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Summary. Non-invasive biomarkers have gained
popularity for estimating fibrosis stage. In our
hepatitis C-infected haemophilia patients, Fibrotest
(FT) correctly identified clinically advanced or min-
imal liver disease. More accurate tests, like the
FibroMeters, have recently been validated. The aim
of the study was to improve the estimation of liver
fibrosis in hepatitis C-infected haemophiliacs using a
combination of biomarkers and FibroMeters. One
hundred and thirty-two hepatitis C-infected haemo-
philia patients (124 male, mean age: 39 = 14 years)
were evaluated. The following biomarkers were
used: FT, AST-to-platelet ratio index (APRI), Forns
index, hyaluronic acid and FibroMeter. We applied a
published algorithm suggesting that if FT is in
concordance with APRI and/or Forns score, then
the FT concurs with liver biopsy for estimation of
fibrosis. Concordance of three or more biomarkers
was present in 43.2% (57/132) of the patients. This
high discordance rate was mainly because of

indeterminate scores. Significant fibrosis (F2-F4)
was estimated at 34.8% (46/132) and 37.9% (50/
132) by the FT and FibroMeter respectively. The
discordance rate between the FT and FibroMeter was
16.7% (22/132), (P < 0.01 vs. other biomarkers).
Using the algorithm, liver histology could be confi-
dently estimated in 69.7% (92/132) of the patients.
Concordance between the FT and FibroMeter in
those patients who met the terms of the algorithm
was 90.2% (83/92). Discordance between biomar-
kers is significant, and is mainly because of biomar-
kers with indeterminate results. The concordance
rate between FT and FibroMeter is higher compared
with the other biomarkers. Practical combination of
tests may potentially limit the need of liver biopsy in
the majority of haemophilia patients.

Keywords: FibroMeter, Fibrotest, haemophilia, hep-
atitis C, liver biopsy, noninvasive biomarkers of
fibrosis

Introduction

Haemophiliacs belong to a distinct group in whom
the prevalence of hepatitis C (HCV) is highest,
ranging from 70% to 90% [1-3]. Liver disease in
HCV patients may progress to liver cirrhosis in
variable rates depending on the host and viral factors
[4,5]. Staging liver fibrosis enables assessment of
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prognosis as well as therapeutic decision-making in
patient with HCV. Liver biopsy is currently consid-
ered the ‘gold standard’ for the assessment of liver
histology [6]. However, liver biopsy is of a highly
invasive nature and harbours the risk of complica-
tions with morbidity from 0.3% to 0.6% and
mortality of 0.05% [7]. Moreover, the interpretation
of liver biopsy is prone to sampling error, and an
appropriate amount of tissue needs to be obtained to
stage liver fibrosis correctly [8,9]. Not unexpectedly,
there is reluctance to perform liver biopsy in patients
with disorders of coagulation because of concerns
about the safety of the procedure in this population.
Nonetheless, liver biopsies have been performed in
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haemophiliacs, and no major complications of the
procedure were reported in these studies [10,11].

Noninvasive biomarkers estimate liver fibrosis
using scores formulated from several blood tests.
Biomarkers are gaining increased acceptance for
estimation of fibrosis, limited by methodological
and analytical factors. Fibrotest (FT) is the most
widely validated and used biomarker [12-16]. We
recently described the distribution of fibrosis stage
estimated by the FT in an HCV-infected haemophilia
cohort and found scores compatible with FO-F1 and
F2-F4 in 65% and 35% of the patients respectively.
In clinically defined subgroups, FT score estimated
advanced fibrosis (F3-F4) in all patients with clini-
cally suspected advanced liver disease, whereas in all
HCV RNA-negative patients the scores correlated
with minimal fibrosis (FO-F1). Nevertheless, the
concordance between FT and other biomarkers of
fibrosis was only 40% [17].

The main approaches to minimize discordance
rates among biomarkers and improve estimation of
liver histology include combination of biomarkers or
the use of newer more accurate biomarkers. Halfon
et al. described an algorithm suggesting that if FT is
in concordance with aspartate aminotransferase
(AST)-to-platelet ratio index (APRI) [18] and/or
Forns index [19], then we may confidently estimate
the stage of fibrosis by the FT, and liver biopsy may
be avoided [20]. A recently described biomarker, the
FibroMeter is formulated from platelet count (PLT),
prothrombin index (PI), AST, o2-macroglobulin,
hyaluronic acid (HA), urea and age. This biomarker
estimated clinically significant fibrosis (F2-F4) with
high accuracy (AUROC of 0.883). Furthermore,
FibroMeter is devoid of indeterminate scores and
may also assess the area of fibrosis [21].

We sought to improve estimation of liver fibrosis
by a combination of noninvasive biomarkers, and
evaluate fibrosis in HCV-infected haemophilia pa-
tients by the FibroMeter.

Patients and methods

Population

Consecutive patients with haemophilia and other
coagulation disorders with follow-up at the Israeli
National Hemophilia Center (INHC) who had
anti-HCV antibodies were evaluated between July
2004 and July 2005. All patients had not previ-
ously received anti-hepatitis therapy. Patients with
HCV/HIV co-infection were maintained on their
anti-retroviral therapy as indicated by the HIV
specialist.
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Patient evaluation

Patient evaluation included clinical assessment, bio-
chemical tests and imaging studies consisting of
abdominal ultrasonography with Doppler of the
hepatic vessels and **Tc liver/spleen scan. Persistently,
normal liver function tests (LFTs) were defined based
on at least three measurements 6 months apart.
Advanced liver disease was defined as decompensated
liver disease (ascites, hepatic encephalopathy, jaun-
dice or bleeding varices), signs of hypersplenism,
ultrasonography suggesting the presence of cirrhosis
or its complications, or signs of portal hypertension
(varices on upper gastrointestinal endoscopy, diag-
nostic **Tc liver/spleen scan). Liver biopsies were not
performed in any of the haemophilia patients.

Virological studies

Anti-HCV antibodies were detected by third-genera-
tion enzyme immunoassay (Abbott HCV MEIA
version 3.0; Abbott Diagnostic, Wiesbaden, Ger-
many). Viral load quantification was preformed using
the Cobas Amplicor HCV Monitor, v2.0 (Roche
Diagnostics, Branchburg, NJ, USA) [22]. Genotyping
was preformed by direct sequencing [23]. Persistently,
HCV RNA-negative was defined based on at least
three measurements 6 months apart.

All viral studies were performed before the initi-
ation of any anti-HCV therapy. According to this
evaluation, these patients were stratified into several
clinically distinctive groups: patients with features of
advanced liver disease, those with persistently HCV
RNA-negative, considered to harbour only minimal
to mild liver fibrosis, patients with persistently
normal LFTs and HCV/HIV co-infected.

Biomarkers of fibrosis

To determine the various biomarkers designed to
estimate the stage of fibrosis, serum samples were
obtained for the following variables: a2-macroglo-
bulin, total bilirubin, gamma-glutamyl transpeptidase
(GGT), apolipoprotein A1, haptoglobin, urea, alka-
line phosphatases, PI, AST, PLT, total cholesterol and
HA. Total bilirubin, GGT, alkaline phosphatases,
AST and urea levels were measured using a Hitachi
917 Analyzer and Roche Diagnostics reagents
(both Mannheim, Germany). o2-Macroglobulin,
apolipoprotein A1, haptoglobin and total cholesterol
levels were measured using a Modular analyzer (BNII;
Dade Behring, Marburg, Germany). Platelets were
measured using a Beckman Coulter LH 750 (Beckman
Coulter France S. A., Roissy, France). The method for
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PI (Neoplastin CI plus; Diagnostica Stago, Asniéres,
France) has been previously described [24]. HA levels
were measured with the Corgenix Hyaluronic Acid
Test Kit (Corgenix Inc., Broomfield, CO, USA) [25].
All biochemical analyses were performed on serum
samples stored at —80°C and shipped to Laboratoire
Alphabio (Marseilles, France).

Fibrotest was calculated using the Biopredictive
websiste according to the manufacturer’s instruc-
tions. The following formula is available on the
USPTO website (http://www.uspto.gov; Patent no.

6,631,330): f=4.467 xlog [op-macroglobulin
(gL™H] - 1.357 x log  [haptoglobin (g L™ +
1.017 x log  [y-glutamyl transpeptidase  (IU -

L] + 0.0281 x [age (years)] + 1.737 x log [biliru-
bin  (umol L™Y)] — 1.184 x [apolipoprotein A1
(gL™H] +0.301 x sex (female = 0; male = 1) —
5.540 [26]. APRI score formula and Forns’ score
were taken from respective publications [18,19].

FibroMeter test values were determined using the
following regression function: — 0.007 PLT
(g L") - 0.049 PI (%) +0.012 AST (IUL™") +
0.005 a,-macroglobulin (mg dL™') + 0.021 HA
(g L™') = 0.270 urea (mmol L™!) + 0.027 age
(years) + 3.718. This algorithm was used to deter-
mine score probability ranging from 0 to 1, with a
cutoff fixed at 0.5 for a clinically significant fibrosis
(F2-F4). The AUROC curve of derived score prob-
ability (FibroMeter test) was 0.883 = 0.019 (95%
CI: 0.846-0.921) [21].

The area of fibrosis, expressed as the percentage of
liver specimen area, was estimated using the respec-
tive regression functions: 0.015 HA (g LY +0.091
bilirubin  (mol L™') — 1.666 apolipoprotein A1
(gL71) - 0.034 GGT (IUL™)+3.037 GAPRI
[(GGT/PLT)x100] + 9.491 and  0.090 HA
(g L7') + 0.028  a-macroglobulin  (mg dL™) —
0.009 PLT (g L™') — 0.017 HAPRI [(HA/PI)x100] +
2.166.The correlation between the area of fibrosis
measured via image analysis and estimated via blood
test was ,R? = 0.645 [21].

All biochemical parameters, FT and FibroMeter
determinations were performed without the knowl-
edge of the patients’ clinical characteristics. The sera
were collected and stored after the patients informed
consent. The study was approved by our Institutional
Ethics Committee.

Discordance determination

Significant discordance between FT, FibroMeter,
APRI, Forns and HA was defined as discordance
between the results of the test according to the
respective cut-off value of each test and the result of
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fibrosis stage estimation in the METAVIR scoring
system set by a French Cooperative Study Group of
expert pathologists. We considered that discordance
was highly attributable to FT, FibroMeter, APRI and
Forns failure if one of the components of each test
had an abnormal value attributable to a clinically
identified condition (e.g. haemolysis). We have to
emphasize that, when using different noninvasive
biomarkers we are comparing scores, which estimate
fibrosis, and not comparing measurement of fibrosis.

Halfon’s algorithm

As a means to improve estimation of liver fibrosis in
the advent of discordant scores, we applied a
published algorithm suggesting that if FT is in
concordance with APRI and/or Forns score, then
the FT concurs with liver biopsy for estimation
of fibrosis [20]. In the original publication, the stage
of fibrosis could be correctly estimated in 81% of
patients and liver biopsy avoided. Liver biopsy
remained mandatory for the evaluation of fibrosis
in the remaining 19% [20].

Statistical analysis

Quantitative variables were expressed as the
mean = SD unless otherwise specified. Continuous
variables were compared by Student’s #-test.
Frequencies were compared using the two-tailed
Fischer exact test or chi-squared test when suitable.
In these cases, P-values of <0.05 were considered
significant. Unpaired chi-squared test (McNemar)
was also used to compare marginal distributions in
contingency table, i.e. to determine whether dis-
agreement rates were different. In this case, a P-value
of <0.05 means that distributions are not signifi-
cantly different. Kappa (i)-score was used to mea-
sure the agreement between FT and FibroMeter; a
Kk < 0.20 means poor agreement, x in (0.21;0.40)
means fair agreement, k in (0.41;0.60) means mod-
erate agreement, x in (0.61;0.80) means good agree-
ment, k in (0.81;1.00) means very good agreement.
All were calculated using sas v8.0 software.

Results

Patients and stage of fibrosis

One hundred and thirty-two consecutive patients
with haemophilia and other coagulation disorders
with anti-HCV antibodies were evaluated. Demo-
graphic, clinical, biochemical, virological data and
fibrosis stage estimated by the FT are presented in
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Table 1. Characteristics of 132 patients with coagulation disor-
ders and chronic hepatitis C.

Distribution, mean

Variable (= SD) or % (n)
Age 39 (14)
Male gender, % (n) 94 (124)
Coagulation disorder, % (1)
Haemophilia 90.1 (119)
von Willebrand 5.3(7)
Glanzmann 2.3 (3)
Other 2.3 (3)
Genotype, % (n)
1 77.8 (84)
2/3 15.7 (17)
Other 6.5 (7)
AST (IU LY 39.1 (31.4)
ALT IUL™Y 58.9 (47.5)
y-GT (IU LY 65.2 (63.1)
Bilirubin (pmol L™1) 9.6 (4.6)
a2-Macroglobulin (g L") 2.4 (0.9)
Platelets (g L™") 227.7 (89)
Hyaluronate (ug LY 90.8 (122.6)
Stage of fibrosis, % (1n)*
FO-F1 (<0.31) 47.7 (63)
F1-F2 (0.32;0.48) 17.4 (23)
F2 (0.49;0.58) 53 (7)
F3 (0.59;0.72) 11.4 (15)
F3-F4 (0.73;0.74) 1.5 (2)
F4 (=0.75) 16.7 (22)

*Estimated by the Fibrotest.
GGT, Gamma-glutamyl transpeptidase.

Table 1. There were 124 males (94%), the mean age
was 39 = 14 years. Haemophilia was the coagula-
tion disorder in 90% (119/132) of the patients.
Seventy-eight per cent (84/108) were infected with
genotype 1. Estimated by the FT, the distribution of
fibrosis in 132 patients was: FO-F1 (FT < 0.31):
47.7% (63/132), F1-F2 [FT(0.32;0.48)]: 17.4% (23/
132), F2 [FT(0.49;0.58)]: 5.3% (7/132), F3
[FT(0.59;0.72)]: 11.4% (15/132), F3-F4 [FT(0.73;
0.74)]: 1.5% (2/132), and F4 (FT = 0.75): 16.7%
(22/132). Therefore, estimated significant fibrosis
(F2-F4) was present in 34.8% (46/132) of HCV-
infected haemophilia patients. Using FibroMeter
assessment, the rate of estimated significant fibrosis
was not significantly different at 37.9% (50/132)
(rc 0.57 and McNemar test, P < 0.0001).

Discordance between FT, FibroMeter and other
biomarkers of fibrosis

The Fibrotest score agreed with all the other tested
biomarkers in 43.2% (57/132) of patients. Among
the conventional scores, the discordance rates were
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between 41.1% (53/129) for APRI and 56.1% (74/
132) for HA. Most of the discordant results were
because of a wide range of indeterminate scores
inherent to all the aforementioned biomarkers rang-
ing from 33.3% (43/129) for APRI to 44.7% (59/
132) for HA. The discordance rate between FibroM-
eter and FT was only 16.7% (22/132), a significantly
lower rate than the other biomarkers (P < 0.01).
Moreover, FibroMeter is devoid of an indeterminate
zone, enabling fibrosis staging in all patients
(Table 2).

The concordance rates between the various bio-
markers of fibrosis and FibroMeter were similar to
those observed with FT, and were again highest
with APRI at 59.7% (77/129) and lowest with HA
at 49.2% (65/132). Again, most discordant results
were secondary to indeterminate scores. When
indeterminate results of other biomarkers were
excluded, the agreement between FibroMeter and
the other tests reached 93% for all the tests
(Table 3). Clinically significant fibrosis (F2-F4)
estimated by FibroMeter was significantly less
frequent among the patients with concordant than
those with discordant scores [23.6% (26/110) vs.
59.1% (13/22), P < 0.001].

Table 2. Discordance and indeterminate rates between Fibrotest
and other biomarkers of fibrosis.

Biomarker Discordance, % (n) Indeterminate, % (n)
APRI 41.1 (53/129) 33.3 (43/129)
Forns 41.7 (53/120) 37.8 (48/120)
HA 56.1 (74/132) 44.7 (59/132)
FibroMeter 16.7 (22/132) 0

APRI, AST-to-platelet ratio index; HA, hyaluronic acid.

Table 3. Concordance between FibroMeter and other biomarkers
of fibrosis.

FibroMeter, % (n)

FT 83.3 (110/132)
Algorithm +* 90.2 (83/92)
Algorithm — * 67.5 (27/40)
APRI

Indeterminate included 59.7 (77/129)

Indeterminate not included 93 (120/129)
Forns index

Indeterminate included 56.7 (68/120)

Indeterminate not included 93.3 (112/120)
HA
Indeterminate included

Indeterminate not included

49.2 (65/132)
93.9 (124/132)

*Halfon’s algorithm: FT ~ APRI and/or Forns: FT ~ liver biopsy.
FT, Fibrotest; APRI, AST-to-platelet ratio index; HA, hyaluronic
acid.
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Practical algorithm of combined biomarkers

We applied a practical algorithm assuming that if FT
is in concordance with either APRI or Forns index,
then FT correctly estimated the stage of fibrosis. In
our cohort of haemophilia patients with HCV,
69.7% (92/132) met the terms of the algorithm.
Among the patients in whom FT and APRI or Forns
index agreed, the concordance between FT and
FibroMeter was even higher at 90.2% (83/92) than
in those with disagreement between FT and APRI or
Forns (Table 3). Clinically significant fibrosis (F2-
F4) estimated by FibroMeter was significantly less
frequent among the patients in whom FT and APRI
or Forns index agreed than in the other discordant
patients: 16.3% (15/92) vs. 60% (24/40), respec-
tively, P < 0.001.

Fibrosis staging by FT and FibroMeter in clinically
defined subgroups

Fibrosis stage F3-F4 was estimated by both FT and
FibroMeter scores in all patients with clinically
suspected advanced liver disease. In HCV RNA-
negative patients, both biomarkers scores estimated
FO-F1 (Table 4a). In HCV/HIV co-infected patients,
clinically significant fibrosis was estimated in 51.9%
(14/27) and 55.6% (15/27) by FT and FibroMeter
respectively. The rate of F2-F4 fibrosis in patients
with persistently normal LFT was estimated at
20.8% (5/24) and 16.7% (4/24) by FT and Fibro-
Meter respectively (Table 4a). The concordance (per
cent crude agreement) between FT and FibroMeter
was perfect in the groups with advanced liver disease
and in those who tested HCV RNA-negative. The
agreement was lower for HCV/HIV co-infected

patients and for those with persistently normal
LFT, 74.1% (20/27) and 75% (18/24) respectively
(Table 4b). Application of Halfon’s algorithm in the
two later clinically defined groups augmented con-
cordance between FT and FibroMeter only in those
patients with persistently normal LFT, from 75% to
88.3% (15/17), but not in HCV/HIV co-infected
patients (Table 4b).

Assessment of the area of fibrosis

The FibroMeter system is able to assess the area of
fibrosis with good correlation between the area of
fibrosis measured via image analysis and estimated
via blood test (RZ = 0.645). In our cohort of HCV-
infected haemophilia patients, the estimated area of
fibrosis was significantly higher for fibrosis stage F4
vs. FO-F3 (16.94% vs. 9.03%, P <0.001), and
F2-F4 vs. FO-F1 (10.82% vs. 8.24%, P < 0.0001).
To validate the area of fibrosis in the present
population, we estimated METAVIR classes from
the box plots of FibroMeter against METAVIR F
determined by liver biopsy in the original population
[21] with 0.5 meaning an intermediate stage, e.g. 2.5:
stage 2 or 3. We observed a progressive increase in
the estimated area of fibrosis as a function of those
estimated METAVIR stages (Fig. 1).

Discussion

In our cohort of HCV-infected haemophilia
patients, we estimated clinically significant fibrosis
(F2-F4) in over one-third of the patients using
either FT or FibroMeter. The concordance rate
between FT and FibroMeter was significantly
higher than between each of these noninvasive

Table 4a. Fibrosis stage estimated by

F-stage by Fibrotest, FibroMeter,  P-value  k-value Fibrotest and by FibroMeter in clinically
blood test % (n) % (n) defined groups.

Cirrhosis F3-F4 100 (7/7) 100 (7/7) ns* NA

HCV RNA-negative FO-F1 100 (21/21) 100 (21/21) ns* NA

HIV F2-F4 9 (16/27) 3 (17/27) nst 0.77

LFT-NI F2-F4 5 (6/24) 16 7 (4/24) nst 0.50

*Chi-squared test; TFischer exact test; NA, not available (calculation impossible).

Concordance, % (1)

Table 4b. Concordance between Fibrotest

F-stage by (FT) and FibroMeter in clinically
blood test Crude Halfon’s algorithm®  P-valuet defined groups.

Cirrhosis F3-F4 100 (7/7) 100 (6/6) ns

HCV RNA-negative FO-F1 100 (21/21) 100 (19/19) ns

HIV F2-F4 74 1(20/27) 73.3 (11/15) ns

LFT-NI F2-F4 5 (18/24) 88.25 (15/17) ns

*FT ~ AST-to-platelet ratio index and/or Forns: FT = liver biopsy.

tFischer exact test.
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Fig. 1. Box plots (median, quartiles and extremes) of the area of
fibrosis as a function of fibrosis stages estimated by original
FibroMeter.

biomarkers of fibrosis and APRI, Forns index or
HA. Discordance between scores stems mainly
from indeterminate scores inherent to these first-
generation tests.

The main limitation of the study was the absence
of liver biopsies in our patients. Liver biopsies have
been performed in haemophilia patients, and are a
common practice in some centres. No major com-
plications were reported with the procedure in
haemophiliacs [10,11]. Nevertheless, the cost
involved with liver biopsy is substantially higher in
haemophilia patients, given the excessive require-
ment for coagulation factors. Furthermore, the pro-
cedure is precluded in those patients who have
inhibitors to FVIIL. Several studies pointed out the
sampling error occurring in up to a third of biopsies,
mostly in relation to an inadequate biopsy size [8,9].
In our experience, trans-jugular biopsies (commonly
practised in patients with coagulation disorders) are
less likely to be of sufficient length to stage fibrosis
correctly. Several studies indicated that biomarkers
estimated the stage of fibrosis with a higher accuracy
than liver biopsy [14,20]. One study found discor-
dance attributable to biopsy failure in 18%, whereas
failure of biomarkers was considered in 2% [14]. In
another study, cirrhosis was diagnosed in 17 patients
by the FT, while the biopsy-determined cirrhosis was
diagnosed only in four patients [20]. They recom-
mended that noninvasive markers should be used as
first-line assessment of liver fibrosis in patients with
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HCV. Furthermore, a recent report applied the FT
without biopsies to follow the histological progres-
sion of lamivudine-treated hepatitis B patients [27].
Weighing the risk—benefit ratio of this procedure,
we decided against liver biopsy in our patient
population.

We have to emphasize that when using different
noninvasive biomarkers we are comparing scores
which estimate fibrosis, and not comparing measure-
ment of fibrosis.

To overcome the significant discordance rate
between FT and other biomarkers, along with the
high proportion of patients in whom APRI, Forns
index and HA are not able to estimate the stage of
fibrosis (indeterminate zone), the use of combination
of biomarkers has been suggested. Castéra et al. 28]
have shown that a combination of FT and Fibroscan,
a method based on the correlation between the
amount of fibrotic tissue and elasticity, estimated
fibrosis more accurately than each method sepa-
rately, within an AUROC of 0.9 for the combination
of tests. Recently, Halfon er al. have shown that if
FT is in concordance with APRI and/or Forns index,
then FT correlates well with the stage of fibrosis
based on liver biopsy [20]. In their series, the stage of
fibrosis could be estimated correctly in 81% of
patients, and liver biopsy avoided. Liver biopsy
remained mandatory, however, for the evaluation
of fibrosis in the remaining 19%. We applied the
Halfon’s algorithm in our cohort. In our HCV-
infected patients with haemophilia and other dis-
orders of coagulation, the assumption resulted in a
more modest figure, with 70% in whom liver biopsy
could be potentially avoided using this practical
approach. This may represent differences between
the two populations. Indeed, 27 of our haemophilia
patients had HCV/HIV co-infection, a condition
excluded from Halfon’s study. However, further
analysis of our cohort excluding these co-infected
patients, did not change significantly the concor-
dance rate between FT and FibroMeter or the
frequency of patients meeting the terms of the
Halfon’s algorithm (data not shown). Furthermore,
the various variables formulating the FT may be
influenced by non-hepatic conditions, e.g. haema-
toma, more prevalent in haemophilia patients.

Sebastiani et al. [29] have employed several algo-
rithms each devised for a specific group. In their
study, the positive predictive value (PPV) for signif-
icant fibrosis or cirrhosis guided the sequence of the
use of APRL, FT and Forns index in three clinically
distinguished scenarios. These included estimation of
significant fibrosis stage (METAVIR stage >F2) in
HCV patients with elevated ALT, patients with
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persistently normal ALT, or for the diagnosis of
cirrhosis (METAVIR stage F4). Their rather complex
algorithm resulted in 95% accuracy rate. In their
training and validation cohort, however, the rate of
significant fibrosis was relatively high, a characteris-
tic that might influence the PPV. Nonetheless, the
meticulous use of combination of noninvasive bio-
markers of fibrosis is now suggested as a means to
overcome the shortcomings of individual tests.

There is a need for newer, more accurate biomar-
kers, which are derived from commonly available
tests. Calés et al. [21] have recently devised a
combination of seven variables to form a novel
scoring system, termed FibroMeter, which was found
to be highly predictive of clinically significant fibro-
sis, with an AUROC of 0.883 and 0.892 in the
training and validation population respectively. In
addition to being highly accurate, the FibroMeter
also has the advantage of lacking indeterminate
results. Using the FibroMeter in our patient popula-
tion, we estimated clinically significant fibrosis in
close agreement with the FT. The high concordance
rate between FT and FibroMeter does not automat-
ically infer the correctness of staging, even the higher
concordance rate observed in those patients who
fulfilled the terms of Halfon’s algorithm (83-90%)
supports this notion. Further studies, e.g. a recent
study by Halfon et al. [30], comparing and combin-
ing FT and FibroMeter in independent cohorts, will
lead to the eventual validation of the clinical appli-
cation of these biomarkers.

There are several other newer biomarkers of
fibrosis. One of these tests termed Hepascore is
derived from bilirubin, GGT, HA, o2-macroglobu-
lin, age and sex [31]. Although in our cohort
Hepascore demonstrated agreement with FT not
different from the concordance between FibroMeter
and FT, Hepascore tended to overestimate fibrosis
stage compared with the other biomarkers. Further-
more, application of Halfon’s assumption did not
augment the concordance between Hepascore and
FT (data not shown).

FibroMeter is also the first noninvasive system to
predict the area of fibrosis [21]. Currently, image
analysis, the method to assess area of fibrosis, is
considered a research tool. Area of fibrosis enables
precise quantification of fibrosis specifically in cir-
rhosis, however, because of marked overlap it may
not distinguish between FO and F3 stages of fibrosis.
In our patients, the interquartile range for estimating
the area of fibrosis in the cirrhotic stage (F4)
(FibroMeter score 0.99-1.00) was 13.2-18.6%.
The relationship between the estimated area of
fibrosis and estimated METAVIR stages in the
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present series (Fig. 1) supports the accuracy of the
blood determination of the area of fibrosis. Indeed,
whereas those two variables were independently
determined, the shape of the relationship closely
resembled that observed when the two variables were
determined on liver specimens by histological deter-
mination [32].

Clinically significant fibrosis estimated by Fibro-
Meter was significantly less common among those
with concordant scores than those with discordant
scores (24% vs. 59%). The rate of estimated F2-F4
was also lower among those complying than those
who did not comply with the Halfon’s assumption
(16% vs. 60%). Therefore, our data suggest a
significantly lower PPV of FibroMeter for significant
fibrosis than PPV for absence or minimal fibrosis.
Similarly, low PPV for clinically significant fibrosis
was observed with FT evaluation of the same
population [17]. Several components of the Fibro-
Meter are influenced by the conditions other than the
liver disease itself. Conditions such as haematoma,
frequent in our population, with resultant high total
bilirubin levels and low haptoglobin, may overesti-
mate fibrosis scores. Only two patients had isolated
elevation of bilirubin, in both FibroMeter score was
in concordance with all other biomarkers. In addi-
tion, we routinely avoided FibroMeter determination
in case of haematoma or fever.

In conclusion, discordance between biomarkers is
significant, and is mainly because of indeterminate
results. The concordance rate between FT and
FibroMeter is higher compared with the other
biomarkers. A practical combination of tests may
potentially limit the need of liver biopsy in the
majority of haemophilia patients.
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