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BACKGROUND & AIMS:
 Liver biopsy is invasive and associated with complications, sampling errors, and observer
variability. Vibration-controlled transient elastography (VCTE) with FibroScan can be used to
immediately assess liver stiffness. We aimed to define optimal levels of liver stiffness to identify
patients with chronic viral hepatitis and significant fibrosis, advanced fibrosis, or cirrhosis.
METHODS:
 In a prospective, 2-phase study, patients with chronic hepatitis C or B underwent VCTE followed
by liver biopsy analysis from January 2005 through May 2008 at 6 centers in the United States.
In phase 1 we identified optimal levels of liver stiffness for identification of patients with stage
F2LF4 or F4 fibrosis (the development phase, n [ 188). In phase 2 we tested these cutoff
values in a separate cohort of patients (the validation phase, n [ 560). All biopsies were
assessed for METAVIR stage by a single pathologist in the phase 1 analysis and by a different
pathologist in the phase 2 analysis. Diagnostic performances of VCTE were assessed by area
under the receiver operating characteristic curve (AUROC) analyses.
RESULTS:
 In phase 1 of the study, liver stiffness measurements identified patients with ‡F2 fibrosis with
AUROC value of 0.89 (95% confidence interval, 0.83–0.92) and identified patients with F4
fibrosis with AUROC value of 0.92 (95% confidence interval, 0.87–0.95). Liver stiffness cutoff
values (kPa) in phase 1 were 8.4 for ‡F2 (82% sensitivity, 79% specificity) and 12.8 for F4 (84%
sensitivity, 86% specificity). In the phase 2 analysis, the liver stiffness cutoff values identified
patients with ‡F2 fibrosis with 58% sensitivity (P < .0001 vs phase 1) and 75% specificity
(nonsignificant difference vs phase 1); they identified patients with F4 fibrosis with 76%
sensitivity (P < .0001 vs phase 1) and 85% specificity (nonsignificant differences vs phase 1).
VCTE had an interobserver agreement correlation coefficient of 0.98 (n [ 26) and an intra-
observer agreement correlation coefficient of 0.95 (n [ 34).
CONCLUSIONS:
 In a large U.S. multicenter study, we confirmed that VCTE provides an accurate assessment of
liver fibrosis in patients with chronic viral hepatitis. Our findings are similar to those from
European and Asian cohorts.
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Liver inflammation and cellular injury lead to
fibrosis with progression to cirrhosis and compli-

cations of decompensated end-stage liver disease such as
hepatocellular carcinoma. Currently, liver biopsy is the
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reference technique for determining the extent of hepatic
fibrosis and inflammation. However, the procedure is
invasive and can result in occasional significant complica-
tions. Limitations of biopsy also include variability in tis-
sue sampling and interobserver and intraobserver
variability that result in incorrect staging of disease.1

Because of the limitations of several liver biopsy imaging
methods that are based on the principle of elastography
have been evaluated for staging liver disease, which
aims at measuring the stiffness of the liver. Several manu-
facturers have developed technologies evaluating liver
stiffness such as the Virtual Touch Tissue Quantification
system2 (Siemens, Munich, Germany), the Shear Wave
Elastography system3 (SuperSonic Imagine, Aix en Pro-
vence, France), or the Vibration-Controlled Transient
Elastography system (VCTE) implemented on the Fibro-
Scan4 (Echosens, Paris, France). VCTE using the FibroScan
device is the most validated and commonly used elastog-
raphy method worldwide and was recently approved in
the United States by the Food and Drug Administration.5,6

This technology is based on a rapidmeasure of shear wave
velocity and subsequent calculation of liver stiffness,
which correlates with severity of fibrosis. Data suggest
VCTE is reliable in diagnosing cirrhosis in patients with
chronic liver disease,7 advanced fibrosis in patients with
alcoholic and nonalcoholic fatty liver disease,8,9 and sig-
nificant fibrosis in patients with chronic hepatitis C
(CHC)10 and in biliary diseases.11 However, some factors
such as patient body mass index (BMI) were reported to
be associated with lower applicability of VCTE, but they
caused unreliable measurements or examination fail-
ures.12 Despite this limitation, a meta-analysis of 50
studies evaluating VCTE in comparison with liver biopsy
as a reference showed that this technique has good diag-
nostic accuracy in detecting cirrhosis, regardless of the
underlying cause of liver disease.13

In addition to these imaging techniques, other
noninvasive methods to assess fibrosis are based on a
biological approach that uses direct and indirect blood
markers.14–17 Among them, aspartate aminotransferase-
to-platelet ratio index (APRI), which is based on aspar-
tate aminotransferase (AST) and platelets, and FIB-4,
which is based on age, AST, alanine aminotransferase,
and platelets, are commonly used because the required
blood parameters are inexpensive and routinely assessed
for the management of patients with chronic liver dis-
ease. In addition, both APRI and FIB-4 exhibit good
diagnostic performance for exclusion of cirrhosis in CHC
patients.18–20

The primary objective of the study was to (1) identify
optimal liver stiffness measurement (LSM) cutoff values
for staging significant fibrosis, advanced fibrosis, and
cirrhosis in a development cohort of U.S. patients with
chronic viral hepatitis and (2) to validate these LSM cutoff
points in an independent validation cohort. Secondary
objectives were to (1) assess the intraoperator and
interoperator reproducibility of LSM performed by VCTE,
(2) identify the factors independently associated with
LSM, (3) evaluate the potential influence of patient’s BMI
on the diagnostic performances of VCTE for significant
fibrosis and cirrhosis assessment, and (4) to compare the
diagnostic performance of VCTE versus the fibrosis bio-
markers APRI and FIB-4 in the validation cohort.

Methods

Consecutive adult male or female patients with
chronic hepatitis B or CHC who were undergoing liver
biopsy were prospectively included in this study.
Enrollment was from January 2005 through May 2008 at
6 centers in the United States.

Study Design

The study was conducted in 2 phases. Phase 1 was
designed to identify the optimal LSM thresholds to stage
significant liver fibrosis (� F2), advanced fibrosis (�F3),
and cirrhosis (F4). Phase 2 was designed to validate the
selected LSM thresholds from phase 1. Assessment
included interobserver and intraobserver variations in
LSM, and liver biopsy served as the reference in staging
fibrosis or cirrhosis.

The time between the FibroScan reading and the bi-
opsy was not to exceed 6 months for phase 1 and 6
weeks for phase 2. The FibroScan operator was blinded
to the fibrosis stage, and only the study pathologist, data
center (Duke Clinical Research Institute), and sponsor
had access to the centralized liver biopsy results.

Vibration-Controlled Transient Elastography

LSMs were performed by using FibroScan device
powered by VCTE (Echosens) as previously described
(Supplementary Materials), equipped with the standard
M probe.

Intraoperator and Interoperator Variability
of Liver Stiffness

Intraoperator and interoperator variability of LSM
was performed on a subgroup of patients randomly
selected from phase 2. For interoperator variability
analysis, 2 LSMs were performed by 2 separate trained
operators before liver biopsy on the same day and in the
same anatomic location. Subjects enrolled in the intra-
operator analysis had a second examination performed
within 6 weeks by the same operator. In both interop-
erator and intraoperator analyses, the initial LSMs were
considered the efficacy data, and the second measure-
ments were variability data.

Liver Biopsy

All liver biopsies were evaluated by the central pathol-
ogy lab at Beth Israel Deaconess Medical Center according
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to the METAVIR scoring system.21 The protocol specified
that biopsies should be performed by using an 18-gauge
cutting needle (TruCut), and the criteria for adequacy are
given in the Supplementary Materials. Biopsies in phase 1
were read by I.N. and in phase 2 by either I.N. or T.C.
Table 1. Characteristics of Patients in Matched Population for

Characteristics Pha

Total 188
Gender (male) 130 (
Age (y) 48.1 (
Height (cm) 174 (
Weight (kg) 81.1 (
BMI (kg/m2) 26.7 (
Waist circumference (cm) 94 (
White 149 (
Hispanic or Latino 5 (
Hepatitis C virus 179 (
Hepatitis B virus 10 (
Human immunodeficiency virus 9 (
Diabetes 18 (
Arterial hypertension 57 (
Rheumatoid arthritis 6 (
Osteoarthritis 18 (
Psoriasis 4 (
Gout 5 (
Hepatomegaly 34 (
Splenomegaly 7 (
Spider nevi 17 (
History of alcohol usage 162 (
Albumin (g/dL) 4.6 (
Alkaline phosphatase (IU/L) 85.7 (
Alpha fetoprotein (ng/mL) 15.4 (
Alanine aminotransferase/serum glutamic pyruvic

transaminase (IU/L)
90.2 (

AST/serum glutamic oxaloacetic transaminase (IU/L) 69.7 (
Platelets (103/mm3) 214 (
International normalized ratio 1.07 (
Total bilirubin (mg/dL) 0.65 (
METAVIR fibrosis stages

F0 20 (
F1 85 (
F2 23 (
F3 22 (
F4 38 (

METAVIR activity
A0 6 (
A1 122 (
A2 57 (
A3 3 (

Steatosis stages
None (S0) 146 (
5%–30% (S1) 39 (
30%–60% (S2) 3 (
>60% (S3) 0 (

Study sites (%)
1 102 (
2 30 (
3 56 (
4
5
6

NOTE. Data expressed as mean (standard deviation) or N (percentage). Statistical
test for proportion (c2 (P value)).
Biological Parameters

Basic biochemical measures were taken at a
maximum within 3 months of biopsy and FibroScan:
alanine aminotransferase, AST, alkaline phosphatase,
Phase 1 And Phase 2

se 1 Phase 2 Statistical difference

560 —

69%) 361 (64%) 1.37 (.24)
9.3) 49.9 (8.8) 0.02
9.7) 173 (9.7) 0.24
16.9) 80 (9.0) 0.40
4.2) 26.6 (4.3) 0.96
13.4) 91 (13.4) 0.005
79%) 437 (78%) 0.12 (.73)
3%) 49 (9%) 7.80 (.005)
95%) 521 (92%) 1.11 (.29)
5%) 43 (8%) 1.19 (.28)
5%) 15 (3%) 2.02 (.17)
10%) 66 (12%) 0.69 (.41)
30%) 169 (30%) 0.001 (.97)
3%) 30 (5%) 1.44 (.23)
10%) 49 (9%) 0.12 (.73)
2%) 11 (2%) 0.02 (.89)
3%) 10 (2%) 0.55 (.46)
18%) 24 (4%) 40.70 (<.001)
4%) 3 (1%) 10.01 (.007)
9%) 7 (1%) 28.18 (<.001)
86%) 452 (81%) 3.46 (.18)
3.1) 4.9 (5.0) 0.40
35.0) 91.6 (47.6) 0.13
69.1) 8.5 (21.5) 0.11
94.5) 86.8 (79.8) 0.63

65.7) 65.9 (59.8) 0.46
70) 222 (78) 0.24
0.47) 1.35 (2.00) 0.06
0.50) 0.80 (3.02) 0.49

47.7 (<.001)
10.6%) 28 (5%)
45.2%) 159 (28.4%)
12.2%) 185 (33%)
11.7%) 105 (18.8%)
20.3%) 83 (14.8%)

17.1 (.001)
3%) 5 (1%)
65%) 294 (53%)
30%) 255 (45%)
2%) 6 (1%)

7.9 (.05)
77.7%) 398 (71.1%)
30.7%) 124 (22.1%)
1.6%) 37 (6.6%)
0.0%) 1 (0.2%)

54.3%) 144 (25.7%)
16.0%) 48 (8.6%)
30.0%) 11 (19.6%)

80 (14.3%)
95 (17.0%)
83 (14.8%)

difference displays the result of t test for quantitative variables (P value) or of c2
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g-glutamyltransferase, prothrombin time, albumin, total
bilirubin, platelet count, and a-fetoprotein (if available).

In patients with complete biochemical data, the per-
formance of VCTE was compared with that of APRI and
FIB-4. The APRI was calculated as follows: ASTx (upper
limit of normal)/platelet count (�109/L) � 100.19 FIB-4
was calculated as age [y] � AST [U/L])/((PLT [109/L]) �
(ALT [U/L])1/2).18

Statistics

All statistical analyses were performed by using R
software (R Development Core Team 2008) and IBM
SPSS (Armonk, NY), and P value < .05 was considered
significant. Details of the statistical analysis are given in
the Supplementary Materials.

Results

Overall, 907 patients were enrolled in this study. The
study flow sheet is shown in Supplementary Figure 1.
Patient baseline characteristics are listed in Table 1.
Average time between LSM and biopsy was 19.1 � 34.7
days. Both phase 1 and phase 2 populations exhibited
similar clinical and biochemical characteristics, except
Figure 1. Box plot of LSM
per METAVIR fibrosis
stage, with associated P
values for statistical differ-
ence of LSM between each
consecutive stage. MP1P,
matched population phase
1; MP2P, matched popu-
lation phase 2.
patients in phase 1 were younger (P ¼ .02), had a larger
waist circumference (P ¼ .005), and were more likely to
have hepatomegaly (P < .001), splenomegaly (P ¼ .007),
or spider nevi (P < .001). Unreliable LSM rate was also
significantly different between phase 1 and phase 2
(4.2% vs 12.3%, respectively, P < .001).

Figure 1 displays the box plots of LSM by METAVIR
fibrosis stage for both cohorts.

In phase 1, LSM could discriminate F3 versus F4 pa-
tients (P ¼ .0014) but not F1 versus F2 patients and F2
versus F3 patients (P > .05 for both). In phase 2, LSM
could discriminate F2 versus F3 patients (P ¼ .015) and
F3 versus F4 patients (P < .001) but not F1 versus F2
patients (P > .05). According to Kruskal–Wallis test, LSM
was significantly different across fibrosis stages in both
populations (P < .001). Mean LSM was significantly
different between phase 1 and phase 2 for METAVIR
stage F2 (12.0 vs 8.4 kPa, P < .001) and when taking all
fibrosis stages together (13.6 vs 11.3 kPa, P ¼ .025).
Reproducibility of Vibration-Controlled
Transient Elastography

FibroScan VCTE examination was performed on 2
occasions within 6 weeks in a subgroup of 34 patients;
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the intraoperator intraclass correlation coefficient (ICC)
was 0.95 (95% confidence interval, 0.89–0.97). For LSM
performed by 2 different operators in a subgroup of 26
patients, the interoperator ICC was 0.98 (95% confidence
interval, 0.95–0.99).
p
ar
is
on

W
ith

H
is
to
lo
gy

iti
vi
ty

)
S
p
ec

ifi
ci
ty

(%
)

P
P
V
(%

)
N
P
V
(%

)
D
A
(%

)

.0
42

79
.0

.7
41

75
.6

.1
55

84
.7

.0
12

80
.3

.0
12

74
.9

80
.8

55
.0

70
.5

.1
92

81
.9

.8
88

68
.8

.1
12

93
.7

.0
62

83
.5

.0
75

80
.1

62
.0

88
.6

77
.0

.5
12

86
.0

.9
45

60
.4

.0
09

95
.6

.2
45

85
.6

.0
98

85
.1

41
.6

97
.6

79
.8

in
th
e
p
ha

se
2
co

ho
rt
(N

¼
56

0)
,w

ith
as

so
ci
at
ed

se
ns

iti
vi
ty
,s

p
ec

ifi
ci
ty
,p

os
iti
ve

p
re
d

LR
–
)a

nd
th
ei
r
re
la
te
d
P
va

lu
es

fo
r
st
at
is
tic

al
si
gn

ifi
ca

nc
e
b
et
w
ee

n
b
ot
h
p
ha

se
s.

C
ut
o

Diagnostic Performances of Vibration-
Controlled Transient Elastography and Optimal
Thresholds (Phase 1)

Diagnostic performances (areas under receiver
operating characteristic curves [AUROCs]) of VCTE for
diagnosing F�2 were good (95% confidence interval,
0.89; 95% confidence interval, 0.83–0.92) and excellent
for both diagnosis of F�3 and F4 with AUROCs of 0.92
(95% confidence interval, 0.87–0.95) and 0.92 (95%
confidence interval, 0.87–0.95), respectively. Optimal
stiffness cutoff values (kPa) for maximizing the sum of
sensitivity and specificity were 8.4 kPa for F�2 (sensi-
tivity, 82%; specificity, 79%), 9.6 kPa for F�3 (sensi-
tivity, 88%; specificity, 82%), and 12.8 kPa for F4
(sensitivity, 84%, specificity, 86%). AUROCs of VCTE and
cutoffs for discriminating between each METAVIR
fibrosis stage are given in Table 2. Adjusted AUROC by
using the Obuchowski method (0.89 � 0.01) confirmed
this excellent performance.
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Application of Predefined Thresholds on the
Validation Cohort (Phase 2)

LSM thresholds defined in phase 1 (N ¼ 188) applied
to the phase 2 cohort (N ¼ 560) exhibited sensitivity and
specificity of 58% and 75% for diagnosing F�2, 72% and
80% for diagnosing F�3, and 76% and 85% for diag-
nosing F4, respectively (Table 2).

There were no statistically significant differences in
sensitivity and specificity in phase 2 patients when
applying the predefined cutoffs from phase 1, except for
the diagnosis of F�2, for which sensitivity decreased from
81.9% to 57.9% (P¼ .042, Table 2). Similarly, therewas no
significant difference in terms of well-classified patients
between both phases 1 and 2, except for the diagnosis of
F�2 (diagnostic accuracy of 80.3% vs 70.5%, P ¼ .012).
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Factors Independently Associated With Liver
Stiffness Measurement in Phase 1 and Phase 2

Multiple regression analysis in the phase 1 cohort
(N ¼ 188) indicated that LSM was independently
associated with METAVIR fibrosis stages (P < .001),
total bilirubin (P ¼ .003), and alkaline phosphatase
(P ¼ .014).

In the phase 2 cohort (N ¼ 560), LSM was indepen-
dently associated with METAVIR fibrosis stages
(P < .001), alkaline phosphatase (P < .001), BMI
(P ¼ .017), and platelet count (P ¼ .033) (Table 3).



Table 3. Predictors of Liver Stiffness Values by Multiple Regression Analysis for Each Phase of the Study

Phase 1 (N ¼ 188) Phase 2 (N ¼ 560)

Factor R2 (SD) P value Factor R2 (SD) P value

METAVIR fibrosis stage 31.7% (9.6) <.05 METAVIR fibrosis stage 44.4% (11.6) <.001
Alkaline phosphatase .014 Alkaline phosphatase <.001
Total bilirubin .003 BMI .017

Platelets .033

R2, regression coefficient; SD, standard deviation.
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Influence of Body Mass Index on Performance
of Vibration-Controlled Transient Elastography

In the phase 2 validation cohort, performances of
VCTE (AUROC) to diagnose F�2 and cirrhosis were
similar in patients with low or high BMI. However, for
diagnosis of F�3, AUROC was 0.88 in low BMI sub-
group compared with 0.79 in high BMI subgroup
(Table 4).

These results were confirmed by evaluating the
overall performance of VCTE by using the Obuc-
howski method; AUROC of the BMIþ group was
0.78 � 0.80, whereas AUROC of the BMI– group was
0.81 � 0.22.
Vibration-Controlled Transient Elastography in
Comparison With Biochemical Scores
Aspartate Aminotransferase-to-Platelet Ratio
Index and FIB-4

Comparison of diagnostic performances between
LSM, APRI, and FIB-4 was performed on patients from
the phase 2 cohort with available results (n ¼ 546). LSM
had an AUROC of 0.73 for the diagnosis of F�2, which
was higher than APRI (0.67, P ¼ .015) and FIB-4 (0.67,
P ¼ .016). Similar differences were observed for pre-
dicting cirrhosis F4, with higher AUROC of 0.90 for LSM
compared with 0.78 for APRI (P < .001) and 0.78
(P < .001) for FIB-4 (Table 5).
Table 4. Diagnostic Performances of VCTE as Function of
Patient BMI in the Validation Cohort (N ¼ 560)

METAVIR BMI group AUROC

F�2 BMIþ 0.73
BMI– 0.75
Whole population 0.73

F�3 BMIþ 0.79
BMI– 0.88
Whole population 0.83

F4 BMIþ 0.91
BMI– 0.90
Whole population 0.90
Discussion

This study is one of the few published biopsy-
controlled studies defining stiffness thresholds for
stages �F2, F3, and F4 in a development cohort and then
evaluating their performance in an independent valida-
tion cohort. Moreover, this is a study in a large cohort of
U.S. patients with chronic viral hepatitis. We confirmed
good performance of VCTE to stage significant fibrosis
F�2, with AUROC of 0.89. Performance was also excellent
for detecting advanced fibrosis F�3 and cirrhosis F4, with
AUROC of 0.92 for both. The newAmerican Association for
the Study of Liver Diseases guidelines for prioritization of
direct acting antiviral treatment have suggested that F3
and greater is an important group to treat.22 Our findings
would suggest that VCTE represents an important tool for
the diagnosis of F3 and greater and that a liver stiffness
>9.6 kPa can be used to help guide treatment decisions.
These diagnostic performances were confirmed by the
excellent adjusted AUROC of the VCTE overall diagnostic
accuracy calculated by using the Obuchowski method
(0.89) and are consistent with previous studies per-
formed in hepatitis C virus patients or in other viral
hepatitis cohorts10,23 with the M probe. LSM cutoffs were
also equivalent to those of previous studies:24,25 Castera
et al24 reported similar cutoffs of 7.1, 9.5, and 12.5 kPa for
the diagnostic of F�2, F�3, and F4, respectively, in a
comparable hepatitis C virus population.

LSM performance characteristics were markedly bet-
ter when comparedwith controlled liver biopsy in phase 1
compared with the validation cohort with uncontrolled
biopsy in phase 2. Nonetheless, the application of our
cutoffs in the validation cohort (phase 2) showed lower
Table 5. Diagnostic Performances of VCTE and Fibrosis
Biochemical Scores APRI and FIB-4 for Diagnosis of
F�2 and for F4 in the Validation Cohort (Phase 2,
N ¼ 546)

AUROC F�2
P value vs

VCTE AUROC F4
P value vs

VCTE

VCTE 0.735 0.897
APRI 0.673 .015 0.785 <.001
FIB-4 0.672 .016 0.781 <.001



778 Afdhal et al Clinical Gastroenterology and Hepatology Vol. 13, No. 4
sensitivities, specificities, and diagnostic accuracies.
However, these differences in diagnostic performance
between the development and validation cohorts were
only statistically significant for the diagnosis of significant
fibrosis.

The relatively poor performance of the selected
thresholds in the validation group could be explained by
several factors. First, the mean liver stiffness in phase 1
was significantly different between the 2 cohorts for
METAVIR stage �F2 (P ¼ .007), causing a comparison
bias and potentially explaining the low values of sensi-
tivity, specificity, positive predictive value, negative pre-
dictive value, and diagnostic accuracy in the phase 2
cohort. Second, biopsy represents an imperfect gold
standard to evaluate fibrosis because of non-homogenous
distribution of fibrosis, and sampling variability between
cohorts could also explain differences in LSM diagnostic
performance. Prior studies have shown that limited
diagnostic accuracy of fibrosis markers might be due to
error of the biopsy itself.26

Interestingly, we also noted poor diagnostic perfor-
mance for indirect serum biomarkers such as APRI and
FIB-4 for cirrhosis. The diagnostic performance for these
markers was lower than that of prior studies. Zarski
et al27 reported AUROCs of 0.86 for APRI and 0.83 for
FIB-4 to diagnose cirrhosis in a cohort of CHC patients,
compared with 0.78 and 0.79 in our study. However, our
results confirm that VCTE is more accurate for fibrosis
assessment than the studied biomarkers APRI and FIB-4
and as reported in previous studies in both hepatitis C
virus27 and hepatitis B virus patients.28

In our overall study population, 93 of 907 patients
had to be excluded because of unreliable LSM (less than
8 valid measurements within 20 attempts). Thus, the
applicability rate of VCTE was 89.7% in the U.S. popu-
lation, demonstrating good feasibility of the technique
with better applicability rates than previously pub-
lished.29,30 However, the reliability criteria for a reliable
VCTE examination in these studies were more restrictive
(minimum of 10 valid measurements, success rate
�60%, and interquartile range/median stiffness ratio
�30% were required) compared with our study, poten-
tially explaining these differences. It is important to point
out that success rate of 60% has not been validated as an
independent variable that predicts accuracy and that the
interquartile range and obtaining 8 or more valid shots
are probably the best criteria for a valid scan.31,32

We further investigated the influence of patient BMI
on LSM performance and report a positive correlation
between stiffness and patient BMI in the phase 2 cohort.
However, the diagnostic performance of LSM was not
significantly affected by BMI except for patients with
advanced fibrosis F3, for which the AUROC for patients
with elevated BMI was lower than for patients with
lower BMI (0.79 vs 0.88, respectively). This finding is
consistent with prior studies because patient BMI is
known to be associated with LSM failure and unreliable
measurements.12 However, the limitation of the standard
M probe in terms of diagnostic performance in over-
weight or obese patients may be overcome by using the
newer XL probe.33

We also confirmed the good reproducibility of VCTE,
which exhibited excellent intraobserver agreement (ICC,
0.95) and interobserver agreement (ICC, 0.98) similar to
that reported by Boursier et al34 and Neukam et al.35

Our study has some limitations. First, the quality of
the biopsy specimens (1.5-cm minimum length with at
least 6 portal tracts and 1-cm minimum for cirrhosis)
was suboptimal in comparison with recommended
standards.1 This could have affected the accuracy of the
biopsy, which is our reference method, thus potentially
causing bias in the evaluation of the diagnostic perfor-
mance of VCTE.

Second, the VCTE measurements were not taken in
fasting conditions. It has recently been demonstrated
that VCTE measurements can be overestimated because
of food intake.29 The manufacturer now recommends
waiting at least 2 hours after a meal before doing the
VCTE examination. Nonetheless, such recommendations
were not published at the time of the study, and this also
could have affected and potentially underestimated the
diagnostic accuracy of VCTE.

Third, we did not exclude hepatitis B virus patients
from our analysis, although different cutoffs have been
reported in this indication.30 Nevertheless, because of the
very small number of hepatitis B virus patients in our
cohort, it did not affect the cutoffs and diagnostic perfor-
mances of VCTE (data not shown). In summary, we can
conclude that there is a strong correlation between liver
stiffness and fibrosis in a heterogeneous but representa-
tive U.S. population of hepatitis C virus/hepatitis B virus
patients and similar to those reported in European and
Asian populations, and that useful thresholds can be
implied from this study. However, because of the vari-
ability of histologic fibrosis and the accuracy of biopsy, we
believe that VCTE should be used in conjunctionwith other
clinical data, including simple fibrosis markers, to provide
information on fibrosis stage and risk of cirrhosis. Appli-
cation of VCTE to clinical care has been recently reviewed
and is a new point-of-care evaluation for assessing liver
stiffness as a noninvasive measure of fibrosis evaluation in
U.S. patients with chronic viral hepatitis.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
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Methods

Patients with any of the following were excluded
from study participation: active malignancy, any antiviral
treatment within the last 6 months, uninterpretable bi-
opsy specimen, other chronic liver disease, clinical asci-
tes, BMI �40 kg/m2, pregnancy, or any implantable
cardiac device. All patients provided written informed
consent, and the study was approved by institutional
review board at each center.

Vibration-Controlled Transient Elastography

FibroScan VCTE examinations were conducted by
using the conventional standard M probe (ultrasound
central frequency of 3.5 MHz, with measurement depth
from 2.5 to 6.5 cm below skin surface).

The tip of the probe transducer was covered with
coupling gel and placed on the skin between the ribs
anterior to the right lobe of the liver. By using an ultra-
sonic image, the operator located a portion of the liver
that was at least 7 cm in depth and free of large vascular
structures. During acquisition, patients lay on their back
and had their right arm behind their head. LSM was
considered valid if there were at least 8 valid measure-
ments within 20 attempts. LSM results were expressed
as a median value (kPa) of all valid measurements with
associated interquartile range and success rate.

Statistics

All statistical analyses were performed by using R
software (R Development Core Team 2008) and IBM
SPSS (Armonk, New York, NY), and P value < .05 was
considered significant.

Patient characteristics were summarized as means
and standard deviation or numbers of cases and per-
centages, as appropriate.

The interobserver and intraobserver agreement be-
tween VCTE values was assessed by using the ICC and
respective 95% confidence intervals.

The relationships between LSM and other variables
(clinical, histologic, and biological parameters) were
evaluated by using the Kendall rank correlation coeffi-
cient. Multivariate analyses were performed by using
multiple linear regression to investigate the variables
independently associated with LSM (LSM was trans-
formed by using the Box–Cox transformation1 owing to
its skewed distribution). A backward selection proce-
dure, which was based on the minimization of the Akaike
information criterion, selected independent features
significantly associated with LSM.

Diagnostic performance was assessed by AUROC
curves by using liver biopsy as reference. Sensitivity,
specificity, positive predictive value, and negative
predictive value were calculated for optimal cutoff values
obtained by maximizing the sum of sensitivity and
specificity (Youden Index) for the selected diagnosis.

In addition, the Obuchowski measure was assessed,2

taking into account the distribution of fibrosis stages in
the study population. The Obuchowski index is a multi-
nomial version of the AUROC and can be interpreted as
the probability that LSM will correctly rank 2 randomly
chosen patients sampled with different fibrosis stages
F0–F4. Weighting was based on the relative proportion
of 5 fibrosis stages in the study population. The Obu-
chowski measure was assessed by using a penalty
function similar to that reported in Lambert et al.3 This
penalty function was proportional to the difference in
fibrosis grade units, ie, a penalty of 1/4 when the dif-
ference between grades was 1, 2/4 when the difference
was 2, 3/4 when the difference was 3, and 1 when the
difference was 4.

To further investigate the infuence of patient’s BMI on
the diagnostic performances of VCTE, the median BMI for
each fibrosis stage was used to split the studied popu-
lation into low and elevated BMI subgroups with iden-
tical distribution of patients across the 5 fibrosis stages:
BMI below the median BMI for the given fibrosis stage
(BMI– group) and BMI above the median BMI for the
given fibrosis stage (BMIþ group). AUROCs were then
calculated for both populations for prediction of F�2,
F�3, and F4.

To compare the diagnostic accuracy of VCTE with the
biomarkers APRI and FIB-4, differences between
AUROCs were determined by the DeLong test, which
takes into account the obvious correlations between the
measurements.4

Results

In phase 1 (March 2005–February 2006), 237 pa-
tients were enrolled at 3 sites in the United States; 49
subjects were excluded because of the following: lack of
either biopsy or LSM result (n ¼ 15), unreliable LSM
result (<8 valid measurements within 20 attempts, n ¼
32), or inadequate quality of biopsy (n ¼ 2). Thus, 188
patients were eligible for statistical analysis in phase 1.
For phase 2 (March 2007–September 2008), 670 pa-
tients were enrolled at 6 sites; 110 were excluded
because of the following: lack of biopsy or LSM result
(n ¼ 8), unreliable LSM result (<8 valid measurements
within 20 attempts, n ¼ 77), or inadequate quality of
biopsy, n ¼ 25). Thus, 560 patients were eligible for
statistical analysis in phase 2.

Discussion

BMI was the only independent factor associated with
unreliable LSM measurements (P < .001, data not
shown). This finding is consistent with previously pub-
lished studies and confirms that obesity represents a



2. Obuchowski NA, Goske MJ, Applegate KE. Assessing physi-
cians’ accuracy in diagnosing paediatric patients with acute
abdominal pain: measuring accuracy for multiple diseases. Stat
Med 2001;20:3261–3278.

3. Lambert J, Halfon P, Penaranda G, et al. How to measure the
diagnostic accuracy of noninvasive liver fibrosis indices: the area
under the ROC curve revisited. Clin Chem 2008;54:1372–1378.

4. DeLongER,DeLongDM,Clarke-PearsonDL.Comparing theareas
under two or more correlated receiver operating characteristic
curves: a nonparametric approach. Biometrics 1988;44:837–845.

5. Castera L, Foucher J, Bernard PH, et al. Pitfalls of liver stiffness
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limitation of VCTE.5 However, it must be stressed that
the VCTE examinations were performed with the con-
ventional M probe only; the new XL probe has been
recently developed to target the overweight population
and exhibited a good applicability rate.6

As a limitation of the study, it should be pointed out
that it was conducted in chronic viral hepatitis patients
only; therefore, additional studies are still required to
evaluate the usefulness of VCTE in nonalcoholic steato-
hepatitis patients.
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Supplementary Figure 1. Flow chart of patients for both
study phase 1 and phase 2.
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