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OBJECTIVES: Extent of liver fibrosis is one of the most important factors in determining prognosis and the need for
active treatment in chronic hepatitis B (CHB). Noninvasive alternatives such as FibroTest/Fibrosure
(FT) have been developed in order to overcome the shortcomings of liver biopsy (LB). We aimed to
systematically review studies describing the diagnostic accuracy of FT for predicting CHB-related

fibrosis.

METHODS: MEDLINE and EMBASE searches and hand searching methods were performed to identify studies
that assessed the diagnostic accuracy of FibroTest in HB patients using LB as a reference standard.
We used a hierarchical summary receiver operating curves model and the bivariate model to produce

summary receiver operating characteristic curves and pooled estimates of sensitivity and specificity.

RESULTS: We included 16 studies (N=2494) and 13 studies (N=1754) in the heterogenous meta-analysis for
liver fibrosis and cirrhosis, respectively. The area under the hierarchical summary receiver operat-
ing curve for significant liver fibrosis and for all included studies was 0.84 (95% confidence interval
(CI): 0.78-0.88). At the FT threshold of 0.48, the sensitivity, specificity, and diagnostic odds ratio
(DOR) of FT for significant fibrosis were 61 (48-72%), 80 (72-86%), and 6.2% (3.3-11.9),
respectively. The area under the hierarchical summary receiver operating curve for liver cirrhosis and

for all included studies was 0.87 (95% CI: 0.85-0.90). At the FT threshold of 0.74, the sensitivity,

specificity, and DOR of FT for cirrhosis were 62 (47-75%), 91 (88-93%), and 15.7% (8.6-28.8),

respectively.

CONCLUSIONS:

FibroTest is of value in exclusion of patients with CHB-related cirrhosis, but has suboptimal

accuracy in the detection of significant fibrosis and cirrhosis. It is necessary to further improve the
test or combine it with other noninvasive modalities in order to improve accuracy.
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INTRODUCTION

Chronic hepatitis B (CHB) is a major public health problem
worldwide, with more than two billion people showing evidence
of exposure and more than 240 million people showing evidence
of chronic infection (1).

Substantial progress has been made in the treatment of chroni-
cally infected patients in the last couple of years. However, precise
definition of the extent of the liver fibrosis in CHB remains one of
the most important factors determining both the risk of further
progression of the disease and the need for active treatment (2).
The most recent guidelines by the European Association for Study
of Liver recommend liver biopsy (LB) to determine the degree of
necroinflammation and fibrosis, as hepatic histology can assist the

decision to start treatment (3). In addition, there is a need to moni-
tor treatment effects, with recovery of liver histology being one of
the most important signs of success.

LB with subsequent histological analysis is considered as a
gold standard that allows evaluation of presence and extent of the
fibrotic process in liver tissue (4). However, LB is an invasive pro-
cedure associated with significant patient discomfort and a small
but important risk of complications, with reported risk of hospi-
talization ranging from 1 to 5%, with a risk of severe complications
of 0.57% and mortality rates varying from 0.009 to 0.12% (5-7). It
is also prone to sample variability and accuracy seems to depend
highly on the size of the sample (8,9). Another important limita-
tion derives from the fact that the biopsy sample is evaluated by
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histological scores, which have a certain amount of interobserver
variability and are also dependent on the experience of the pathol-
ogist (10).

Asaresult of these issues, numerous investigators have attempted
to devise noninvasive methods of assessing hepatic fibrosis, result-
ing in more than 20 different clinical scores or imaging modalities
with variable diagnostic accuracy (11). Most attention has been
focused on whether noninvasive methodologies can detect the
presence or absence of minimal (i.e., FO-F1), significant (i.e., 2F2),
or advanced (i.e., 2F3-F4) fibrosis according to the METAVIR
histological score (12,13).

One of the most investigated and most frequently used tools
is the FibroTest/Fibrosure (FT) (proprietary formula; Biopre-
dictive, Paris, France)—a patented calculation of the combina-
tion of five serum biochemical parameters (o-2-macroglobulin,
apolipoprotein Al, haptoglobin, L-glutamyltranspeptidase, and
bilirubin)—which was developed by Poynard and colleagues
(14,15). Clear advantages of FT include high applicability (>95%),
widespread availability, and inter-laboratory reproducibility (16);
however, there are also numerous drawbacks such as cost, failed
external validation, lack of specificity for liver disease (results can
be severely impaired by comorbidities, i.e., Gilbert’s syndrome
or hemolysis) (17), and difficulty in differentiating intermediate
stages of fibrosis (18). Assessment of liver fibrosis without biopsy
is very tempting, and despite the fact that recommendations sug-
gest that noninvasive tests are still not ready to replace LB (2,18),
FT has become widely present in clinical practice. Its accuracy for
detection of fibrosis or even disease prognosis has been evaluated
extensively in a variety of liver diseases and in several systematic
reviews (19-24).

Despite its omnipresence, FT has not been as extensively studied
in the CHB population as in chronic hepatitis C. There are several
possible reasons for this: apart from the stage of fibrosis, other fac-
tors such as HBe antigen positivity, levels of alanine aminotrans-
ferase, and HB virus (HBV) DNA have important roles in deciding
how and when to treat patients with CHB, and liver inflammation
and HBV replication may confound interpretation of FT results
(11). The most recent guidelines have indeed recognized the unre-
solved issue of the true place of FT and all noninvasive markers
in the evaluation and follow-up of CHB patients, and recommend
further development (3).

Currently, we are aware of only one meta-analysis focused on
accuracy of FT and other noninvasive markers of hepatic fibrosis
in CHB patients (22). However, it is somewhat limited by the rela-
tively small number of included studies, along with the inclusion
of predominantly single-center data on FT, which may impair its
reproducibility and interpretability. In additon, there is an appar-
ent diversity in the statistical methodology of meta-analysis in
most of the reviews; most of them use various methods to analyze
areas under the receiver operating characteristics curve (AUCs),
yet none are prepared according to the methodology recom-
mended by the Cochrane Collaboration Diagnostic Test Accuracy
(DTA) Working Group (25). This may be an important issue; from
a clinical standpoint, reported AUCs do give insights into the over-
all accuracy of a diagnostic test, but it is much more useful for a
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clinician to know how well tests perform at a certain threshold,
measured by sensitivity, specificity, positive and negative predic-
tive values, and likelihood ratio (LR).

Our primary objective was therefore to perform an independent
meta-analysis of the diagnostic accuracy of FT for the prediction
of significant liver fibrosis (F2-F4 vs. FO-F1) in CHB patients. Our
secondary goal was to evaluate the diagnostic accuracy of FT for
the prediction of liver cirrhosis (F4 vs. FO-F3) in CHB patients.

METHODS

Inclusion and exclusion criteria

We used inclusion criteria proposed by the Cochrane Collabora-
tion DTA Working Group (26). We included all diagnostic cross-
sectional studies, cohort studies, and randomized studies of test
accuracy that compared FT accuracy with LB with fibrosis grade,
assessed according to the METAVIR scale (12) (the reference
standard) or any other scale.

We adopted wide initial inclusion criteria as many studies on
this topic are inadequately reported and all data could rarely be
extracted. Therefore, realistic inclusion criteria to initially include
all studies reporting at least AUC were expected to allow the
assessment and inclusion of a larger number of studies that could
be managed with additional analyses, if sufficient data were found.
No language restrictions were imposed.

Study participants comprised adult patients diagnosed with
CHB. Studies including patients with other etiologies of liver dis-
ease were included if separate data for HBV-infected patients could
be extracted; we also included human immunodeficiency virus
(HIV) coinfected patients for a subsequent separate sensitivity
analysis. We included all studies that

ereported that all patients had undergone LB and FT;

«allowed the possibility of obtaining the data necessary to cre-
ate at least one 2x2 table of test performance (with numbers
of true and false positives and negatives); and

oreported the method used for definition of the fibrosis grade.

We excluded studies including patients belonging to the pediat-
ric population, hepatitis C/HBV coinfected patients, mixed chronic
liver disease patients (but not CHB + non-alcoholic fatty liver dis-
ease), and liver/kidney transplant patients, as well as studies that
were clearly extensions of previously published cohorts (where this
was uncertain, authors were contacted for confirmation). We also
excluded studies in which we were not able to obtain sufficient data
for statistical analysis, as further described below.

Search methods and methodological assessment

We searched MEDLINE, EMBASE, and the Cochrane Library
using the following FibroTest, Fibrosure,
noninvasive/non invasive/non-invasive marker, liver fibrosis, liver

search terms:

fibrosis/cirrhosis, liver fibrosis assessment, liver fibrosis biomark-
ers, significant liver fibrosis, and advanced liver fibrosis. Recursive
searches and cross-referencing were carried out using a “related
citations” option in PubMed. No language or time limitations
were used. Additional studies were identified by hand searching
the reference lists of identified studies and review articles, and the

The American Journal of GASTROENTEROLOGY

797



798

Salkic et al.

websites of the company marketing FT (www.biopredictive.com).
We also hand searched tables of contents of key gastroenterology
and hepatology journals (Gastroenterology, Hepatology, Journal of
Hepatology, Gut, Journal of Viral Hepatitis, American Journal of
Gastroenterology, Liver International, and Alimentary Pharmacol-
ogy & Therapeutics) from January 2001 to September 2013.

Two review authors independently conducted the assessment of
the titles and abstracts for eligibility and methodological quality.
Methodological quality was assessed using the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool (27). This val-
idated tool was designed to assess the internal and external validity
of diagnostic accuracy studies included in systematic reviews, and
is reccommended by the Cochrane DTA Working Group (28). We
used a standardized QUADAS-2 form, available from the devel-
opers website, for assessing the methodological quality of each
included study (29). Disagreements between two authors were
resolved with discussion between the two review authors, with a
third author as final arbiter.

Data extraction and management

A standardized data extraction form was created to extract study
design features and results data from each publication. For each
study, two authors extracted data independently. We extracted
year of publication, study design, sample size, presence of HIV
coinfection, the QUADAS-2 methodological items, prevalence
of each fibrosis stage on LB, along with total prevalence of sig-
nificant fibrosis and cirrhosis, interval between biopsy and blood
sampling for FT, size of LB sample, independence of study authors
from FT developers, and type of scoring system used for histology
(METAVIR vs. other).

We also recorded or derived the numbers of true positives, true
negatives, false positives, and false negatives, or number of reported
sensitivity, specificity, positive and negative predictive value with
used cutoff value of FT and AUC:s for both significant fibrosis and
cirrhosis, if available. If data were not available in the publication,
corresponding authors were contacted to provide supplementary
data. In the case of inability to obtain data from the correspond-
ing author, the respective study was excluded. Collected data
were organized in a spreadsheet and a third author reviewed and
resolved disagreements.

Poynard and colleagues proposed standardization of AUCs
according to prevalence of fibrosis stages using difference between
advanced and non-advanced fibrosis (DANA) in order to over-
come the impact of spectrum bias on AUC estimates (30). There-
fore, we calculated both DANA and standardized AUC according
to formulas proposed by the authors—see Table 1 (30).

Statistical analysis and data synthesis

We analyzed the included studies according to the methodology
suggested by the Cochrane DTA Working Group (25). This meth-
odology gives more usable results from a clinical point of view, as
it is focused on two statistical measures of diagnostic accuracy: the
sensitivity of the test (the proportion of those with the disease who
have an abnormal test result) and the specificity of the test (the pro-
portion of those without the disease who have a normal test result).

The American Journal of GASTROENTEROLOGY

We included only studies in which we were able to obtain data
to populate 2x2 tables. Initial analysis was performed using the
Review Manager (RevMan 5.2, Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration). After preparing and export-
ing data from RevMan, we used METADAS, an SAS macro (SAS
9.2, SAS Institute, Cary, NC), for meta-analysis of diagnostic accu-
racy studies, to compute the pooled sensitivity and specificity, and
to plot the summary receiver operating characteristics curve with
summary point and corresponding 95% confidence region (31).
METADAS can fit two statistical models: the hierarchical sum-
mary receiver operating curves and the bivariate model (31,32).
For the computation of the pooled absolute sensitivity and specifi-
city, we fitted the bivariate model.

For calculation of the relative sensitivity and specificity, we used
the bivariate model in METADAS by adding a covariate for the test,
which estimates differences in logit sensitivity and logit specificity.
When convergence failed for the bivariate model, accuracy param-
eters were estimated by omitting the correlation between the logit
of the true positivity rate and the logit of the false positivity rate.

Large differences between studies are commonly noted in DTA
meta-analyses, so heterogeneity is presumed to exist and random
effects models are fitted by default.

Investigations of heterogeneity and sensitivity analyses. Fac-
tors that could have an impact on diagnostic accuracy includ-
ed those involving methodological quality and study design,
characteristics of the underlying population, and characteris-
tics of the index and reference test. Multiple regressions were
performed using the METADAS macro, with each time point
providing another covariate to verify the influence of the cho-
sen covariate on the accuracy estimates.

Factors such as study design, methodological quality, significant
fibrosis/cirrhosis prevalence, applied cutoff (recommended by
developers vs. others), size of biopsy sample, time from biopsy to
blood sampling for FT, independence of authors, presence of HIV
coinfection, and use of histological scores other than METAVIR
were used to explore any heterogeneity discovered in the analysis
and to assess the impact of heterogeneity on the relative accuracy.

Where differences were present across studies, we controlled for
heterogeneity by conducting sensitivity analyses; in particular, we
investigated diagnostic accuracy in studies that

(1) applied an FT cutoft that differed from that proposed

by the developers,

(i)  had authors who were independent from the FT

developers,

(iii)  reported prevalence of significant fibrosis 254%, and

cirrhosis >18%,

(iv)  included patients who were HIV coinfected, and

(v)  graded LB samples with histological scores other than

METAVIR.

It was reported that in a large group of patients (N=2235) with
chronic hepatitis C, naturally observed prevalence of significant fibro-
sis and cirrhosis was 54 and 18%, respectively (30,33). As we were
unable to find similar data for hepatitis B patients, we used the above-
mentioned rates for sensitivity analysis regarding the prevalence.
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1,245 Records 36 Additional
identified records
through identified
database through other
searching sources
147 Duplicates removed
1,134 Records 1,077 Records
screened excluded
41 Full-text articles
excluded, with reasons:
- Inappropriate methodology
- Duplicate sample
- Review papers
57 Full-text - Pediatric population
articles assessed —» - Inability to obtain data for
for eligibility at least one 2x2 table
16 Studies
included in

meta-analysis

Figure 1. Flow diagram for electronic search and selection of studies.

We did not undertake any formal assessment of reporting bias
in our review due to the current uncertainty about how to assess
reporting bias in DTA reviews (34).

RESULTS

Search results

The results of the electronic database searching and hand searching
are outlined in Figure 1. After eliminating duplicates, the initial
electronic search identified 1,134 titles and abstracts for potential
inclusion in the review. We obtained full-text copies of 57 studies.
Of these, 31 studies were excluded for being systematic reviews or
meta-analyses, belonging to the pediatric population, or dealing
with prognostic potential of FT (i.e., prognosis of liver fibrosis pro-
gression, liver-disease-related death, and complications) without
reporting data on its diagnostic accuracy. Additional 10 studies
were excluded for having inappropriate statistical methodology,
or presenting duplicated or insufficient data (35-45). Finally, we
were able to include a total of 16 studies in the meta-analysis. The
details of all studies included in the meta-analysis are reported in
Table 1.

Characteristics of included studies

We included 16 studies with a total of 2,494 patients. The overall
prevalence of significant fibrosis (F2-4) and cirrhosis (F4) was

The American Journal of GASTROENTEROLOGY

55.33% (range: 28-85%) and 16.92% (range: 0-39%), respectively.
Reported AUCs for diagnosis of significant fibrosis ranged from
0.55 to 0.90, whereas standardized AUCs ranged from 0.64 to
0.94. Calculated values of DANA ranged from 1.73 to 2.48. With
the exclusion of one study with insufficient data on prevalence
of fibrosis stages (49), the value of DANA calculated for 2,394
patients from 15 studies was 2.105.

Two studies (N=167) included HIV coinfected patients (51,55).
In four studies (N=784), at least one of the authors belonged to
the team of FT developers (46,50,52,55). In five studies (N=917),
LB was assessed with a histological score other than METAVIR
(47,49,59-61). In eight studies (N=1070), mean length of biopsy
sample was 220 mm (52-54,56,57,59-61).

In four studies (N =536), we were not able to obtain data on time
period between biopsy and serum sampling for FT calculation
(47,49,53,58), and five studies (N==852) reported blood sampling
on the day of biopsy (48,56,59-61). Six studies (N=1,099) used
the recommended FT cutoff for fibrosis (48,50,53,54,57,58) and
seven (N=1,186) used the recommended FT cutoff for cirrhosis
(48,50,51,53,56-58). In one study, there was no reported case of
cirrhosis (F4 according to METAVIR) (54).

A study by Poynard et al. (50) reported data on the same group
of patients before and after the treatment, so we extracted data
for FT-LB comparison before treatment, therefore eliminating
repeated measurements.

The results of methodological quality assessment according to
the QUADAS-2 scale are depicted for all of the 16 included stud-
ies (Figure 2). Most of the methodological concern lies within the
reference standard, as five studies used a histological score other
than METAVIR (47,49,59-61). Of these, three studies used the
Batts and Ludwig scoring system (59-61), one study used the Ishak
system (49), and one used the Scheuer system (47).

Another possible issue regarding methodological quality was
raised in the study by Mbaye et al. (54), in which there was a sig-
nificant possibility of selection bias as the authors selected for
LB only those patients with liver stiffness measurement values
between 7 and 13kPa, therefore limiting the spectrum of fibrosis
grades within the sample. Both of these concerns were addressed
in heterogeneity and sensitivity analyses.

Diagnosis of significant fibrosis

As already noted, we included all 16 studies in the analysis for
significant liver fibrosis (METAVIR F2-F4). Summary representa-
tion of the overall analysis is presented in Figures 3 and 4. Sensi-
tivity ranged from 37 to 90%, whereas specificity ranged from 48
to 98%.

The area under the hierarchical summary receiver operating
curves for significant liver fibrosis and for all studies was 0.84
(95% confidence interval (CI)=0.78-0.88). The meta-analytical
summary estimate, irrespective of the used FT threshold, corre-
sponded with pooled sensitivity of 71.2% (95% CI=64.6 to 77.1%),
specificity of 81.4% (95% CI=74.8 to 86.6%), positive LR (LR+)
of 3.83 (2.77-5.31), and negative LR (LR—-) of 0.35 (0.28-0.44).
The diagnostic odds ratio (DOR) was therefore 10.85 (6.70-17.57).
However, these measurements must be carefully considered as

VOLUME 109 | JUNE 2014 www.amijgastro.com
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Study TP FP FN TN Cut-off HIV/HBV Prevalence Sensitivity (95% Cl)
Myers et al.(46) 33 30 28 118 0.4 No <0.54 0.54 (0.41, 0.67,
Zhao et al.(47) 64 27 7 25 0.31 No >0.54 0.90 (0.81, 0.96,
Sebastiani et al.(48) 61 3 14 32 048 No >0.54 0.81(0.71, 0.89
Gui et al.(49) 29 5 10 56 0.4 No <0.54 0.74 (0.58, 0.87,
Poynard etal(50) 113 90 58 201 0.48 No <0.54 0.66 (0.58, 0.73
Bottero et al.(51) 43 13 18 34 043 Yes >0.54 0.70 (0.57, 0.81
Bonnard et al.(52) 32 4 9 17 037 No >0.54 0.78 (0.62, 0.89
Miailhes et al.(55) 24 3 7 18 0.38 Yes >0.54 0.77 (0.59, 0.90
Mbaye et al.(54) 7 13 12 37 048 No <0.54 0.37 (0.16, 0.62
Castera et al.(53) 27 3 17 13 048 No >0.54 0.61 (0.45, 0.76
Sebastiani etal.(58) 79 18 67 89 0.48 No >0.54 0.54 (0.46, 0.62
Stibbe et al.(56) 19 8 3 18 031 No <0.54 0.86 (0.65, 0.97,
Raftopoulos et al.(57) 26 17 22 80 0.48 No <0.54 0.54 (0.39, 0.69
Kim et al.(60) 130 2 34 28 032 No >0.54 0.79 (0.72, 0.85,
Kim et al.(59) 91 1 30 48 031 No >0.54 0.75 (0.67, 0.83
Park et al.(61) 200 15 65 50 0.32 No >0.54 0.75 (0.70, 0.81

)

Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)

0.80 (0.72, 0.86) —a— -
0.48 (0.34, 0.62) — —
0.91(0.77, 0.98) —a— —a
0.92 (0.82, 0.97) —a —=
0.69 (0.63, 0.74) —-— -
0.72 (0.57, 0.84) —— —a—
0.81(0.58, 0.95) —a— —a
0.86 (0.64, 0.97) — —
0.74 (0.60, 0.85) — —a
0.81 (0.54, 0.96) — —_—
0.83 (0.75, 0.90) —— —=
0.69 (0.48, 0.86) —e —a—
0.82 (0.73, 0.89) —a— —=—
0.93 (0.78, 0.99) - —a
0.98 (0.89, 1.00) —-— —
0.77 (0.65, 0.86) - ——
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Figure 3. Forest plot of FibroTest/Fibrosure for detection of significant liver fibrosis (METAVIR F2—F4).
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Figure 4. Summary receiver operating characteristic (ROC) plot of
FibroTest/Fibrosure for detection of significant liver fibrosis (METAVIR
F2—F4). The marked point on the curve represents the summary estimate
of test performance, and the area delimited by dots represents the 95%
confidence region of the summary estimate. The area delimited by the
dashed line represents the 95% prediction region, within which there is a
95% confidence that the true sensitivity and specificity of a future study
should lie.

they were not pooled from studies with identical FT threshold.
Performance of tests in a cohort of 1,000 patients with a 50%
prevalence of significant fibrosis is presented in Table 2. Overall,
there was strong evidence of heterogeneity among the 16 included
studies, as graphically illustrated on the forest plot and summary
receiver operating characteristic plot in Figures 3 and 4.

Notably, there were also three distinct outliers positioned at the
very edge of the prediction area (47,54,59). Comparison of models
with and without outliers as covariates did not show any statis-
tically significant change in a —2log likelihood ()*>=0.83; df=3;
P=0.842); hence, there was no association of test performance
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with the presence of outliers. Comparison of pooled sensitivity
and specificity for models with and without outliers is presented
in Table 2.

We also evaluated the diagnostic performance of FibroTest
according to various thresholds used. We summarized all thresh-
olds into three categories according to the recommendations of the
developers: cutoff of 0.31 (corresponding with F1), cutoff ranging
from 0.32 to 0.48 (F1-F2), and cutoff of 0.48 (F2) (14). The cutoff
according to these three categories was added as a covariate in the
bivariate model. Comparison of models with and without cutoff
class as covariate did not show any significant change in a —2log
likelihood (y?=4.605; df =6; P=0.595). There were no differences
between pooled sensitivities and specificities for all three thresh-
olds (Table 2).

However, there was a significant difference in pooled sensitivi-
ties (relative sensitivity 0.79; P=0.036) between studies that used
the recommended cutoff of 0.48 and those that used other thresh-
old values for diagnosis of significant fibrosis, with the latter hav-
ing better pooled sensitivity (Table 2 and Figure 5). In addition,
studies that used FT threshold <0.48 also exhibited a better pooled
DOR (relative DOR: 2.39; P=0.05). However, when studies with
recommended FT cutoff were excluded, a reduction in variation
of sensitivity was observed but with a greater degree of variation of
specificity—see Figure 5.

The presence of HIV infection included as a covariate did not
result in a significantly different model (3*=0.219; df=3; P=0.975),
nor were there differences in pooled sensitivities and specificities
between studies that included HIV coinfected patients and those
who did not.

The inclusion of prevalence of significant fibrosis >20.54 as a
covariate did not result in a significantly different model accord-
ing to a change in a —2log likelihood ()*>=5.602; df=3; P=0.133).
Nevertheless, there was a tendency for better overall accuracy in
studies with prevalence of significant fibrosis >0.54, according to
relative difference in DOR (2.40; P=0.06)—see Table 2.

There were no differences in pooled sensitivities, specificities,
and DORs between studies reported by independent investigators
and those reported by FT developers—see Table 2. The same was
true for studies that reported the average length of biopsy sample
to be 20.20 mm; they did not differ in pooled sensitivity, specificity,
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Table 2. Summary of findings for diagnosis of significant fibrosis with an assessment of heterogeneity and clinical repercussions of findings when
applied in a cohort of 1,000 people with a 50% prevalence of significant liver fibrosis

Subgroup Sens Spec

71.2%* (64.6-77.1%)

Presence of outliers: 'P=0.62; °P=0.66
Without outliers ~ 70.7%! (63.0-77.4%) 82.0%2 (75.4-87.1%)

FibroTest cutoff used: °P=0.63; “P=0.14; °P=0.53; °P=0.95

Overall 81.4%* (74.8-86.6%)

0.31 (F1) 76.5%%* (65.1-85.0%) 78.8%°° (62.7-89.2%)

0.31-0.48 73.3%° (64.6-80.6%) 83.8%° (73.9-90.4%)

(F1-F2)

0.48 (F2) 62.3%* (46.8-75.6%) 79.4%° (69.0-86.9%)
Recommended FibroTest cutoff used: "P=0.036; P=0.68

0.48 60.9%7 (48.3-72.2%) 79.9%8 (71.7-86.2%)

0.31-0.48 76.3%’ (71.0-81.0%) 82.2%8 (72.5-89.0%)

HIV/HBV coinfection: °P=0.72; 1°P=0.84
Absent 70.1%° (63.7-77.1%) 81.7%1° (74.7-87.1%)
Present 73.9%° (55.8-86.4%) 79.5%1° (52.1-93.3%)

Prevalence of significant fibrosis (F2—F4): 1'P=0.13; ?P=0.39
<0.54 63.0%!! (48.7-75.3%) 75.0%12 (70.0-85.3%)
>0.54 78.6%" (68.8-80.4%) 83.4%12 (74.1-89.7%)

Author independence: 1*P=0.55; 1*P=0.22
No 67.5%" (561.1-80.5%)

72.6%* (65.3-78.9%)

75.2%'* (62.8-84.5%)

Yes 83.2% (76.0-88.6%)

Average size of liver biopsy (length): 1°P=0.84; 1°P=0.42
71.9%% (62.5-79.7%) 79.1%1° (69.3-86.4%)
70.6%"® (60.5-78.9%) 83.7%1 (74.7-90.0%)

<20mm

>20mm

Liver biopsy and FibroTest sampling on same day: ’P=0.23; 18P=0.04; 1°P=0.17; *°P=0.04

NA 70.5%" (58.6-80.1%) 78.3%" (66.4-86.8%)
No 63,5%'® (51.1-74.3%) 76.0%* (69.1-81.8%)
Yes 77.9%'718 (73.2- 89.2%19%° (71.0-96.6%)

81.9%)
METAVIR used for grading liver biopsy: ?*P=0.01; *?P=0.16
No 78.3%2! (74.2-81.9%) 87.1%% (68.9-95.4%)

Yes 66.3%?! (57.8-73.9%) 78.1%% (73.0-82.4%)

FN
144

147

117
133

188

195

118

131

185
107

162
137

141
147

148
182
110

108
168

FP PPV NPV DOR AUC
93 79.3% 73.9% 10.9% (6.7 to 17.6) 0.84
*P=0.94
90 79.7% 73.7% 10.5* (3.3-33.4) 0.83
*P=0.78;
*P=0.29
106 78.3% 77.0% 12.1°%(4.8-30.2) 0.85
81 81.9% 75.8% 14.2" (7.1-28.5) 0.86
103 75.2% 67.8% 6.3 (2.9-14.1) 0.78
*P=0.05
100 75.2% 57.1% 6.2* (3.3-11.9) 0.77
89 81.1% 77.6% 14.9* (8.2-27.0) 0.86
*P=0.98
150 79.3% 73.2% 10.8* (6.5-18.1) 0.83
102 78.3% 75.3% 11.0* (2.5-47.6) 0.84
*P=0.06
125 71.6% 67.0% 6.3% (3.2-12.4) 0.78
83 82.6% 79.6% 15.1* (8.3-27.4) 0.86
*P=0.14
124 73.1% 69.8% 6.3* (2.7-14.5) 0.78
84 81.2% 75.2% 13.1* (7.8-22.3) 0.85
*P=0.62
104 77.5% 73.8% 9.7* (5.0-18.6) 0.82
82 81.2% 74.0% 12.3* (6.2-24.6) 0.85
*P=0.007;
*P=0.06
108 76.5% 72.6% 8.6 (4.9-15.1) 0.81
120 72.6% 67.6% 5.5" (3.5-8.6) 0.76
54 87.8% 80.1% 29.1% (9.4-90.7) 0.91
*P=0.036
64 85.9% 80.1% 24.4* (8.1-73.3) 0.90
109 75.2% 69.9% 7.0* (4.7-10.5) 0.79

Sens, sensitivity; Spec, specificity; FN, -false negative; FP, false positive; PPV, positive predictive value; NPV, negative predictive value; DOR, diagnostic odds ratio;

AUC, area under the ROC curve.
95% confidence intervals of selected measures are presented in parentheses.

or DOR from studies that reported the average length of biopsy
sample to be <0.20 mm—see Table 2.

In the five studies that reported blood sampling for FT to have
taken place on the same day as LB, the pooled sensitivity and spe-
cificity were significantly higher (relative sensitivity 1.23; P=0.04
and relative specificity=1.17; P=0.04) compared with studies
reporting blood sampling after or before the day of LB—see Table 2.
DOR was also significantly better in studies with FT blood
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sampling performed on the day of LB (relative DOR: 5.29;
P=0.007). Studies in which data on interval of blood sampling
were not available did not differ significantly from those with FT
sampling on the day of LB, but with borderline statistical (in) sig-
nificance (P=0.06).

In the five studies that did not use the METAVIR scoring
system, the pooled sensitivity was significantly better than in those
that used METAVIR (relative sensitivity =1.18; P=0.01). Although
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Figure 5. Summary receiver operating characteristic (ROC) plot of
FibroTest/Fibrosure for detection of significant liver fibrosis (METAVIR
F2-F4). The curves represent the summary ROC curves for studies that
used the recommended FibroTest/Fibrosure (FT) cutoff of 0.48 and those
that used other cutoffs. The marked point on the ROC curves represents
the summary estimate of test performance and the area outline surround-
ing it represents the 95% confidence region of summary estimate.

<> Recomended cutoff: No

pooled specificities did not differ (Table 2), pooled DOR was again
better in studies that did not use the METAVIR (relative DOR:
3.48; P=0.04). However, there is one important caveat that needs
to be considered as another possible explanation—all five studies
originate from Asia (China and Korea).

We also evaluated seven studies with methodological concerns
according to QUADAS-2 score—see Figure 2 (46,47,49,54,59-61).
Models with and without studies with methodological concerns
did not significantly differ (}*=1.137; df=3; P=0.768). Pooled
sensitivity and specificity were 70.3% (95% CI=59.8-78.9%) and
79.9% (95% CI=71.7-86.1%), respectively, in studies without
methodological concerns and were 72.9% (95% CI=64.4-80.1%)
and 83.2% (95% CI=72.2-90.4%), respectively, in studies with
methodological concerns. There were no significant differences
between pooled sensitivities and specificities (P=0.67 and 0.59,
respectively).

Diagnosis of cirrhosis

We included 13 studies for the meta-analysis, with a total of
1,754 patients, as one study did not have any cases of liver cir-
rhosis (METAVIR F4) (54) and in two studies we were unable to
derive data for the population of the 2x2 table (46,50). The overall
prevalence of METAVIR F4 in the included studies was 20.76%
(range: 9-39%). Reported AUCs for diagnosis of cirrhosis ranged
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from 0.68 to 0.92, whereas standardized AUCs ranged from 0.73
to 0.97.

Summary representation of the overall analysis is presented in
Figures 6 and 7. The area under the hierarchical summary receiver
operating curves for liver cirrhosis and for all included studies was
0.87 (95% CI=0.85-0.90). Sensitivity ranged from 42 to 100%,
much more widely than specificity, which ranged from 78 to 98%
(Figure 6). The meta-analytical summary estimate, irrespective of
the used FT threshold, corresponded with the pooled sensitivity of
71.5% (95% CI=62.1-79.3%), specificity of 87.0% (95% CI=83.8-
89.6%), LR+ of 5.49 (4.62-6.54), and LR— of 0.33 (0.25-0.44).
DOR was therefore 16.77 (12.07-23.30). Again, these measures
must be carefully considered as they were not pooled from studies
with identical FT thresholds. The test performance in a cohort of
1,000 patients with a 20% prevalence of cirrhosis is presented in
Table 3.

There was evidence of heterogeneity with a strong presence of
threshold effect, as depicted in Figure 6, based on the distribu-
tion of studies around the summary receiver operating character-
istic curve and the shape of confidence area, as well as by a strong
negative correlation of sensitivities and specificities (p=—0.78;
P=0.005). After exclusion of two outliers, with a reported sensitiv-
ity of 100% (55, 56), the model without outliers differed signifi-
cantly from the model with outliers (y?=11.54; df=3; P=0.009);
however, the values of pooled sensitivity and specificity changed
marginally (69.4 and 87.0%, respectively).

Studies that used the recommended FT threshold of 0.74 had
better pooled specificity than those that used lower FT thresholds
(Table 3). Although there was a tendency toward lower pooled
sensitivity in studies that used FT threshold 0.74 (as expected),
this was not statistically significant (P=0.06). There was no differ-
ence in pooled DORSs, either. Nevertheless, in studies that used FT
cutoff for cirrhosis <0.74, there was clearly reduced heterogeneity
(Figure 8).

Subgroup analysis according to presence of HIV coinfection,
prevalence of cirrhosis >0.18, independence of authors, length
of biopsy sample >20mm, and use of a histology scoring system
other than METAVIR did not produce any significant differences
in pooled sensitivities, specificities, or DORs (Table 3).

Pooled sensitivities and specificities in studies that reported
blood sampling for FT to have been performed on the same day as
LB did not differ significantly from those that reported sampling
after or before the day of LB, or from those that did not report
the time interval between biopsy and blood sampling at all. How-
ever, pooled DOR in studies that did not report the time interval
between biopsy and FT was significantly lower in comparison with
the other two subgroups (Table 3).

We also evaluated seven studies with lower methodological
quality according to QUADAS-2 score—see Figure 2 (46,47,49,54,
59-61). Models with and without studies with lower meth-
odological quality did not significantly differ ()*=3.385; df=3;
P=0.336). Pooled sensitivity and specificity were 70.4% (95%
CI=54.9-82.3%) and 89.0% (95% CI=85.6-91.6%), respectively,
in studies with better methodological quality and were 75.6% (95%
CI=65.2-83.9%) and 84.3% (95% CI=78.9-88.6%), respectively,
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Study TP FP FN TN  Cutoff HIVHBV Prevalence Sensitivity (95% Cl)  Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)
Zhao et al.(47) 6 18 5 94 072 No <0.18  0.55(0.23,0.83)  0.84 (0.76, 0.90) —_— —
Sebastiani etal.(47) 12 4 10 84 074 No >0.18  0.55(0.32,0.76)  0.95 (0.89, 0.99) — o =
Gui et al.(49) 10 14 2 74 055 No <0.18  0.83(0.52,0.98)  0.84 (0.75, 0.91) —_— —a
Bottero etal(51) 12 14 4 78 074 Yes <0.18  0.75(0.48,0.93)  0.85(0.76, 0.91) —a —
Bonnard etal(52) 11 9 2 32 05 No >0.18  0.85(0.55,0.98)  0.78(0.62, 0.89) —_— —a—
Raftopoulos etal(57)17 14 5 109  0.73 No <0.18  0.77(0.55,0.92)  0.89 (0.82, 0.94) —a -
Miailhes etal(55) 10 8 O 34 058 Yes >0.18 1.00 (0.69,1.00)  0.81 (0.66, 0.91) —n —a—
Sebastiani etal.(58) 19 18 26 190  0.74 No <0.18  0.42(0.28,0.58)  0.91(0.87, 0.95) —a— -
Stibbe et al.(56) 5 1 0 42 075 No <0.18 1.00 (0.48,1.00)  0.98 (0.88, 1.00) —= —=
Castera et al.(53) 7 3 8 3 074 No >0.18  047(0.21,0.73)  0.92(0.79, 0.98) — —a
Kim et al.(59) 37 26 10 97 067 No >0.18  0.79(0.64,0.89)  0.79 (0.71, 0.86) —— —-
Kim et al.(60) 60 19 15 100  0.68 No >0.18  0.80(0.69,0.88)  0.84 (0.76, 0.90) —a— —=
Park et al.(61) 54 29 24 223 068 No >0.18  0.69(0.58,0.79)  0.88 (0.84, 0.92) — =

0O 02 04 06 08 10 02 04 06 08 1

Figure 6. Forest plot of FibroTest/Fibrosure for detection of liver cirrhosis (METAVIR F4).
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Figure 7. Summary receiver operating characteristic (ROC) plot of
FibroTest/Fibrosure for detection of liver cirrhosis (METAVIR F4). The
marked point on the curve represents the summary estimate of test per-
formance, and the area delimited by dots represents the 95% confidence
region of the summary estimate. The area delimited by the dashed line
represents 95% prediction region, within which there is a 95% confidence
that the true sensitivity and specificity of a future study should lie.

in studies with lower methodological quality. There were no sig-
nificant differences between pooled sensitivities and specificities
(P=0.54 and 0.11, respectively).

DISCUSSION

In this meta-analysis we have summarized the diagnostic accu-
racy of FT for CHB-related significant fibrosis and liver cirrhosis.
This is the largest review of the diagnostic accuracy of FT in CHB
patients, and the largest review by independent investigators. In
addition, as statistical aspects of a systematic review of DTA still
present challenges, it is of utmost importance to use validated and
robust methodology that will provide usable results from a clini-
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cal standpoint; this is the main reason why we have chosen the
methodological approach recommended by the Cochrane DTA
Group. Additional strengths of our review include a meticulous
search of published studies, formal assessment of methodological
quality, assessment of heterogeneity with sensitivity analysis, and
assessment of clinical repercussions of our findings.

One of the main limitations is the significant heterogeneity of
included studies. A considerable variation between the results of
diagnostic studies is a common occurrence, possibly to a greater
extent than is seen for therapeutic interventions (62). This is per-
haps one of the main sources of heterogeneity and a direct conse-
quence of the fact that the importance of rigorous design has been
less well appreciated for diagnostic studies than for therapeutic
interventions, resulting in a poorer adherence to methodological
constraints. This is noticeable in many studies that we included,
and can be considered as a general problem in many studies deal-
ing with the diagnostic accuracy of liver fibrosis markers, as already
noted by others (63). We have also chosen to evaluate only Fibro-
Test, despite the availability of other tests, mainly because of the
limited number of publications describing the accuracy of other
such tests in CHB patients. Some potentially eligible studies were
excluded because we could not derive data to construct 2x2 tables.
We also did not take into consideration the prognostic value of FT
in this review—there is clear potential for the utility of FT in this
area too (64).

Overall, our results in terms of pooled AUCs for significant
fibrosis and cirrhosis are in agreement with findings reported from
a previous meta-analysis conducted by FT developers (AUC: 0.79
and 0.84 for significant fibrosis and cirrhosis, respectively) (22).
Interestingly, these measurements were similar to the findings
reported in an independent meta-analysis of FT in HCV patients
(AUC: 0.81 and 0.90 for significant fibrosis and cirrhosis, respec-
tively) (24). It appears that with the current (imperfect) gold stand-
ards such as LB, these are the best numbers for FT' we can achieve
in terms of overall accuracy. This is confirmed by the fact that all
direct, indirect, and combined serum markers of liver fibrosis have
AUCs clustering around the value of 0.85 (13). Therefore, when
discussing the accuracy of any marker in the case of discordant
results between biopsy and biomarker such as FT, the cause of dis-
cordance can be either failure of fibrosis marker or failure of biopsy
to detect true stage (17).
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Table 3. Summary of findings for diagnosis of liver cirrhosis with an assessment of heterogeneity and clinical repercussions of findings when
applied in a cohort of 1,000 people with 20% prevalence of liver cirrhosis

Subgroup Sens Spec
Overall 71.5% (62.1-79.3%) 87.0% (83.8-89.6%)
Recommended FibroTest cutoff used: P=0.06; ?2P=0.001
0.74 61.5%''46.6-74.5%) 90.8%288.0-93.0%)
<0.74 79.9%'71.7-86.2%) 83.5%2(79.6-86.7%)
HIV/HBYV coinfection: °P=0.06; “P=0.26
69.0%369.4-77.2%)

Absent 87.7%*84.2-90.4%)

Present 90.6%°41.6-99.2%) 83.1%*74.6-89.1%)

Prevalence of cirrhosis (F4): °P=0.69; °P=0.65
<0.18 69.7%°51.0-83.6%)
>0.18 73.7%°63.8-81.6%)

Author independence: 7P=0.30; 8P=0.29

69.8%’59.9-78.1%)

87.7%583.9-90.8%)
86.4%°81.1-90.4%)

No 87.7%284.4-90.3%)

Yes 80.5%754.6-93.4%) 82.3%271.0-89.8%)

Average size of liver biopsy (length): °P=0.57; 19P=0.98
<20mm 68.5%°560.8-82.1%) 87.2%1°182.9-90.5%)

>20mm 73.9%°64.5-81.5%) 87.1%1°81.5-91.3%)

Liver biopsy and FibroTest sampling on same day: 1'P=0.13; 1?P=0.10; 13P=0.73; 1*P=0.22

NA 55.7%1138.4-71.7%) 89.1%'382.3-93.5%)
No 84.1%'268.2-92.9%) 84.2%'477.9-89.0%)
Yes 72.2%112 (63.5-79.5%)  89.2%1314(71.0-96.6%)

METAVIR used for grading liver biopsy: 1°P=0.53; 1°P=0.11
75.7%"65.2-83.9%) 84.3%1°78.9-88.6%)
70.4%1°54.9-82.3%) 89.0%1© (85.6-91.6%)

No

Yes

FN
57

77
40

62
19

61
58]

60
39

63
52

89
32
56

49
59

FP PPV NPV DOR AuC
104  57.9% 92.4% 16.8 (12.1-23.3) 0.87
*P=0.72
74 62.6% 90.4% 15.7* (8.6-28.8) 0.87
132 545% 943%  17.9* (12.1-26.5) 0.88
*P=0.40
9%  584% 91.9% 10.8* (6.5-18.1) 0.83
135 57.3% 97.3% 11.0* (2.5-47.6) 0.84
*P=0.85
9%  586% 92.1% 16.5* (3.2-12.4) 0.87
109 57.5% 92.9% 17.8* (8.3-27.4) 0.88
*P=0.79
9%  587% 921%  16.4* (11.7-23.0) 0.87
142 532% 94.4% 19.1* (6.4-57.3) 0.88
*P=0.49
102 57.2% 91.7% 14.8* (7.8-28.1) 0.86
103 589% 93.0%  19.2* (13.3-27.7) 0.88
*P=0.04;
$P=0.56
87 56.1% 88.9% 9.1 (4.9-16.9) 0.82
126 57.1% 95.5%  28.3%(12.2-65.8) 091
86  626% 928%  21.2%129-348) 0.89
*P=0.72
126 547% 933%  16.8* (11.3-25.0) 0.87
88  615% 923%  19.2*(10.3-35.7) 0.88

Sens, sensitivity; Spec, specificity; FN, false negative; FP, false positive; PPV, positive predictive value; NPV, negative predictive value; DOR, diagnostic odds ratio;

AUC, area under the ROC curve.
95% confidence intervals of selected measures are presented in parentheses.

Even in the best possible conditions, in which LB accuracy is
highest (sensitivity and specificity of biopsy are 90%) and the
prevalence of significant disease is 40%, the AUC for a perfect liver
fibrosis marker would be 0.90, which makes it hard to distinguish a
perfect surrogate from a bad one (65). Owing to the markedly poor
risk-to-benefit ratio of LB, it has been argued that it should not be
recommended as a first-line procedure but rather as a second-line
estimate of liver injury, reserved for cases involving complex dis-
orders and discordance between clinical and noninvasive findings
(19). LB is prone to sampling errors and intra- and interobserver
variability, with the additional impact of the level of experience of
the pathologist on overall accuracy and reliability (10,63,66). The
size of liver sample may also be of importance (17,67), but even a
25-mm-long biopsy sample may have up to 25% rate of discord-
ance for fibrosis staging (68).

In our analysis of liver-biopsy-related factors that may have an
impact on accuracy, studies with an average length of LB 220 mm
did not have better measurements of diagnostic accuracy for either
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significant fibrosis or cirrhosis, in comparison with those report-
ing an average length <20 mm. However, studies using histological
score other than METAVIR had significantly better sensitivity and
DOR for significant fibrosis, although there were no differences in
measurements of diagnostic accuracy for liver cirrhosis (Tables 2
and 3). It is important to emphasize that all five studies that used a
non-METAVIR score were conducted on patients of Asian origin;
therefore, this may be another confounder. What may make this
of even greater significance is the fact that three of the five studies
used the Batts and Ludwig scoring system, which is similar to the
METAVIR score.

One common problem in the studies included in the present
review was the use of FT thresholds not recommended by develop-
ers, as more than half the included studies used nonrecommended
FT thresholds for both fibrosis and cirrhosis. This is another possi-
ble source of bias and a strong source of heterogeneity, as selective
reporting of the thresholds identified to optimize test accuracy can
introduce bias if they are selected in a data-driven manner (69). This
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Figure 8. Summary receiver operating characteristic (ROC) plot of
FibroTest/Fibrosure (FT) for detection of liver cirrhosis (METAVIR F4).
The curves represent the summary ROC curves for studies that used the
recommended FT cutoff of 0.74 and those that used other cutoffs. The
marked point on the ROC curves represents the summary estimate of
test performance and the area outline surrounding it represents the 95%
confidence region of summary estimate.

was confirmed in a sensitivity analysis, in which we demonstrated
a significantly higher pooled sensitivity and DOR for significant
fibrosis in studies that used FT cutoff <0.48 (Table 2), suggesting
better diagnostic accuracy in studies using FT cutoff in the range
of 0.31-0.48. However, studies that used the recommended cut-
off for cirrhosis had better pooled specificity in comparison with
those that used FT threshold <0.74 (Table 3). FibroTest at the
proposed cutoft of 0.74 had excellent performance for exclusion
of liver cirrhosis.

The developers of the FT recommend the application of FT as
a continuous rather than binary variable in order to maximize its
effectiveness (15). However, in clinical practice, knowing the exact
fibrosis stage is not as important as knowing whether the patient
has mild or advanced liver disease (FO-F1 vs. F2-F4 and FO-F3
vs. F4) (11). This is of potentially crucial clinical interest in cases
where the patient is to be evaluated for antiviral treatment, as the
decision to start treatment and the choice of medications may be
influenced by fibrosis stage. For example, differentiation between
the F1 and F2 stage may be of utmost importance when decid-
ing not to initiate long-term treatment with analogs in patients
with the risk of developing resistance (62). Therefore, it may be a
better strategy to concentrate on finding the best-performing FT
thresholds for detection and exclusion of both significant fibrosis
and cirrhosis.
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Obviously, at least for a CHB population, there is a clear need
for further refinement of proposed FT thresholds, especially for
significant fibrosis, and their adaptation to clinical needs. This,
however, may prove to be a hard task; Parkes and colleagues, in
a review of 14 studies with 10 different tests, showed that cutoff
levels with clinically relevant predictive values for the presence or
absence of significant fibrosis were applicable to only 35% of the
population of patients with chronic hepatitis C (63). Others have
argued, however, that sensitivities and specificities above 85% can
be considered as adequate for identifying patients with significant
fibrosis, as there are no relevant clinical consequences of false posi-
tives or false negatives (32).

The prevalence of advanced fibrosis and cirrhosis may have an
impact on overall accuracy because of a spectrum effect, and it
has been observed that in cases where spectrum bias is present,
either sensitivity or specificity would be expected to change (62).
Therefore, one could expect higher sensitivity and specificity in
populations in which extreme stages of fibrosis (FO or F4) are
present than in populations with higher prevalence of interme-
diate stages (F1-F3). This was recognized as an issue in studies
dealing with accuracy of fibrosis markers; as mentioned above,
Poynard et al. (30) proposed standardization of the reported
AUCs according to the prevalence of fibrosis stages. We also
investigated whether the prevalence of significant fibrosis and
cirrhosis may have an impact on accuracy by evaluating studies
in which reported prevalence of significant fibrosis and cirrhosis
was above 54 and 18%, respectively. We have chosen these two
thresholds as, again, Poynard et al. (30) reported natural preva-
lence of advanced fibrosis and cirrhosis in a cohort of 2,235 CHC
patients to be 54 and 18%, respectively. As expected, both pooled
sensitivity and specificity, and especially DOR, were better in
studies with prevalence of significant fibrosis >54%, but without
statistical significance.

Calculated values of prevalence of significant fibrosis and cir-
rhosis in a total of 2,494 patients with CHB included in this
meta-analysis were 55.33 and 16.92% respectively—similar to the
above-mentioned values. In addition, in the 2,394 patients from 15
studies with sufficient data, the value of DANA was 2.105, again
similar to the DANA reported in the CHC patients (30). There-
fore, the natural distribution of stages of fibrosis in CHB and CHC
patients appears to be similar.

There was no difference between the performances of FibroTest
on the basis of the independence of authors; however, although
there was no statistical difference, pooled DOR and AUC were
higher in studies conducted by independent authors. Although
there were four studies in which we were not able to obtain data
on time interval between LB and FT, studies with blood sampling
for FT and LB performed on the same day had better pooled sen-
sitivity, specificity, and DOR for significant fibrosis than those that
reported a time difference between FT and LB. However, such dif-
ference was not observed in the analysis for liver cirrhosis. Inclu-
sion of a special population of HIV-coinfected patients also did
not have any impact on diagnostic accuracy, although there was
a tendency for better sensitivity in studies with HIV-coinfected
patients. However, owing to the small number of included studies,
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this result should be considered with caution and leaves space for
additional exploration in future studies.

There are several implications for future research. More stud-
ies on diagnostic accuracy for liver fibrosis are needed in popula-
tions of CHB patients, regardless of the noninvasive methods being
explored. Future authors of studies exploring the performance of FT
in CHB patients should be encouraged to insist on a rigorous design
and methodology. Although reporting AUCs is usual, it is also
important to report data for diagnostic accuracy at a recommended
threshold(s) in order to allow for easier extraction of data for future
meta-analyses (2x2 table). There is a need for studies exploring best-
performing FT thresholds for both dichotomous outcomes, as well
as studies in which the central research question explores the diag-
nostic accuracy of FT in Asian populations, but with the use of the
MEATVIR scoring system. More studies in HIV-HBV-coinfected
patients are also warranted. A future review in which diagnostic per-
formance of FT is compared with other noninvasive markers could
also be of tremendous use, as could a review of studies using a com-
bination of two or more noninvasive markers.

Implications for practice deriving from our results suggest that
FibroTest is of excellent utility for excluding cirrhosis in patients
with CHB, but has suboptimal performance in detection of signifi-
cant fibrosis and cirrhosis and in exclusion of significant fibrosis.
It is of importance for clinicians to adhere to the recommended
thresholds for dichotomous outcomes until better ones are derived
and to sample blood for FT on the day of LB, as this obviously may
have an impact on accuracy.
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WHAT IS CURRENT KNOWLEDGE

Diagnostic accuracy of FibroTest/Fibrosure (FT) for liver
fibrosis and cirrhosis in chronic hepatitis B (CHB) has been
insufficiently evaluated.

WHAT IS NEW HERE

FT is of excellent utility for excluding cirrhosis in patients
with CHB.

The diagnostic performance of FibroTest in detection of sig-
nificant fibrosis and cirrhosis and in exclusion of significant
fibrosis is suboptimal.

It is important for clinicians to adhere to the recommended
thresholds of FibroTest until better ones are derived.
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