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Amaç: Karaci¤er fibrozisinin biyopsi ile de¤erlendirilmesi invaziv bir yöntemdir ve örnekleme hatas›na yol açabilir. Fibrozis evresini öngö-
ren serum fibrozis belirteç algoritmalar› kronik hepatit C’de tan›mlanm›fl olmas›na ra¤men, kronik hepatit B’de benzer flekilde uygulanma-
m›flt›r. Yöntem: Bu amaçla 9 serum fibrozis belirteci, karaci¤er biyokimyasal testleri ve ultrasonografik parametreleri, ard›fl›k olarak 109 ye-
tiflkin kronik hepatit B ve D hastas›nda de¤erlendirdik. Tüm hastalar kompanse karaci¤er hastal›¤›na sahipti. METAV‹R skoru ile evre ≥2
fibrozis ve grade ≥2 inflamasyon varl›¤› ileri karaci¤er hastal›¤› olarak tan›mland›. Splenomegali ve/veya 150,000 alt›nda trombosit say›s›-
n›n, histolojiden ba¤›ms›z olarak, ileri fibrozisin belirleyicisi oldu¤u hesaba kat›larak alt›n standart yap›lmaya çal›fl›ld›. Belirteçlerin ve bun-
lar›n kombinasyonlar›n›n Odds oranlar›n›n de¤erlendirilmesinde ROC e¤risinin alt›nda kalan alan (AUROC) hesaplamas› kullan›ld›.
Bulgular: ‹leri hastal›¤› olanlar daha ileri yafll›yd›, daha düflük albumin, daha yüksek gama glutamil transferaz ve daha düflük platelet sa-
y›s›na sahipti. Dokuz fibrozis belirtecinin 6’s›n›n seviyesi (metalloproteinazlar-1 doku inhibitörü, prokollagen tip III aminoterminal propep-
tide, matriks metalloproteinaz, laminin, hyaluronan and kollagen IV) ileri fibrozis ile korele idi. Bu alt› belirteç ayr›ca inflamasyonun tah-
mininde de faydal›yd›. Alt›n standart kullan›m›yla, yafl, protrombin zaman›, gama glutamil transferaz ve albumin s›ras›yla 3.11, 4.18, 3.35
ve 5.25 odds oranlar› ile fibrozisin ba¤›ms›z belirleyicisiydi. Bunlar›n kombinasyonu odds oran› 228.8 ile fibrozisi öngördü. Metalloproteinaz-
1 doku inhibitörü ve hyaluronan fibrozisin güçlü belirleyicileriydi (odds oran› 8.65 ve 8.38, s›rayla). Alt›n standart ile karfl›laflt›r›ld›¤›nda,
bu ikisinin kombinasyonunda odds oran› 28.6 idi. Sonuç: Sonuç olarak, kronik hepatit B ve D’de ileri karaci¤er fibrozisi, bu iki fibrozis be-
lirtecinin kullan›m› ile do¤ru olarak öngörülebilir.

Anahtar kelimeler: Metalloproteinazlar-1 doku inhibitörü, prokollagen, matriks metalloproteinaz, laminin, hyaluronan, kollagen,
Metavir, trombosit, progresyon, evre, derece

Background/aims: Liver biopsy to assess fibrosis is invasive and prone to sampling error. While algorithms of serum markers to predict fib-
rosis stage have been described for chronic hepatitis C, these cannot be applied equally well to hepatitis B. Methods: We therefore determined
9 serum fibrosis markers, liver biochemical tests and ultrasound parameters in 109 consecutive adult patients with chronic hepatitis B and D.
All patients had compensated liver disease. Using the METAVIR score, advanced disease was defined as fibrosis stage ≥F2, and active inflam-
mation as grade ≥A2. A gold standard was created considering splenomegaly and/or platelets <150,000 as indicators of advanced fibrosis ir-
respective of histology. Area under receiver operating characteristics curves was used for assessment of single markers and odds ratio for their
combinations. Results: Patients with advanced disease were older, had lower albumin, higher gamma glutamyl transferase and lower plate-
let. Levels of 6 of the 9 fibrosis markers, tissue inhibitor of metalloproteinases-1, procollagen type III aminoterminal propeptide, matrix metal-
loproteinase-2, laminin, hyaluronan and collagen IV correlated with advanced fibrosis. Markers useful for fibrosis prediction also predicted
marked inflammation. Using the gold standard, age, prothrombin time, gamma glutamyl transferase and albumin were independent predic-
tors of fibrosis with odds ratio’s of 3.11, 4.18, 3.35 and 5.25, respectively. Their combined use predicted fibrosis with an odds ratio of 228.8. Tis-
sue inhibitor of metalloproteinases-1 and hyaluronan were powerful predictors of fibrosis (Odds ratio’s of 8.65 and 8.38). Their combined use
revealed an odds ratio of 28.6, when compared with the gold standard. Conclusion: In conclusion, advanced liver fibrosis in chronic hepati-
tis B and D may be predicted with use of these two fibrosis markers.

Key words: Tissue inhibitor of metalloproteinases-1, procollagen, matrix metalloproteinase, laminin, hyaluronan, collagen, Me-
tavir, platelets, progression, stage, grade
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Kronik hepatit B ve D hastalar›nda ileri fibrozis belirleyicileri olarak 
serum ba¤ doku belirteçleri



INTRODUCTION

Chronic viral hepatitis is the leading cause of liver
failure and hepatocellular carcinoma in most
parts of the world (1,2). The need for treatment is
obvious in patients with advanced or severe chro-
nic viral hepatitis, in which the fibrosis stage is
the most important predictor of morbidity and
mortality. While liver biopsy is the standard pro-
cedure to assess fibrosis, it is invasive, with the
potential of severe complications. Furthermore, bi-
opsy is prone to sampling error, leading to 20-33%
of false histological allocations, especially in pati-
ents with advanced liver disease (stage ≥F2 in the
METAVIR scale) (3-6). In addition, the use of suc-
tion needles is widespread and often results in tis-
sue fragmentation, further complicating a reliable
assessment (7).

Transient elastography (FibroScan) and serum
biomarkers are validated noninvasive methods to
assess the severity of liver fibrosis. Transient elas-
tography and serum biomarkers are the first-step
tools in the evaluation of liver fibrosis in patients
with chronic hepatitis C (8). In hepatitis B, these
noninvasive tools remain less explored. Determi-
ning the severity of liver fibrosis is important for
the decision to initiate antiviral therapy, and in
the setting of chronic hepatitis B infection, in
choosing the most suitable treatment regimen. 

The search for noninvasive alternatives to liver bi-
opsy for grading and staging goes back to the late
1970s when the aminoterminal propeptide of type
III procollagen (PIIINP) was suggested as a serum
marker of liver fibrosis and fibrogenesis, i.e., de no-
vo formation of (hepatic) connective tissue (9). Sin-
ce then, other extracellular matrix (ECM) polypep-
tides that derive from laminin, procollagen type
IV, procollagen type I, procollagen type III, as well
as hyaluronan were assessed with regard to their
ability to predict the stage or the evolution of liver
fibrosis (10). On the other hand, biochemical mar-
kers of liver function have also been evaluated as
predictors of histological stage (11-17). Despite
these efforts throughout 30 years, none of these se-
rum markers has received universal acceptance, in
part due to the study of heterogeneous populations
and the use of insufficiently validated assays. 

In this study, we assessed the predictive value of
nine fibrosis markers derived from the ECM (18-
21) as well as biochemical markers of liver functi-
on and inflammation in well-defined cohorts of
adult patients with HBeAg-positive and -negative

chronic hepatitis B and chronic hepatitis D. We co-
uld show that, compared to all other markers and
their combinations, the combination of two of the-
se markers, tissue inhibitor of metalloproteinases-
1 (TIMP-1) and hyaluronan, achieved the best pre-
diction of fibrosis stage ≥F2, when matched to his-
tological fibrosis, which was complemented with
spleen size and platelet count to minimize samp-
ling error.

MATERIALS AND METHODS

Patients

Sera were collected from a total of 116 consecutive
patients. Of these, 43 had HBeAg (+) chronic hepa-
titis B, 40 had HBeAg (-), anti-HBe (+) and HBV
DNA (+) chronic hepatitis B, and 33 suffered from
chronic delta hepatitis. Sera were either obtained
at baseline from patients who had participated in
various clinical trials (22-24), or were obtained du-
ring evaluation of candidates for eventual treat-
ment. In this context, patients represented a ho-
mogeneous cohort, since all of them had clinically
compensated liver disease with a serum albumin
>3.5 g, a normal bilirubin, and a prothrombin time
not beyond 3 seconds of the normal range. Four pa-
tients were excluded from the analysis because of
lack of one or more parameters investigated in this
study. In addition, 3 more patients with biopsy
specimens containing less than 6 portal tracts we-
re also excluded. Hence, the study analysis on pre-
diction of fibrosis by fibrosis markers is based on
the data of 109 patients. The diagnosis of chronic
hepatitis B was based on HBsAg positivity of at le-
ast six months duration. Hepatitis serology, inclu-
ding HBsAg, anti-HBs, HBeAg, anti-HBe, anti-
HCV, and anti-human immunodeficiency virus
(HIV), was determined by a microparticle enzyme
immunoassay and anti-HDV by an enzyme immu-
noassay (Abbott Laboratories, Chicago, IL, USA).
Exclusion criteria were co-infection with HIV,
HCV and other liver diseases, such as hemochro-
matosis and Wilson’s disease. Age and sex of the
patients were recorded. Patients either drank no
alcohol or consumed alcohol in amounts of <30
g/week. Information on alcohol intake was obtai-
ned during the initial assessment for treatment.

Blood Tests

The following hematological and biochemical pa-
rameters were collected from patients: platelet co-
unt, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase
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(ALP), gamma glutamyl transferase (GGT), total
bilirubin, albumin, and prothrombin time. A total
of nine serum fibrosis markers were measured:
TIMP-1, tenascin-C, collagen type IV, collagen
type VI, PIIINP, matrix metalloproteinase-2
(MMP-2), MMP-9, laminin, and hyaluronan. The-
se fibrosis markers were quantified using monoc-
lonal antibodies in sandwich immunoassays per-
formed in an automated analyzer employing flu-
orescein-labelled capture and ALP-labelled detec-
tion antibodies, except for hyaluronan, which was
measured with a sandwich based on hyaluronan
binding protein derived from cartilage. Immune
complexes were separated from serum using mag-
netic particles covered with monoclonal anti-flu-
orescein. The assays were developed for the BA-
YER IMMUNO 1TM immunoassay system and vali-
dated in a large cohort of liver patients and he-
althy subjects (18-21). Serum samples were stored
at -80°C until use.

Histological Grading and Staging

Histological evaluation of liver specimens was
analyzed according to the METAVIR classification
(25) by two pathologists who were unaware of pa-
tient characteristics and the results of blood tests.
Only biopsies where at least 6 portal tracts were
available were used in the study analysis. Liver
biopsies were fixed, paraffin-embedded and stai-
ned both with hematoxylin-eosin and Masson’s
trichrome stain, and fibrosis was staged as fol-
lows: F0, no fibrosis; F1, portal fibrosis without
septa; F2, enlarged portal tracts with rare septa;
F3, numerous septa without cirrhosis; and F4,
cirrhosis. Necroinflammatory activity was graded
as follows: A0, no activity; and A1, A2 and A3,
mild, moderate and severe activity, respectively.
Patients were classified as having advanced disea-
se when fibrosis stage was ≥2. For the activity sco-
re, patients were classified as having active disea-
se when grading was ≥A2. In addition to histologi-
cal assessment, a gold standard was created for
better definition of advanced liver disease. Accor-
dingly, patients with splenomegaly, defined as a
spleen size with a vertical axis ≥120 mm and/or
patients with a platelet count of <150,000 were re-
garded as having advanced disease even when the
biopsy result was not consistent. 

Statistics

Data on demographics, biochemistry and fibrosis
markers are reported as means and standard de-
viations (SD). Comparison between two groups

was performed with the unpaired Student’s t test
or Mann-Whitney U test as appropriate. Multiple
intergroup comparisons were made using one way
analysis of variance, followed by post-hoc analysis
with Bonferroni’s test. The area under receiver
operating characteristics (AUROC) curve was
used to assess the overall diagnostic value of bioc-
hemical and fibrosis markers to correctly predict
advanced liver disease. Logistic regression analy-
sis followed by stepwise multivariate logistic reg-
ression was used to assess the independent effect
of quantitative variables on the diagnostic accu-
racy of advanced fibrosis. SPSS for Windows was
used for statistical analysis.

RESULTS

Patient Groups

Three groups of patients were investigated in this
study: patients with HBeAg (+) and HBeAg (-)
chronic hepatitis B and patients with chronic del-
ta hepatitis. None of them displayed signs of hepa-
tic decompensation, and all of them had albumin
levels >3.5 g, a normal bilirubin and a normal
prothrombin time. However, certain differences
among the three groups emerged when demograp-
hic, biochemical and fibrosis marker data were
analyzed. The mean age was different among the
three study groups. HBeAg (+) chronic hepatitis B
represented the youngest cohort, followed by pati-
ents with chronic delta hepatitis and HBeAg (-)
chronic hepatitis B (29.5±10.6 [x ± SD] vs.
36.3±10.7 [p<0.01] vs. 42.9±9.5 [p<0.001], respec-
tively). Among biochemical and hematological
markers, albumin levels and platelet counts were
lower and GGT was higher in chronic delta hepa-
titis patients compared to HBeAg (+) chronic he-
patitis B cases (p=0.001, p=0.012 and p=0.01, res-
pectively; Table 1). Platelets were also lower in
HBeAg (-) chronic hepatitis B patients compared
to HBeAg (+) cases (p<0.05). Among the fibrosis
markers, TIMP-1 and collagen VI levels were hig-
her in chronic delta hepatitis cases when compa-
red to HBeAg (+) cases (p=0.001 and 0.003, respec-
tively; Table 2), and TIMP-1 was higher in HBeAg
(-) chronic hepatitis B patients compared to HBe-
Ag (+) cases (p=0.0001). Other fibrosis markers
showed a similar trend, but differences were not
significant. 

Characteristics of Mild vs. Advanced and
Inactive vs. Active Liver Disease

According to the METAVIR score, 70 patients had
early and 39 had advanced liver disease. Patients
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with advanced disease were older, had lower albu-
min, higher GGT levels, and lower platelet counts
compared to patients with early disease, i.e., pati-
ents with no or little fibrosis METAVIR stage <2
(Table 3). Six of the 9 fibrosis markers investiga-
ted, namely TIMP-1, PIIINP, MMP-2, laminin,
hyaluronan, and collagen type IV, displayed hig-
her levels in patients with advanced (METAVIR
stage ≥2) compared to patients with mild fibrosis
(Table 3). 

Of the 109 patients, 54 displayed mild (METAVIR
<A2) and 55 marked necroinflammatory activity
(METAVIR ≥A2). Patients with marked necroinf-
lammatory activity were older and had lower pla-
telet counts (Table 3). Patients with active disease
showed a trend for higher GGT levels, but this did
not reach statistical significance. Five of the 9 fib-

rosis markers (TIMP-1, PIIINP, laminin, hyaluro-
nan, and collagen type IV) were higher in active
compared to inactive disease (Table 3). 

Diagnosis of Advanced Fibrosis with 
Biochemical and Fibrosis Markers

The diagnostic value of age and hematological and
biochemical markers is given in Table 4 using
ROC curve analysis. Age, albumin, prothrombin
time, ALP, GGT, and platelet count had an inde-
pendent predictive value for the diagnosis of ad-
vanced liver disease. Among them, high GGT and
low platelets best predicted advanced fibrosis,
with AUROC curves of 0.729 and 0.719, respecti-
vely. GGT at a cut-off value of 37 (normal values:
10-50), had a sensitivity of 67.5% and a specificity
of 72.3%, and platelets at a cut-off value of 172,000
had a sensitivity of 66.2% and a specificity of 65%.
The diagnostic values of fibrosis markers are gi-
ven in Table 5. Of these, TIMP-1, PIIINP, MMP-2,
laminin, hyaluronan, and collagen type IV were
diagnostic, with TIMP-1 and hyaluronan offering
the best predictive value with AUROC curves of
0.769 and 0.771, respectively. TIMP-1 at a cut off
value of 711 ng/ml had a sensitivity of 75% and a
specificity of 74.2%, and hyaluronan at a cut-off
value of 64 ng/ml had a sensitivity of 70.7% and a
specificity of 77.6%. The relative risk (odds ratio,
OR) of having advanced disease using the cut-off
values determined by ROC curve analyses were
5.42 for GGT, 3.63 for albumin, 3.63 for platelets,
3.55 for age, and 2.1 for prothrombin time. The OR
for having advanced disease at cut-off values de-
termined with AUROC curves for fibrosis markers
were 8.65 for TIMP-1, 8.38 for hyaluronan, 4.52
for MMP-2, 3.57 for collagen IV, 3.47 for laminin,
and 2.47 for PIIINP. 

The diagnostic value of biochemical and fibrosis
markers to diagnose patients with marked necro-
inflammatory activity (METAVIR ≥A2) was also
explored. Many markers useful for fibrosis predic-
tion were also useful for prediction of marked liver
inflammation. GGT, platelets, age, prothrombin
time, and albumin displayed AUROC curves of
0.676, 0.661, 0.653, 0.644, and 0.635, respectively.
Among the fibrosis markers, TIMP-1, hyaluronan,
collagen type IV, laminin, PIIINP, and MMP-2
displayed AUROC curves of 0.747, 0.733, 0.699,
0.673, 0.657, and 0.601, respectively (Table 6).
Sensitivities and specificities to diagnose marked
necroinflammation (METAVIR grade ≥A2) were
82.5% and 61.4% for TIMP-1 at a cut-off value of
661 ng/ml and 69% and 72% for hyaluronan at a
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HBeAg (+) HBeAg (-) Delta (+)
patients patients patients

Age 29.5±10.6 42.9±9.53 36.3±10.71,2

ALT 112.6±158.3 117.7±98.2 97.5±77.3

AST 67.3±106.2 68.1±47.3 70.0±71.4

Albumin 4.77±0.49 4.65±0.35 4.40±0.483,4

PT 13.0±1.80 12.99±1.02 13.04±1.66

Bilirubin 0.81±0.47 0.84±0.34 0.89±0.37

ALP 103.0±45.3 99.1±37.2 104.0±48.4

GGT 37.2±37.7 50.7±35.4 67.0±58.61

WBC (x100) 6.2±1.79 6.1±1.30 5.7±1.69

Platelets (x100) 201±48 168±506 162±555

1p=0.01, 3p=0.001, 5p=0.012 and 6p=0.046 vs. HBsAg (+) group;
2p=0.027 and 4p=0.046 vs. HBeAg (-) group.

Table 1. Demographic, hematological and biochemi-
cal parameters in the three study groups

HBeAg (+) HBeAg (-) Delta (+)
patients patients patients

TIMP-1 603.7±146.8 762.5±172.72 746.5±170.01

Tenascin 449.9±194.8 506.6±269.8 516.0±223.3

Collagen VI 8.55±2.81 9.04±3.27 11.03±3.543,4

PIIINP 11.66±5.85 12.83±7.62 13.67±5.65

Laminin 23.79±8.77 23.81±10.33 29.75±13.23

Hyaluronan 66.2±88.7 118.7±133.1 117.5±163.9

MMP-9 417.9±213.1 390.4±37.2 457.9±281.0

Collagen IV 185.4±86.9 197.4±78.0 219.6±85.6

MMP-2 787.2±202.4 878.0±375.8 808.4±142.2

TIMP: Tissue inhibitor of metalloproteinases-1. PIIINP: Aminoter-
minal propeptide of type III procollagen. MMP: Matrix metallopro-
teinase.
1p=0.001, 2p=0.0001 and 3p=0.003 vs. HBsAg (+) group; 4p=0.03 vs.
HBeAg (-) group

Table 2. Fibrosis parameters in the three study groups



cut-off value of 49 ng/ml. When the gold standard,
as defined by splenomegaly and/or a platelet count
of <150,000, was added to differentiate patients
with mild disease from those with advanced disea-
se, the number of patients with advanced disease
increased from 39 to 56. Thus, 17 patients (17/109,
15.6%) were reclassified with the gold standard
from the mild or no fibrosis group to the advanced
fibrosis group. Of the 17 patients, 13 had a plate-
let count of <150,000 and 4 had a normal platelet

count but splenomegaly on abdominal ultrasound.
With the application of this gold standard as the
dependent variable, the area under the curve for
fibrosis markers tended to increase for hyaluro-
nan (Table 7). 

When stepwise multistep logistic regression
analysis was applied to age and hematological and
biochemical markers, age (p=0.037), prothrombin
time (p=0.05) and GGT (p=0.001) arose as the
three independent markers for the prediction of an
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< F2 ≥ F2 p < A2 ≥ A2 p
(n=70) (n=39) value (n=54) (n=55) value

Age 33.9±11.9 40.3±9.8 0.005 33.6±12.7 38.7±9.8 0.019

ALT (U/L) 117.8±134.6 95.9±76.3 0.344 103.1±84.9 116.7±142.2 0.543

AST (U/L) 65.7±83.3 73.3±68.8 0.622 55.1±35.3 81.2±102.9 0.074

Albumin (mg/dl) 4.71±0.44 4.47±0.48 0.009 4.70±0.43 4.55±0.49 0.084

PT (sec) 12.9±1.74 13.3±0.97 0.217 12.9±1.95 13.1±0.94 0.503

Bilirubin (mg/dl) 0.88±0.42 0.80±0.35 0.310 0.90±0.46 0.79±0.32 0.155

ALP (U/L) 96.9±43.0 110.7±42.7 0.107 98.8±46.2 104.8±40.4 0.459

GGT (U/L) 40.8±40.5 68.8±48.5 0.003 42.5±44.0 58.8±45.6 0.056

Platelets (per mm3) 190950±50138 154625±52048 0.001 192066±530117 164421±50980 0.006

TIMP-1 (ng/ml) 649.2±170.2 788.1±155.0 0.001 633.0±169.3 762.9±161.8 0.001

Tenascin (ng/ml) 479.7±231.3 503.3±231.1 0.601 467.0±237.4 509.6±223.3 0.324

Collagen VI (ng/ml) 9.08±3.06 10.09±3.72 0.144 8.92±3.10 9.95±3.49 0.099

PIIINP (ng/ml) 11.37±5.40 14.9±7.55 0.010 10.83±4.58 14.46±7.52 0.002

MMP-2 (ng/ml) 787.4±261.1 890.4±257.7 0.044 798.3±289.9 850.4±233.2 0.290

Laminin (ng/ml) 23.5±8.90 29.3±13.3 0.015 22.1±8.44 29.0±12.1 0.001

Hyaluronan (ng/ml) 59.2±75.0 171.5±191.4 0.001 56.8±77.2 140.9±171.2 0.001

MMP-9 (ng/ml) 413.6±202.7 432.9±235.4 0.647 402.3±195.6 438.3±231.0 0.371

Collagen IV (ng/ml) 182.5±74.7 230.4±92.3 0.006 175.1±77.1 223.5±84.4 0.002

Values are x±SD. 

TIMP: Tissue inhibitor of metalloproteinases-1. PIIINP: Aminoterminal propeptide of type III procollagen. MMP: Matrix metalloproteinase.

Table 3. Characteristics of patients with METAVIR fibrosis stage <F2 vs. ≥F2 and with a necroinflammatory
score of <A2 vs. ≥A2

Markers Area under curve 95% Confidence Cut-off p
([±SEM] ROC curve) interval value (logistic regression)

Age 0.685±0.052 0.582±0.787 37.5 0.002

ALT 0.460±0.057 0.349±0.572 0.497

AST 0.592±0.057 0.480±0.703 0.115

Albumin 0.698±0.054 0.592±0.804 4.65 g/L 0.001

Prothrombin time 0.669±0.054 0.563±0.774 12.95 sec 0.004

Bilirubin 0.458±0.058 0.344±0.572 0.474

ALP 0.629±0.054 0.523±0.735 91 IU/ml 0.027

GGT 0.729±0.052 0.627±0.831 37.5 IU/ml 0.000

WBC 0.511±0.061 0.390±0.631 0.856

Platelets 0.719±0.052 0.617±0.821 172000 0.001

Advanced fibrosis is based on liver biopsy assessment and covers patients with METAVIR fibrosis stage F2-F4. Cut-off values are given for para-
meters with significant p values.

Table 4. Diagnostic value of age and hematological and biochemical markers for advanced fibrosis



advanced METAVIR fibrosis score (Table 8A).
With the gold standard, the independent predicti-
ve value of these single markers for advanced liver
disease rose slightly (Table 8B). When all of these
four markers (age, albumin, prothrombin time,
and GGT) were above the cut-off values determi-
ned by ROC curves, patients were 228.8 times mo-
re likely to have advanced disease. However, only
6 patients met these criteria.

Among the fibrosis markers, TIMP-1 and hyaluro-
nan emerged as two independent fibrosis markers
for the prediction of an advanced METAVIR stage.
When both TIMP-1 and hyaluronan levels were
above the cut-off values defined by ROC analyses,
the relative risk of fibrosis stage ≥F2 rose from
8.65 and 8.38 for TIMP-1 or hyaluronan alone, res-
pectively, to 18.35 (Table 9A). When the gold stan-
dard was used as the dependent variable, the rela-
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Area Under Curve
Markers METAVIR Gold standard
TIMP-1 0.769 0.733

Tenascin 0.546 0.548

Collagen VI 0.578 0.622

PIIINP 0.658 0.662

MMP-2 0.674 0.640

Laminin 0.654 0.630

Hyaluronan 0.771 0.809

MMP-9 0.529 0.469

Collagen-IV 0.682 0.671

TIMP: Tissue inhibitor of metalloproteinases-1. PIIINP: Aminoter-
minal propeptide of type III procollagen. MMP: Matrix metallopro-
teinase.

Table 7. Diagnostic value of nine fibrosis markers
for advanced fibrosis as assessed by the METAVIR
score or by the ‘‘gold standard’’, which takes into ac-
count not only METAVIR staging but also the pre-
sence of splenomegaly and/or a platelet count of
<150,000 for the diagnosis of advanced liver fibrosis

Markers Area under curve 95% Confidence Cut-off p
([±SEM] ROC curve) interval value (logistic regression)

TIMP-1 0.769±0.046 0.678±0.859 711.35 ng/ml 0.000

Tenascin 0.546±0.058 0.433±0.659 0.421

Collagen VI 0.578±0.057 0.467±0.690 0.178

PIIINP 0.658±0.055 0.551±0.765 11.6 ng/ml 0.006

MMP-2 0.674±0.056 0.565±0.784 776.7 ng/ml 0.003

Laminin 0.654±0.057 0.543±0.765 22.65 ng/ml 0.008

Hyaluronan 0.771±0.047 0.678±0.863 64.35 ng/ml 0.000

MMP-9 0.529±0.060 0.412±0.647 0.613

Collagen-IV 0.682±0.055 0.575±0.789 186.4 ng/ml 0.002

Cut-off values are given for parameters with significant p values.

TIMP: Tissue inhibitor of metalloproteinases-1. PIIINP: Aminoterminal propeptide of type III procollagen. MMP: Matrix metalloproteinase.

Table 5. Diagnostic value of nine fibrosis markers for advanced fibrosis, based on liver biopsy assessment and
covering patents with METAVIR fibrosis stage F2-F4

Markers Area Under Curve 95% Confidence Cut-off p value
([±SEM] ROC curve) interval value

TIMP-1 0.747±0.047 0.654±0.839 661.75 ng/ml 0.001

Tenascin 0.574±0.054 0.469±0.679 0.172

Collagen VI 0.588±0.053 0.483±0.693 0.105

PIIINP 0.657±0.050 0.559±0.756 10.4 ng/ml 0.004

MMP-2 0.601±0.053 0.497±0.706 754.25 ng/ml 0.061

Laminin 0.673±0.050 0.574±0.771 22.65 ng/ml 0.001

Hyaluronan 0.733±0.046 0.642±0.824 49.35 ng/ml 0.001

MMP-9 0.545±0.054 0.438±0.651 0.411

Collagen-IV 0.699±0.049 0.602±0.795 175.55 ng/ml 0.000

Cut-off values are given for parameters with significant p values.

TIMP: Tissue inhibitor of metalloproteinases-1. PIIINP: Aminoterminal propeptide of type III procollagen. MMP: Matrix metalloproteinase.

Table 6. Diagnostic value of nine fibrosis markers for active disease as assessed by the METAVIR necroinflam-
matory score



tive risk of advanced disease was 5.41 for TIMP-1
and 14.97 for hyaluronan, reaching 28.57 with the
combined use of both parameters (Table 9B).

DISCUSSION

The current study aimed to extend our existing
knowledge on several points: (i) it was performed
in a large cohort of patients with chronic hepatitis
B and D, whereas most other studies were perfor-
med in patients with chronic hepatitis C and alco-
holic liver disease; (ii) a large spectrum of well-va-
lidated serum fibrosis markers was tested toget-
her with biochemical tests in the same sample co-
hort (18-21); (iii) these markers were assessed not
only for their predictive value of fibrosis stage but
also of necroinflammation; and (iv) a ‘new gold
standard’ using splenomegaly and a platelet count
of <150,000 as indirect evidence for advanced liver
disease was created to minimize possible sampling
error in advanced liver disease.

HBeAg-positive chronic hepatitis B patients were
younger than HBeAg-negative patients. This is
expected and fits well with the natural history of
chronic hepatitis B infection (26). Delta hepatitis
patients had lower platelet counts, lower albumin
and higher GGT levels and thus had more advan-
ced disease compared to HBeAg-positive patients,

which again is in line with the known more ag-
gressive course of delta hepatitis (27). Delta hepa-
titis patients were older than HBeAg-positive but
younger than HBeAg-negative cases, which indi-
cates that despite its decrease or even disappe-
arance in some parts of the world (28), delta hepa-
titis likely continues to constitute an important
health problem in Turkey (29,30). Since the pati-
ent cohort was selected among patients who were
eligible for various treatment trials for compensa-
ted chronic liver disease, we consider the above
drawn conclusions as valid interpretations. 

Our data show that many of the tested biochemi-
cal and fibrosis markers not only predict patients
with advanced fibrosis but also marked necroinf-
lammation. Although similar findings have been
previously reported for some of these parameters
(10,14), other authors found only a minor correla-
tion between fibrosis stage and necroinflammation
(31,32). In addition, some fibrosis-specific markers
have previously been suggested to represent sur-
rogate markers for inflammatory activity in the li-
ver, since they were found to correlate better with
inflammation than matrix content (10,33).  

Our patients with advanced fibrosis were older
than those with mild or no fibrosis. This is in line
with the existing literature on patients with chro-
nic hepatitis C (13,15,34). However, in our study,
age continued to be an independent predictive fac-
tor after multivariate analysis, which is in varian-
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Age & Relative 95%
Biochemical markers risk Confidence

interval
Age 2.55 1.06-6.12

Prothrombin time 2.41 1.00-5.82

GGT 4.46 1.85-10.74

Age + Prothrombin time + GGT 27.44

A

Table 8. Value of age and independent biochemical
parameters for the prediction of advanced fibrosis,
either alone (Table 8A), or with the gold standard
(Table 8B), for the diagnosis of advanced fibrosis
METAVIR stage ≥F2

Age & Relative 95%
Biochemical markers risk Confidence

interval
Age 3.11 1.25-7.77

Albumin 5.25 1.91-14.40

Prothrombin time 4.18 1.53-11.45

GGT 3.35 1.34-8.39

Age + Albumin + Prothrombin 228.8
time + GGT

B

Fibrosis markers Relative risk 95%
Confidence 

interval
TIMP-1 8.65 2.5-16.78

Hyaluronan 8.38 2.67-17.4

TIMP-1+Hyaluronan 18.35

A

Table 9. Diagnostic value of the two independent
predictors of fibrosis, TIMP-1 and hyaluronan, either
alone (Table 9A), or with the gold standard (Table
9B), for the diagnosis of advanced fibrosis METAVIR
stage ≥F2

Fibrosis markers Relative risk 95%
Confidence 

interval
TIMP-1 5.41 2.11-15.11

Hyaluronan 14.97 4.55-25.88

TIMP-1+Hyaluronan 28.57

B



ce with the previously reported reduced predictive
value of age compared to other markers (17,35,36),
but in line with a recent paper (15).

Among biochemical and hematological markers,
GGT and prothrombin time were the two indepen-
dent predictive parameters for advanced fibrosis
by multivariate analysis. Similar results have be-
en reported by others in alcoholic liver disease and
chronic hepatitis C (11,14,15,36,37). In a larger
study in patients with chronic hepatitis B, the Fib-
roTest, which includes GGT as well as bilirubin,
gamma globulin, haptoglobin, and α2 macroglobu-
lin, has been reported to predict fibrosis stage ≥2
with an AUROC of 0.78, sparing biopsy for 46% of
the patients, and with positive and negative pre-
dictive values of 92% in these 46% (38).  Other stu-
dies performed by various groups have also indica-
ted that FibroTest was a useful biomarker for pre-
dicting liver fibrosis in patients with hepatitis B
infection (39,40). 

Hyaluronan and TIMP-1 emerged as the two inde-
pendent predictive fibrosis markers for METAVIR
stage ≥2. Of these two markers, hyaluronan had
previously been quoted as the single marker that
most successfully predicts advanced fibrosis in pa-
tients with chronic hepatitis C (41,42) and various
other liver diseases (37,43-45). Hyaluronan is a
glycosaminoglycan produced by hepatic stellate
cells among others (10). However, elevated levels
appear to derive mainly from decreased uptake
from the circulation by sinusoidal endothelial cells
(46-48). Failure to degrade the increased intersti-
tial matrix is a key feature of advanced fibrosis.
TIMP-1 inhibits interstitial collagenases (MMP-1,
-8 and -13) that degrade type I and III collagens,
the major collagens in the fibrotic liver (49). In-
creased hepatic TIMP-1 levels are instrumental in
the progression of liver fibrosis (50), and elevated
serum levels correlate with hepatic TIMP-1 prote-
in (51). With the cut-off values defined by the AU-
ROC curves, patients with elevated levels of both
of these markers were 18.4 times more likely to
have advanced histological fibrosis. An algorithm
named as the Enhanced Liver Function (ELF) test
was developed by the European Liver Fibrosis
Group in a multi-center cohort study performed
with 1,021 chronic liver disease patients. The ELF
test is based on the combination of the PIIINP
marker with hyaluronan and TIMP-1 markers
(52). The results of the study revealed high diag-
nostic accuracy in detection of significant fibrosis
(AUROC 0.80, 95% confidence interval [CI]: 0.76

to 0.85). In a recent retrospective study comparing
FibroTest and ELF, the accuracy for the diagnosis
of advanced fibrosis (F≥2) was found to be 0.69
(95% CI: 0.57-0.82) and 0.78 (95% CI: 0.67-0.89),
respectively (53). However, this difference was not
statistically significant.

The one major drawback of this study was that li-
ver biopsies with 6 portal tracts were allowed for
assessment. This may be seen as a weakness of
the study since for optimal assessment of the liver
biopsy, the requirement of at least 9-11 portal
tracts is suggested (54,55). However, to circum-
vent the problems inherent in suboptimal liver
histology, we validated the biochemical and fibro-
sis markers not only against liver histology but al-
so against a novel “gold standard” including clini-
cal indices of advanced liver disease. Using this
novel standard, the number of patients with ad-
vanced fibrosis increased from the biopsy-defined
number of 39 to 57. Only four of the additional pa-
tients had splenomegaly as the only sign of advan-
ced diseases (with a platelet count >150,000), whi-
le the other 13 patients had a platelet count
<150,000. Since previously, only the platelet count
was added to predict advanced disease (11,13,32),
further addition of splenomegaly apparently pro-
vides an improved approach. In addition, it ques-
tions once more the reliability of liver histological
assessment alone as the gold standard for assess-
ment of the stage of liver disease, in view of the re-
ported sampling error rate of up to 20-33%, espe-
cially in patients with cirrhosis (3-6). Furthermo-
re, several liver biopsy needles with various need-
le diameters and differing techniques exist, such
as suction, cutting and spring-loaded cutting ne-
edles, and in patients with advanced fibrosis the
commonly used suction needles may not be opti-
mal (56). With these reservations as to liver bi-
opsy, we believe that the novel standard is reliab-
le for the staging of liver fibrosis. When this stan-
dard was used, the predictive value for advanced
liver fibrosis of the combined use of the four para-
meters (age, albumin, prothrombin time and
GGT), all of which had an independent predictive
value after multivariate analysis, was as high as
228.3. Thus, when for a given patient all four pa-
rameters were above the cut-off values defined by
ROC curves, advanced liver disease was almost
certain. Since only 6 out of the 109 patients met
these criteria, this information is unlikely to be
useful in clinical practice. On the other hand, two
matrix-derived markers, TIMP-1 and hyaluronan,
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remained highly predictive of advanced fibrosis af-
ter stepwise multivariate analysis when using the
gold standard, correctly allocating 32 patients to
the advanced fibrosis group, when using the “gold
standard” as the dependent variable, with a speci-
ficity of 88.9% (32 of 36) and a sensitivity of 56.1%
(32 of 57 patients).  Once both of these markers
were above the cut-off values in a given patient, as
determined by ROC curves, this patient was 25 ti-
mes more likely to have advanced disease. We
think that the use of these two markers is simple
and could be an important adjunct in daily clinical
practice.  

In summary, this study provides data that suggest
that the use of two serum fibrosis markers, TIMP-
1 and hyaluronan, can provide important informa-
tion for correctly predicting advanced liver disease
in patients with chronic hepatitis B. The validity
of these tests should be tested in prospective tri-
als. These fibrosis markers should be used to
complement information obtained by liver biopsy,
platelet count and spleen size. Such an approach
could be relevant not only in clinical practice but
also in studies assessing the natural history of va-
rious chronic liver diseases as well as their long-
term treatment outcomes by minimizing mislea-
ding results obtained by liver biopsy alone.

Serum connective tissue markers for liver fibrosis

313

REFERENCES
1. Lok ASF, Heathcote EJ, Hoofnagle JH. Management of he-

patitis B, 2000: summary of a workshop. Gastroenterology
2001; 120: 1828-53.

2. Heathcote J. Antiviral therapy for patients with chronic
hepatitis C. Semin Liver Dis 2000; 20: 185-99.

3. Nord JH. Biopsy diagnosis of cirrhosis: blind percutaneous
versus guided direct vision techniques. A review. Gastroin-
test Endosc 1982; 28: 102-4.

4. Abdi W, Millan JC, Mezey E. Sampling variability on per-
cutaneous liver biopsy. Arch Intern Med 1974; 139: 667-9.

5. Regev A, Berho M, Jeffers LJ, et al. Sampling error and in-
traobserver variation in liver biopsy in patients with chro-
nic HCV infection. Am J Gastroenterol 2002; 97: 2614-8.

6. Bedossa P, Dargere D, Paradis V. Sampling variability of
liver fibrosis in chronic hepatitis C. Hepatology 2003; 38:
1449-57.

7. Colombo M, Del Ninno E, De Franchis R, et al. Ultrasound-
assisted percutaneous liver biopsy: superiority of the Tru-
cut over the Menghini needle for diagnosis of cirrhosis.
Gastroenterology 1988; 95: 487-9.

8. Pinzani M. The ELF panel: a new crystal ball in hepato-
logy? Gut 2010; 59: 1165-7.

9. Rohde H, Vargas L, Hahn E, et al. Radioimmunoassay for
type III procollagen peptide and its application to human
liver disease. Eur J Clin Invest 1979; 9: 451-9.

10. Schuppan D, Stölzel U, Oesterling C, Somasundaram R.
Serum assays for liver fibrosis.  J Hepatol 1995; 22(Suppl):
82-8.

11. Poynard T, Aubert A, Bedossa P, et al. A simple biological
index for detection of alcoholic liver disease in drinkers.
Gastroenterology 1991; 100: 1397-402.

12. Naveau S, Poynard T, Benattar C, et al. Alpha-1-macroglo-
bulin and hepatic fibrosis: diagnostic interest. Dig Dis Sci
1994; 11: 2426-32.

13. Poynard T, Bedossa P. Age and platelet count: a simple in-
dex for predicting the presence of histologic lesions in pati-
ents with antibodies to hepatitis C virus. METAVIR and
CLINIVIR Cooperative Study Groups. J Viral Hepat 1997;
4: 199-208.

14. Imbert-Bismut F, Ratziu V, Pieroni L, et al., for the MUL-
TIVIRC group. Biochemical markers of liver fibrosis in pa-
tients with hepatitis C virus infection: a prospective study.
Lancet 2001; 357: 1069-75. 

15. Forns X, Ampurdanès S, Llovet JM, et al. Identification of
chronic hepatitis C patients without hepatic fibrosis by a
simple predictive model. Hepatology 2002; 36: 986-92. 

16. Kaul V, Friedenberg FK, Braitman LE, et al. Development
and validation of a model to diagnose cirrhosis in patients
with hepatitis C. Am J Gastroenterol 2002; 97: 2623-8. 

17. Wai C-T, Greenson JK, Fontana RJ, et al. A simple nonin-
vasive index can predict both significant fibrosis and cirr-
hosis in patients with chronic hepatitis C. Hepatology
2003; 38: 518-26. 

18. Rosenberg WM, Voelker M, Thiel R, et al. Serum markers
detect the presence of liver fibrosis: a cohort study. Gastro-
enterology 2004; 127: 1704-13.

19. Ropers T, Kroll W, Becka M, et al. Enzyme immunoassay
for the measurement of human tenascin-C on the Bayer
Immuno analyzer. Clin Biochem 1999; 33: 7-13.

20. Hanke B, Wein A, Martus B, et al. Serum markers of mat-
rix turnover as predictors for the evolution of colorectal
cancer metastasis under chemotherapy. Br J Cancer 2003;
88: 1248-50.

21. Lebensztejn DM, Kaczmarski M, Sobaniec-Lotowska M, et
al. Serum laminin-2 and hyaluronan predict severe liver
fibrosis in children with chronic hepatitis B. Hepatology
2004; 39: 868-9.

22. Yurdaydin C, Bozkaya H, Gürel S, et al. Famciclovir treat-
ment of chronic delta hepatitis. J Hepatol 2002; 37: 266-71.

23. Yurdayd›n C, Bozkaya H, fientürk H, et al. Treatment of
chronic delta hepatitis with lamivudine vs. lamivudine+in-
terferon vs. interferon. J Viral Hepat 2008; 15: 314-21. 

24. Yurdayd›n C, Bozkaya H, Çetinkaya H, et al. Lamivudine
vs lamivudine and interferon combination treatment of
HBeAg (-) chronic hepatitis B. J Viral Hepat 2005; 12: 262-
8.

25. The French METAVIR Cooperative Study Group. Intraob-
server and interobserver variations in liver biopsy inter-
pretations in patients with chronic hepatitis C. Hepatology
1994; 20: 15-20.

26. Lok ASF, McMahon BJ. Chronic hepatitis B. Hepatology
2001; 34: 1225-41. 

27. Yurdayd›n C, Idilman R, Bozkaya H, Bozdayi AM. Natural
history and treatment of chronic delta hepatitis. J Viral
Hepat 2010; 17: 749-56. 

28. Gaeta GB, Stroffolini T, Chiaramonte M, et al. Chronic he-
patitis D: a vanishing disease? An Italian multicenter
study. Hepatology 2000; 32: 824-7.

29. De¤ertekin H, Yalçin K, Yakut M, Yurdaydin C. Seroposi-
tivity for delta hepatitis in patients with chronic hepatitis
B and liver cirrhosis in Turkey: a meta-analysis. Liver Int
2008; 28: 494-8.



30. Yurdaydin C. Delta hepatitis in Turkey: decreasing but not
vanishing and still of concern. Turk J Gastroenterol 2006;
17: 74-5.

31. Sheth SG, Flamm SL, Gordon FD, Chopra S. AST/ALT ra-
tio predicts cirrhosis in patients with chronic hepatitis C
infection. Am J Gastroenterol 1998; 93: 44-8.

32. Pohl A, Behling C, Oliver D, et al. Serum aminotransfera-
se levels and platelet counts as predictors of degree of fib-
rosis in chronic hepatitis C virus infection. Am J Gastroen-
terol 2001; 96: 3142-4.

33. Friedman SL. Evaluation of fibrosis and hepatitis C. Am J
Med 1999; 107: 27S-30S.

34. Poynard T, Bedossa P, Opolon P. Natural history of liver
fibrosis progression in patients with chronic hepatitis C.
The OBSVIRC, METAVIR, CLINIVIR and DOSVIRC gro-
ups. Lancet 1997; 349: 825-32.

35. Myers RP, Hilsden RJ, Lee SS. Historical features are po-
or predictors of liver fibrosis in Canadian patients with
chronic hepatitis C. J Viral Hepat 2001; 8: 249-55.

36. Myers RP, Ratziu V, Imbert-Bismut F, et al. Biochemical
markers of liver fibrosis: a comparison with historical fe-
atures in patients with chronic hepatitis C. Am J Gastroen-
terol 2002; 97: 2419-25.

37. Oberti F, Valsesia E, Pilette C, et al. Non-invasive diagno-
sis of hepatic fibrosis or cirrhosis. Gastroenterology 1997;
113: 1609-16.

38. Myers RP, Tainturier M-H, Ratziu V, et al. Prediction of li-
ver histological lesions with biochemical markers in pati-
ents with chronic hepatitis B. J Hepatol 2003; 39: 222-30. 

39. Poynard T, Zoulim F, Ratziu V, et al. Longitudinal assess-
ment of histology surrogate markers (FibroTest-ActiTest)
during lamivudine therapy in patients with chronic hepati-
tis B infection. Am J Gastroenterol 2005; 100: 1970-80.

40. Sebastiani G, Vario A, Guido M, Alberti A. Sequential algo-
rithms combining non-invasive markers and biopsy for the
assessment of liver fibrosis in chronic hepatitis B. World J
Gastroenterol 2007; 13: 525-31.

41. McHutchison JG, Blatt LM, De Medina M, et al. Measure-
ment of serum hyaluronic acid in patients with chronic he-
patitis C and its relationship to liver histology. Consensus
Interferon Study Group. J Gastroenterol Hepatol 2000; 15:
945-51.

42. Guechot J, Laudat A, Loria A, et al. Diagnostic accuracy of
hyaluronan and type III procollagen amino-terminal pepti-
de serum assays as markers of liver fibrosis in chronic vi-
ral hepatitis C evaluated by ROC curve analysis. Clin
Chem 1996; 42: 558-63.

43. Frébourg T, Delpech B, Bercoff E, et al. Serum hyalurona-
te in liver disease: study by enzymoimmunological assay.
Hepatology 1986; 6: 392-5.

44. Gibson PR, Fraser JRE, Brown TJ, et al. Hemodynamic
and liver function predictors of serum hyaluronate in alco-
holic liver disease. Hepatology 1992; 15: 1054-9. 

45. Valenti L, Dongiovanni P. Serum hyaluronic acid for the
screening of progressive nonalcoholic steatohepatitis in
children: a promising approach. Transl Res 2010; 156: 226-
8.

46. Guéchot J, Poupon RE, Poupon R. Serum hyaluronan as a
marker for liver fibrosis. J Hepatol 1995; 22(Suppl): 103-6.

47. Eriksson S, Fraser JR, Laurent TC, et al. Endothelial cells
are a site of uptake and degradation of hyaluronic acid in
the liver. Exp Cell Res 1983; 144: 223-8.

48. Fraser JR, Laurent TC, Laurent UB. Hyaluronan: its natu-
re, distribution, functions and turnover. J Intern Med
1997; 242: 27-33.

49. Murphy G, Willenbrock F. Tissue inhibitors of matrix me-
talloproteinases. Method Enzymol 1995; 248: 496-510.

50. Iredale JP, Benyon RC, Pickering J, et al. Mechanisms of
spontaneous resolution of rat liver fibrosis. Hepatic stella-
te cell apoptosis and reduced hepatic expression of metal-
loproteinase inhibitors. J Clin Invest 1998; 102: 538-49.

51. Murawaki Y, Ikuta Y, Idobe Y, et al. Tissue inhibitor of me-
talloproteinase-1 in the liver of patients with chronic liver
disease. J Hepatol 1997; 26: 1213-9.

52. Rosenberg WM, Voelker M, Thiel R, et al. Serum markers
detect the presence of liver fibrosis: a cohort study. Gastro-
enterology 2004; 127: 1704-13.

53. Friedrich-Rust M, Rosenberg W, Parkes J, et al. Compari-
son of ELF, FibroTest and FibroScan for the non-invasive
assessment of liver fibrosis. BMC Gastroenterol 2010; 10:
103.

54. Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of li-
ver biopsy size on histological evaluation of chronic viral
hepatitis: the smaller the sample, the milder the disease. J
Hepatol 2003; 39: 239-244.

55. Crawford AR, Lin XZ, Crawford JM. The normal adult hu-
man liver biopsy: a quantitative reference standard. Hepa-
tology 1998; 28: 323-31.

56. Bravo AA, Sheth SG, Chopra S. Liver biopsy. New Engl J
Med 2001; 344: 495-500.

SEVEN  et al.

314



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


