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SUMMARY 

Background 

Transient elastography (TE) has gained popularity to stage liver fibrosis in chronic viral hepatitis, 

however diagnostic cut-offs for severe fibrosis in chronic hepatitis B are poorly defined. 

Aim 

To evaluate an algorithm with two distinct cut-offs for positive and negative prediction of 

significant fibrosis and cirrhosis in chronic hepatitis B patients.  

Methods 

Two cohorts of treatment-naïve patients with chronic hepatitis B (125 training and 92 validation) 

were consecutively and concurrently examined by percutaneous liver biopsy (LB) and TE. Fibrosis 

was staged by Metavir (significant fibrosis = F ≥ 2; cirrhosis = F4) in ≥ 2 cm long liver tissue cores.  

Results  

A >13.1 kPa positive and a ≤9.4 kPa negative cut-off for cirrhosis had a >90% sensitivity and 

specificity, with an accuracy of 94%. The corresponding cut-offs for F ≥ 2 were >9.4 and ≤6.2 kPa, 

thus classifying 56% of patients with an overall accuracy of 90%. In the validation cohort, F4 and F 

≥ 2 were predicted by the above TE cut-offs with an overall accuracy >90%. In 165 patients with 

higher than upper limit of normal transaminase activity (ALT) the dual cut-off algorithm of TE was 

as accurate as in the 52 patients with normal ALT values in the prediction and exclusion of 

cirrhosis, only.  

Conclusions 

A dual cut-off algorithm allowed for correctly classifying both significant fibrosis and cirrhosis in 

the majority of the patients with chronic hepatitis B, independently of ALT values, thus reducing 

the need of LB investigations. 

Keywords: chronic hepatitis B, Fibroscan®, liver fibrosis, liver stiffness transient elastography
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INTRODUCTION  

The extension of liver fibrosis is a relevant predictor of chronic hepatitis B severity and therefore its 

evolution is of strategic importance in the decision making process of treatment with antivirals 

(1,2). While the measure of liver fibrosis through percutaneous liver biopsy (LB) remains the 

standard of care, this procedure is limited by a low rate of acceptance, costs and risks of 

complications, especially in patients with advanced liver disease and coagulopathy who are at risk 

of bleeding (3) and is being progressively replaced by non invasive markers of liver fibrosis. This 

also happens since the diagnostic accuracy of LB is attenuated by sampling errors as well as by a 

significant rate of intra- and inter-observer variability (4,5). Not surprisingly, therefore a non 

invasive procedure like liver stiffness measurement by transient elastography (TE) has gained 

popularity in the management of patients with chronic hepatitis, with great emphasis in patients 

with chronic hepatitis C, in whom has become a standard of care to assess severity of hepatitis (6-

12). The accuracy of TE in chronic hepatitis B patients has been less accurately investigated since 

most studies were underpowered and included a limited number of patients with histologically 

documented or clinically established cirrhosis (13-26). Further, most of these studies lacked a 

concurrent LB and TE examination which is a prerequisite to weight the potential confounding role 

of hepatitis flares, that may unpredictably ensue during the course of the infection and challenge the 

diagnostic accuracy of TE (15,18,22,26). This was clearly the case of a study in hepatitis B patients 

where liver stiffness increased from 1.2 to 4.4-fold during hepatitis flares, as compared to baseline 

values (15). Moreover, studies in hepatitis B patients whereas showing a significant correlation 

between liver stiffness and severity of liver disease, could not identify a similar TE cut-off value for 

the different stages of fibrosis (13,14,18,23-25). We therefore asked ourselves whether the use of a 

dual cut-off TE algorithm in treatment-naïve patients, concurrently examined by LB would better 

predict and rule out significant fibrosis and cirrhosis in the course of chronic HBV infection, 

respectively, than the use of a single TE cut-off for each stage of fibrosis.  
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METHODS 

Patients 

Between January 2007 and March 2010, 254 treatment-naïve patients with chronic hepatitis due to 

hepatitis B virus (HBV), defined as seropositivity for hepatitis B surface antigen (HBsAg), 

persistently or intermittently abnormal alanine aminotransferase (ALT) values and serum HBV 

DNA > 3 log10 UI/mL lasting for > 6 months, were consecutively referred for a LB to the Liver 

Center, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan. Patients with 

hepatitis C virus (HCV), hepatitis Delta virus (HDV), and human immunodeficiency virus (HIV) 

co-infections, other concomitant liver diseases, current or previous hepatic decompensation, current 

or previous antiviral treatment and/or an absolute contraindication to LB (platelets < 60 x 10
9
/L, 

INR > 1.35), were excluded. 

Overall, 128 patients were recruited into a training cohort, who underwent a LB between January 

2007 and July 2008 whereas a validation cohort of 96 patients underwent the same procedure 

between August 2008 and March 2010. Demographic and clinical data of all patients were recorded 

together with their past and/or current history of alcohol intake (> 60g/day for men and > 40g/day 

for women as a marker of alcohol abuse). All patients gave their written consent to the study, which 

was approved by the local Ethics Committee. 

 

Serum assays 

Laboratory tests, including serum aspartate aminotransferase (AST) and ALT, albumin, total 

bilirubin, alkaline phosphatase, gamma glutamyl-transpeptidase, platelet count, the international 

normalized ratio (INR), were measured in all patients at the time of LB by standard laboratory 

procedures. Normal ALT were defined as ≤ 40 IU/L [upper limit of normal (ULN)]. 

Serum HBsAg, hepatitis B e antigen (HBeAg), antibody to hepatitis B e antigen (anti-HBe) were 

detected by microparticle enzyme immunoassay (AXSYM, Abbot Laboratories, North Chicago, IL, 

USA). Serum HBV DNA was assessed by a real time PCR assay (COBAS TaqMan HBV, Roche 
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Molecular Systems, Inc., Branchburg, NJ, US) with a lower limit of quantification of 12 IU/mL (1.1 

log10 IU/mL). Commercially available enzyme immunoassays were used to determine antibodies to 

HCV, HDV and HIV.  

 

Transient elastography by TE 

After an overnight fast, patients underwent a FibroScan® (Echosens, Paris, France) utilizing a 5-

MHz ultrasound transducer probe mounted on the axis of a vibrator that was operated by three 

experienced hepatologists (SP, MF, CR) who were blind to clinical, biochemical and histologic data 

(1,27). Briefly, mild amplitude and low-frequency vibrations (50 Hz) are transmitted to the liver, 

thus inducing an elastic shear wave propagating through the underlying liver tissue. The velocity of 

the wave is directly related to tissue stiffness. The tip of the transducer was covered with a drop of 

gel and placed perpendicularly in the intercostal space with the patient lying in dorsal decubitus 

with the right arm in the maximal abduction. Under control time motion (TM) and A-mode, the 

operator chose a liver portion within the right liver lobe at least 6 cm thick, free of large vascular 

structures and gallbladder. Ten successful acquisitions were performed on each patient. The success 

rate (SR) was calculated as the ratio of the number of successful acquisitions over the total number 

of acquisitions. The median value, expressed in kPa, was kept as representative of the liver 

stiffness. The manufacturer recommends that liver stiffness measurements was considered reliable 

by using the following criteria: 1) number of valid acquisitions at least 10; 2) SR at least 60% and 

an interquartile range < 30%.  

 

Percutaneous liver biopsy  

All patients underwent an ultrasound guided LB with a semiautomatic modified Menghini system 

(16 G, BioMol, Hospital Service, Pomezia, Italy,  Philips iU22, Bothell, WA, USA), to stage 

severity of hepatitis. All the examinations were carried out by two highly experienced hepatologyst 

(SM and SP). While liver specimens were considered of adequate size if longer than 2 cm, patients 
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with a smaller specimen underwent repeated procedure during the same session. Five-micron thick 

sections of formalin-fixed, paraffin embedded liver tissue were stained with hematoxylin-eosin and 

Masson trichrome, and read by a liver pathologist (GR) blind to TE and clinical data. Grading and 

staging were evaluated according to METAVIR (staging F0 = fibrosis absent, F1= portal fibrosis 

without septa, F2 = portal fibrosis with few septa, F3 = severe fibrosis, F4 = cirrhosis) (28). Liver 

steatosis was quantified according to a published score system (29).  

 

Endpoint of the study 

The endpoint of the study was the definition of TE thresholds that accurately predict presence and 

absence of significant fibrosis (F ≥ 2) and cirrhosis (F4), respectively.   

 

Statistical analysis 

The summary receiver operating characteristics (SROC) curve, representing the relationship 

between sensitivity and 1 - specificity of TE, was calculated for the diagnosis of both significant 

fibrosis and cirrhosis. In the analysis of the SROC curve results, TE cut-off values with the best 

accuracy for both significant fibrosis and cirrhosis were identified. In detail, we identified a TE 

confirmatory threshold with specificity > 90% and positive likelihood ratio (LR+) > 10 and a TE 

exclusion threshold with sensitivity > 90% and negative likelihood ratios (LR-) ≤ 0.1, to rule in or 

out significant fibrosis and cirrhosis, respectively, as previously described (30,31). Finally, the 

correlation between TE values, histological features of hepatitis, including grading, staging and 

steatosis, and biochemical, virological and demographic features of the patients were evaluated by 

the correlation coefficient for quantitative variables (Spearman’s correlation coefficient, 

significance level p≤0.05). Multivariate analysis was performed using multiple regressions on 

variables that were significant on univariate analysis. The diagnostic performances of the predictive 

model were finally tested in a temporal internal validation cohort. 
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RESULTS 

The LB procedures were uneventful in all cases, yielding a liver specimen of 2.7 cm median length 

(range 2–6 cm) and of 1 mm median thickness (range 1-1.2 mm), each sample including more than 

12 portal tracts (range: 24-44). Four patients (2%) needed a second passage to compensate for the 

first specimen which was not adequate (< 2 cm in length). Seven (3%) overweight patients, (BMI > 

25 Kg/m
2
, median 31 Kg/m

2
), 3 in the training and 4 in the validation cohort were excluded from 

analysis because they had unreliable TE results. The epidemiological and biochemical 

characteristics of the 217 evaluated patients are summarized in Table 1. Most of patients were 

HBeAg negative men, with normal body weight and no significant alcohol consumption. At the 

time of LB, 52 (24%) patients had normal ALT, 144 (66%) had ALT >1-5 times the ULN and 21 

(10%) had ALT > 5 times the ULN. 

The degree of fibrosis was F0/1, F2, F3 and F4 in 89, 51, 33 and 44 patients. Significant fibrosis (F 

≥ 2) and cirrhosis (F4) were detected in 59% and 20% of patients, respectively. Baseline 

epidemiological, virological and biochemical features were similar between the training and 

validation cohort. TE values ranged from 3.4 kPa to 62.0 kPa, with a median of 8.1 kPa. The 

median TE values were 5.4, 6.2, 8.1, 10 and 15.5 kPa for F0, F1, F2, F3 and F4 (Figure 1). The 

distribution of liver stiffness values according to fibrosis stage in the training and in the validation 

cohort is reported in Table 2. Liver stiffness significantly correlated with BMI, platelets counts, 

AST, ALT, staging and steatosis (Table 3). 

 

The diagnosis of cirrhosis by TE 

In 125 patients evaluated in the training cohort, the SROC curve analysis (Figure 2a) showed an 

overall diagnostic accuracy for cirrhosis of 94.2% (95% CI: 90.1-98.3%). A single cut-off of 9.4 

kPa predicted the histological diagnosis of cirrhosis in 106 patients (85%), correctly classifying 

20/20 patients with histological F4 with a sensitivity of 100% (LR- 0.00). Since 19/105 patients 

(18%) with F0-F3 had TE values > 9.4 kPa (specificity of 82%, LR+ 5.5), this 9.4 kPa cut-off was 
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accurate enough to exclude but not to confirm cirrhosis (LR+ of 5.5). To overcome the limitations 

of the single TE cut-off, we developed an algorithm with two different TE cut-offs that accurately 

predicts and rules out significant fibrosis and cirrhosis. A cut-off of 13.1 kPa instead confirmed F4, 

with a specificity of 93.3% (95% CI: 86.7- 97.3%), a LR+ of 11.2 and an overall accuracy of 90%, 

since it correctly classified 113 out of 125 patients (90%) yielding a correct identification of 

cirrhosis in 15/20 patients with a sensitivity of 75% (LR- 0.3), 5 F4 patients having TE values ≤ 

13.1 kPa (false negatives). Among 22 patients with > 13.1 kPa (18% of the cohort), F4 could be 

correctly confirmed in 15 patients.  

By a ≤ 9.4 kPa cut-off, F4 was correctly ruled out in 86/86 patients, representing the 69% of the 

cohort. 13% of patients with TE values between 9.4 and 13.1 kPa, however, could not be 

confidently discriminated for the presence or absence of cirrhosis (Figure S1 online Supporting 

Information).  The concurrent application of both cut-offs allowed to rule in and rule out cirrhosis in 

87% (108/125) of the patients, with an overall accuracy of 94% (101/108). By intention to diagnose 

108 of 128 (84%) patients were correctly classified.  

In 92 patients included in the validation cohort we assessed the accuracy of the dual TE cut-offs 

algorithm, the ≤ 9.4 kPa TE cut off correctly classified 54/55 (98%) patients as not having cirrhosis, 

with a sensitivity 96% and LR- of 0.05.  

Conversely, the > 13.1 kPa TE cut-off correctly classified 16/18 (89%) patients as having cirrhosis, 

with a specificity of 97% and LR+ 22.0. The concurrent application of both cut-offs allowed to 

diagnose the presence and absence of cirrhosis in 79% of the patients, with an overall accuracy of 

96% (Figure S2 online Supporting Information). 

 

The diagnosis of significant fibrosis by TE 

The SROC curve analysis (Figure 2b) showed an overall diagnostic accuracy for significant fibrosis 

of 85% (95% CI: 77.4-90.7%). A single cut-off of 8.7 kPa provided the best diagnostic accuracy of 

TE allowing a correct diagnosis in 96/125 patients (77%), including the diagnosis of F ≥ 2 in 42/66 
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(64%) patients, with a sensitivity of 64% (LR- 0.40). Five out of 59 patients (8%) without 

significant fibrosis, had TE values > 8.7 kPa (false positives), with a specificity of 91.5% (LR+ 

7.5). This single TE cut off was however not adequate either to confirm (LR+ < 10) or to exclude 

(LR- > 0.1) significant fibrosis, whereas diagnosis was possible using the same approach with two 

cut-off values, one with specificity > 90% and LR+ ≥ 10 which did confirm, and one with 

sensitivity > 90% and LR- ≤ 0.1 which did exclude the diagnosis. The best cut-off to exclude 

significant fibrosis was a TE value < 6.2 kPa, which correctly classified 62/66 (94%) patients with a 

sensitivity of 94% (LR- 0.1) leaving misclassified 4 patients, only. 32/59 patients (54%) without 

significant fibrosis had > 6.2 kPa TE (false positives) with a specificity of 46% (LR+ 1.7). Owing to 

its high sensitivity, the 6.2 kPa cut-off is fit to exclude significant fibrosis, but it poorly predicts 

significant fibrosis (LR+ of 1.7).  

Owing to high specificity, a TE value > 9.4 kPa (specificity 93.3%, 95% CI: 86.7- 97.3%) was a 

good predictor of significant fibrosis, since it correctly classified 36/66 patients with a sensitivity of 

55% (LR- 0.5). 56/59 patients without significant fibrosis had ≤ 9.4 kPa TE (specificity 95%, LR+ 

11) with 3 patients (false positives) only misclassified.  

Among the 31 patients with ≤ 6.2 kPa (25% of the cohort), significant fibrosis could be correctly 

ruled out in 27 (87%), whereas in the 39 patients with > 9.4 kPa (31% of the cohort) significant 

fibrosis could be correctly confirmed in 36 (92%) patients. The concurrent application of both cut-

offs allowed to rule in and rule out significant fibrosis in 56% (70/125) of the patients, with an 

overall accuracy of 90%, i.e. with a correct diagnosis in 63 of 70 patients (Figure S3 online 

Supporting Information). By intention to diagnose, 70 of 128 patients (55%) were correctly 

classified. Conversely, the presence or absence of significant fibrosis could not be established in 

patients with cut-offs ranging form 6.2 to 9.4 kPa. 

In the 92 patients of the validation cohort, the application of corresponding thresholds for 

significant fibrosis, i.e. ≤ 6.2 kPa and > 9.4 kPa, correctly classified 72% of the patients, with an 

overall accuracy of 92% (Figure S4 online Supporting Information).   
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ALT levels and TE examination  

To evaluate the potential effect of ALT values on the accuracy of this dual cut-off model, patients 

were reanalyzed according to ALT levels: 52 patients had ALT ≤ 1 x ULN and 165 patients had > 1 

x ULN. The model was able to accurately confirm or exclude cirrhosis independently on ALT 

levels, whereas it was less accurate to correctly diagnose significant fibrosis (F ≥ 2) in patients with  

ALT > 1 x ULN (Table 4). 
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DISCUSSION 

We demonstrate the clinical usefulness of an algorithm based on two cut-off values of TE in 

patients with chronic hepatitis due to HBV, since it accurately excluded or identified both 

significant liver fibrosis (F ≥ 2) and cirrhosis (F4) in patients who were concurrently examined by a 

percutaneous LB. The TE cut-off values of ≤ 9.4 and >13.1 kPa were excellent negative and 

positive predictors of cirrhosis, respectively, being endowed with such a high sensitivity and 

specificity to potentially spare LB procedures in 83% of the patients examined. The performance of 

TE was subsequently validated in an internal validation set of patients who had similar demographic 

and clinical characteristics as the training set. Overall, the above described dual TE cut-off 

algorithm was more accurate than previously described single TE cut-offs in the prediction or 

exclusion of HBV-related cirrhosis (13,18,24,25).  

Obviously, the applicability of this dual cut-off strategy is largely dictated by the clinical scenario 

of HBV infection, i.e. the pre-test probabilities of cirrhosis in the population under study. In patients 

with a lower than 10% pre-test probability of cirrhosis, like young HBeAg seropositive patients 

with persistently normal ALT levels, a ≤ 9.4 kPa value would definitely grant for absence of 

cirrhosis in virtually all patients, thus making histological examination of the liver unnecessary 

(1,2). Conversely, in patients with a higher (10-30%) pre-test probability of cirrhosis, like HBeAg-

negative adults with persistently abnormal ALT levels, a > 13.1 kPa value would fit the clinical 

needs of looking for the presence of cirrhosis, while minimizing the need for histological 

confirmation (1,32). Needless to say, the identification of cirrhosis in patients with chronic hepatitis 

B bears important clinical implications that go beyond prognosis and treatment, since the presence 

of cirrhosis calls for secondary prevention of hepatocellular carcinoma through 6-month 

surveillance with abdominal ultrasound (33).  

The non invasive identification of patients with significant liver fibrosis (F ≥ 2) bears most 

important clinical implications too, since the extent of liver fibrosis guides anti-HBV therapy (2,34). 

Using a negative predictor cut-off of ≤ 6.2 kPa together with a positive predictor cut-off of > 9.4 

Page 12 of 32Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

                 Viganò et al. 

 11  

kPa, a diagnosis of F ≥ 2 is achieved in 2/3 of the patients, thus sparing a relevant numbers of LB 

procedures without affecting the overall diagnostic accuracy of the selection process. In patients 

with a low pre-test probability for F ≥ 2, like inactive HBsAg carriers, a ≤ 6.2 kPa cut-off could rule 

out significant fibrosis in virtually all patients. These findings are in line with a recently published 

study by Castera et al. where all inactive carriers of HBV had TE values lower than 5.8 kPa (35). 

Whereas a > 9.4 kPa cut-off accurately predicted F ≥ 2 in patients with a higher probability of 

significant fibrosis, like middle-aged HBeAg negative patients with persistently abnormal ALT 

levels (1).  

One clinical benefit value of a TE algorithm based on dual cut-off is the ability to minimize the 

confounding effect of hepatitis flares in the assessment of liver fibrosis by TE, which biased 

previous studies based on a single TE cut-off, where a positive correlation between serum ALT 

levels and TE values, was constantly reported (15,22,36). In more than one study, in fact, patients 

with elevated serum ALT levels had higher TE values than patients with persistently normal ALT 

and similar degree of liver fibrosis (15,18). Being our investigation a cross-sectional study, not a 

longitudinal assessment of TE values across ALT flares, we could not evaluate the interaction 

between hepatitis flares and TE values, whereas we showed that in advanced liver disease patients, 

serum ALT levels likely have little impact on TE measurements, whereas liver fibrosis plays a 

predominant role. 

Although our predefined criteria of adequacy of LB was based on 20 mm cut-off, we acknowledge 

that quantification of liver fibrosis by LB examination might be compromised by suboptimal 

sampling of the liver, since < 2.5 cm liver cores still underestimate the severity of liver fibrosis by 

25% (4,5). Along this line, was the finding of 6 of 7 patients with F3 having TE values > 13.1 kPa.  

We acknowledge that our diagnostic algorithm based on dual cut-off values of TE needs to be 

externally validated prior to be confidently applied to patients with chronic hepatitis B, with the aim 

of sparing histological investigations, especially considering the many virological and host 

characteristics that may impact TE accuracy. In fact, in the face of our study showing excellent 
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reliable TE results at 97%, there is a recent study in France reporting lower rates (84%) of reliable 

TE results, mostly related to obesity (37). Differences in the rates of performance with TE could 

also depend on the prevalence of patients with alcohol abuse or steatosis, both known to impact on 

the diagnostic accuracy of TE, whereas our study based on dual TE cut-off apparently was not 

affected by these variables.  

We wish to outline that patients included in the present study, were active carriers of HBV, 

including the 4 patients with both ALT lower than the upper limit of normal and serum HBV DNA 

< 2.000 IU/mL at the time of LB, who infact, have had higher liver enzymes and viremia levels 

during the pre-study screening. We wish also to outline that clinical application of TE was not 

affected by the exclusion of patients sited at the extreme wings of the clinical spectrum of HBV, 

like those with minimal histological changes of the liver, and those with advanced or 

decompensated cirrhosis. Indeed, inactive HBV carriers are not eligible to LB, whereas patients 

with advanced cirrhosis due to HBV were unfit to LB examination because of excessive bleeding 

risk and could be easily identified on clinical grounds (2,34,38-44).  

Despite TE cut-offs are influenced by the uneven distribution of fibrosis stages (spectrum bias) in 

patients referred for LB (45),  the prevalence of significant fibrosis (F ≥ 2) and cirrhosis (F4) in our 

cohort was similar as in previous studies ultimately being representative of the spectrum of 

histological stages of HBV patients undergoing LB in any referral centre (18-21). 

We acknowledge that serum tests to assess liver fibrosis in patients with viral hepatitis are even 

more user friendly than TE and therefore present as theoretically in competition with TE to assess 

patients with chronic hepatitis B, we wish to remind, however, that serum tests for liver fibrosis are 

less discriminating than TE in patients with chronic hepatitis B (39,46,47), due to their limited 

sensitivity for excluding cirrhosis, even when serum markers of fibrosis are applied in different 

combinations with hematological or biochemical parameters (48).   

In conclusion, we prospectively tested the clinical value of a diagnostic algorithm based on two TE 

cut-offs that allows for the exclusion and confirmation of both significant fibrosis (F ≥ 2) and 

Page 14 of 32Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

                 Viganò et al. 

 13  

cirrhosis (F4) in patients with chronic hepatitis B, respectively. Compared to a single TE cut-off 

approach, the dual TE cut-off algorithm has remarkable accuracy independently of ALT levels, 

therefore standing as a user friendly option for staging fibrosis and refining indications to LB 

examination in chronic hepatitis B patients. 
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Table 1.  Epidemiological, virological and biochemical characteristics of the 217 patients with 

adequate TE results included in the training (No.=125) and validation (No.=92) cohorts.  

 

 

Characteristics 

Overall cohort 

(No.=217) 

Training cohort 

(No.=125) 

Validation cohort 

 

(No.=92) 

Age*, years 47 (18-68) 47 (21-67) 48 (18-68) 

Male, No. 154 (71%) 97 (78%) 57 (62%) 

> 25 BMI
§
, No. 63 (29%) 45 (36%) 18 (19%) 

Alcohol abuse°, No. 13 (6%) 6 (5%) 7 (8%) 

HBeAg negative, No. 169 (78%) 98 (77%) 716 (77%) 

HBV DNA*, log10 copies/mL 6.3 (1.3–9.0) 6.4 (3.3–9.0) 6.3 (1.3–8.9) 

Platelets*, 10
9
/L 185 (97–304) 194 (97–296) 175 (100–304) 

AST*, IU/L 46 (16–559) 45 (20–559) 46 (16–457) 

ALT*, IU/L 69 (11–855) 68 (19–855) 70 (11–614) 

INR* 1.07 (0.85–1.29) 1.07 (0.87–1.28) 1.07 (0.85–1.29) 

Bilirubin*, mg/dL 0.7 (0.1–2.8) 0.7 (0.2–2.5) 0.6 (0.1–2.8) 

Albumin*, g/dL 4.3 (3.6–5.2) 4.3 (3.6–5.2) 4.5 (3.9–5.2) 

METAVIR   F0,1 89 (41%) 59 (47%) 30 (33%) 

                     F2,3 84 (39%) 46 (37%) 38 (41%) 

                     F4 44 (20%) 20 (16%) 24 (26%) 

TE values*, kPa 8.1 (3.4-62.0) 7.8 (3.4-62.0) 8.4 (3.7-60.4) 

 

  * median (range) 

§ 
BMI (body mass index) kg/m

2
  

  ° > 60 g/day for men and > 40 g/day for women 

 

Page 22 of 32Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

                 Viganò et al. 

 21  

Table 2. Distribution of liver stiffness values (kPa) using TE in each METAVIR fibrosis stage in a 

the training (No.=125), validation (No.=92) and overall (No.=217) cohort 

Training cohort 

METAVIR 
TE values 

(kPa) 
F 0 

(No.=16) 

F 1 

(No.=43) 

F 2 

(No.=32) 

F 3 

(No.=14) 

F 4 

(No.=20) 

3.4-5 5 2 1 0 0 

5.1-10 10 38 24 5 3 

10.1-15 1 2 6 5 7 

> 15 0 1 1 4 10 

Median 5.6 6.6 8.2 12.4 16.5 

 

Validation cohort 

METAVIR 
TE values 

(kPa) 
F 0 

(No.=12) 

F 1 

(No.=18) 

F 2 

(No.=19) 

F 3 

(No.=19) 

F 4 

(No.=24) 

3.4-5 4 4 0 0 0 

5.1-10 8 13 18 13 1 

10.1-15 0 0 1 5 11 

> 15 0 1 0 1 12 

Median 5.3  5.7 8.1 9.8 15.0 

 

Overall cohort 

METAVIR 
TE values 

(kPa) 
F 0 

(No.=28) 

F 1 

(No.=61) 

F 2 

(No.=51) 

F 3 

(No.=33) 

F 4 

(No.=44) 

3.4-5 9 6 1 0 0 

5.1-10 18 51 42 18 4 

10.1-15 1 2 7 10 18 

> 15 0 2 1 45 22 

Median 5.4 6.2 8.1 10.0 15.5 
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Table 3. Multiple regression between liver stiffness values (kPa) using TE and histological, 

biochemical and demographic features of the 217 patients in study.  

 

 

Characteristics 

 

Correlation coefficient 

 

P value 

Age, years 0.17 0.83 

BMI, kg/m
2 

0.232 0.0054 

HBV DNA, log10 copies/mL 0.153 0.116 

Platelets, 10
9
/L -0.352 <0.0001 

AST, IU/L 0.417 <0.0001 

ALT, IU/L 0.261 0.0061 

INR 0.053 0.75 

Bilirubin, mg/dL 0.036 0.154 

METAVIR F
*
  0.622 <0.0001 

METAVIR A
§
  0.349 0.92 

Steatosis
^
  0.182 0.01 

 

*
 Staging (0-4) 

§ 
Grading (0-3) 

^  
0, <33%, 33-66%, >66% 
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Table 4. Diagnostic performances of different TE cut-offs vs concurrent application of a two cut-off 

algorithm to exclude and confirm histological diagnosis of significant fibrosis (F ≥ 2) or 

cirrhosis (F4).  

 

 

TE cut-off 

(kPa) 

Overall cohort 

(n=217) 

 

Patients with 

ALT ≤ 1 x ULN 

(No.=52) 

 

Patients with 

ALT > 1 x ULN 

(No.=165) 

Sensitivity to exclude 

cirrhosis 

 

≤ 9.4 98% (LR-=0.02) 100% (LR-=0) 97% (LR-=0.04) 

Specificity to confirm 

cirrhosis 

 

> 13.1 95% (LR+=14) 97% (LR+=22) 94% (LR+=12) 

Overall accuracy to 

exclude and confirm 

cirrhosis 

≤ 9.4 

and  

> 13.1 94% 97% 93% 

Sensitivity to exclude 

significant fibrosis 

 

≤ 6.2 94% (LR-=0.10) 100% (LR-=0) 94% (LR-=0.3) 

Specificity to confirm 

significant fibrosis 

 

> 9.4 96% (LR+=14) 100% (LR+=∞) 93% (LR+=7.5) 

Overall accuracy to 

exclude and confirm 

significant fibrosis 

≤ 6.2 

and  

> 9.4 91% 100% 90% 
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FIGURE LEGEND 

Figure 1. Distribution of liver stiffness (kPa) values using transient elastography according to 

METAVIR staging score in 217 patients.  

Figure 2. A) ROC curve representing the relationship between sensitivity and 1 - specificity of 

liver stiffness for the diagnosis of cirrhosis (F4). The white square represents the cut-

off value with the highest accuracy, i.e. 9.4 kPa (sensitivity 100%, specificity 82%).  

 B) ROC curve representing the relationship between sensitivity and 1 - specificity of 

liver stiffness for significant fibrosis (F ≥ 2). The white square represents cut-off value 

with the highest accuracy, i.e. 8.7 kPa (sensitivity 63.6%, specificity 91.5%).  

 

LEGEND FOR SUPPLEMENTARY FIGURES 

Supplementary Figure S1. Training cohort of 125 patients. Diagnostic algorithm to confirm or 

exclude cirrhosis (F4) by transient elastography. Post-test probability of cirrhosis is the 

proportion of patients with histological diagnosis of cirrhosis according to transient 

elastography classification. 

Supplementary Figure S2. Validation cohort of 92 patients. Diagnostic algorithm to confirm or 

exclude cirrhosis (F4) by transient elastography. Post-test probability of cirrhosis is the 

proportion of patients with histological diagnosis of cirrhosis according to transient 

elastography classification. 

Supplementary Figure S3. Training cohort of 125 patients. Diagnostic algorithm to confirm or 

exclude significant fibrosis (F ≥ 2) by transient elastography. Post-test probability of 

significant fibrosis is the proportion of patients with histological diagnosis of F ≥ 2 

according to transient elastography classification. 

Supplementary Figure S4. Validation cohort of 92 patients. Diagnostic algorithm to confirm or 

exclude significant fibrosis (F ≥ 2) by transient elastography. Post-test probability of 
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significant fibrosis is the proportion of patients with histological diagnosis of F ≥ 2 

according to transient elastography classification. 
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A) ROC curve representing the relationship between sensitivity and 1 - specificity of liver stiffness 
for the diagnosis of cirrhosis (F4). The white square represents the cut-off value with the highest 

accuracy, i.e. 9.4 kPa (sensitivity 100%, specificity 82%).  
B) ROC curve representing the relationship between sensitivity and 1 - specificity of liver stiffness 
for significant fibrosis (F≥ 2). The white square represents cut-off value with the highest accuracy, 

i.e. 8.7 kPa (sensitivity 63.6%, specificity 91.5%).  
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Training cohort of 125 patients. Diagnostic algorithm to confirm or exclude cirrhosis (F4) by 
transient elastography. Post-test probability of cirrhosis is the proportion of patients with 

histological diagnosis of cirrhosis according to transient elastography classification.  
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Validation cohort of 92 patients. Diagnostic algorithm to confirm or exclude cirrhosis (F4) by 
transient elastography. Post-test probability of cirrhosis is the proportion of patients with 

histological diagnosis of cirrhosis according to transient elastography classification.  
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Training cohort of 125 patients. Diagnostic algorithm to confirm or exclude significant fibrosis (F ≥ 
2) by transient elastography. Post-test probability of significant fibrosis is the proportion of patients 

with histological diagnosis of F ≥ 2 according to transient elastography classification.  
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Validation cohort of 92 patients. Diagnostic algorithm to confirm or exclude significant fibrosis (F ≥ 
2) by transient elastography. Post-test probability of significant fibrosis is the proportion of patients 

with histological diagnosis of F ≥ 2 according to transient elastography classification.  
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