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Evolution of Noninvasive Tests of Liver
Fibrosis Is Associated With Prognosis in
Patients With Chronic Hepatitis C
Julien Vergniol,1 Jer^ome Boursier,2,3 Clelia Coutzac,1 Sandrine Bertrais,3 Juliette Foucher,1 Camille Angel,2
Faiza Chermak,1 Isabelle Fouchard Hubert,2,3 Wassil Merrouche,1 Frederic Oberti,2,3
Victor de Ledinghen,1,4 and Paul Calès2,3
No data are available about the prediction of long-term survival using repeated noninvasive
tests of liver fibrosis in chronic hepatitis C (CHC). We aimed to assess the prognostic value
of 3-year liver stiffness measurement (LSM), aspartate aminotransferase to platelet ratio
index (APRI), and fibrosis 4 (FIB-4) evolution in CHC. CHC patients with two LSM
(1,000-1,500 days interval) were prospectively included. Blood fibrosis tests APRI and FIB4 were calculated the day of baseline (bLSM) and follow-up (fLSM) LSM. Evolution of
fibrosis tests was expressed as delta: (follow-up-baseline results)/duration. Date and cause
of death were recorded during follow-up that started the day of fLSM. In all, 1,025 patients
were included. Median follow-up after fLSM was 38.0 months (interquartile range [IQR]:
27.7-46.1) during which 35 patients died (14 liver-related death) and seven had liver transplantation. Prognostic accuracy (Harrell C-index) of multivariate models including baseline
and delta results was not significantly different between LSM and FIB-4 (P  0.24),
whereas FIB-4 provided more accurate prognostic models than APRI (P 5 0.03). By multivariate analysis including LSM variables, overall survival was independently predicted by
bLSM, delta (dLSM), and sustained virological response (SVR). Prognosis was excellent in
patients having bLSM <7 kPa, SVR, or no increase (<1 kPa/year) in 7-14 kPa bLSM. Prognosis was significantly impaired in patients with an increase (1 kPa/year) in 7-14 kPa
bLSM, or decrease ( £ 0 kPa/year) in 14 kPa bLSM (P 5 0.949 between these two
groups). Patients with an increase (>0 kPa/year) in 14 kPa bLSM had the worst prognosis. Baseline and delta FIB-4 also identified patient subgroups with significantly different
prognosis. Conclusion: Three-year evolution of noninvasive tests of liver fibrosis has a
strong prognostic value in CHC patients. These tests should be repeated to monitor
patients and predict their outcome. (HEPATOLOGY 2014;60:65-76)

T

he evaluation of liver fibrosis is of major importance for the management of chronic liver disease and the prediction of prognosis, as
complications occur in patients with advanced fibrosis
stages. Progression to cirrhosis is associated with a risk
of liver-related complications, hepatocellular carcinoma,
and mortality. Monitoring of chronic liver disease is
thus essential to identify progressive liver disease, start
specific treatments, and decide on liver transplantation.

Currently, the reference for chronic hepatitis C
(CHC) fibrosis evaluation and prognosis is liver
biopsy, but due to complication rate, sampling error,
intra- and interobserver variability, and expense, noninvasive methods are now preferred.1 In cirrhosis
patients, Child-Pugh and MELD (Model of Endstage
Liver Disease) scores are simple tools correlated
with prognosis that help physicians to treat patients,
monitor, and decide on liver transplantation.2,3 Among
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noninvasive diagnostic scores, Fibrotest (Biopredictive,
Paris, France; Fibrosure-Labcorp, Burlington, VT),
aspartate aminotransferase to platelet ratio index
(APRI), enhanced liver fibrosis test (ELF), and fibrosis4 (FIB-4) are blood fibrosis tests that have been shown
to be accurate in predicting the risk of liver complications and survival in various chronic liver diseases.4-14
Liver stiffness measurement (LSM) using M probe
of FibroScan (Echosens, Paris, France) is a simple noninvasive method for the management of chronic liver
disease, available all over the world. Its performance
for the diagnosis of fibrosis and liver-related complications is well established.15-21 LSM can predict the risk
of hepatocellular carcinoma in chronic hepatitis B and
C.22,23 It also displays a good predictive value for survival without liver-related death and overall survival in
chronic hepatitis B.22,24 In CHC, we recently published the first study illustrating the 5-year prognostic
value of LSM for predicting liver-related death and
overall survival, in comparison with other methods.25
Evolution of fibrosis is a strong prognostic element in
CHC and factors associated with progression are now well
described.26 In clinical practice, there is a strong reluctance
in repeating liver biopsies and a need for a prognostic surrogate marker for follow-up. Few data are available on
fibrosis monitoring with repeated LSM.27-29 We have also
recently shown that noninvasive tests might be more sensitive to detect fibrosis progression than liver biopsy even
interpreted with morphometry.30 The first results in
chronic hepatitis B or primary biliary cirrhosis showed
that LSM evolution could predict liver-related events or
death.31,32 To our knowledge, no study has evaluated and
compared the effectiveness of repeated noninvasive tests of
liver fibrosis in predicting long-term survival in CHC
patients. We aimed to assess the prognostic value of 3-year
LSM, APRI, and FIB-4 evolution in CHC.

Patients and Methods
Patients
We included all CHC patients who underwent a
first LSM between January 2004 and February
2008 in the Hepatology Units of two tertiary centers
(Haut-Lev^eque Hospital, University Hospital of
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Bordeaux, Pessac, France; University Hospital of Angers,
Angers, France) and for whom a second LSM was available 3 years later. All patients were aged over 18. Determination of CHC was done using standard diagnostic
criteria: detectable serum anti-HCV antibodies and
HCV RNA. Exclusion criteria were coinfection with
human immunodeficiency virus or hepatitis B virus,
another cause of liver disease (except alcohol), failure of
LSM, previous liver-related complication (ascites,
hepatic encephalopathy, portal hypertension-related
bleeding, portal vein thrombosis, and hepatocellular carcinoma), liver transplantation before inclusion or before
follow-up LSM, and less than 6 months follow-up after
the second LSM. The study protocol conformed to the
ethical guidelines of the updated 1975 Declaration of
Helsinki. Patients were enrolled after written informed
consent was obtained. The study was registered at the
ClinicalTrials.gov (Identifier: NCT01241227).
Baseline
At baseline, on the same day, we performed LSM
and recorded clinical and biological data.
Clinical Parameters. For all patients, the following
clinical parameters were gathered: gender, weight,
height, body mass index (BMI), alcohol, tobacco and
cannabis consumption, hypertension, and diabetes.
LSM. LSM was performed with the patient lying in
dorsal decubitus, with the right arm in maximal abduction, on the right lobe of the liver, through intercostal
spaces. The operator, assisted by a time-motion ultrasound image, located a liver portion at least 6 cm thick
and free of large vascular structures. When the target area
had been located, he pressed the probe button to begin
the measurements. The measurement depth was between
25 and 65 mm using the M probe of FibroScan (Echosens, Paris, France). Ten validated measurements were performed on each patient. The results are expressed in kPa.
Only procedures with at least 10 validated measurements
and an interquartile range (IQR) inferior to 30% of the
median value were considered reliable.19,33,34 LSM was
performed in both units by specialized nurses.
Blood Tests. For all patients, the following blood
parameters were measured: platelet count, aspartate aminotransferase, and alanine aminotransferase. The APRI
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and the FIB-4 score were calculated according to published formulas.5,6
Follow-up
The follow-up evaluation (follow-up LSM, APRI,
and FIB-4) was performed between 1,000 to 1,500
days, i.e., at least 3 years after baseline evaluation
(Supporting Fig. s1). Study follow-up started the day
of the follow-up evaluation and ended December 31
2011. Final analysis of the data was in April 2013.
Patients had a conventional treatment of their disease
during follow-up: the peg-interferon and ribavirin regimen was used according to EASL guidelines,35 and a
few patients had antiviral treatments under evaluation.
Patients were followed every 6-12 months, depending
on the severity of the disease. Those developing liverrelated complication had a closer follow-up. Sustained
viral response (SVR) was defined by a negative HCVRNA 6 months after the end of antiviral therapy.
At the end of follow-up, death status and causes of
death were recorded for patients still followed in our
units, or for those whose physician gave us the information. For the remaining patients we asked the
French national register of deceased called RNIPP
(Repertoire National d’Identification des Personnes
Physiques) according to the protocol used in this case.
For patients who were lost to follow-up before December 31 2011 and not retrieved in the national register
of deceased, the follow-up was censored at the time of
last information available. Transplanted patients were
registered as dead at the date of liver transplantation.
Overall survival (including all cause of death and
liver transplantation) was the primary endpoint. The
secondary endpoint was survival without liver-related
death (including death related to liver disease or liver
transplantation).
Statistical Analysis
Results are expressed as mean 6 SD, or with median
[1st and 3rd quartiles] when specified. We used the 7.0
kPa and 14.0 kPa cutoffs for the diagnosis of significant
fibrosis (Metavir F 2) and cirrhosis.16,36,37 Because the
time interval between baseline and follow-up fibrosis
tests could vary between 1,000 to 1,500 days, their evolution was calculated as delta 5 (follow-up result 2 baseline result) / time interval between baseline and followup measurements (year). Delta LSM was thus expressed
as kPa/year and delta APRI or FIB-4 as unit/year.
Comparison of Prognostic Accuracy of Noninvasive Fibrosis Tests. We first determined prognostic
models for each fibrosis test by using the regression formula of multivariate Cox models. These models
included baseline and delta results of fibrosis tests
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(Model #1); baseline and delta results adjusted for SVR
only (Model #2); or baseline and delta results adjusted
for SVR, age, sex, virus genotype, and BMI (Model #3).
The prognostic accuracy of each model was then determined using the C-index of Harrell.38 The Harrell Cindex is an extension of the area under the receiver operating characteristic (AUROC) for time-to-event (survival) data and evaluates the concordance between the
predicted risk of event and the observed survival time.
Its results vary from 0 to 1: 1 shows a perfect concordance (discriminative power of the risk score), 0.5 shows
random prediction, and a value less than 0.5 indicates
discrimination in the opposite direction to that expected.
The 95% confidence interval (CI) of each Harrell Cindex was calculated by a bootstrap method, using 1,000
random samples (with replacement) of the same size as
the original dataset. Paired comparisons of the C-indexes
were performed using a bootstrap resampling procedure
as previously described.39 Briefly, the difference between
the two C-indexes was calculated on each of the 1,000
bootstrap samples to obtain the bootstrap 95% CI of the
difference. Then the estimate of the standard error from
this bootstrap distribution was used to calculate the
standardized difference between the C-indexes and find
the corresponding P-value.
Prognosis Assessment in Clinical Practice. To
identify predictors of death, we first performed univariate analysis using the univariate Cox Model for quantitative variables and Kaplan-Meier curves with the
log-rank test for qualitative variables. Significant variables were then introduced in a multivariate Cox
Model, those with skewed distribution being already
ln-transformed. Finally, we tested the interactions
between the independent predictors: in case of significant interaction between two variables, we determined
subgroups of patients according to one of the variables
included in the significant interaction, and repeated
multivariate analyses to identify the independent predictors of death in these subgroups. By stratifying
patients according to independent predictor results,
this method allowed us to depict how to use these predictors in clinical practice to assess prognosis.
Two-sided statistical tests were used for all analyses.
P < 0.05 was considered significant. Statistical analyses
were performed using SPSS v. 18.0 software (IBM,
Armonk, NY) and SAS 9.2 (SAS Institute, Cary, NC).

Results
Characteristics of Patients. In all, 1,502 patients
with CHC and 2 LSM at 3-year intervals were
included between January 2004 and February 2008 in
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Fig. 1. Chart flow of patients. *For patients whose survival status
was not available at 31 December 2011, follow-up was censored at
the date of last information available. LSM: liver stiffness measurement, SVR: sustained viral response.

the Pessac and Angers centers. In all, 477 patients
were excluded for: previous liver-related complications
(n 5 14), liver transplantation before baseline LSM or
between baseline and follow-up LSM (n 5 19), failure
of baseline or follow-up LSM (n 5 12), delay between
baseline and follow-up LSM <1,000 or >1,500 days
(n 5 319), less than 6 months follow-up after followup LSM (n 5 113) (Fig. 1).
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In all, 1,025 patients were finally included. Their
characteristics are presented in Table 1. The mean age
was 52.0 6 12.0 years; 49.7% of the patients were male;
mean BMI was 24.5 6 4.0 kg/m2; and 11.8% of patients
had excessive alcohol consumption (>30 g/day for men
and >20 g/day for women). During follow-up, 16.4%
patients achieved SVR. 56.0%, 31.3%, 12.7% of
patients had baseline LSM, respectively: <7 kPa, 7,
and <14 kPa, 14 kPa. The time interval between baseline and follow-up LSM was 40.7 6 4.0 months
(median: 40.1 [1st and 3rd quartiles: 37.3-43.8]).
Median baseline LSM was 6.6 kPa [1st and 3rd quartiles:
5.1-9.5] and median follow-up LSM was 6.2 kPa [4.88.8]. Baseline and follow-up LSM were significantly different (P 5 0.014) and well correlated (Spearman correlation coefficient Rs 5 0.650, P < 0.001; Supporting
Table s1). Median delta LSM was 20.1 kPa/year [20.60.4]. As expected, IQRs of delta LSM were significantly
wider as baseline LSM increased: 0.03 kPa/year [20.220.36] for baseline LSM <7.0 kPa, 20.42 kPa/year
[20.88-0.36] for baseline LSM between 7.0 and 14.0
kPa, and 21.13 kPa/year [22.76-1.24] for baseline
LSM 14.0 kPa (P < 0.001 between groups).
Survival. Mean follow-up duration after follow-up
evaluation was 36.8 6 11.8 months (median: 38.0
[27.7-46.1]), and 77.5 6 11.0 months (median: 79.7
[69.4-86.2]) since baseline evaluation. Survival status
at December 31 2011 was available for 975 (95.1%)
patients. For the 4.9% remaining patients who were lost
to follow-up and not retrieved in the national register of
deceased, last information available was after a
27.4 6 11.8 months mean follow-up duration (median:
25.7 [17.8-35.9]). Thirty-five patients died and seven
had liver transplantation during follow-up (Table 2).
Forty-two patients were thus considered dead during
follow-up, with 21 from liver-related causes. Compared
to patients alive at the end of follow-up, patients who
died had significantly different baseline characteristics
(Table 1): they were more frequently males (P 5 0.011),
had higher age (P 5 0.041), BMI (P 5 0.018), baseline
or follow-up noninvasive tests results (P < 0.001), delta
of noninvasive tests (P  0.005), and lower SVR rate
(P 5 0.033). Overall survival significantly decreased as
baseline LSM increased (Fig. s2 in Supporting Material).
Overall Accuracy of Noninvasive Tests for the
Prediction of Death. Harrell C-index of prognostic
models including baseline and follow-up results of
fibrosis tests were not significantly different among
LSM, APRI, and FIB-4 (see model #1 in Table 3).
After adjustment for SVR, age, sex, BMI, and virus
genotype, the difference remained not significant
between LSM and FIB-4 models (see models #2 and
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Table 1. Characteristics of the 1,025 Included Patients
Pessac center (%)
Age (years)
Male gender (%)
BMI (kg/m2)
Excessive alcohol (%)
Tobacco use (%)
Cannabis use (%)
Diabetes (%)
Hypertension (%)
Virus genotype (%):
-1
-2
-3
-4
-5
-6
Baseline LSM (kPa)
Baseline LSM (%)
- <7 kPa
- 7 and <14 kPa
- 14 and <20 kPa
- 20 kPa
Follow-up LSM (kPa)
Delta LSM (kPa per year)
Baseline APRI
Follow-up APRI
Delta APRI (unit/year)
Baseline FIB-4
Follow-up FIB-4
Delta FIB-4 (unit/year)
SVR (%)
Time interval between baseline
and follow-up evaluation (months)
Follow-up after follow-up
evaluation (months)

All (n 5 1,025)

Alive at EOF (n 5 983)

Dead at EOF (n 5 42)

83.9
52.0 6 12.0
49.7
24.5 6 4.0
11.8
47.4
3.3
6.8
18.3

84.1
51.8 6 11.9
48.8
24.5 6 4.1
11.4
47.4
3.3
6.6
18.2

78.6
56.4 6 13.9
69.0
25.5 6 3.0
21.9
46.9
3.6
11.9
19.5

65.8
13.8
10.2
9.0
1.0
0.2
9.0 6 7.9
(6.6; 5.1-9.5)

65.6
13.8
10.1
9.3
0.9
0.2
8.6 6 7.3
(6.4; 5.1-9.1)

70.7
12.2
12.2
2.4
2.4
0.0
18.4 6 13.4
(14.8; 8.3-22.0)

56.0
31.3
5.9
6.8
9.0 6 8.7
(6.2; 4.8-8.8)
0.01 6 2.11
(20.1; 20.6-0.4)
0.76 6 1.05
(0.43; 0.27-0.77)
0.81 6 1.28
(0.42; 0.27-0.76)
0.02 6 0.30
(0.01; 20.04-0.05)
1.84 6 1.91
(1.27; 0.84-2.03)
2.19 6 2.65
(1.49; 1.04-2.30)
0.10 6 0.56
(0.05; 20.02-0.16)
16.4
40.7 6 4.0

57.8
31.4
5.0
5.8
8.4 6 7.6
(6.1; 4.8-8.5)
20.05 6 1.90
(20.1; 20.6-0.4)
0.69 6 0.88
(0.42; 0.27-0.73)
0.71 6 1.05
(0.41; 0.27-0.71)
0.01 6 0.28
(0.01; 20.04-0.05)
1.69 6 1.54
(1.25; 0.83-1.93)
1.95 6 2.08
(1.45; 1.02-2.16)
0.08 6 0.49
(0.05; 20.02-0.14)
16.9
40.7 6 4.0

14.3
28.6
26.2
31.0
23.4 6 17.3
(19.5; 10.1-33.7)
1.55 6 4.70
(0.7; 20.3-2.7)
2.40 6 2.44
(1.68; 0.52-2.83)
3.14 6 2.97
(2.18; 0.83-4.37)
0.22 6 0.54
(0.08; 20.05-0.40)
5.42 6 4.48
(3.93; 1.72-9.03)
7.75 6 6.15
(7.34; 2.37-11.74)
0.69 6 1.31
(0.30; 20.03-1.48)
4.8
41.4 6 4.2

(40.1; 37.3-43.8)
36.8 6 11.8

(40.1; 37.2-43.7)
37.4 6 11.5

(41.4; 37.4-44.8)
23.7 6 12.7

(38.0; 27.7-46.1)

(38.5; 28.3-46.4)

(23.6; 11.8-31.9)

P*

0.388
0.041
0.011
0.018
0.089
1.0
1.0
0.200
0.837
0.632

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
0.005
<0.001
<0.001
<0.001
0.033
0.272

<0.001

*By Fisher or Mann-Whitney test.
Results are expressed as mean 6 standard deviation (median; 1st and 3rd quartiles). EOF: end of follow-up, BMI: body mass index, LSM: liver stiffness measurement, SVR: sustained viral response, IQR: interquartile range.

#3 in Table 3). However, adjusted FIB-4 models had
significantly higher C-indexes than adjusted APRI
models. We thus considered only LSM and FIB-4 for
further analyses.
Prediction of Death Using Baseline and Delta
LSM. By univariate analysis (Table 4), death was significantly associated with age (P 5 0.016), male gender
(P 5 0.012), excessive alcohol consumption (P 5 0.036),
baseline LSM (P < 0.001), follow-up LSM (P < 0.001),

delta LSM (P < 0.001), and SVR (P 5 0.033). By multivariate analysis, independent predictors of death were
baseline LSM, delta LSM, and SVR. Figure 2 shows
Kaplan-Meier curves of overall survival as a function of
delta LSM level. Patients whose delta LSM increased by
more than 1 kPa/year had a worse overall survival compared to patients whose delta LSM was between 21 and
1 kPa/year (P < 0.001) or those who decreased by more
than 1 kPa/year (P 5 0.012).
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Table 2. Causes of Death During Follow-up
Liver-related deaths (n 5 21)

Deaths unrelated to liver disease (n 5 21)

Hepatocellular carcinoma (n 5 8)
Sepsis (n 5 3)
Liver failure (n 5 2)
Hepatorenal syndrome (n 5 1)
Liver transplantation* (n 5 7)

Cardiovascular disease (n 5 6)
Non-liver cancer (n 5 3)
Stroke (n 5 3)
Lung infection (n 5 2)
Lymphoma (n 5 1)
Unknown (n 5 6)

*Patients were censored at transplantation date and considered dead.

Interaction between baseline LSM and delta LSM
had borderline significance (P 5 0.073), whereas it was
not significant between SVR and baseline LSM
(P 5 0.828) or delta LSM (P 5 0.523). Patients with
baseline LSM <7 kPa had excellent prognosis (only
1% of the 574 died during follow-up) as well as those
with baseline LSM 7 kPa who achieved SVR (2% of
the 102 patients died during follow-up) (Supporting
Fig. s3 and Table s2). In the 349 remaining patients
with baseline LSM 7 kPa who did not achieve SVR,
interaction between baseline LSM and delta LSM was
significant (P 5 0.022). In the 246 patients with baseline LSM between 7 and 14 kPa who did not achieve
SVR, three patient subgroups were identified according
to delta LSM (Fig. s4): there was no death during
follow-up of the 36 patients who had delta LSM 1
kPa/year, whereas 3% of the 162 patients with delta
LSM between 21 and 1 kPa/year and 12.5% of the
48 patients with delta LSM 1 kPa/year died during
follow-up. Finally, in the 103 patients with baseline
LSM 14 kPa who did not achieve SVR, two subgroups of patients were identified (Fig. s5): those with
delta LSM 0 kPa/year (13% of the 61 patients died
during follow-up), and those with delta LSM >0 kPa/
year (36% of the 42 patients died during follow-up).

Figure 3A shows Kaplan-Meier curves of overall survival as a function of the seven subgroups previously
described. Survival was not significantly different across
the four first groups (group 1: baseline LSM <7 kPa;
group 2: baseline LSM 7 kPa and SVR during
follow-up; group 3: baseline LSM between 7 and 14
kPa, no SVR, and delta LSM 21 kPa/year; group 4:
baseline LSM between 7 and 14 kPa, no SVR, and
delta LSM between 21 and 1 kPa/year). Interestingly,
overall survival was not significantly different between
group 5 (baseline LSM between 7 and 14 kPa, no
SVR, delta LSM 1 kPa/year) and group 6 (baseline
LSM 14 kPa, no SVR, delta LSM 0 kPa/year).
Overall survival in groups 5 and 6 was significantly
worse than observed in groups 1-4. Finally, group 7
(baseline LSM 14 kPa, no SVR, delta LSM >0 kPa/
year) had the poorest prognosis in our cohort, significantly worse than all the other six patients groups
(P  0.010).
To summarize, patients with a low baseline LSM
(<7 kPa), SVR, or stable/decreasing (<1 kPa/year)
noncirrhosis baseline LSM (<14 kPa) had a similar
excellent prognosis. Outcome was significantly
impaired in patients with increasing (1 kPa/year)
baseline fibrotic LSM (7-14 kPa), or with decreasing
(0 kPa/year) baseline cirrhosis LSM (14 kPa). The
worst prognosis was in patients with increasing (>0
kPa/year) baseline cirrhosis LSM.
Prediction of Death Using Baseline and Delta
FIB-4. The same analysis done for LSM was repeated
for FIB-4. Univariate and multivariate analysis identified baseline FIB-4 (Ln unit: P < 0.001, hazard
ratio 5 4.75 [95% CI: 3.30-6.83]) and delta FIB-4
(P 5 0.002, hazard ratio 5 1.28 [95% CI: 1.10-1.50])
as independent predictors of death. Overall survival

Table 3. Harrell C-Index for the Prediction of Death by Prognostic Models Including
Baseline and Evolution (delta) of Noninvasive Tests Results

Fibrosis Test

LSM
FIB4
APRI
Paired-comparisons (p):
LSM vs FIB4
LSM vs APRI
FIB4 vs APRI

Model #1
Baseline,* delta

Model #2
Baseline,* delta, SVR

Model #3
Baseline,* delta, SVR, Age,
Sex, BMI, Virus Genotypey

0.810 [0.716-0.890]
0.824 [0.742-0.894]
0.795 [0.701-0.880]

0.824 [0.740-0.900]
0.848 [0.783-0.907]
0.800 [0.709-0.881]

0.844 [0.768-0.908]‡
0.862 [0.800-0.917]
0.816 [0.735-0.890]

0.69
0.65
0.21

0.43
0.47
0.07

0.37
0.24
0.03

Models #1 are not adjusted, models #2 are adjusted for sustained viral response (SVR), and model #3 are adjusted for SVR, age, sex, body mass index (BMI),
and virus genotype.
*Baseline result was introduced as ln-transformed for the three noninvasive tests to satisfy the proportional hazards property and/or the linear form assumption.
†
Virus genotype 1 vs. 2/3 vs. 4/5/6.
‡
This model was also adjusted for baseline and follow-up interquartile range of LSM result.
LSM: liver stiffness measurement; SVR: sustained viral response.
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Table 4. Predictors of Overall Survival Using LSM Results
Univariate Analysis
Variable

Pessac center
Age (years)
Male gender
BMI (kg/m2)
Diabetes
Hypertension
Alcohol abuse
Tobacco use
Cannabis use
Virus genotype:
- 1 versus 2/3
- 1 versus 4/5/6
Baseline LSM (ln kPa)
Baseline IQR/M
Follow-up LSM (ln kPa)
Follow-up IQR/M
Delta LSM (kPa/year)
Antiviral treatment
SVR

P*

0.283
0.016
0.012
0.111
0.116
0.861
0.036
0.994
0.832
0.585

<0.001
0.635
<0.001
0.909
<0.001
0.305
0.033

Hazard Ratio (95% CI)

0.67
1.03
2.25
1.06
2.08
1.07
0.42
1.00
0.81

(0.32-1.40)
(1.01-1.06)
(1.17-4.34)
(0.99-1.13)
(0.82-5.29)
(0.49-2.32)
(0.18-0.97)
(0.50-2.00)
(0.11-5.93)

0.97
0.48
4.27
0.60
5.47
1.22
1.25
0.73
0.24

(0.47-1.99)
(0.11-2.00)
(2.94-6.22)
(0.07-4.87)
(3.82-7.84)
(0.04-38.80)
(1.16-1.36)
(0.39-1.34)
(0.06-1.00)

Multivariate Analysis
Step

Py

Hazard Ratio (95% CI)

—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—

1st
—
—
—
2nd
—
3rd

<0.001
—
—
—
<0.001
—
0.023

5.76 (3.74-8.87)
—
—
—
1.19 (1.11-1.28)
—
0.19 (0.05-0.80)

*By Log-rank test on Kaplan Meier curves for qualitative variables and univariate Cox model for quantitative variables.
By multivariate forward stepwise Cox model.
BMI: body mass index, LSM: liver stiffness measurement, SVR: sustained virological response, IQR: interquartile range.
†

worsened with increasing baseline FIB-4 (Fig. s6) or
delta FIB-4 (Fig. s7). After evaluation of interactions
between the independent predictors, nine subgroups of
patients were finally identified (Supporting Table s3).
Figure 3B shows Kaplan-Meier curves of overall survival as a function of these nine subgroups. Survival
was significantly different between groups 1/2 versus
3/4/5 (P 5 0.001 by log-rank test), groups 3/4/5
versus 7 (P < 0.001), and groups 7 versus 6/8/9
(P 5 0.038). On the other hand, survival was not significantly different between group 1 (low baseline FIB4) and group 2 (intermediate baseline FIB-4 without

Fig. 2. Kaplan-Meier curves of overall survival as a function of delta LSM
(kPa/year) in the whole cohort.

increase during follow-up, P 5 0.620). Survival was
also not significantly different between group 3 (intermediate baseline FIB-4 with increase during followup) and groups 4/5 (high baseline FIB-4 without
increase, P 5 0.456). Finally, survival was not significantly different between group 6 (high baseline FIB-4
with high increase during follow-up) and groups 8/9
(very high baseline FIB-4 with increase during followup, P 5 0.760).
Survival Without Liver-Related Death. Among
the 42 patients who died during follow-up, 21 died
from liver-related causes (Table 2). Median baseline
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Fig. 3. Kaplan-Meier curves of overall survival as a function of patients subgroups defined by baseline LSM, delta LSM, and sustained viral
response (A), or by baseline and delta FIB-4 (B).

LSM was significantly different between patients who
died from a liver-related cause and those who died
from a nonliver-related cause, respectively: 18.5 kPa
[11.1-30.7] versus 12.8 kPa [6.1-18.9] (P 5 0.036).
Survival without liver-related death significantly

decreased as baseline LSM increased (Fig. s8 and Table
s1). Survival without liver-related death as a function
of the seven LSM groups (previously defined according
to baseline LSM, delta LSM, and SVR) or the nine
FIB-4 groups (previously defined by baseline and delta
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FIB-4) is depicted in Fig. s9. These figures show similar trends than those observed for overall survival.

Discussion
To our knowledge, this is the first study showing
that evolution of noninvasive tests of liver fibrosis is
predictive of survival in CHC. Monitoring patients
with LSM allows a prediction of overall survival and
survival without liver-related death. Survival decreases
as delta LSM increases, especially in patients with baseline LSM >7 kPa. Global evaluation using Harrell Cindexes of multivariate predictive models showed that
FIB-4 was as accurate as LSM for the prediction of
death, and significantly more accurate than APRI. As
with LSM, baseline and delta FIB-4 identified patient
subgroups with significantly different prognoses. Our
study highlights the major importance of noninvasive
first evaluation, fibrosis monitoring, and antiviral treatment. It validates LSM as a strong predictive noninvasive tool for the follow-up of patients with chronic
hepatitis C.
Median follow-up in our study is 79.7 months,
with a very low rate of loss to follow-up (5%). In this
long-term follow-up, patients with a very bad prognosis may have been missed, especially those excluded for
having previous liver-related complications, those who
died before follow-up LSM, those who could not have
an LSM performed due to ascites, or poor general status. Some patients did not have follow-up LSM, due
to failure or unreliable follow-up LSM, or because
they stopped their follow-up in the investigator centers. For most of these patients, a bad outcome could
be predicted with simple methods such as Child-Pugh
or MELD scores. We did not use these two scores in
our study because few patients were cirrhotic at baseline (12.7% had baseline LSM 14 kPa). Furthermore, these scores increase in a small proportion of
patients, usually those with high LSM or high delta
LSM.
We arbitrarily chose a second evaluation 3 years
after baseline. We considered this delay to be long
enough to observe significant variations in LSM, the
impact of a complete and efficient antiviral treatment,
and to obtain a sufficient cohort to describe survival
with a long follow-up. Optimal delay for LSM monitoring remains to be defined. Patients with a low baseline LSM, or with SVR, should be monitored with a
3-year second LSM, as shown in our study. Patients
with high baseline LSM or comorbidities could be
monitored every year, in order to identify and treat a
more aggressive disease. Future studies are needed to
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determine delays for LSM monitoring, according to
liver characteristics, but also patient characteristics.
Our study exhibited a major impact of SVR in
patient’s outcome. First, SVR had no influence on
overall survival in patients with low LSM at baseline,
confirming the role of LSM in starting treatments.
Second, patients with fibrosis or cirrhosis at baseline
and SVR during follow-up had a very different prognosis compared to non-SVR patients, illustrating the
need for retreatment in experienced patients, and the
need for the development and commercialization of
new molecules as quickly as possible.
Our final data on overall survival have strong implications for clinical practice. Patients with a low baseline LSM (<7 kPa), SVR, or stable/decreasing (1
kPa/year) noncirrhosis baseline LSM (<14 kPa) have
an excellent prognosis in terms of overall survival, with
a very low rate of liver-related death. Physicians may
adapt the frequency of monitoring in these patients
and not insist on antiviral treatment. Since patients
with initial significant fibrosis who display decreasing
LSM also have excellent prognosis, we illustrate the
need for handling comorbidities, i.e., any other cause
of higher LSM that could decrease with treatment,
usually alcoholic liver disease and nonalcoholic steatohepatitis. Conversely, our results show that patients
with a presumed liver significant fibrosis (LSM
between 7 and 14 kPa) and increasing LSM 1 kPa/
year had a similar prognosis to patients with presumed
cirrhosis (LSM 14 kPa) and decreasing LSM (<0
kPa/year). Finally, patients with increasing (>0 kPa/
year) baseline cirrhosis LSM have the worse prognosis,
since cirrhosis patients with a progressive disease
(whatever the cause, hepatitis C or comorbidities) are
strongly exposed to the liver-related complications.
According to these results, we propose a clinical management algorithm, using baseline LSM, LSM evolution, and SVR achievement for the prediction of
prognosis and patient management in CHC (Fig. 4).
FIB-4 appears as accurate as LSM for the prediction
of death in our cohort. Indeed, the Harrell C-index of
prognostic models derived from LSM or FIB-4 results
were not significantly different (Table 3), and survival
among the prognostic subgroups identified by LSM
and FIB-4 showed a similar pattern (Fig. 3). FIB-4 has
the strong advantages of being cheap, easy-to-calculate,
and available to all practitioners. Nevertheless, other
blood fibrosis tests have been developed for the noninvasive diagnosis of liver fibrosis in CHC: Fibrotest,
FibroMeter, Hepascore, or ELF. These blood tests are
more complex to calculate and more expensive than
FIB-4, but they are also more accurate for the
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Fig. 4. Algorithm using baseline LSM, delta LSM, and SVR for the
assessment of prognosis in patients with chronic hepatitis C. LSM:
liver stiffness measurement, SVR: sustained viral response.

diagnosis of fibrosis.40 Knowing that prognosis in
CHC is linked to liver fibrosis, noninvasive tests that
are better calibrated to this lesion may have better
accuracy for the prognosis assessment. Further studies
that evaluate the prognostic significance of the evolution of these blood tests are thus required.
Compared to FIB-4, LSM is expensive but has
some particular advantages for diagnosis and prognostic assessment in CHC. Indeed, LSM is one of the
best-validated methods for these two aims in almost
every chronic liver disease, with good applicability and
reproducibility. Interestingly, calculated baseline LSM
cutoffs in our study (7.0 and 14.0 kPa) were the same
as those usually accepted for the diagnosis of significant fibrosis and cirrhosis in CHC.16,36,37 This shows
that LSM displays a continuum between diagnosis of
liver fibrosis and prognosis assessment in CHC.
Another advantage is that LSM provides immediate
results, thus with the possibility to refine the patient
management during the consultation.
Finally, since the Controlled Attenuation Parameter
(CAP) is now coupled with LSM, it is possible to have
a quantitative measurement of steatosis at the same
time of fibrosis evaluation.41 As liver steatosis is associated with worse prognosis in CHC,42 further studies
will have to determine if CAP measurement helps to
refine prognosis assessment by LSM.
Our results are of course a proof of concept, and
more studies are required to sharpen the information
given by repeated measurements, especially in terms of
survival without liver complication, to estimate the risks
of ascites, encephalopathy, variceal bleeding, or hepatocellular carcinoma. Large prospective multicenter studies will be needed to define these predictive values,
assess the influence of LSM reproducibility and reliability, and evaluate the cost-effectiveness of noninvasive
monitoring. Furthermore, in a world where more CHC
will be “curable” with expensive antiviral treatments,
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the prediction of prognosis will probably help physicians to identify patients “worth being treated.”
With regard to liver monitoring, repeated noninvasive tests of liver fibrosis may help to change the standard care of patients with cirrhosis. Indeed, regression
of liver fibrosis in CHC patients is associated with an
excellent prognosis.43 Finally, data about monitoring
by noninvasive fibrosis tests are needed for the other
main causes of chronic liver diseases, especially the
“hard to treat” nonalcoholic fatty liver disease, in order
to improve recommendations, start hepatocellular carcinoma screening, and select patients for therapeutic
clinical trials.
In conclusion, the evolution over time of LSM and
FIB-4 results is predictive of long-term survival in
patients with CHC and strongly helps physicians in the
prediction of patient prognosis. All CHC patients
should undergo a noninvasive evaluation of liver fibrosis
at baseline, but noninvasive tests need to be repeated,
especially in patients with significant fibrosis or cirrhosis,
to better predict their outcome, help in the decision of
antiviral treatment, handle comorbidities, and decide on
liver transplantation. As indicated in Fig. 4, baseline
measurement, evolution, and antiviral response are three
main tools for the management of CHC in 2013.
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