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Background: FibroTest, a noninvasive method of mea-
suring biomarkers of liver fibrosis, is an alternative to
liver biopsy for determining the severity of chronic
hepatitis C virus (HCV) infection. We compared the
5-year prognostic value of the FibroTest with biopsy
staging for predicting cirrhosis decompensation and
survival for patients with chronic HCV infection.
Methods: Fibrosis stage was assessed on the same day
by FibroTest and biopsy in a prospective cohort of 537
patients. Disease classification at baseline was 157 pa-
tients with severe fibrosis (FibroTest >0.58), 137 with
moderate fibrosis (FibroTest 0.32–0.58), and 243 with no
or minimal fibrosis (FibroTest <0.32).
Results: In 64 untreated patients with severe fibrosis,
survival without HCV complications was 73% [95%
confidence interval (CI), 59%–086%; 13 complications],
and survival without HCV-related death was 85% (95%
CI, 73%–96%; 7 HCV deaths). Survival rates were higher
in patients with moderate fibrosis, [99% (95% CI, 97%–
100%; 1 complication; P <0.001) and 100% (no HCV
death; P <0.001) for with and without HCV-related
complications, respectively], and in patients with mini-
mal fibrosis [100% (no complication; P <0.001 vs severe)

and 100% (no HCV death; P <0.001 vs severe), respec-
tively]. FibroTest was a better predictor than biopsy
staging for HCV complications, with area under the
ROC curves (AUROC) � 0.96 (95% CI, 0.93%–0.97%) vs
0.91 (95% CI, 0.85%–0.94%; P � 0.01), respectively; it was
also a better predictor for HCV deaths: AUROC � 0.96
(95% CI, 0.93%–0.98%) vs 0.87 (95% CI, 0.70%–0.94%;
P � 0.046), respectively. The prognostic value of
FibroTest was still significant (P <0.001) in multivariate
analyses after taking into account histology, treatment,
alcohol consumption, and HIV coinfection.
Conclusion: The FibroTest measurement of HCV bi-
omarkers has a 5-year prognostic value similar to that of
liver biopsy.
© 2006 American Association for Clinical Chemistry

Finding the best method to evaluate and manage patients
infected with the hepatitis C virus (HCV)6 continues to be
a challenge (1, 2). Liver biopsy for determining disease
grade and stage has limitations (3–5) and risks (6 );
noninvasive alternatives to liver biopsy in patients in-
fected with HCV (7 ) include 2 combinations of simple
serum biochemical markers: FibroTest (FT) (Biopredic-
tive) for the assessment of fibrosis, and ActiTest (AT)
(Biopredictive) for the assessment of necroinflammatory
activity (8–16). With biopsy as the standard of reference,
the diagnostic value of FT for a diagnosis of significant
fibrosis (bridging fibrosis), as estimated by the area under
the ROC curve (AUROC), is 0.73–0.86 (8 ). AUROC values
inside the range of other studies have been reported, but
the usefulness of FT compared with biopsy was not
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France.
4 Service d’Anatomie Pathologique Groupe Hospitalier Pitié-Salpêtrière,
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established (17 ). Discordance between FT and biopsy may
be related to biopsy failure due mainly to sampling errors
and to false-positive and false-negative FT results related
to Gilbert syndrome, hemolysis, or acute inflammation
(8, 18). Biomarkers have shown error rates similar to
(15, 16) or lower than (18 ) those of small liver biopsies.

Despite its limitations, liver biopsy is the only vali-
dated prognostic marker for chronic HCV infection (19–
21). To be useful as alternatives to liver biopsy, noninva-
sive biomarkers must demonstrate prognostic value
based on hard clinical endpoints: liver disease–related
mortality and severe hepatic complications.

We prospectively assessed the prognostic value of FT
for 5-year HCV mortality and morbidity compared with
prognostic values of histologic features of biopsy speci-
mens, the current standard of reference, and other in-
dexes.

Patients and Methods
patients
Study patients belonged to a prospective hospital-based
cohort of 2865 patients with chronic HCV, seen at our
institution from January 1997 to December 2002 (Fig. 1).
Survival analysis included a core cohort of 537 patients
who had been previously studied at baseline to assess the
discordance rate between biopsy and FT (18 ). Inclusion
criteria were 2 assessments of liver histology done �24 h
apart, 1 of a liver biopsy specimen and the other with FT
measured in serum. Patients had been referred by general
practitioners, private specialists, or public general hospi-
tals for the staging and treatment of HCV infection (18 ).

Most patients had no severe complications, and the dis-
ease had been discovered by the detection of HCV anti-
bodies. Liver biopsy was indicated for all patients without
a previous biopsy but was not performed in patients with
contraindications or who refused. All patients received FT
unless it was not available, the patient refused, or the
hospital laboratory was unable to perform the FT the day
of the biopsy.

Follow-up of core group patients was performed every
6 months, and biopsy or FT was repeated as considered
necessary by the physician in charge. A group of 395
patients (validation group) who underwent a baseline FT
either with no liver biopsy or with a �24-h lapse between
liver biopsy and FT were analyzed separately to check the
prognostic value of FT observed in the core group.

All procedures were followed in accordance with the
current revision of the Helsinki declaration, and all par-
ticipants gave informed consent. Biopsy was performed
for routine management of chronic HCV infection and
was not related to the study protocol. Consenting patients
underwent FT testing if biochemistry unit personnel were
available to perform the test and were blinded to the
clinical data. The result of the FT was known after the
results of the biopsy, and the clinical management at
baseline was decided according to biopsy results before
2002.

liver biopsies
Liver biopsies were processed with standard techniques.
A single pathologist (F.C.), who was unaware of the
biochemical markers, evaluated the stage of fibrosis and

Fig. 1. Study design and patients included.
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grade of activity according to the METAVIR scoring
system (22, 23). Fibrosis was staged on a scale of 0–4: F0,
no fibrosis; F1, portal fibrosis without septa; F2, few septa;
F3, numerous septa without cirrhosis; F4, cirrhosis.

biochemical markers
FT is a noninvasive blood test that combines the quanti-
tative results of 6 serum biochemical markers, [�2-macro-
globulin, haptoglobin, �-glutamyl transpeptidase, total
bilirubin, apolipoprotein A1, and alanine aminotransfer-
ase (ALT)] with patient age and sex data in a patented
artificial intelligence algorithm (24 ) to generate a measure
of fibrosis and necroinflammatory activity in the liver
(8–16). This method provides a numerical quantitative
estimate of liver fibrosis ranging from 0.00 to 1.00, corre-
sponding to the METAVIR scoring system, which grades
fibrosis from F0 (no fibrosis) to F4 (cirrhosis). An algo-
rithm has been suggested that would classify patients into
3 groups: no or minimal fibrosis (FT 0–0.31), moderate
fibrosis (FT 0.31–0.58), and severe fibrosis (FT 0.58–1.00)
(8, 18).

We measured �-glutamyl transpeptidase, ALT, AST,
and total bilirubin with a Hitachi 917 analyzer and Roche
Diagnostics reagents, and we measured �2-macroglobu-
lin, apolipoprotein A1, and haptoglobin with a Dade
Behring Nephelometer II. All tests were performed by
personnel blinded to all patient characteristics, including
biopsy results. All analytical studies, including intra- and
interobserver and reproducibility studies, were per-
formed independently of the present study, with CVs
�10%, and have been reported previously (25–30).

survival analysis
The 5-year survival without HCV-related cirrhosis or
complications related to liver disease [defined as: liver-
related death, liver transplantation, or one of the follow-
ing: decompensation, variceal bleeding, or hepatocellular
carcinoma (HCC)] was the a priori main end-point used
to compare the prognostic value of FT with histologic
staging of biopsy samples. Decompensation was deter-
mined by the presence of ascites or hepatic encephalopa-
thy or jaundice (total bilirubin, �51 �mol/L). Ascites was
deemed to be present when ascitic fluid was confirmed
by paracentesis and/or abdominal imaging. HCC was
diagnosed by histologic examination of liver tissue ob-
tained by liver biopsy, or at autopsy, or if 1 or more
hepatic space–occupying lesions observed at ultrasonog-
raphy or computed tomography were shown to have
vascular patterns typical of HCC by angiography, dual-
phase spiral tomography, or magnetic resonance imaging.
Variceal bleeding was diagnosed on the basis of endo-
scopic findings in patients presenting with upper gastro-
intestinal hemorrhage.

To validate that the classification of HCV patients into
3 classes according to FT values, as previously recom-
mended for disease management (8, 18), was actually
associated with mortality and morbidity, we used as 2

secondary endpoints survival without death related to
HCV and the overall survival whatever the cause of
death. We retrospectively compared FT with other in-
dexes: the classical Child–Pugh score (31 ), the APRI index
(32 ), and the Forns index (33 ).

The survival time was calculated from the date of FT to
the endpoint date. This interval was censored at the time
of last follow-up. For decompensated patients at baseline,
only complications occurring during follow-up were
taken into account. When several complications occurred,
the first one was taken into account. Each year, for
patients who had not been seen at our hospital in the
previous 12 months, we found out whether they were
living and, if not, the date and the cause of death. For
patients who were still alive, we either interviewed the
patients or obtained information through their physicians.
For deceased patients who died outside our hospital, we
obtained information about the date and cause of death
from their physicians or family. If we could not obtain
information on the patient, we sent a letter to the city of
their birth to find out whether they were still living and,
if not, the date of death.

statistical analysis
We used the �2 test for qualitative comparisons, the
Mann–Whitney test for quantitative comparisons (34 ),
time-dependent Kaplan–Meier analysis for survival
curves, and the log-rank test and the Cox proportional
hazard model for multivariate analysis (35 ). We checked
the assumption of proportional hazards by plotting the
scaled Schoenfeld residuals (36 ).

We compared patient survival with the survival ex-
pected in the French population, matched for age, sex,
and follow-up period. The survival curve of the French
population was calculated on the basis of age, sex, and
follow-up period and conditional probabilities of death
from official published census tables (35 ). For each pa-
tient, beginning from the date of FT assessment, we used
the Ederer II method to calculate a yearly predicted
cumulative survival rate from a person of the same age
and sex having a similar period of follow-up, and we used
the Z test for comparisons between actual and predicted
survivals (36 ) to compare the prognostic values of FT
and fibrosis staging. FT data, as well as other score values,
were entered as continuous variables. We calculated
AUROCs with an empirical nonparametric method ac-
cording to DeLong et al. (37 ) or the binormal method if
the sample size of the endpoint was �30 (38 ), and we
compared results with the method of Zhou et al. (39 ). We
used 2-sided statistical tests for all analyses; a P value of
�0.05 was considered substantial. We used Number
Cruncher Statistical Systems 2003 software for all analyses
(34 ).

Data from patients who had advanced cirrhosis at
baseline was excluded from sensitivity analysis, which
including only data from Pugh class A patients.

Clinical Chemistry 52, No. 10, 2006 3



Results
patients
Of the 2865 patients seen during the study period, 537
(19%) were included in the core group and 395 in the

validation group (Table 1). Core group patients were
younger, with lower body-mass index, more infections
attributable to intravenous drug use, higher transami-
nases and ALT, more genotype 3, less fibrosis, and less

Table 1. Characteristics of included patients.
Core group with

concomitant FT and biopsy,
mean (SD)

Group with FT but no
concomitant biopsy, mean (SD)

Significance,
P value

Number of patients 537 395
Characteristics
Age at biopsy, years 45.5 (12.4) 52.1 (13.4) �0.0001
Male, % 322 (60) 235 (60) 0.90
Female, % 215 (40) 160 (40)
Body mass index, kg/m2 24.2 (4.1) 24.9 (4.3) 0.01
Ethnic origin, %

Caucasian 454 (85) 342 (87) 0.64
African 4 (8) 32 (8)
Asian 36 (7) 21 (5)

Source of infection, % 0.01
Transfusion 113 (21) 114 (29)
IV drug 168 (31) 90 (23)
Other or unknown 256 (48) 191 (48)

Alcohol consumption, % 0.59
0 g/day 267(53) 210 (56)
0–50 g/day 169 (33) 114 (30)
Over 50 g/day 69 (14) 52 (14)

Coinfection HBV, % 18 (3.5) 6 (1.6) 0.08
Genotype, number performed, % 310 237 0.009

G1 163 (52) 147 (62)
G2 36 (12) 33 (14)
G3 73 (23) 30 (13)
G4, G5, G6 39 (13) 27 (11)

Baseline viral load, KUI/mL 1673 (3200) 1301 (2867) 0.11
Risk factors
Diabetes, % 34 (6.3) 23 (5.8) 0.74
Renal failure, % 17 (3.2) 5 (1.3) 0.06
Coinfection HIV, % 47 (9.2) 23 (6.1) 0.09
Biopsy
Number performed 537 223
Patients with A2 or A3 at biopsy, %a 173/537 (32) 79 (36) 0.34
Patients with F2, F3, or F4 at biopsy, % 240/537 (45) 120 (54) 0.02
Steatosis, % �0.0001

No 311/537 (58) 52/155 (33)
Yes 226/537 (42) 103/155 (67)

Quality of liver biopsy
Biopsy size, mm 16.1 (6.5) 17.2 (7.6) n � 183 0.17
25 mm or more, % 74/533 (14) 29/183 (16) 0.50

Biomarkers
Number performed 537 395

ALT UI/L 109 (96) 90 (83) 0.001
Total bilirubin, �mol/L 11.7 (8.2) 15.1 (28.9) 0.16
�-Glutamyl transpeptidase, IU/L 96 (152) 92 (133) 0.35
�2-Macroglobulin, g/L 2.52 (0.93) 2.81 (1.02) �0.0001
Apolipoprotein A1, g/L 1.46 (0.34) 1.44 (0.41) 0.45
Haptoglobin, g/L 0.93 (0.55) 0.89 (0.53) 0.41
FT (0.00–1.00) 0.41 (0.28) 0.51 (0.29) �0.0001
AT (0.00–1.00) 0.52 (0.27) 0.47 (0.28) 0.01
a A0, no histological activity; A1, mild activity; A2, moderate activity; A3, severe activity.
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steatosis than the validation group. Comparisons between
the patients of core group and the 2328 nonincluded
patients were previously published (18 ).

core group
A total of 396 patients (74%) had not been treated, and 141
(26%) had received treatment, mostly with a combination
of polyethylene glycol interferon and ribavirin; patients
with severe fibrosis had been treated more frequently
(59%; 93 of 157) than those without severe fibrosis (17%;
47 of 280); and 50% of treated patients (70 of 140) achieved
a sustained virologic response. A total of 59 patients (11%)
had a histologic diagnosis of cirrhosis, with only 1 patient
with Pugh class C decompensated cirrhosis at baseline
and 9 with Pugh class B. At baseline in the severe group,
12 patients had signs of portal hypertension: 3 with
esophageal varices, 2 with gastropathy, and 8 with signs
of portal hypertension by ultrasound. During follow-up,
8 patients were treated with beta-blockers for portal
hypertension. The median follow-up of the cohort was 57
months (range, 1–93 months). Details of the number of
patients at risk at each interval are given in Fig. 1.

complications and survival
A total of 29 complications, including 2 liver transplanta-
tions, were observed during the 5-year follow-up, with a
total of 20 deaths, including 9 deaths attributable to HCV
(Table 2A). One patient treated with beta-blockers bled
from esophageal varices but survived.

The survival outcomes of patients classified according
to previously defined FT cutoffs are presented in Table 2B.
At 5 years, the survival rate without HCV complications
was 93% [95% confidence interval (CI), 91%–96%; 29
complications], and the survival without HCV related
death was 98% (95% CI, 96%–99%; 9 deaths). The overall
survival was 95% (95% CI, 93%–97%; 20 deaths), which
was lower, although not substantially, than that for paired
controls (97%; 95% CI, 97%–98%; P � 0.06) (Table 2B).

No HCV-related complications or deaths occurred in
the minimal severity group; 1% complications (1 non-
treated patient) and no death occurred in the moderate
group; and 22% (n � 28) complications and 7% (n � 9)
HCV-related deaths occurred in the severe group (Fig. 2).
In the severe group, 13 (28%) complications (7 deaths)
occurred among the 64 untreated patients, 12 (26%) com-
plications (2 deaths) in 54 virologic nonresponders, and 3
(8%) complications (no death) among the 39 sustained
virologic responders. Overall survival of the untreated
severe group was substantially lower than that of paired
controls (Table 2B).

comparison with biopsy and other indexes
The ROC curves comparing the sensitivity and specificity
of FT vs fibrosis at biopsy for complications, HCV-related
death, and overall death are shown in Fig. 3. FT had a
substantially higher prognostic value than biopsy for
HCV complications and HCV-related deaths compared
(Table 3).

Table 2. Death and survival analysis.
A. Causes of death and complications during the 5-year follow-up.

Death related to HCV, n � 9 Complications without death, n � 20 Death unrelated to HCV, n � 11

Decompensation, n � 4 Decompensation, n � 4 Suicide, overdose, n � 3
HCC and hemorrhage, n � 3 Hemorrhage, n � 8 (1 transplanted) Plane accident, n � 1
HCC, n � 1 HCC, n � 8 (1 transplanted) Car accident, n � 1
Hemorrhage, n � 1 Regurgitation, n � 1

Nonliver lymphoma, n � 1
Cholangiocarcinoma, n � 1
Other, 3

B. Survival according to baseline FT value.
Baseline FT value n HCV

complications
Survival without

HCV complications
HCV Related

Death
Survival without

HCV Death
Death Overall survival Survival in paired

controls

0.00–0.31 243 0 100 0 100 2 98.9 (97.3–1.00)a 98.7 (98.6–98.9)
No or minimal fibrosis
0.32–0.58 137 1 98.8 (96.6–1.00) 0 100 6 93.4 (88.1–98.7)b 97.4 (96.9–97.9)
Moderate fibrosis
0.59–1.00 157 28 78.5 (71.2–85.9)c 9 92.7 (88.0–97.3)c 12 90.5 (85.3–95.7)c 95.1 (92.3–96.0)c

Severe fibrosis
Not treated 64 13 72.5 (58.7–86.2) 7 84.5 (73.2–95.7) 10 78.5 (66.2–90.9)d 94.2 (92.5–96.1)
Nonresponders 54 12 74.0 (61.0–87.1) 2 95.1 (88.45–1.00) 2 95.1 (88.5–1.00) 95.8 (94.8–96.7)
Sustained responders 39 3 92.3 (83.9–1.00) 0 100 0 100 95.6 (94.6–96.7)
All 537 29 93.2 (90.7–95.7) 9 97.8 (96.3–99.3) 20 95.0 (92.8–97.2) 97.3 (97.1–97.6)

a There was no significant difference for survival curves between minimal or moderate groups, with the exception indicated between overall survival (P � 0.02).
b Survival of the severe fibrosis group was not significantly lower than that of the moderately severe group (NS).
c Survivals of the severe fibrosis group were significantly lower than the two other groups (P �0.001).
d Overall survival of the nontreated severe fibrosis group was significantly lower than that of paired controls (P � 0.01).
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Fig. 2. Five-year survival curves according to FibroTest severity groups at
baseline.
(A), group 1, no or minimal fibrosis; patients with baseline FibroTest of 0.00–
0.31. (B), group 2, moderate fibrosis: patients with baseline FibroTest
of 0.32–0.58. (C), group 3, severe fibrosis: patients with baseline FibroTest of
0.58–1.00. Survival without HCV complications (A), survival without HCV death
(B), and overall survival (C) were higher in patients with minimal or moderate
FibroTest values in comparison with severe values (all log-rank tests, P �0.001),
except between moderate and severe groups for overall survival. We found no
substantial difference for survival curves between minimal or moderate groups
except for overall survival (P � 0.02).
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The FT AUROC for survival without complications
(0.96; 95% CI, 0.93%–0.97%) was also greater (all P �0.01)
than the AUROCs of the other indexes (Pugh, APRI, and
Forns; Table 3), and each of the 6 components of FT
analyzed separately (platelets, prothrombin time, and
albumin; see Table 1 in the Data Supplement that accom-
panies the online version of this article at http://www.
clinchem.org/content/vol52/issue10). FT had also better
prognostic value than the ActiTest or histologic activity
grade (data not shown).

variables associated with complications and
survival (see table 2 in the online data
supplement)
FT was the only variable significantly associated with
both survival without HCV-related complications and
overall survival. Fibrosis staging at biopsy was not asso-
ciated with overall survival. Heavy alcohol consumption
(�50 g/day) and absence of HCV treatment were associ-
ated with overall death.

test values on ft and biopsy for persons with
complications and death
Nine patients died from HCV-related causes: all of them
had been classified by FT at baseline as having cirrhosis;
7 of these patients had the same classification made by
biopsy, but 2 patients had been classified as noncirrhotic
by biopsy, one as stage F1 and the other F2.

Among the 20 patients who had nonlethal complica-
tions, 12 had been classified by both biopsy and FT as
having cirrhosis at baseline, 2 were classified as stage F2
by biopsy and FT, 5 were classified as cirrhotic by FT but
not by biopsy (2 F2 and 3 F3), and 1 was classified as F3
by FT and cirrhotic by biopsy.

repeated ft
For 72 patients with baseline severe fibrosis, a second FT
was performed after a mean (SE) of 5.0 (0.3) years.
Notable improvement of the FT was observed in 23
sustained virologic responders, including reversal of cir-
rhosis in 9 patients, [mean (SE) baseline FT, 0.76 (0.02); last
FT, 0.60 (0.03); P �0.0001], but improvement was not
observed in 36 nonresponders to virologic treatment
[mean (SE) baseline FT, 0.76 (0.02); last FT, 0.73 (0.03); P �
0.25] or in 13 nontreated patients [mean (SE) baseline FT,
0.80 (0.03); last FT, 0.77 (0.04); P � 0.42].

sensitivity analyses
When the 10 patients with baseline severe cirrhosis were
excluded, (5 of them died from HCV and 8 had compli-
cations), all the main results were the same (see Table 3 in
the online Data Supplement).

validation group
No HCV-related complications or HCV-related death
occurred in the minimal severity group (n � 129); 1%
complications (1 complication) and 1% death (1 death)

Fig. 3. ROC of FibroTest and biopsy.
(A), prognostic value (ROC curves) (AUROC) of FibroTest vs biopsy fibrosis
staging for survival without HCV-related complications. FibroTest AUROC (0.96;
95% CI, 0.93%–0.97%) was greater than fibrosis staging AUROC (0.91; 95% CI,
0.85%–0.94%; P � 0.01). (B), prognostic value (AUROC) of FibroTest vs biopsy
fibrosis staging for survival without HCV-related death. FibroTest AUROC (0.96;
95% CI, 0.93%–0.98%) was greater than fibrosis staging AUROC (0.87; 95% CI,
0.70%–0.94%; P � 0.046). (C), prognostic value (AUROC) of FibroTest vs biopsy
fibrosis staging for overall survival. FibroTest AUROC (0.76; 95% CI, 0.63%–
0.84%) was not substantially different from fibrosis staging AUROC (0.66; 95%
CI, 0.52%–0.78%).
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occurred in the moderate group (n � 98); and 22%
complications (27 complications) and 17% HCV-related
mortality (17 deaths) occurred in the severe group (n �
168) (P �0.001 between the severe vs the 2 other groups
for both complications and deaths).

Discussion
Until now, the prognostic markers validated for use in
chronic HCV have been the histologic fibrosis staging of
biopsy specimens, the Pugh score for patients with cirrho-
sis (19–21, 40), and hyaluronic acid (41 ).

Our results indicate that FT has a better 5-year prog-
nostic value than biopsy estimates, regardless of the
treatment and risk factors. Even after exclusion of decom-
pensated cirrhotic patients, the prognostic value of FT
was at least similar to biopsy. In the multivariate model,
biopsy was more predictive than FT for complications but
not for overall survival. Because of the applicability, cost,
and risks of biopsy, prognostic studies with FT and other
noninvasive methods should be the first-line approach.

Although this prognostic study was not specifically
designed to validate FT as a true surrogate endpoint of
HCV chronic hepatitis severity (42 ), we observed that FT
fulfilled almost all of the 13 criteria of a surrogate end-
point biomarker (43 ), including specificity and detection
limit for fibrosis, with l�5% false positives or false nega-
tives (8, 9, 18, 26). FT was indicative of response to viro-
logic treatment. The virologic treatment response that we
observed, with FT improvement and cirrhosis reversal,
has been previously observed (9, 11); intra- and inter-
observer variability of FT has been studied; preanalytical
and analytical recommendations have been issued
(8, 26, 44); and security algorithms have been designed

for detection of false positives or false negatives (18 ).
Serial monitoring of FT is possible, as has been demon-
strated in several studies (10, 11, 45).

In comparison, liver biopsy does not satisfy quality
criteria as a surrogate endpoint marker because of its
complication rate, sampling error, intra- and interob-
server variability, expense, and patient reluctance to un-
dergo serial monitoring. The results of our analysis of
hard clinical endpoints during this 5-year follow-up dem-
onstrate a higher failure rate of biopsy than FT (18 ). When
a false negative was defined as a patient without baseline
cirrhosis (FT or biopsy) who suffered HCV-related com-
plication or death during the 5 years, there were 7 false
negatives (true cirrhosis not detected at baseline) attrib-
utable to biopsy in this study and only 1 to FT.

We used a quantitative estimate for FT and a discrete
estimate for biopsy, but a comparison of AUROCs by
use of discrete FT scores vs histology (all in 5 classes from
F0 to F4) for the main endpoint (HCV complications) was
still significant in favor of FT: 0.96 (95% CI, 0.94%–0.97%)
vs 0.91 (95% CI, 0.85%–0.95%), P � 0.003, respectively.
Validation studies of biomarkers vs biopsy as surrogate
markers should be performed by independent groups.

Our study was not conclusive for the use of FT score to
determine the need for treatment, but the results sup-
ported a previously suggested treatment algorithm based
on FT values (18 ). Because patients with low FT scores
were unlikely to develop complications, decisions not to
treat such patients were unlikely to be associated with
clinical decompensation, at least over a relatively short
follow-up period. Patients with moderate FT scores were
at low risk, with a 1% risk at 5 years. Although availability
of FT test results could influence therapeutic decisions,

Table 3. Comparison of AUROC for survival endpoints determined from biomarkers and biopsy specimen histology

Marker
Number of
patients

Survival without HCV
complications Survival without HCV death Overall survival

AUROC 95% CI AUROC 95% CI AUROC 95% CI

FT 537 0.96a 0.93–0.97 0.96b 0.93–0.98 0.76 0.63–0.84
Nontreated 396 0.97 0.94–0.99 0.99 0.97–0.99 0.81 0.68–0.89
Treated 141 0.89 0.83–0.93 0.85 0.68–0.94 0.85 0.68–0.94

Fibrosis staging at biopsy 537 0.91 0.85–0.94 0.87 0.70–0.94 0.66 0.52–0.78
Nontreated 396 0.91 0.79–0.96 0.88 0.60–0.96 0.70 0.54–0.81
Treated 141 0.84 0.73–0.91 NPc NP

Pugh classification 537 0.80 0.65–0.89 0.89 0.57–0.97 0.71 0.52–0.83
Nontreated 396 0.84 0.60–0.94 0.85 0.46–0.98 0.61 0.48–0.71
Treated 141 0.76 0.52–0.89 0.99 �0.91–1.00 0.98 0.94–0.99

APRI Index 260 0.82 0.66–0.91 0.76 0.35–0.93 0.67 0.42–0.82
Nontreated 155 0.87 0.57–0.97 0.73 0.45–0.92 0.66 0.39–0.82
Treated 105 0.74 0.51–0.87 NP NP

Forns index 170 0.86 0.74–0.93 0.87 0.52–0.97 0.73 0.46–0.87
Nontreated 96 0.91 0.73–0.97 0.84 0.35–0.97 0.71 0.42–0.87
Treated 74 0.81 0.59–0.92 NP NP
a FT AUROC was greater than that with fibrosis staging (P � 0.01), ActiTest (P �0.0001), activity grading (P �0.0001), Pugh (P � 0.006), APRI (P � 0.03), and Forns

(P � 0.04).
b FT AUROC was greater than that with fibrosis staging (P � 0.046), ActiTest (P �0.0001), activity grading (P �0.001), and APRI (P � 0.02).
c NP, not possible because the number of events was too low.
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during follow-up (1997–2004), most patients were man-
aged according to biopsy results, and therapeutic deci-
sions were never related to the FT results from 1997 to
2002. Interestingly, for nontreated patients with severe FT
�0.58, overall survival was significantly lower than con-
trols (P � 0.02), whereas for sustained virologic respond-
ers with FT� 0.58, overall survival was similar to that of
controls. Thus, FT permitted identification of patients
with a high mortality risk.

Because the Pugh index was validated in patients with
cirrhosis, a group that represented �20% of the included
patients, the prognostic superiority of FT over Pugh was
expected. The superiority of FT over the Forns and APRI
indexes was also expected, because these indexes have
lower values for the diagnosis of advanced fibrosis as
assessed by AUROCs (13, 46).

One weakness of the present study was that the included
population was not a random, community-based popula-
tion. Baseline comparisons between the included and non-
included populations (18), however, have not identified
obvious causes of bias: data were very similar for variables
associated with a risk of bias in prognostic studies.

The patients of the core group were more likely to be
responders to HCV treatment, with better response vari-
ables: younger, lower body mass index, less steatosis, and
more genotype 3. Patients in the core group were more
often new patients with an indication of first liver biopsy,
which could explain more simultaneous biopsy and FT
than in patients of the validation group.

Compared with the nonincluded population, the core
group or the validation group likely included more pa-
tients who returned more frequently or had other features
suggestive of more aggressive disease. The survival in the
core group was higher than in a community-based retro-
spective cohort (47 ), however, and lower than in another
prospective tertiary hospital cohort (40 ). These 2 studies
differed from ours in design, including only untreated
patients and looking at follow-up from the time of HCV
detection. Although the rate of outcomes in the patients
with severe FT represents nearly a 20% cumulative inci-
dence, the low event rate is also a limitation of this study.
Our core group, however, had the advantage of including
treated and untreated patients with a wide range of fibrosis
severity and risk factors, without the exclusion of heavy
drinkers or HIV-coinfected patients. After we excluded
decompensated patients, fewer events were included, but
the main results were similar to those for the entire prospec-
tive cohort. Another advantage of this study was that it
allowed the observation of similar prognostic values of FT in
the validation population of 395 patients.

As previously reported (47 ), deaths unrelated to HCV,
including 3 suicides, were as frequent as HCV-related
death. The overall survival of patients with nonsevere
fibrosis at baseline was close to that of paired controls in
the general population. In patients with severe fibrosis,
overall survival was 5% lower than that of the control

population, a rate that should be confirmed with longer
follow-up.

In conclusion, the FT has prognostic values at least similar
to that of liver biopsy, with the advantage of being
noninvasive.
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