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ABSTRACT

Background/Aims: Liver biopsy is the reference standard to adsessfibrosis in chronic
hepatitis C (CHC). We validated and compared thgrdistic performance of noninvasive
tests for prediction of liver fibrosis severity andsessed changes in extracellular matrix
(ECM) markers after antiviral treatmeMethods: The performance of Forns’score, APRI,
FIB-4 index, and ELF (Enhanced Liver Fibrosis) scaas validated in 340 patients who
underwent antiviral therapy. These scores werrméted 24 weeks after treatment in 161
patients Results. Forns™ score, APRI, FIB-4 and ELF score showedpzwable diagnostic
accuracies for significant fiorosAUROC 0.83, 0.83, 0.85 and 0.81, respectively). To
identify cirrhosis, FIB-4 index showed a signifilgrbetter performance over APRI and
ELF score (AUROC 0.89 vs. 0.83 and 0.82, respectively). Ebfeslecreased significantly
in patients with sustained virologic response (SYRP.0001) but remained unchanged in
non-responders. Non-1 HCV genotype, baseline I&¥&v RNA, glucose, hyaluronic acid
and higher cholesterol levels were independensig@ated with SVRConclusions. Simple
panel markers and ELF score are accurate at igagtisignificant fibrosis and cirrhosis in
CHC. A decrease in ELF score after antiviral treattweflects the impact of viral clearance

in hepatic ECM and probably in the improvemeniwdrlfibrosis.

Keywords: cirrhosis, ELF score, extracellular matrix markedfsrns” score, significant

fibrosis
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Introduction

An estimated 170 million persons worldwide are olwally infected with hepatitis C virus
(HCV) (1), a leading cause of chronic liver diseagkeich may eventually lead to cirrhosis
and end-stage liver disease (2).

Current antiviral treatment for CHC has significaitte effects and has a far from optimal
efficacy, particularly in patients with genotypg3, 4). Thus, identification of significant
liver fibrosis stage is essential to establishtitineng of antiviral treatment (5). Furthermore,
the diagnosis of cirrhosis not only establishesniied for antiviral treatment but is crucial
for identifying those patients in whom screening fgastroesophageal varices and
hepatocellular carcinoma is mandatory. Finally,esssient of the effect of antiviral
treatment on liver fibrosis is another desirabld point for evaluation of the efficacy of
therapy. Liver biopsy is classically consideredriference standard to assess the extent of
fibrosis, though it is associated with risk of cdicgiions and has limitations due to observer
variability and sampling error (6-8Yhus, several routine laboratory tests combined in
scores and indices such as Forns’score, APRI iadeX-1B-4 index, have been developed
and validated as useful noninvasive and inexperisivis to accurately detect significant
fibrosis or cirrhosis in clinical practice (9-1Zurthermore, a panel of 5 markerg2{
macroglobulin, haptoglobin, apolipoprotein Al, gaagttamyl transpeptidase and total
bilirubin), that is commercialized as FibroTests ladso been validated in the detection of
fibrosis and in the evaluation of response to feten based therapy (13, 14).

More recently, transient elastography has becomsetulu rapid and reproducible novel
method to assess liver fibrosis through the measemeof liver stiffness. It has been shown

to have good diagnostic performance when combingdRabroTest (15, 16).
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In addition, some serum markers that reflect the dynarhftzasis, involving extracellular
matrix (ECM) synthesis or degradation mainly bydtepstellate cells (HSC) (17), such as
aminoterminal propeptide of type Il procollagenliP), hyaluronic acid (HA), tissue
inhibitor of matrix metalloproteinase type 1 (TIMp-and YKL-40, have been studied
individually or in combination in the detection thle severity and progression of hepatic
fibrosis and in the follow-up of changes in relatto antiviral treatmer(tL8-22). A panel of
such markers (PIIINP, HA and TIMP-1) combined wathe, originally reported as the
European Liver Fibrosis (OELF) score (23), was shtwovbe specific and sensitive in the
evaluation of liver fibrosis in chronic liver dises of different etiology (24-26) A
longitudinal assessment of this validated predicter score (ELF) after antiviral
treatment is lacking in the literature. Since the markers included in this score are
directly related to the fibrogenesis process, thevaluation in this setting could confirm
their ability in monitoring liver fibrosis regression.

The aims of the present study were (1) to validatk compare the diagnostic performance
of several noninvasive tests in the predictionivadrlfibrosis severity in a large cohort of
patients with CHC from a single center, and (Zdsess the relationship between changes in

serum ECM markers and virologic response to aatitherapy.

Patients and methods

Patient population

This is a cohort study that included 340 consecutvpatients with CHC who underwent

antiviral treatment at our institution between August 2001 and November 2007 same

protocol (including number of visits, blood tests ad serum sampling) was used during
the study period.The diagnosis of CHC was established by the presafritepatitis C virus

(HCV) RNA using polymerase chain reaction assajlgpatients underwent a pretreatment
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liver biopsy within 6 months prior to the initiatioof therapy. Patients with human
immunodeficiency virus or hepatitis B virus co-ictfen, or with other causes of chronic
liver disease were not included.

Antiviral treatment was the standard of care, witkekly pegylated interferon alfa-2a
(180ug) or alfa-2b (1.5 ug/kg) plus ribavirin (A& g daily) for 24 or 48 weeks, according
to HCV genotype. The use of hematopoietic growthofa, epoetin alfa or darbepoetin and
filgrastim, was allowed to treat anemia or neutnigerespectively Sustained virologic
response (SVR) was defined by undetectable serum RISA by qualitative polymerase
chain reaction assay (Cobas Amplicor, HCV Roch2y detection limit 50 IU/mL) at 24
weeks after the end of therapy.

All patients provided written informed consent tatad handling according to a protocol

approved by the ethical committee of our Institutio

Liver Histology

Percutaneous liver biopsies were performed undat Bmesthesia and ultrasound guidance
with a Tru-Cut 14 gauge needle (Angiomed, Bard, |dfane, Germany) by expert
radiologists. Specimens were fixed in formalin, edded in paraffin and stained with
hematoxylin-eosin and Masson’s trichromde.minimum length of 10 mm and the
presence of 6 portal tracts were required for diagosis Histological grade and stage
were determined according to METAVIR scoring syst@W) by the same pathologist
(M.B.), who was blinded for patients’ data Liver fibrosis was considered significant when

it spread out of the portal tract (stages 2, or 4

Routine laboratory tests
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Baseline blood samples were collected on the day adftiviral treatment initiation, as

well as at the end of treatment and the end of follow-up ong@rotocol basis. Laboratory
tests included complete blood cell counts, HCV Ré¢fum concentration, HCV genotype,
aspartate aminotransferase (AST), alanine amirsféase (ALT), gamma glutamyl
transpeptidase (GGT) and cholesterol. These pagesngéere used to calculate Forns’score,
APRI index and FIB-4 index at baseline and at 24kseafter treatment, as previously

described (9-12).

Serum markers of ECM assays

Fasting serum samples (collected at baseline and at 24 weeks afteirahnti
treatment) were stored at - 80 © C until assayed for leveldAfTIMP-1 and
PIIINP. ECM assays were determined using a random accessaaedowiiinical
immunochemistry analyzer that performs magnetic separation enaymeoassay
tests (Immuno 1, Siemens Healthcare Diagnostics, Tarrytown, N¥jach
method has a set of six calibrators. The HA and TIMP-1 methodgse a cubic-
through-zero curve-fitting algorithm and the PIIINP method uses a weighted-
cubic-through-zero fit to construct calibration curves. Rates are measured for
the six calibrators. Serum levels of ECM markers were expressed in ng/mL. The
mean reference values of PIIINP, TIMP-1 and HA, obtained fromh&dlthy
subjects (47% males, median age 44 years) weret6219, 636.4+ 108.4 and
38.8+ 36.9, respectively. The intra- and inter-assay coefficients cdti@riwere <
3.8 % and < 5.8 %, respectiveliPatient values were entered into the ELF
(Enhanced Liver Fibrosis) algorithm, where the original seeas simplified by
removing age (unpublished observations by Parkes et al., recendstedlin he

detection of fibrosis in patients with nonalcoholic fatty livesedise)24), and the
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results expressed as discriminant scotesestigators performing the laboratory

tests were blinded for patients’ clinical and histological data.

Statistical Analysis

Patients’ baseline characteristics are given asnme&D, median or proportion, as
appropriate. The diagnostic accuracy of the differeethods was analyzed by constructing
receiver operating characteristic (ROC) curves ealdulating the area under the curves
(AUROCs).We assessed the impact of the prevalences of thierdisis stages defining
nonadvanced and advanced fibrosis on the observed AUROC$HAIJIROC) by using a
previously suggested method of standardization (28)Firstly, we calculated the
difference between advanced and nonadvanced meanrbiis stage (DANA) according
to a uniform distribution with a prevalence of 0.20 for each of the 5 stages in
METAVIR units (uniform DANA= [2+3+4/3]-[1+0/2] = 2.5) or to the observed
prevalence distribution in our cohort (natural DANA). The regression between the
AUROC:s of the different tests for the diagnosis aiidvanced fibrosis versus the DANAs
resulting of different combinations of fibrosis stayes allows to estimate the AUROCs
from DANAs. The resulting regression equation was: AUROG: constant coefficient +
(DANA regression coefficient) (DANA). The formula o calculate the adjusted AUROC
according to our observed fibrosis prevalence waDbAUROC + (DANA regression
coefficient ) (natural DANA - Observed DANA). The brmula to calculate the adjusted
AUROC according to a uniform DANA of 2.5 was: ObAURDOC + (DANA regression
coefficient) (2.5 — Observed DANA).

The sensitivity, specificity, positive predictivalue (PPV), negative predictive value (NPV),
likelihood ratios (LR) and diagnostic odds rati{@OR) were determined, using hepatic

fibrosis stage as determined by liver biopsy asdferenceDOR measures the overall
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diagnostic test’s accuracy by dividing the LR+ by the LR-.Chi-square and tests
were used to analyze categorical and continuousbles, respectively. The Wilcoxon
matched pairs signed-rank test was used to evathateges between baseline and end of
follow-up scores. Logistic regression analysis wiaed to test for associations between
variables and the type of virologic response. A-taifed p value of less than 0.05 was
considered statistical significant.

Statistical analyses were performed with SPSS adétversion 14.0, SPSS Inc, Chicago,

IL) and the comparison of AUROC values was caroigicby the DelLong et al method (29).

Results

Characteristics of patients

Baseline clinical, laboratory and virologic chaeaistics of the 340 patients are shown in
Table 1. The mean age of the patients was 47.% yeat 63.8% were male. The vast
majority of patients (73.9%) were infected with H@e&notype 1. Mean biopsy length
was 15 mm (range 10-30 mm), with 55% of specimens > 15 mm, 16% > 20 rand
1% > 25mm. Mean number of portal tracts was 9 The stage of liver fibrosis was
distributed as follows: FO, n= 34 (10%); F1, n=(22.6 %); F2, n= 74 (21.8%); F3, n= 31
(9.1%); F4, n= 124 (36.4%). The prevalence of ficamt fibrosis (B> 2) in this cohort was

67.3%. Diabetes mellitus was present in 8.5% of the pati¢s

Performance of noninvasive tests
The results for the overall accuracy of the diffiétests for significant fibrosis and cirrhosis
are presented as ROC curves in figures 1 andpgzaggely. The AUROCSs of Forns™ score,

APRI, FIB-4 index and the ELF score had similargd@stic accuracies for significant
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fibrosis as assessed by DeLong’s method. FIB-Xindes significantly better than APRI
and the ELF score for the diagnosis of cirrhossassessed by non parametric analysis of
AUC values (Table 2)The performance of all the tests improved only for the diagreis

of cirrhosis in patients with a biopsy length > 20nm. Standardization of AUROCSs to
address spectrum effect was evaluated for thereliffeéests. The observed AUROCSs for
significant fibrosis for Forns’score, APRI, FIB-4 and ELF test ranged from 0.70 to
0.94; 0.67 to 0.95; 0.70 to 0.96 and 0.68 to 0.8%pectively. Standardized AUROCs
according to the uniform and naturally observed prealences of fibrosis stages for
these tests were 0.82 and 0.83; 0.831 and 0.83850and 0.85; 0.80 and 0.81,
respectively.

The estimates of sensitivity, specificity and negsand positive predictive values according
to the cutoff values originally reported for diagisoof significant fibrosissevere fibrosis
(F3-4) and cirrhosifor each test are shown in table 3.

By using Forns’score for the prediction of abseggresence of significant fibrosis (F2 or
greater), 64 of 89 (71.9%) patients with a valweelothan 4.2 had non significant fibrosis.
Applying the high cutoff of this score (>6.9), 161109 (92.6%) had significant fibrosis.
Only 8 patients with non significant fibrosis weresclassified. Forty-nine percent were
correctly classified and liver biopsy could be aleal in 58% of patients.

By APRI, 56 of 76 (73.7%) patients with a valueOd or lower did not have significant
fibrosis. Among those with an index higher than, 1&7 of 115 (93%) patients did have
significant fibrosis. Using these cutoff values, absemgaesence of significant fibrosis was
correctly identified in 48% of patients, and liv@opsy could be avoided in 56%. For the
outcome of cirrhosis, 159 of 181 (87.9%) patientk an APRI value of 1 or lower did not
have cirrhosis. Only 22 of 124 (17.7%) with cirrisosere incorrectly classified. For those

with an APRI value higher than 2, 61 of 81 (75.3%l cirrhosis and only 20 of 216 (9%)
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without cirrhosis were incorrectly classified. Ugithese cutoff values, absence or presence
of cirrhosis can be correctly identified in 65%paftients, avoiding liver biopsy in 77% of
patients.

By applying FIB-4 index, 118 of 131 patients (90#bh a value below 1.45 did not have
severe fibrosis (F3-4). Eighty-three of 100 pat€B8%) with an index higher than 3.25 had
severe fibrosis. With both thresholds, 59% of pdgievere correctly identified and liver
biopsy could be avoided in 68% of patients.

When using the ELF score, we determined two thidsladues to recognize the absence or
presence of significant fibrosis. Below a cutoffueaof -0.45, 58 of 80 patients (73%) did
not have significant fibrosis. Above a cutoff valokel1.07, 108 of 119 (91%) patients had
significant fibrosis. With these thresholds we docrrectly classify 49 % of patients, and
liver biopsy could be avoided in 59% with a minind&gnostic error. For the outcome of
cirrhosis, 114 of 127 patients (90%) with a cutatfue below 0.06 did not have cirrhosis.
For those patients with an ELF score higher th@B,165 of 86 (76%) had cirrhosis. With
these thresholds absence or presence of cirrhmgid be correctly identified in 53%, and

liver biopsy could be avoided in 63%.

Baseline ECM markers as predictors of virologic regonse

One hundred and sixty-two patients achieved a isastavirologic response while 178

patients did not. Among the latter, 62 patidmsi undetectable HCV-RNA at the end of
treatment but relapsed during follow-up. Baselihi@ical characteristics according to
virologic response are shown in Table 4. Sustanretbgic responders were more likely to
have lower baseline levels of GGT, glucose, and HRINA, higher levels of cholesterol,

higher platelet count, non-1 HCV genotype, and less esdbeosis. The ELF score and two
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of its components, HA and TIMP-1, were also sigaffitly lower in sustained virologic
responders.

Multivariate logistic regression analysis was usedest which baseline variables could
predict virologic response. In the final model, H&WA viral load (odds ratio (OR), 0.45;
95% CI 0.32-0.65p= 0.0001), cholesterol (OR, 1.01; 95% CI 1.01-1.62,0.0001),
glucose (OR, 0.98; 95% CI 0.97-0.98, 0.004), HCV genotype 1 (OR, 0.42; 95% CI1 0.24
—0.76, p= 0.004) and serum HA (OR, 0.99; 95% CI 0.99 —1©6,0.008) were all
independent predictors of SVR. A sub-analysis depts with HCV genotype 1 showed

that the same variables were independent predmt&¥R.

Score changes according to virologic response

Among the 340 patients included in this study, 1®H serum samples available for
measurement of matrix markers at 24 weeks of felipvafter treatment (limited availability
of reagents precluded testing of all samples). IB&seharacteristics of this subset of
patients are shown in Table 1. Eighty-five pati@usieved sustained virologic response and
seventy-six, including 39 who relapsed, did not.

Changes in the mean ELF score and its componenssiarmarized in Table 5. At 24 weeks
after therapy the ELF score decreased significantlpatients who achieved sustained
virologic response but remained unchanged in tiadsedid not. The mean ELF score did
not change significantly in relapsers (data nowst)oA significant decrease of all of the
components of the ELF score was observed in sastaiinologic responders whereas HA
and PIIINP remained unchanged and TIMP-1 incressedn sustained responders.

The individual changes in the ELF score accordingrblogic response and to the severity
of liver fibrosis at baseline are shown in FigureO® an individual basis, the ELF score

decreased in most sustained virologic responddrenbonly a minority of non sustained
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virologic responders, in most of whom the ELF seereained unchanged or increased. The
decrease of the ELF score was more marked in patigth more advanced liver fibrosis,
who showed higher mean ELF scores at baseline.

As expected, Forns’score, APRI and FIB-4 indexedesad significantly in patients who
achieved sustained virologic response (Table 5S¢ iShmainly due to the normalization of

their respective components (particularly AST Ahd).

Discussion

The use of routine hematological and biochemicehrpaters combined in panels such as
Forns” score, APRI or FIB-4 index, is an “indireaasy and inexpensive approach to
identify patients with significant fibrosis andrbiosis. The Forns” score was developed and
validated in a population where only 25% of pasienad significant hepatic fibrosis (9)
while the prevalence of significant fibrosis in {hesent cohort was much higher (67 %).
This difference may explain why this test perfornbetter in the present cohort than in the
original study to rule in significant fibrosis, Wwiae PPV higher than 90%, but not to exclude
significant fibrosis. Similarly, the PPV for sigiaént fibrosis obtained in this study with
APRI > 1.5, compared favorably with that reported in dniginal study (93% vs. 88%),
although the NPV at the 0.5 cutoff point was lo{er % vs. 86%) (10). Similar results were
shown with the FIB-4 index. For the outcome oftmsis, all scores performed well but
FIB-4 showed a significantly better accuracy asuamed to APRI and ELF.

The use of scores including direct fibrogenesiskararmay be an advantage in certain
situations, such as in patients with CHC who uralargfiviral therapySince the markers
included in such scores are directly related to theldrogenesis process, their assessment
might prove useful to monitor liver fibrosis regresion, a well documented finding in

individuals achieving a sustained virological respuse (30, 31).In previous studies,
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significant declines from baseline of PIIIP and YKQ were also noted at week 72 in
patients with an SVR comparedth in NRs (22).

The main purpose of this study, was to assess ¢nermance of a score based on
fibrogenesis markers (ELF score), due to its ptentility to evaluate changes during
follow-up or after treatment.The testing algorithm is patented but is not yet
commercially available in most countries. In our ohort, the ELF score yielded a good
accuracy in the diagnosis of liver fibrosis and cirrhos, with similar accuracy to that of
simple panels. Moreover, ourstudy showed a significant decrease of the meammse
concentration of ECM markers in patients who hadiekted the virus, which did not occur
in non responders or in relapsers. As expectetlsimaf the combined ELF score produced
similar results. Analysis of changes in individyatients showed that the ELF score
decreased in most sustained virologic respondarticydarly in those with more severe
fibrosis at baseline, whereas the ELF scores isetkar remained unchanged in most non-
sustained virologic responders. The significant dealirt€GM markers experienced only by
sustained responders probably reflects a decreabeer fibrogenesis once the primary
cause, HCV virus, is cleared, with eventual nomadibn of the imbalance between
degradation and synthesis of liver collagen. Thes®lusions are in agreement with the
improvement in liver fibrosis observed in sustaiaedlogical responders from large clinical
trials where a follow-up liver biopsy was availa(8@, 31).

The results of our study are in accordance witkeneceports evaluating the effect of anti-
HCV treatment using other non-invasive methagds:omparison of HCV FibroSURE
(or FT-AT) and FIBROSpect Il (HA, TIMP-1 and o, macroglobulin) during a phase
2b clinical trial with albinterferon alfa-2b plus r ibavirin noted a significant decline in
the score values in patients with SVR compared witin nonresponders (32). Another

study performed a longitudinal evaluation of FT-AT with HA as a comparative
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reference in CHC patients treated with IFN monotheapy; the authors observed a
significant decrease of FT-AT in those who obtaine®&VR versus NR and relapsers,
but with no significant changes noted in HA (33). In a more recent study, a
comparison of the effect of antiviral therapy on FTand FibroScan between treated and
untreated patients, showed a significant decreasd 6T at the end of follow-up for
those patients who obtained SVR or relapsed (34).

In our study, the significant increase in serum PH#levels observed at the end of follow-
up in non-sustained virologic responders may inditlaat fibrosis is progressing in these
patients. Indeed, other reports found a similar HiMincrease following interferon alfa
therapy in nonresponder patients (35-37). TIMPdtquats collagen from fibrolysis by the
matrix metalloproteinases and also inhibits thepagmis of hepatic stellate cells (38). In
experimental models, overexpression of TIMP-1 wasoeiated to enhanced fibrosis,
supporting the hypothesis that inhibition of mattegradation may contribute to progression
of fibrosis (39).

We also observed significant post-treatment chaofjesrns’ score, APRI and FIB-4 tests.
However several components of these tests, sushram cholesterol, platelet counts and
particularly transaminases, that are not directly inwblaehepatic fibrogenesis or fibrolysis,
may change under antiviral therapy, particularlsesponders.

Of interest, by multivariate analysis, HA, a comganof the ELF score showed an
association with sustained virologic response. iBusvstudies have shown that HA levels
reflect an increased production of this marker éyétic stellate cell as well as a decreased
removal from circulation, which depends on the kpthy specific receptors in hepatic
sinusoidal endothelial cells (40, 41). Higher HAdls and lower probability of virologic
response could reflect dysfunction of endotheli@isoidal cells that is present in patients

with more advanced liver fibrosis, another indepengredictor of virologic response.
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Our study has several limitations. First, the lackof a follow-up liver biopsy, which
prevented us to directly assess the effect of treaént on liver fibrosis. Second, the

short period of time that elapsed between baselinend follow-up evaluations. Since

©CoO~NOUTA,WNPE

liver fibrosis decreases progressively after a sumhed virologic response (42), the
13 evaluation period of the study might have been toshort to detect additional effects.

15 Third, the proportion of patients with a biopsy siz2 >20 mm was suboptimal. Finally,
although this is a cohort study, ECM assays were germed on stored serum samples
20 which were not available for all included patients.

22 In summary, this study of a large cohort of patiemith CHC confirms that both indirect
o5 fibrosis tests and measurement of ECM serum markestsided in the ELF score, are
27 accurate to predict the severity of fibrosis. ECMrkers and the composite ELF score
significantly decreased in sustained virologic oegfers but remained unchanged in non
32 sustained responders, suggesting that these mankgrbe useful as a non-invasive means
34 to assess the effects of antiviral therapy on efiatosis and fibrogenesighe potential
utility of the ELF test in this setting as comparedwith other commercially available

39 patented markers would require extensive validatiorand a cost-effective analysis.



©CoO~NOUTA,WNPE

Alimentary Pharmacology & Therapeutic Page 16 of 33

16

References

1. World Health Organization, Hepatitis C -global prevalence (upda&rid
Health Org Weekly Epidemiol Rec 1999; 74: 421-428.

2. Thomas DL, Seeff LB. Natural history of hepatitis C.nCliiver Dis 2005; 9:
383-98.

3. Manns MP, McHutchison JG, Gordon SC et al. Peginterferon alfa-2b plus
ribavirin compared with interferon alfa-2b plus ribavirin for initiedatment of
chronic hepatitis C: a randomised trial. Lancet 2001; 358: 958-965.

4. Fried MW, Shiffman ML, Reddy KR et al. Peginterferon alfaphas ribavirin
for chronic hepatitis C virus infection. N Engl J Med 2002; 347: 975-982.

5. National Institutes of Health consensus development conferencenasiete
management of hepatitis C: 2002—June 10-12, 2002. Hepatology 2002; 36: S3-
S20.

6. Perrault J, McGill DB, Ott BJ, Taylor WF. Liver biopsy: complions in 1000
inpatients and outpatients. Gastroenterology 1978; 74:103-6.

7. Regev A, Berho M, Jeffers LJ et al. Sampling eamod intraobserver variation in
liver biopsy in patients withchronic HCV infection. AnGastroenterol 2002; 97:
2614-8.

8. Bedossa P, Dargére D, Paradis V. Sampling variability of Ifi@osis in
chronic hepatitis C. Hepatology 2003; 38:1449-57.

9. Forns X, Ampurdanés S, Llovet JM et al. Identification of chronicatiep C
patients without hepatic fibrosis by a simple predictive model.paktdogy

2002; 36: 986-92.



Page 17 of 33 Alimentary Pharmacology & Therapeutic

17
1
2
2 10.Wai CT, Greenson JK, Fontana RJ et al. A simple noninvasive irzgtegredict
2 both significant fibrosis and cirrhosis in patients with chronic hepaG.
é Hepatology 2003; 38: 518-26.
ig 11. Sterling RK, Lissen E, Clumeck N et al. Development of a mphinvasive
ié, index to predict significant fibrosis in patients with HIV/HC\bimfection.
E Hepatology 2006; 43: 1317-1325.
g 12.Vallet-Pichard A, Mallet V, Nalpas B et al. FIB-4: an inexpige and accurate
;g marker of fibrosis in HCV infection. Comparison with liver biopsy &htbtest.
% Hepatology 2007; 46: 32-6.
gg 13.Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou YynBal T.
EZ Biochemical markers of liver fibrosis in patients with hepa@tigirus infection:
gg a prospective study. Lancet 2001; 357: 1069-75.
2; 14.Poynard T, McHutchison J, Manns M, Myers RP, Albrecht J. Bioatemi
gz surrogate markers of liver fibrosis and activity in a randodchizeal of
g? peginterferon alfa-2b and ribavirin. Hepatology 2003; 38: 481-92.
23 15.Castéra L, Vergniol J, Foucher J et al. Prospective comparisararafient
%g elastography, Fibrotest, APRI, and liver biopsy for the assesshéhtosis in
ji chronic hepatitis C. Gastroenterology 2005; 128: 343-50.
jg 16.Ziol M, Handra-Luca A, Kettaneh A et al. Noninvasive assessmefivaf
% fibrosis by measurement of stiffness in patients with chronic thisp&.
22 Hepatology 2005; 41: 48-54.
gg 17.Rockey DC, Bissell DM. Noninvasive measures of liver fibrosispat@ogy
gg 2006; 43: S113-20.
2; 18.Guéchot J, Laudat A, Loria A, Serfaty L, Poupon R, Giboudeau J. Diagnostic
59

60 accuracy of hyaluronan and type Il procollagen amino-termingtigee serum



©CoO~NOUTA,WNPE

Alimentary Pharmacology & Therapeutic Page 18 of 33

18

assays as markers of liver fibrosis in chronic viral hepa&itevaluated by ROC
curve analysis. Clin Chem 1996; 42: 558-63.

19.Fontana RJ, Goodman ZD, Dienstag JL et al. Relationship of seruosigibr
markers with liver fibrosis stage and collagen content in patiwith advanced
chronic hepatitis C. Hepatology 2008; 47: 789-98.

20.Kamal SM, Turner B, He Q et al. Progression of fibrosis in ltep@&t with and
without schistosomiasis: correlation with serum markers of fibré$epatology
2006; 43: 771-9.

21.Trocme C, Leroy V, Sturm N et al. Longitudinal evaluation ofbaosis index
combining MMP-1 and PIIINP compared with MMP-9, TIMP-1 and hyaluronic
acid in patients with chronic hepatitis C treated by interfaalpha and
ribavirin. J Viral Hepat 2006;13: 643-51.

22.Fontana RJ, Bonkovsky HL, Naishadham D et al. Sefibrosis marker levels
decrease after successful antiviral treatment monoh hepatitis C patients with
advanced fibrosis. Clin Gastroenterol Hepatol 2002,19-26.

23.Rosenberg WM, Voelker M, Thiel R et al. Serum markers détecpresence
of liver fibrosis: a cohort study. Gastroenterology 2004; 127: 1704-13.

24.Guha IN, Parkes J, Roderick PR, Harris S, Rosenberg WM. Non-invasive
markers associated with liver fibrosis in non-alcoholic fattyrligsease. Gut
2006; 55: 1650-60.

25.Guha IN, Parkes J, Roderick P et al. Noninvasive markers of fibmosis
nonalcoholic fatty liver disease: Validating the European LiverosibrPanel

and exploring simple markers. Hepatology 2008; 47: 455-60.



Page 19 of 33

©CoO~NOUTA,WNPE

Alimentary Pharmacology & Therapeutic

19

26.Mayo MJ, Parkes J, Adams-Huet B et al. Prediction of clinocatomes in
primary biliary cirrhosis by serum enhanced liver fibrosisags Hepatology
2008; 48: 1549-57.

27.The French METAVIR Cooperative Study Group. Intraobserver and
interobserver variations in liver biopsy interpretation in patients whronic
hepatitis C. Hepatology 1994; 20: 15-20.

28.Poynard T, Halfon P, Castera L et al. FibroPaca Groapd8&tdization of ROC
curve areas for diagnostic evaluation of liverdds markers based on prevalences
of fibrosis stages. Clin Chem. 2007; 53: 1615-22.

29.DelLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas twde
or more correlated receiver operating characteristic cur@esonparametric
approach. Biometrics 1988; 44: 837-845.

30.Poynard T, McHutchison J, Manns M et al. Impact of pegylatedents alfa-
2b and ribavirin on liver fibrosis in patients with chronic hepatidis
Gastroenterology 2002; 122: 1303-13.

31.Camma C, Di Bona D, Schepis F et al. Effect of pegintenfalfa-2a on liver
histology in chronic hepatitis C: a meta-analysis of individualepatdata.
Hepatology 2004; 39: 333-42.

32. Patel K, Benhamou Y, Yoshida EM et al. An indeperneht and prospective
comparison of two commercial fibrosis marker panel{HCV FibroSURE and
FIBROSpect Il) during albinterferon alfa-2b combination therapy for chronic
hepatitis C. J Viral Hepat 2009; 16: 178-86.

33.Poynard T, Imbert-Bismut F, Ratziu V et al. Biochemical markes of liver
fibrosis in patients infected by hepatitis C virus: longitidinal validation in a

randomized trial. J Viral Hepat 2002; 9: 128-33.



©CoO~NOUTA,WNPE

Alimentary Pharmacology & Therapeutic Page 20 of 33

20

34.Vergniol J, Foucher J, Castéra L et al. Changes of non-invasivearkers and
FibroScan values during HCV treatment. J Viral Hepa 2009; 16: 132-40.

35.Arai M, Niioka M, Maruyama K et al. Changes in serum levels
metalloproteinases and their inhibitors by treatment of chronictitiega with
interferon. Dig Dis Sci 1996; 41: 995-1000.

36.Mitsuda A, Suou T, lkuta Y, Kawasaki H . Changes in serum tisdguleitor of
matrix metalloproteinase-1 after interferon alpha treatmewhionic hepatitis
C. J Hepatol 2000; 32: 666-72.

37.Ninomiya T, Yoon S, Nagano H et al. Significance of serum matri
metalloproteinases and their inhibitors on the antifibrogenetfectefof
interferon-alfa in chronic hepatitis C patients. Intervirology 2001; 44: 227-31.

38.Murphy FR, Issa R, Zhou X et al. Inhibition of apoptosis of activaegshtic
stellate cells by tissue inhibitor of metalloproteinase-1asliated via effects on
matrix metalloproteinase inhibition: implications for reversipiliof liver
fibrosis. J Biol Chem 2002; 277: 11069-76.

39.Yoshiji H, Kuriyama S, Miyamoto Y et al. Tissue inhibitor of
metalloproteinases-1 promotes liver fibrosis development in a gamsmouse
model. Hepatology 2000; 32: 1248-54

40.Ueno T, Inuzuka S, Torimura T et al. Serum hyaluronate reflegatibe
sinusoidal capillarization. Gastroenterology 1993; 105: 475-81.

41.McCourt PA, Smedsrgd BH, Melkko J, Johansson S. Characterizatian of
hyaluronan receptor on rat sinusoidal liver endothelial cells anflimictional
relationship to scavenger receptors. Hepatology 1999; 30: 1276-86.

42.George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL, Hoffmann J, Di

Bisceglie AM. Clinical, virologic, histologic, and biochemical autes after



Page 21 of 33 Alimentary Pharmacology & Therapeutic

21

successful HCV therapy: a 5-year follow-up of 150 patients. Heyuptd009;

49: 729-38.

©CoO~NOUTA,WNPE

Abbreviations:

13 CHC, chronic hepatitis C; ECM, extracellular matrsignificant fibrosis, B 2; ELF,

15 Enhanced Liver Fibrosis; APRI, AST to platelet gathdex; PIINP, aminoterminal
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Tables
Table 1. Baseline characteristics of the patients
Entire cohort  Follow-up
Variable ELF score P value
n =340 n=16%F
Demographics
Age (yrs) 47.7+ 10.6 48.1+10.7 0.54
Male sex 217 (63.8) 102 (63.4) 0.87
Body mass index (kg/h) 25.4+ 3.6 25.1 3.5 0.07
Laboratory
AST/ULN 2.15+1.64 2.2:1.8 0.51
ALT/ULN 294+ 2.5 3.1+ 3.0 0.28
GGT/ULN 2.03+1.81 1917 0.06
Platelet count (fmn) 180.5+ 72.1 179.0- 73.6 0.15
Cholesterol (mg/dL) 177.9+39.2 184.5-44.1 0.005
Virology
HCV RNA logo(IU/mL) 5.6+ 0.7 5.9 0.7 0.001
HCV genotype 0.2
1 251 (73.9) 111 (69)
2 26 (7.6) 15 (9.3)
3 45 (13.2) 28 (17.4)
4 18 (5.3) 7 (4.3)
Length of biopsy core (mm) 15+ 3.9 15+ 4.1 0.15
Fibrosis Sage 0.96
FO 34 (10) 13 (8.1)
F1 77 (22.6) 37 (23.0)
F2 74 (21.8) 40 (24.8)
F3 31 (9.1) 16 (9.9)
F4 124 (36.4) 55 (34.2)

4161 patients in whom ELF score was determined befod after antiviral therapy

Results are meatsstandard deviation or n (%)
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Table 2. Overall accuracy of Forns” Score, APRI, B-4 Index and the ELF Score in

predicting significant fibrosis, severe fibrosis ad cirrhosis (n=340)

©CoO~NOUTA,WNPE

10 Non-invasive test Significant fibrosis F>3 Cirrhosis

11 AUC (95% ClI) AUC (95% ClI) AUC (95% Cl)

12 Forns’ Score 0.83 (0.78-0.87) 0.85 (m&9) 0.87 (0.83-0.91)
14 APRI 0.83 (0.79-0.88) 0.86 (0.82-0.90) 0.86 (0.82-0.90)
15 FIB-4 Index 0.85 (0.81-0.89) 0.87 (0.881) 0.89 *(0.85-0.92)
16 ELF Score 0.81 (0.76-0.86) 0.83 (0.79.8 0.82 (0.78-0.87)

19 *p <0.05 vs. APRI and ELF Score by DelLong et alhoet
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Table 3. Diagnostic accuracy of non-invasive tests the prediction of significant

fibrosis (F> 2), severe fibrosis (& 3) and cirrhosis (F4)

End point  All Fibrosis Stage Se Sp PPV NPV LR LR DOR
patients n (%) % % % % tve -ve
N= 340 % %

F>2 n (%) FO-1 2

n=111 n=229
Forns’ Score
<4.2 89 (26.2) 64 (57.7) 25(10.8p 58 81 72 21 0.2 105
>4.2 251 (73.9) 47 (42.3) 204 (89.1)
<6.9 231 (68) 103(92.8) 128(55.g¢4 93 93 45 6.3 0.6 105
>6.9 109 (32.1) 8(7.2) 101 (44.1)
APRI
<0.5 76 (22.4) 56 (50.5) 208.7) 91 51 79 7419 0.2 95
>0.5 264 (77.6) 55(49.6) 209 (91.3)
<15 225 (66.2) 103(92.8) 122(53.37 93 093 46 6.7 0.6 11.2
>1.5 115 (33.8) 8 (7.2 107 (46.7)
ELF Score
<-0.45 80 (23.5) 58 (52.2) 22(9.6) 90 52 80 7319 0.2 95
>-0.45 260 (76.5) 53 (47.7) 207 (90.4)
< 1.07 221 (65) 100 (90.1) 121 (52.8)7 90 91 45 47 06 7.8
> 1.07 119 (35) 11 (9.9) 108 (47.2)
F>3 FO-2 B3

n=185 n=155
FIB-4 Index
<1.45 131 (38.5) 118(63.8) 13(84) 92 64 7490 26 01 26
>1.45 209 (61.5) 67 (36.2) 142 (91.6)
<3.25 240 (70.6) 168 (91) 72 (4654 91 83 77 6 05 12
>3.25 100 (29.4) 17 (9.2) 83 (53.5)
F4 FO-3 F4

n=216 n=124
APRI
<1 181(53.2) 159 (73.6) 22(12.82 74 64 88 32 02 16
>1 159 (46.8) 57 (16.8) 102(82.2)
<2 259 (76.2) 196 (90.7) 63(50.89 91 75 76 54 06 9
>2 81 (23.8) 20 (9.3) 61 (49.2)
ELF Score
<0.06 127 (37.4) 114 (52.8) 13(10.%0 53 52 90 19 02 95
>0.06 213 (62.6) 102 (47.2) 111(89.5)
<1.73 254 (74.7) 195(90.3) 59(47.®2 90 76 77 52 05 104
>1.73 86 (25.3) 21 (9.7) 65 (52.4)
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Table 4. Clinical characteristics according to virdogic response in the entire cohort

Variable Sustained Non-sustained P
responders responders value
(n=162) (n=178)

Demographics

Age (yrs) 46.7+ 10.8 48.7+ 10.2 0.07

Sex (male) 103 (64.0) 115 (64.6) 0.74
Body mass index (kg/f) 25.5+ 3.7 25.4+ 3.5 0.93
Laboratory

AST/ULN 2.10+1.84 2.20+1.47 0.10

ALT/ULN 3.20+£ 3.10 2.72+1.79 0.23

GGT/ULN 1.63+ 1.40 2.37+2.10 0.000

Platelet count (fimn?)  189.2+ 70.0 172.374.6 0.03

Cholesterol (mg/dL) 185.7+40.7 170.5-36.4 0.000

Glucose (mg/dL) 86.6+ 16.6 100.3-40.0 0.001
Virology

HCV RNA logo(IU/mL) 5.6+ 0.8 6.0+ 0.6 0.000

Genotype 1 105 (64.8) 146 (82.0) 0.000
Fibross Sage 0.04

FO 17 (10.7) 17 (9.6)

F1 42 (26.4) 34 (19.1)

F2 36 (22.2) 38 (21.3)

F3 18 (11.1) 14 (7.9)

F4 49 (30.3) 75 (42.1) 0.02
ELF Score 0.42+1.31 0.7% 1.40 0.02
HA (ng/ml) 146.8+ 186.3 226.5 290 0.03
TIMP-1 (ng/ml) 836.8+ 290.0 916.3+ 286.1 0.002
PIINP (ng/ml) 9.9+ 6.7 11.5+9.7 0.06

Data are expressed as number (%), mean + SD
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Table 5. Baseline and end of follow-up ELF Score ah individual markers,

Forns”Score, APRI and FIB-4 Index in responder anchon-responder patients

Page 26 of 33

Variable Sustained responders P Non-responders P
(n =85) value (n=76) value
Baseline End of Baseline End of
follow-up follow-up
ELF Score 043+1.27 -0121.1 <0.000 0.63+1.4 0.57 1.46 0.80
HA (ng/ml) 135.1+ 1515 82.4105.2 0.000 209.1+293.1 20162799 0.70
TIMP-1 (ng/ml) 860.7+272.6 759.1606.4 0.000 897.3+275.6 919.6604.4 0.04
PIINP (ng/ml) 9.8+ 6.8 7576 0.000 10.3t6.6 10.38.5 0.16
Forns™ Score 5.3+2.2 4.6:2.3 0.000 6.2+ 2.2 6.2 2.3 0.8
APRI 1.7£1.6 0.49t 0.36 0.000 1.7£15 1518 0.02
FIB-4 Index 2.6+ 2.2 1914 0.000 3.2+25 3.4 3.5 0.6

Data expressed as mearSD
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Legends for figures

Figure 1. ROC curves of Forns’ Score, APRI, FIB-4 Index, a&hd ELF Score for

©CoO~NOUTA,WNPE

predicting the presence of significant hepaticolis.

15 Figure 2. ROC curves of Forns’ Score, APRI, FIB-4 Index, a&hd ELF Score for

predicting the presence of cirrhosis.

22 Figure 3. ELF scores according to virologic response and fibrosis stage for baseline a

o5 24 week follow-up samples. (A): FO-1 and sustained virologic response. (B): FO-1 and

27 non-sustained virologic response. (C): F2-4 and sustained virologic response-{D): F

and non-sustained virologic response. The black squares indicate the mean values of the

32 ELF scores at each time points.
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Section and Topic Item On page #
#
TITLE/ABSTRACT/ 1 Identify the article as a study of diagnostic accuracy (recommend MeSH 2
KEYWORDS heading 'sensitivity and specificity').
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 3,4
accuracy or comparing accuracy between tests or across participant
groups.
METHODS
Participants 3 The study population: The inclusion and exclusion criteria, setting and 4
locations where data were collected.
4 Participant recruitment: Was recruitment based on presenting symptoms, 4
results from previous tests, or the fact that the participants had received
the index tests or the reference standard?
5 Participant sampling: Was the study population a consecutive series of 4
participants defined by the selection criteria in item 3 and 4? If not,
specify how participants were further selected.
6 Data collection: Was data collection planned before the index test and 4,5
reference standard were performed (prospective study) or after
(retrospective study)?
Test methods 7 The reference standard and its rationale. 5
8 Technical specifications of material and methods involved including how 56,7
and when measurements were taken, and/or cite references for index
tests and reference standard.
9 Definition of and rationale for the units, cut-offs and/or categories of the 56,7
results of the index tests and the reference standard.
10 The number, training and expertise of the persons executing and reading 5,6,7
the index tests and the reference standard.
11 Whether or not the readers of the index tests and reference standard 56,7
were blind (masked) to the results of the other test and describe any
other clinical information available to the readers.
Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 6,7
and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals).
13 Methods for calculating test reproducibility, if done.
RESULTS
Participants 14 When study was performed, including beginning and end dates of 4
recruitment.
15 Clinical and demographic characteristics of the study population (at least 22
information on age, gender, spectrum of presenting symptoms).
16 The number of participants satisfying the criteria for inclusion who did or 8,11
did not undergo the index tests and/or the reference standard; describe
why participants failed to undergo either test (a flow diagram is strongly
recommended).
Test results 17 Time-interval between the index tests and the reference standard, and 4,5
any treatment administered in between.
18 Distribution of severity of disease (define criteria) in those with the target 22
condition; other diagnoses in participants without the target condition.
19 A cross tabulation of the results of the index tests (including 23, 24
indeterminate and missing results) by the results of the reference
standard; for continuous results, the distribution of the test results by the
results of the reference standard.
20 Any adverse events from performing the index tests or the reference
standard.
Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty 23,24
(e.g. 95% confidence intervals).
22 How indeterminate results, missing data and outliers of the index tests 7,8
were handled.
23 Estimates of variability of diagnostic accuracy between subgroups of 7,8
participants, readers or centers, if done.
24 Estimates of test reproducibility, if done.
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DISCUSSION 25 Discuss the clinical applicability of the study findings. | 12-15
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