted percutaneous liver biopsy (LB) was
performed by three experienced physicians (Filice C,
Brunetti E, Michelone G) by using an intercostal ap-
proach. A disposable 1.4 mm-diameter modified Meng-
hini needle (Hepafix; Braun, Melsungen, Germany) was
used. All biopsy specimens wete fixed in formalin and
embedded in paraffin. The length of each LB specimen
(in centimeters) was recorded.
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Table 1 Patients demographics, and their biochemical and

histological data at liver biopsy examination (%)

Characteristics All patients HCV patients HBYV patients
(n = 246) (n = 195) @ =41)

Sex (men) 171 (69.5) 139 (71.3) 30 (73.2)
Age (y1) 44.7 (11.8) 453 (11.5)! 412 (13.7)!
BMI (kg/m’) 252 (3.9)' 253 (3.6)" 252 (5.3)"
AST (IU/L) 39 (24-78)* 40 (26-80)° 28 (21-48)°
ALT (IU/L) 65 (32-116)* 70 (35-120)* 50 (23-109)*
Platelets count 209 (171-262)* 212 (176-270)* 203 (172-253)*
(10°/mm’)
Fibrosis score (Metavir)

FO-F1 129 (52.3) 98 (50.3) 30 (73.2)

F2 54 (22.0) 46 (23.6) 6 (14.6)

F3 24 (9.8) 19 (97) 3(7.3)

F4 39 (15.9) 32 (16.4) 2 (4.9)
Steatosis

S0 (0%) 157 (63.8) 126 (64.6) 26 (63.4)

S1(< 33%)  56(228) 44 (22.6) 10 (24.4)

S2(33%-66%) 19 (7.7) 15 (7.7) 4(98)

S3(> 66%) 14 (57) 10 (5.1) 1(24)
HAI

Mild 109 (44.3) 80 (41.0) 28 (68.3)

Moderate 102 (41.5) 89 (45.7) 7 (17.1)

Severe 35 (14.2) 26 (13.3) 6 (14.6)

'mean #+ SD *Median value and interquartile range (IQR). BMI: Body mass
index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
HALI: Histological activity index; HCV: Hepatitis C virus; HBV: Hepatitis B
virus.

The specimens were read on site by a single expert
liver pathologist (Dal Bello B), blind to the TE results,
but not to the patient’s clinical and biochemical data.
Fibrosis was evaluated semiquantitatively and staged ac-
cording to the Metavir scoring system (FO, absent; F1,
enlarged fibrotic portal tract; F2, periportal or initial pot-
tal-portal septa but intact architecture; F3, architectural
distortion but no obvious cirrhosis; and F4, cirrhosis)*”.
For the purpose of this study, FO and F1 scores were
grouped in the subsequent statistical analysis. Necro-
inflammatory activity was evaluated using the histologic
activity index (HAI) described by Knodell ef a/ and clas-
sified as follows for statistical analysis: HAI score, 1-5 =
mild; HAT score, 6-9 = moderate; HAI score, = 10 =
severe™. Steatosis was expressed as a percentage of fat
in the hepatocytes and classified as absent (80), < 33%

(S1), between 33% and 66% (S2), and > 66% (S3)"".

Statistical analysis

Descriptive statistics were produced for demographic,
clinical and laboratory characteristics for this study
sample of patients. The Shapiro-Wilk test was used to
test the normal distribution of quantitative variables.
When quantitative variables were normally distributed,
the results were expressed as mean values and SD, oth-
erwise median and IQR (25th-75th percentile) were re-
ported; qualitative variables were summarized as counts
and percentages. Spearman rank coefficient was used to
test correlation between two study variables. Quantile
regression was used for multivariate model to assess the
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association between TE and fibrosis, HAI, steatosis, and
biochemical tests. A frequency distribution was obtained
for choosing optimal cut-off values of TE to maximize
the sum of sensitivity and specificity for different fibro-
sis thresholds: FO-F1 »s F2- F4 (F = 2), FO-F2 »s F3-F4 (FF
= 3), FO-IF3 s F4 (F = 4). The diagnostic performance
of TE was assessed by using ROC curves and the area
under the ROC (AUC) curve analysis.

Data analysis was performed with STATA statistical
package (release 11, 1, 2010, Stata Corporation, College
Station, Texas, United States) and Medcalc (Version 11.2,
2011 MedCalc Software bvba , Be).

RESULTS

Patients

Two hundred and fifty-two patients met the inclusion
criteria. Six (2%) patients were excluded due to unrelia-
ble TE measurements (no successful acquisitions in four
patients; IQR > 30% in two patients). Thus, 246 patients
were analyzed. Their characteristics are summarized in
Table 1. There were 171 men and 75 women. One hun-
dred and ninety-five (79.3%) patients had chronic hepa-
titis C, 41 (16.7%) had chronic hepatitis B, and 10 (4.0%)
were coinfected with HIV. The mean length of the LB
samples was 2.7 cm (+ 0.8 cm). The fibrosis grade dis-
tribution was as follows: FO-F1, 129 patients; F2, 54 pa-
tients; F3, 24 patients; F4, 39 patients.

Liver stiffness measurements

All patients (7 = 246): Medians and IQR of TE values
for each fibrosis stage were 5.2 kPa (4.4-6.4) for FO-F1,
0.4 kPa (5.6-8.6) for F2, 9.0 kPa (7.8-14.8) for F3, and
17.8 kPa (12.9-23.7) for F4. Multiple comparison be-
tween groups provided an adjusted P value for signifi-
cance of 0.004 and showed that there was a statistical
significant difference for FO-F1 »s F2 (P = 0.000 020),
and F2 »s F3 (P = 0.001), but not for F3 »s F4 (P = 0.02).

In univariate analysis, TE showed a good correla-
tion with the degree of fibrosis (r = 0.72, P < 0.00 001),
a moderate correlation with the degree of histological
activity index (» = 0.49, P < 0.00 001) and the aspartate
aminotransferase (AST) value (r = 0.40, P < 0.00 001),
and a poor correlation with the degree of steatosis de-
spite being statistically significant (» = 0.19, P = 0.002).
TE also showed a moderate negative correlation with
platelet counts (» = -0.41, P < 0.00 001). Multivariate
regression analysis including fibrosis stage, histological
activity index, steatosis, AST, platelet counts confirmed
the correlation with fibrosis stage (P = 0.0001) but not
with all other variables.

ROC curve analysis identified optimal cut-off values
of liver stiffness measurements as high as 6.9 kPa for
F = 2,79 kPa for F = 3; 9.6 kPa for F' = 4 (Figure 1).
Corresponding values of sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR), negative LR and AUCs ate
shown in Table 2.
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Table 2 Cut-off values of transient elastography obtained by receiver operating characteristic curve analysis for each Metavir fibro-

sis stage

Sensitivity% Specificity% PPV% NPV% LR+ LR- AUC
F=2'
7.0 kPa 70 (66-75) 81 (77-85)
F=2
6.9 kPa 70.9 (61.8-79.0) 86.1 (78.8-91.5) 82.2 (73.3-89.1) 76.6 (68.8-83.2) 5.1 (4.4-5.8) 0.34 (0.2-0.6)  0.86 (0.81-0.90)
F=2
6.9 kPa 69.1 (58.9-78.1) 89.8 (82.0-95.0) 87.0 (77.4-93.6) 74.6 (65.7-82.1) 6.8 (5.8-7.9) 0.34 (0.2-0.7)  0.86 (0.80-0.90)
F=3'
9.5 kPa 80 (72-85) 85 (79-90)
F=3
7.9 kPa 88.9 (78.4-95.4) 85.8 (79.9-90.5) 68.3 (57.1-78.1) 95.7 (91.4-98.3) 6.3 (5.6-7.0) 0.13 (0.06-0.3)  0.94 (0.91-0.97)
9.6 kPa" 76.3 (73.8-86.9) 94.5 (90.2-97.3) 82.8 (70.6-91.4) 92.0(87.2-95.5)  13.9 (121-16.1)  0.25 (0.1-0.5)
F=3
7.3 kPa 94.1 (83.8-98.8) 85.4 (70.6-90.7) 69.6 (57.3-80.1) 97.6 (93.2-99.4) 6.5 (5.9-7.1) 0.07 (0.02-0.2)  0.95 (0.91-0.98)
9.3 kPa* 74.5 (60.4-85.7) 96.5 (92.1-98.9) 88.4 (74.9-96.1) 91.4(85.8-954)  21.5(18.2-253) 0.3 (0.1-0.7)
F=4'
12 kPa 86 (80-91) 88 (82-91)
F=4
9.6 kPa 95 (83-99) 90 (85-94) 64 (50-76) 99 (96-100) 94 (8.6-10.2)  0.06 (0.01-0.2) 0.96 (0.93-0.98)
12.2 kPa* 84.6 (69.5-94.1) 94.7 (90.7-97.3) 75.0 (59.7-86.8) 97.0(93.6-98.9)  15.9 (13.9-18.3)  0.16 (0.06-0.4)
F=4°
9.3 kPa 93.8 (79.2-99.2) 92.0 (86.7-95.7) 69.0 (53.9-82.8) 98.7(93.3-99.8)  11.8 (10.6-13.0)  0.07 (0.02-0.3)  0.97 (0.93-0.99)
12.3 kPa* 81.3 (63.6-92.8) 95.7 (91.4-98.3) 78.8 (61.1-91.0) 96.3(92.1-98.6) 189 (16.0-224) 0.2 (0.07-0.5)

!Cut-off values of transient elastography from the paper of Tsochatzis et al'¥; *Cut-off values of transient elastography in all patients (1 = 246); *Cut-off values
of transient elastography in patients with chronic hepatitis C (1 = 195); ‘Cut-off values obtained by maximizing specificity. PPV: Positive predictive value;
NPV: Negative predictive value; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; AUC: The area under the receiver operating characteristic.
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Figure 1 Receiver operating characteristic curve. A: FO-F1 vs F2- F4 (F > 2) in all patients (n = 246); B: FO-F2 vs F3- F4 (F > 3) in all patients (n = 246); C: FO-F3
vs F4 (F = 4) in all patients (n = 246); D: FO-F1 vs F2- F4 (F > 2) in patients with chronic hepatitis C (n = 195); E: FO-F2 vs F3- F4 (F > 3) in patients with chronic hepa-
titis C (n = 195); F: FO-F3 vs F4 (F = 4) in patients with chronic hepatitis C (n = 195).
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Cut-off values of liver stiffness measurements ob-
tained maximizing only the specificity were as high as 6.9
kPa for F = 2; 9.6 kPa for F = 3; 12.2 kPa for F = 4.

Patients with hepatitis C (7 = 195): Medians and IQR
of TE values for each fibrosis stage were 5.1 kPa (4.2-6.3)
for FO-F1, 6.4 kPa (5.4-7.9) for F2, 8.9 kPa (8.0-13.3) for
F3, and 17.4 kPa (12.8-22.2) for F4.

Multiple comparison between groups gave an ad-
justed P-value for significance of 0.004 and showed that
there was a statistical significant difference for FO-F1 »s
F2 (P = 0.0002), and F2 »s F3 (P = 0.001), but not for
F3 vs F4 (P = 0.04).

In univariate analysis, TE showed a good correla-
tion with the degree of fibrosis (r = 0.72, P < 0.00 001),
a moderate correlation with the degree of histological
activity index (» = 0.43, P < 0.00 001) and the AST value
(r=0.36, P < 0.00 001), and a poor correlation with the
degree of steatosis despite being statistically significant (»
= 0.19, P = 0.002). TE also showed a moderate negative
correlation with platelet counts (r = -0.39, P = 0.002).
Multivariate regression analysis including fibrosis stage,
histological activity index, steatosis, AST, platelet counts
confirmed the correlation with fibrosis stage (P < 0.0001)
but not with all other variables.

ROC curve analysis identified optimal cut-off values
of liver stiffness measurements as high as 6.9 kPa for
F = 2,73 kPa for F = 3; 9.3 kPa for I = 4 (Figure 1).
Corresponding values of sensitivity, specificity, PPV,
NPV, positive LR, negative LR and AUCs are shown in
Table 2.

Cut-off values of liver stiffness measurements ob-
tained maximizing only the specificity were as high as 7.0
kPa for F = 2; 9.3 kPa for F = 3; 12.3 kPa for F = 4.

Patients with hepatitis B (7 = 41): Due to the small
number of patients, only patients with FO-F1 stages
vs F2-F4 stages were considered for statistical analysis.
There was a statistical significant difference for FO-F1 »s
F2-F4 (P = 0.0000).

In univariate analysis, TE showed a good correlation
with the degree of fibrosis (» = 0.60, P < 0.00 001), a
high correlation with the degree of histological activity
index (»=0.70, P < 0.00 001) and the AST value (»= 0.70,
P < 0.00 001); no correlation was found with steatosis.
Due to the small number of patients, multivariate regres-
sion analysis was not performed.

DISCUSSION

The results of this study show that the cut-off values of
TE obtained for each fibrosis stage in a population of
consecutive patients with chronic viral hepatitis from a
single center are comparable to that obtained in the re-
cent meta-analysis by Tsochatzis e a/* that included up
to 40 studies. In their study, the meta-analysis was con-
ducted for cut-offs 7.0, 9.5 and 12 kPa in stages F2, F3,
and F4, respectively.
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In our series, when maximizing the sum of sensitivity
and specificity for different fibrosis thresholds, the op-
timal cut-offs of TE were similar to those of the meta-
analysis for the diagnosis of significant fibrosis (IF = 2),
and were lower for the diagnosis of advanced fibrosis
(F = 3) and cirrhosis (FF = 4). However, when maximiz-
ing specificity, the cut-offs were similar to those used
by Tsochatzis ez al”', and showed specificity even higher
with respect to those of the meta-analysis for all fibrosis
stages.

In our series the results obtained in all patients with
chronic viral hepatitis were almost similar to that ob-
tained excluding patients with chronic hepatitis B. On
the other hand, it should be underlined that our series
included only 41/246 (16.7%) patients with chronic hep-
atitis B. Due to the small number, the statistical analysis
of the data obtained in this group of patients was not
performed.

An uneven distribution of patients over fibrosis stage,
as observed in our study, is commonly found when con-
secutive patients undergoing liver biopsy are enrolled.
Indeed, in our series the distribution of patients over
fibrosis stages is almost similar to that observed in other
1720503 " or when large series - as in the study of
Degos e al" were enrolled.

Unlike to that reported by other authors™*
found that the prevalence of liver steatosis in patients
with hepatitis C was more than 50%, in our series the
majority of patients had no to mild steatosis. On the
other hand, it should be noted that, in our study, the
mean value of BMI was within the normal range. This

studies

, who

patient’s characteristic could also explain the lower rate
of TE unreliable results with respect to that reported in
the literature™",

In the seminal work of Sandrin e a/' 93% of pa-
tients with TE values < 5.1 kPa were FO-F1, whereas
94% of patients with TE values = 7.6 kPa were F2 or
more. On the other hand, patients with cirrhosis pre-
sented a very large range (from 14 kPa to 69 kPa). A
limitation of that study is that liver biopsy and TE mea-
surements were not performed in the same day; indeed,
an inclusion criterion was liver biopsy performed less
than one year before TE assessment. Since then , several
studies have been published"**”"*, A wide range of TE
cut-off value for F4 stage - from 11.8 kPa to 26.5 kPa
- is found when comparing the results of several stud-
ies?>HTI The different optimal TE cut-offs for
F4 stage found in these studies by ROC curve analysis
depend also on the fact that the characteristics of the
patient population are not similar. Harada ¢z o/’ that
found a cut-off value of 26.5 kPa, enrolled patients with
HCV recurrence after liver transplantation. In the study
of Masuzaki ez a/”, in which a cut-off of 15.9 kPa was
found for F'4 stage, there was a prevalence of patients
with cirrhosis or pre-cirrhosis. In the study of Ziol
et al’”| in which the optimal cut-off value for F4 stage
was 14.5 kPa, liver biopsy was performed by the tran-
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sjugular route in 63/251 (25.1%) of patients. It could be
inferred that these patients presented already with clini-
cal signs of cirthosis, thus higher values of TE in the
F4 stage - respect to patients without a clinical diagnosis
of liver cirrhosis - could be expected[15’4oj. Indeed, it has
been demonstrated that thete is an increase of TE values
with liver disease progression beyond the F4 stage™"”,
and a highly positive correlation between TE values
and portal pressure has been found”*”. Results similar
to that obtained in our series were found in studies in
which consecutive patients without clinical signs of liver
cirthosis were enrolled”*". Cirrhosis should be regarded
as a dynamic process, thus it is likely that patients in the
initial stage of liver cirrhosis show lower values of TE
respect to patients with compensated disease. More-
ovet, in the study of Foucher ez al™ liver stiffness was
significantly correlated with Child-Pugh score. In their
study, which included a large patient population with
liver disease of different etiologies and also patients with
decompensated cirrhosis, the optimal TE cut-off for F4
stage 17.6 kPa.

In conclusion, the results of our study show that the
TE values used in the metanalysis of Tsochatzis ef al -
namely 7.0, 9.5, and 12.0 kPa in stages F2, I3, and F4,
respectively - could be used as given reference values in
future studies aimed at evaluating the performance of
TE in the assessment of liver fibrosis.
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COMMENTS

Background

Several studies have shown significant positive correlation between transient
elastography (TE) and the stage of liver fibrosis. A limitation of all the studies
is that the cut-off values for each fibrosis stage were calculated from their own
cohort of patients after data collection, and they are different across studies.
Research frontiers

The aim of this study was to compare the cut-offs of TE obtained by receiver
operating characteristic (ROC) curve analysis in their series of consecutive
patients with chronic viral hepatitis to that used in a recently published meta-
analysis.

Innovations and breakthroughs

The results of this study show that the cut-off values of TE obtained for each
fibrosis stage in a population of consecutive patients with chronic viral hepatitis
from a single center are comparable to that obtained in a recent meta-analysis
that included up to 40 studies.

Applications

The values of TE obtained in the recently published meta-analysis could be
used as reference values in future studies aimed at evaluating the performance
of the technique in the assessment of liver fibrosis.

Terminology

Transient elastography is a technique that noninvasively quantify liver stiffness
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by estimating the velocity of propagation of a shear wave along an ultrasonic
A-line. The harder the tissue, the faster the shear wave travels.

Peer review

The authors conducted this study to compare the cut-offs of TE obtained by
ROC curve analysis in their series of consecutive patients, with chronic viral
hepatitis referred to their center for liver biopsy, to that used in a recently pub-
lished meta-analysis.
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