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Background & Aims: Blood tests and transient elastography liver biopsies (mean length = 25 ± 8.4 mm). Performance was
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(Fibroscan™) have been developed as alternatives to liver biopsy.
This ANRS HCEP-23 study compared the diagnostic accuracy of
nine blood tests and transient elastography (Fibroscan™) to
assess liver fibrosis, vs. liver biopsy, in untreated patients with
chronic hepatitis C (CHC).
Methods: This was a multicentre prospective independent
study in 19 French University hospitals of consecutive adult
patients having simultaneous liver biopsy, biochemical blood
tests (performed in a centralized laboratory) and Fibroscan™.
Two experienced pathologists independently reviewed the
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assessed using ROC curves corrected by Obuchowski’s
method.
Results: Fibroscan™ was not interpretable in 113 (22%) patients.
In the 382 patients having both blood tests and interpretable
Fibroscan™, Fibroscan™ performed similarly to the best blood
tests for the diagnosis of significant fibrosis and cirrhosis. Obu-
chowski’s measure showed Fibrometer� (0.86), Fibrotest� (0.84),
Hepascore� (0.84), and interpretable Fibroscan™ (0.84) to be the
most accurate tests. The combination of Fibrotest�, Fibrometer�,
or Hepascore� with Fibroscan™ or Apri increases the percentage
of well classified patients from 70–73% to 80–83% for significant
fibrosis, but for cirrhosis a combination offers no improvement.
For the 436 patients having all the blood tests, AUROC’s ranged
from 0.82 (Fibrometer�) to 0.75 (Hyaluronate) for significant
fibrosis, and from 0.89 (Fibrometer�) and Hepascore� to 0.83
(FIB-4) for cirrhosis.
Conclusions: Contrarily to blood tests, performance of
Fibroscan™ was reduced due to the uninterpretable results.
Fibrotest�, interpretable Fibroscan™, Fibrometer�, and Hepa-
score� perform best and similarly for diagnosis of significant
fibrosis and cirrhosis.
� 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
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Introduction

Liver biopsy is the method of reference to assess the fibrosis stage
in chronic hepatitis C (CHC). However, it is an invasive procedure
with severe complications in about 0.5% of cases [1] and its accu-
racy is limited by sampling heterogeneity [2] and inter-observer
and intra-observer variation [3,4]. Biopsy specimens less than
15 mm in length appear poorly reliable [3]. Semi-quantitative
evaluation of fibrosis has high variability especially among non-
expert pathologists [4,5]. Several blood tests with or without
scores calculated from statistical models have been developed
to evaluate fibrosis. Hyaluronate was proposed as a non-invasive
marker [6]. Fibrotest� was the first score combining several vari-
ables proposed for patients with CHC [7]. Apri [8], Fibrometer�

[9], and Hepascore� [10] were then validated in these patients.
Other fibrosis scores have been recently proposed but are not
often performed in practice, FIB-4 [11], Forns’s score [12], MP3
[13,14], and the European Liver Fibrosis Group or ELFG score
[15]. However, all these tests have limitations. Blood test results
can be influenced by other associated diseases, comorbidities or
different dosage techniques.

Another alternative, transient elastography (Fibroscan™;
Echosens, Paris, France) is based on liver stiffness measurement.
Its diagnostic performance is similar to that of serological mark-
ers [16–20]. However Fibroscan™ has some limitations (failure
and unreliability) particularly in obese patients or in circum-
stances of limited operator experience, as recently discussed by
Castera et al. [21].

The aim of this study was to perform a prospective indepen-
dent multicenter comparative evaluation of most of the currently
best evaluated non-invasive markers i.e. blood tests and transient
elastography, vs. liver biopsy in an etiologically homogenous
study group (CHC), with an appropriate number of patients,
appropriate histological analysis and using well standardized bio-
logical tests.
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Patients and methods

Patients

Consecutive adult patients with chronic hepatitis C were prospectively consid-
ered for inclusion if they were naïve of treatment or had no treatment during
the last 6 months, interpretable liver biopsy with delay between biopsy and blood
tests of <3 months. All patients had been referred for tests in order to make a
decision on treatment strategy. CHC was confirmed by HCV–RNA polymerase
chain reaction analysis of serum. Cirrhotic patients were compensated and
asymptomatic at the time of inclusion. Patients with co-existing liver diseases
attributed to alcohol, hepatitis B, auto-immune hepatitis, primary biliary cirrho-
sis, hemochromatosis, alpha-1-antitrypsine deficiency, or Wilson’s disease were
excluded by history and clinical, laboratory, imaging, and histological data.
Human immunodeficiency virus co-infected and post-transplant patients were
also excluded. The protocol was approved by the ethics committee ‘‘CPP Sud-
Est 5’’. All patients gave written informed consent. Liver biopsies were performed
as part of normal clinical care for staging and grading of liver disease before anti-
viral treatment. Demographic data were recorded at the time of the liver biopsy.

Biological scores of liver fibrosis

Fasting blood samples were collected by venipuncture. The same batches of tubes
were used for all patients (BD Vacutainer�, type 9NC, K2E and Z, Becton–Dickinson,
Plymouth, UK).

Cholesterol, platelet count, and prothrombin time were immediately mea-
sured in each center. All other biological parameters were measured in a central-
ized laboratory using serum samples immediately fractioned into 0.5 ml fractions
Please cite this article in press as: Zarski J-P et al. Comparison of nine blood tes
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in 1.5 ml screw cap micro tubes (Sarstedt, Nümbrecht, Germany), then frozen and
stored at �80 �C until assayed. Samples were transported in dry-ice by a special-
ized transporter (AreaTime Logistics, Cergy Pontoise, France). All the tests were
performed blind of clinical and histological data.

The following blood tests were evaluated: Fibrotest�, Fibrometer�, Forns
score, Apri, MP3, ELFG, Hepascore�, FIB-4, Hyaluronate. Blood test scores were
calculated according to the most recent published formulae [8,10–15], or patent
for Fibrotest� [7] and Hepascore� [10], or by the courtesy of the manufacturer
(BioLivescale) for Fibrometer� [9]. The list of variables included in each test
and the measurement techniques are detailed in the Supplementary data.
Liver stiffness measurement by transient elastography (Fibroscan™)

Measurements were made on the right lobe of the liver, through the intercostal
spaces with the patient lying in dorsal decubitus with the right arm in maximal
abduction by the operator who performed the liver biopsy. The tip of the trans-
ducer probe was covered with coupling gel and placed on the skin, between
two ribs at the level of the right lobe. Liver stiffness measurement (Fibroscan™)
failure was defined as zero valid shots (after at least 10 attempts) and ‘‘unreliable
examinations’’ were defined as fewer than 10 valid shots or an interquartile range
(IQR)/LSM greater than 30% or a success rate less than 60% [16–19].
Liver biopsy

Liver biopsies (LB) were performed using Menghini’s technique with a 1.6 mm
needle (Hepafix, Brown, Melsungen, Germany), formalin-fixed in the centers
and paraffin embedded. Sections (4 mm) were stained with hematoxylin-eosin-
saffron, and picrosirius red. The liver fibrosis stage was evaluated according to
the METAVIR scoring system [5], independently by two senior liver pathologists
(NS, ESZ) blind to clinical and biological data. In cases of disagreement, slides
were simultaneously reviewed using a multi-pipe microscope to reach a consen-
sus. Inter-observer agreement was evaluated using the kappa index, called j,
which excludes chance-expected agreement and the weighted j index according
to a linear evolution of the METAVIR score [4]. The length of biopsy and the num-
ber of portal tracts were recorded. To be considered for scoring, LB less than
20 mm had to measure at least 15 mm and/or contain at least 11 portal tracts,
except for cirrhosis.

Statistical analysis

Due to the inherent difficulty in the interpretability of Fibroscan™ we defined
two populations, the first including patients with all the available blood tests
(436 patients), and the second population including patients having both inter-
pretable Fibroscan™ (excluding cases in which Fibroscan™ was not possible, fail-
ures and unreliable tests) and all blood tests (382 patients).

Descriptive results were expressed as the mean ± standard deviation or as the
number (percentage) of patients. The diagnostic performance of the non-invasive
methods was assessed using AUROCs, considering liver biopsy as a ‘‘gold stan-
dard’’, albeit imperfect, and its 95% confidence intervals. We used cut-offs corre-
sponding to the score associated with p <0.05 in the corresponding logistic
regression model. Comparison of AUROCS was performed using a Chi2 test asso-
ciated with the procedure of ‘‘ROCGOLD’’ (StataTM). Due to the multiple compar-
isons between scores, the method of Sidak was used to exclude the risk of
concluding wrongly, with an alpha risk of p(Sidak) 60.05 for statistical significance.

Since AUROC assumes a binary gold standard while histological fibrosis
staging is based on an ordinal scale we used another estimator of diagnostic test
accuracy which does not require dichotomization of the gold standard. The Obu-
chowski measure [22], was recently recommended as a multinomial version of
the AUC. With N (= 5) categories of the gold standard outcome and AUCst, it esti-
mates the AUC of diagnostic tests differentiating between categories s and t. The
Obuchowski measure is a weighted average of the N(N � 1)/2 (= 10) different
AUCst corresponding to all the pair-wise comparisons between two of the N cat-
egories. All these paired comparisons are also weighted using a penalty function
proportional to the difference in METAVIR units. In our study the penalty function
was 1 for each different METAVIR unit. As proposed by Lambert et al. [23] we thus
defined a penalty function proportional to the difference in METAVIR units
between stages (the penalty function was 0.25 when the difference was 1, 0.5
when the difference was 2, 0.75 when the difference was 3, and 1 when the dif-
ference was 4).

We combined the main tests pair-wise, calculating the % of concordant well
classified patients given by the tests and the number of avoided biopsies (assum-
ing biopsy to be the gold standard).
ts and transient elastography for liver fibrosis in chronic hepatitis C: The
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All statistical tests were 2-tailed, with a type I error of 5%. Statistical anal-
ysis was performed at the Grenoble Clinical Research Centre using STATATM
Mac OS X.
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Results

Patient characteristics

Between November 2006 and July 2008, 590 patients with
chronic hepatitis C and liver biopsy were enrolled in 19 French
academic centres. METAVIR fibrosis stages in our population
were F0: 6.6%, F1: 47.5%, F2: 15.6%, F3: 16.3%, and F4: 14.0%.
Fig. 1 gives the reasons for 78 patients being excluded from all
analyses. Several patients were excluded from blood test analyses
Non-excluded patients
n = 512

tsetorbiF
n = 512
(0 MV)

Fibrometer
705=n

(5 MV)

Forns
394=n

(19 MV)

Apri
694=n

(16 MV)

MP3
n = 511
(1 MV)

n

Patients enrolled
n = 590 

382 patients ha

436 patients had all the blood tests

Fig. 1. Flow chart. MV: missing value.
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due to the missing data. Fibroscan™ was not interpretable in 113
(22%) patients: 56 failures (11%) and 57 (11%) unreliable. Some
statistically significant differences were observed between
patients with or with failed Fibroscan™ (see Supplementary
results).

We analysed separately the 436 patients who had all
the available blood tests and the 382 patients who had both all
blood tests and an interpretable Fibroscan™. No difference was
observed between the two groups regarding the main demo-
graphic, laboratory, and histological features (Table 1). Indeed
no significant difference was observed between the 512 non-
excluded patients and the 436 patients having all blood tests
(Supplementary Table S5).

The median delay between biopsy and test measurements
was 5 days (0–65). Only 13 patients (2.5%) had a length of biopsy
Patients excluded from all analyses,  n = 78:

- 42 biopsies did not conform to criteria  
- 11 patients without blood sample for centralized analyses
- 9 patients with HBV co-infection  
- 5 patients with an excessive consumption of alcohol
- 5 patients who received a treatment at the same time as the 

biopsy or less than one month before  
- 3 patients with unknown HCV status  
- 1 patient taking immunosuppressive treatment
- 2 patients for whom a lot of data were missing  

ELFG
215=

(0 MV)

Hepascore
215=n

(0 MV)

Fib-4
594=n

(0 MV)

Fibroscan
654=n

(56 MV)

Hyaluronate
215=n

(0 MV)

d all the tests

399 interpretable 
Fibroscan 

ts and transient elastography for liver fibrosis in chronic hepatitis C: The

1 vol. xxx j xxx–xxx 3

http://dx.doi.org/10.1016/j.jhep.2011.05.024


214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

Table 1. Demographic, laboratory, and histological features for the 436 CHC
patients having all the blood tests and the 382 CHC patients with all the blood
tests and interpretable Fibroscan™.

Characteristics n = 436 n = 382

Age (years) 51.2 ± 10.9* 50.9 ± 10.6*
Gender (N,%)

Males 268 (61.5%) 232 (60.7%)
Females 168 (38.5%) 150 (39.3%)

BMI (kg/m2) 24.5 ± 3.5 24.3 ± 3.4
TP (%) 94.4 ± 7.8 94.6 ± 7.9
Cholesterol (mmol/L) 4.7 ± 1.1 4.7  ± 1.0
Bilirubin (µmol/L) 12.5 ± 6.8 12.4 ± 6.8
AST (IU/L) 62.5 ± 42.1 62.9 ± 43.2
ALT (IU/L) 88.0 ± 64.9 87.9 ± 65.4
GGT (IU/L) 93.4 ± 96.8 96.6 ± 99.8
Urea (mmol/L) 5.3 ± 2.6 5.3 ± 2.7
Platelet count (Giga/L) 215.6 ± 64.2 215.9 ± 65.4
Length of biopsy (mm) 25 ± 8.3 25.5 ± 8.4
Number of portal tracts 21 ± 8.4 20.8 ± 8.3

METAVIR (%)
F0 29 (6.6%) 25 (6.5%)
F1 207 (47.5%) 179 (46.9%)
F2 68 (15.6%) 57 (14.9%)
F3 71 (16.3%) 65 (17.0%)
F4 61 (14.0%) 56 (14.7%)

Liver fibrosis according to

⁄Results are expressed as mean ± one standard deviation.
AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma
glutamyltranspeptidase.

Table 2. Observed AUROCs and adjusted AUROCs (Obuchowski) of blood tests and F

n = 436*

AUROC 95% CI p
Sidak

Obuch-
owski 

p

FIBROMETER® 0.82 [0.78;0.86] 0.85

FIBROTEST® 0.80 [0.75;0.84] 0.421 0.83 0.04

FORNS’ score 0.75 [0.71;0.80] 0.004 0.79 <0.0

APRI 0.76 [0.72;0.81] 0.005 0.79 <0.0

MP3 0.76 [0.71;0.80] 0.049 0.79 <0.0

ELFG 0.78 [0.74;0.83] 0.266 0.82 <0.0

HEPASCORE® 0.82 [0.78;0.85] 1.000 0.84 0.28

FIB4 0.76 [0.71;0.80] 0.003 0.79 <0.0

HYALURONATE 0.75 [0.70;0.80] 0.001 0.79 <0.0
FIBROSCAN™
(interpretable results)

- - - - -

⁄CHC patients having all the blood tests; �CHC patients with all the tests and interpreta
CI = confidence interval.
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of less than 15 mm and in 259 patients (49.8%) the length of
biopsy was greater than 25 mm. The inter-observer j agreement
was 0.48 and the weighted j agreement was 0.75.

Test performances

For the diagnosis of significant fibrosis (Table 2) in the 436
patients having all the tests, no significant difference was observed
between Fibrometer�, Hepascore�, Fibrotest�, and ELFG. Fibrom-
eter� was significantly more accurate than Forns’s score, APRI,
MP3, FIB-4, and Hyaluronate. Adjusted AUROCs (Obuchowski)
showed that Fibrometer� and Hepascore� performed equivalently
and were significantly superior to all the other tests. In the 382
patients with both blood tests and interpretable Fibroscan™
observed-and adjusted-AUROCS were not statistically different
between Fibrometer�, Fibrotest�, Hepascore�, and Fibroscan™.

For the diagnosis of cirrhosis, we compared only tests
designed for this diagnosis. All tests (except Fib-4) performed
equivalently in both the studied populations (Table 3).

To differentiate F1 and F2 (Supplementary Table S6) all tests
performed equivalently with the exception of Hyaluronate,
where Fibrometer� was significantly better (pSidak = 0.002).

In addition, we looked at the percentage of well-classified
patients using the previously published cut-offs for the main
blood tests and Fibroscan™ (Table 4). This percentage varied
between 63.6% and 73.8% for the diagnosis of significant fibrosis
and between 79.6% and 87.7% for cirrhosis in the 382 patients
having all tests.

Combinations of tests

As shown in Table 5 the number of well-classified patients for the
diagnosis of significant fibrosis increases from 70–73% for the
ibroscan™ for significant fibrosis (F P2).

n = 382‡

AUROC 95% CI p
Sidak

Obuch-
owski 

p

0.83 [0.80;0.87] 0.86

0 0.81 [0.77;0.85] 0.711 0.84 0.056

01 0.77 [0.72;0.82] 0.011 0.81 <0.001

01 0.78 [0.73;0.82] 0.010 0.80 <0.001

01 0.76 [0.71;0.81] 0.021 0.79 <0.001

01 0.78 [0.74;0.83] 0.069 0.82 0.004

8 0.82 [0.78;0.86] 0.951 0.84 0.068

01 0.78 [0.73;0.82] 0.010 0.80 <0.001

01 0.74 [0.69;0.79] <0.001 0.79 <0.001
0.82 [0.78;0.86] 0.997 0.84 0.202

ble Fibroscan™.
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Table 3. Performance of blood tests and Fibroscan™ for the diagnosis of cirrhosis (F4).

n = 436* n = 382‡

AUROC 95% CI p Sidak AUROC 95% CI p Sidak

FIBROMETER® 0.89 [0.86;0.93] 0.90 [0.86;0.93]
FIBROTEST® 0.86 [0.83;0.90] 0.325 0.87 [0.82;0.91] 0.321
APRI 0.86 [0.81;0.91] 0.141 0.87 [0.82;0.91] 0.410
ELFG 0.88 [0.83;0.92] 0.883 0.87 [0.83;0.92] 0.860
HEPASCORE® 0.89 [0.86;0.93] 1.000 0.89 [0.85;0.92] 0.998
FIB4 0.83 [0.76;0.89] 0.018 0.84 [0.77;0.90] 0.069
FIBROSCAN™ 
(interpretable results)

- - - 0.93 [0.89;0.96] 0.559

⁄CHC patients having all the blood tests; �CHC patients with all the tests and interpretable Fibroscan™.
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best tests to 80–82% with the best combinations of tests. The pro-
portion of ‘‘theoretically avoided liver biopsies’’ varied between
54% and 66% for the best combination (Fibrometer� and
Hepascore�). For the diagnosis of cirrhosis no combination was
superior to the best blood tests or Fibroscan™ alone in the
‘‘per-protocol’’ analysis (382 patients). However, when we con-
sidered the population of 436 patients (‘‘intention to diagnose
population’’) the combination of Fibroscan™ plus a blood test
markedly improved the percentage of well classified patients
for both significant fibrosis and cirrhosis.

Other analyses

We also calculated the number of ‘‘theoretically avoided liver
biopsies’’ for the diagnosis of significant fibrosis using negative
and positive predictive values of 90% (Supplementary Table S7).
No difference was found between Fibrometer� (36.6%), Fibrotest�

(35.6%), Hepascore� (30.5%), and interpretable Fibroscan™
(45.8%).
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Discussion

Blood tests and Fibroscan™ have been recently developed as
alternatives to liver biopsy [24]. Retrospective studies [14,
25,26] have compared several of these markers to liver biopsy
but to our knowledge this is one of the first independent prospec-
tive validation of all relevant blood tests, and Fibroscan™ com-
pared to liver biopsy in untreated patients with CHC. The true
indicator of liver disease status would be the histological analysis
of the entire liver, but impossible to obtain in routine practice
and thus liver biopsy is considered at best as an ‘‘imperfect gold
standard’’ [27]. Reduced sensitivity for the detection of significant
fibrosis has been demonstrated with biopsies of less than 30 mm,
fragmented specimens and steatosis. Concerning errors consecu-
tive to the biopsy itself, Metha et al. [28] have demonstrated that
the AUROC for a perfect marker would not exceed 0.90 or 0.83
according to 40% or 50% prevalence of significant disease in esti-
mations where liver biopsy accuracy is highest (sensitivity and
specificity of 90%). However, our study especially takes into con-
sideration the methodological aspects so as to optimize the inter-
pretation of the stage of fibrosis. Firstly, the liver specimens had
to answer to quality criteria [29] to prevent a high risk of discor-
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dance for fibrosis staging [3,4,30]. Until now no study has
included patients with such a high mean length of biopsy without
fragmentation, cirrhosis excepted. By using the METAVIR scoring
system, 65% of liver biopsies with a length of 15 mm are usually
classified. This percentage increases to 75% for a length of 25 mm
[3]. Also, a 25 mm biopsy is considered the optimal length for
accurate liver evaluation. Considering this, in our study a sam-
pling error for liver biopsy remains since only 50% of patients
had a liver biopsy length greater than 25 mm. In addition, two
senior liver pathologists independently reviewed biopsies [4]
which were re-examined to reach a consensus in cases of dis-
agreement. The agreement between the two expert pathologists
was better than those previously published [4]. In order to
exclude inter-laboratory variability the biochemical analyses
were centralized with standardized methods and enzymatic cal-
ibration [31]. All serum samples were stored at �80 �C since the
stability of different parameters could be affected by storage [32]
such as marked transaminase activity loss at �20 �C [33].

The AUROCs of each test were comparable to those reported in
the original publications [6–15,18,20] when expressed using
observed-AUROCs according to the prevalence of stages defining
advanced and non-advanced fibrosis. We observed similar
AUROCs to those reported in meta-analyses [34–36] for the most
validated biomarkers, Fibrotest�, Fibrometer�, and Apri and
without major differences with interpretable Fibroscan™, Hepa-
score�, and ELFG. In diagnosing cirrhosis, the ‘‘Fibrostic’’ study
[37] showed a significantly better performance of Fibroscan™
compared to serum markers while in contrast, our study shows
that all the tests performed equivalently. This difference between
these two recent multicentre studies might be due to the
differences in design. Indeed in the ‘‘Fibrostic’’ study, Fibroscan™
was used in first intent and analysed apart from blood tests,
while in our study we tried to compare in first intent all tests
in ‘‘intention to diagnose’’. The methodology used for Fibroscan™
was equivalent in the two studies but the blood tests were per-
formed in each centre in the Fibrostic study, using assay methods
that might possibly have not always been homogeneous, while
they were centralized in the Fibrostar study, except when impos-
sible, and rigorously standardized analytical conditions were
respected.

For differentiating between adjacent stages, F1 vs. F2, only
Hyaluronate was inferior to Fibrometer�. For this adjacent com-
parison, AUROCs could appear low, but the performances were
ts and transient elastography for liver fibrosis in chronic hepatitis C: The
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Table 4. Percentage of well classified patients in terms of the published cut-offs for the 382 patients with all tests and interpretable Fibroscan™.

(F ≥2)
Published
cut-off* 

% well Sensitivity
(%) (%)

NPV
(%)

PPV
(%)

FIBROMETER® 0.411 70.9 87.6 56.4 83.9 63.7
FIBROTEST® 0.48 70.7 75.8 66.2 75.8 66.2
APRI 0.5 67.0 33.1 96.6 62.3 89.4
HEPASCORE® 0.5 73.6 74.7 72.5 76.7 70.4
FIBROSCAN™ (in-
terpretable results)

5.2 63.6 96.6 34.8 92.2 56.4

Cirrhosis  (F4) Published 
cut-off

% well Sensitivity
(%) (%)

NPV
(%)

PPV
(%)

FIBROMETER® 0.88(1) 85.9 69.6 88.7 94.4 51.3
FIBROTEST® 0.74 79.6 71.4 81.0 94.3 39.2
APRI 2.0 86.1 7.1 99.7 86.2 80.0
HEPASCORE 0.84 80.6 76.8 81.3 95.3 41.3
FIBROSCAN™ (in-
terpretable results)

12.9 87.7 76.8 89.6 95.7 55.8

Significant Fibrosis
classified

Specificity

classified
Specificity

⁄Degos et al. [37].
% well classified = comparison between the dichotomised score with the published cut-off and the stage of fibrosis; (1)cut-off with optimal PPV; CI, confidence interval.

Table 5. Percentage of well classified patients and of theoretically avoided liver biopsies (in italics) according to one, or a combination of two tests (95% CI).

(F≥2) APRI FIBROMETER® HEPASCORE® FIBROTEST® FIBROSCAN™

APRI 72% [68-76]  
FIBROMETER® 78%

62%
[73-82]
[57-66]

72% [68-76]  

HEPASCORE® 80%
60%

[76-85]
[55-64]

76%
66%

[72-81]
[61-70]

73% [69-77]  

FIBROTEST® 80%
57%

[75-84]
[52-62]

76%
63%

[71-80]
[58-68]

76%
64%

[71-80]
[59-68]

70% [66-75]  

FIBROSCAN™ 78%
61%

[73-83]
[55-66]

81%
59%

[76-86]
[54-64]

82%
59%

[77-86]
[54-64]

82%
57%

[76-86]
[52-62]

72% [67-76]

FIBROSCAN™ 
In Intention to Diagnose

78%
60%

[73-82]
[55-64]

80%
56%

[75-85]
[54-64]

81%
57%

[76-85]
[52-62]

80%
54%

[75-84]
[50-59]

63% [58-68]

Cirrhosis (F4) APRI FIBROMETER® HEPASCORE® FIBROTEST® FIBROSCAN™

APRI 86% [83-90]  
FIBROMETER® 89%

84%
[85-92]
[80-87]

87% [84-90]       

HEPASCORE® 91%
83%

[87-93]
[79-87]

90%
85%

[86-92]
[81-88]

88% [85-91]  

FIBROTEST® 90%
83%

[86-92]
[79-86]

91%
83%

[87-93]
[77-86]

91%
84%

[87-93]
[80-87]

87% [83-90]   

FIBROSCAN™ 93% [90-95] 93% [90-96] 93% [90-95] 93% [90-96] 92% [88-94]
84% [79-87] 85% [81-88] 86% [82-89] 85% [81-88]

FIBROSCAN™
In Intention to Diagnose

93%
84%

[90-95]
[81-88]

93%
85%

[90-95]
[81-88]

93%
86%

[90-95]
[82-89]

93%
85%

[90-95]
[81-88]

80% [76-84]

Significant Fibrosis
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similar relative to liver biopsy. Indeed comparison between a
biopsy of 25 mm (mean length in our study) and the true gold
standard consisting of a large surgical sample showed 25% of
false negative/positives and an AUROC evaluated at 85% for F2
vs. F1 [3].

Failed Fibroscan™ or non reliable results occurred in 22% of
patients. This proportion of non-interpretable Fibroscan™ is not
so different from that recently reported in a large mono-center
series [21] the principal reasons were age, obesity, and BMI.
Indeed in our study, contrary to blood tests, Fibroscan™ was
not centralized but performed in each center by several operators
having different levels of experience. However ‘‘in intention to
diagnose’’ the Fibroscan™ performance was markedly reduced
due to 22% of non interpretability but as recently published by
Poynard et al. [38] applying manufacturers’ recommendations
increased the strength of concordance between Fibroscan™ and
blood tests.

As reported, AUROCs may also vary according to the preva-
lence of each stage of fibrosis within the studied population
(spectrum bias) especially when extreme stages (F0 and F4) are
over-represented. In order to prevent this spectrum bias we used
the Obuchowski measure. The Obuchowski measure [22,23] sum-
marizes all pair-wise comparisons. Here it eliminated the bias
related to the distribution of fibrosis stages and corrected the
inflated type I error. By this measure and only in patients having
all tests, Fibrometer� Fibrotest�, Hepascore�, and interpretable
Fibroscan™ were the most accurate tests compared to liver
biopsy. The choice of a linear penalty function to quantify the dif-
ference between observed and predicted fibrosis is open to dis-
cussion. However as previously reported [23], a linear function
could have been used instead and would have permitted a com-
parison of the discriminative ability of these tests.

We evaluated combinations of tests in order to improve the
diagnostic performance for significant fibrosis and cirrhosis. As
previously published [16,39–42] we found that a synchronous
algorithm combining Fibrotest�, Fibrometer� or Hepascore�

and Fibroscan™ improved the accuracy for significant fibrosis
and markedly decreased the requirement for biopsy. When Fibro-
scan™ was not interpretable; Apri in combination with one of the
three best blood tests could be used. For the diagnosis of cirrho-
sis, contrary to recent studies [43,44] the diagnostic performance
of Fibroscan™ and the three best blood tests were similar. Indeed,
a combination seems to be unnecessary.

We also tested the applicability of the tests for the diagnosis
of significant fibrosis. The values outside the cut-offs are zones
where the diagnostic accuracy of the test is considered suffi-
ciently reliable for use in clinical practice, and biopsy could be
theoretically avoided. Using the conventional definition based
on 90% NPV and 90% PPV, interpretable Fibroscan™, Fibrometer�,
Fibrotest�, and Hepascore� performed equivalently and were
better at discriminating than all other tests, confirming by
another statistical method their higher accuracy.

Finally we calculated the diagnostic performance of the tests
using previously published cut-offs [37]. No substantial differ-
ence was observed in the classification of tests when we com-
pared published cut-offs and our cut-offs.

In conclusion this multicentre prospective and independent
study definitely confirms the importance of non invasive markers
to assess liver fibrosis in CHC. Contrarily to blood tests, perfor-
mance of Fibroscan™ was reduced due to 22% of results not being
interpretable. Fibrometer�, Hepascore�, and Fibrotest� per-
Please cite this article in press as: Zarski J-P et al. Comparison of nine blood tes
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formed better than all other blood tests and similarly to inter-
pretable Fibroscan™. The combination of one of the three best
blood tests with Fibroscan™, or Apri, improves the diagnostic
performance for significant fibrosis. For the diagnosis of cirrhosis
one of the best blood tests or Fibroscan™, when interpretable,
can be used alone.
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