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ABSTRACT

INTRODUCTION  Noninvasive methods are increasingly used in the clinical assessment of patients with
chronic hepatitis C (CHC).

0BJECTIVES We aimed to develop a predictive model for the evaluation of significant fibrosis in patients
with CHC, based on serum biomarkers. We compared the accuracy of our model in detecting significant
fibrosis with currently known markers/models of fibrosis (such as the aspartate aminotransferase to
platelet ratio index [APRI], the Fibrosis-4 [FIB-4] score, and the Forns index).

PATIENTS AND METHODS A total of 242 patients with CHC not receiving antiviral treatment were divided
into 2 groups: training group (n = 150) and validation group (n = 92). Significant fibrosis was defined
as F2 or higher on the Meta-analysis of Histological Data in Viral Hepatitis (METAVIR) scale.

RESULTS  Multivariable analysis revealed that age (P <0.001), pentraxin 3 (PTX3) levels (P = 0.009),
y-glutamyl transpeptidase (GGT) to platelet count (PLT) ratio (P = 0.08), and hyaluronic acid levels (HA)
(P = 0.07) were independent predictors of significant fibrosis. Based on that, we developed a model for
predicting significant fibrosis: Pentra score = 0.176 x PTX3 (ng/ml) + 0.522 X HA (ng/ml) + 0.29 x GGT
(1U/1) to PLT (% 10%1) ratio + 0.14 X age (years) — 3.9346. Then, we compared our model with the bio-
markers and models currently used to predict liver fibrosis. The Pentra score yielded the largest area
under the receiver operating characteristic curve for predicting significant fibrosis in the training and
validation groups (0.894 and 0.867, respectively). It also had the highest diagnostic accuracy in both
groups (90.6% and 87.0%, respectively).

concLusions  Our model for detecting significant fibrosis in patients with CHC using pentraxin 3 and
other serum biomarkers compares well with the existing and previously published indices. However,
further validation in larger cohorts is needed.

INTRODUCTION Hepatitis C virus (HCV) af-
fects approximately 200 million people world-
wide. Hepatitis C virus infection is considered
one of the major risk factors for liver disease.
The World Health Organization reports that more
than 71 million people are chronically infected
with HCV globally, and approximately 0.4 mil-
lion of those infected die due to HCV-related liv-
er complications annually."* Chronic hepatitis
C (CHO) is characterized by highly variable pro-
gression and—depending on the extent of liver
fibrosis and inflammation—CHC can progress to
cirrhosis and hepatocellular carcinoma.*® Early
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treatment that prevents cirrhosis is the preferred
strategy to avoid hepatocellular carcinoma. Prop-
er management including monitoring of fibrosis
progression and effective antiviral therapies (eg,
direct-acting antivirals) has dramatically changed
the outcome in patients with chronic HCV infec-
tion, and thereby improved liver histology, and
prevented the progression to liver cirrhosis.®
Noninvasive approaches instead of liver biop-
sies are needed to determine the fibrosis stage
and, therefore, improve prophylaxis and clini-
cal management of patients with CHC. Until re-
cently, liver biopsy was the “gold standard” for



WHAT'S NEW?

Detecting significant fibrosis remains important in the treatment and follow-up
of patients with chronic hepatitis C. Our study aimed to develop a noninva-
sive scoring system for the identification of significant fibrosis (ie, >F2 on
the Meta-analysis of Histological Data in Viral Hepatitis [METAVIR] scale) in
patients with chronic hepatitis C using serum-based biomarkers. Age, pentraxin
3 levels, y-glutamyl transpeptidase/ platelet count, and hyaluronic acid were
found to predict significant fibrosis. Based on that, we developed a model for
the evaluation of fibrosis, the Pentra score. We compared it with the currently
used models (such as the aspartate aminotransferase to platelet ratio index
[APRI], the Fibrosis-4 [FIB-4] score, and the Forns index): it had the largest
area under the receiver operating characteristic curve and the highest diag-
nostic accuracy in the training and validation groups.

the evaluation of liver fibrosis. It has numerous
limitations, such as invasive sampling error’"® and
large variability among observers.'” To overcome
these limitations, noninvasive diagnostic meth-
ods are now increasingly used to assess liver tis-
sue including those based on serum biomark-
ers'""'? or on the measurement of liver stiffness
by ultrasound and magnetic resonance elastogra-
phy."*" Functional imaging techniques, including
magnetic resonance elastography and ultrasound
elastography, are useful in assessing moderate to
advanced liver fibrosis. Magnetic resonance elas-
tography is considered the most accurate nonin-
vasive imaging technique, and ultrasound elastog-
raphy is currently the most widely used noninva-
sive means. However, these modalities are less ac-
curate in early-stage liver fibrosis and some fac-
tors affect their accuracy.”

In addition, most of the available noninva-
sive models are less accurate in detecting inter-
mediate fibrosis stages (ie, F1-F2 on the Meta-
-analysis of Histological Data in Viral Hepati-
tis [METAVIR] scale) compared with late-stage
cirrhosis (F4)."%-'® Indeed, while various serum-
-based predictive models (such as the aspartate
aminotransferase to platelet ratio index [APRI],
the Fibrosis-4 [FIB-4] score, and the Forns index)
for liver fibrosis have been proposed and validat-
ed,'%" their diagnostic accuracy remains hotly
debated.’® 2" Therefore, we need more accurate
noninvasive models to predict the evolution of
liver fibrosis and precisely manage it in the light
of personalized clinical medicine.

Pentraxin 3 (PTX3) is one of the serum bio-
markers that has been investigated for its role
in assessing liver fibrosis.?' Physiologically, blood
levels of PTX3 are quite low (<2 ng/ml), but its
expression increases in response to inflammato-
ry stimulation in many diseases, including hep-
atitis.?? Specifically, in patients with nonalco-
holic fatty liver disease and alcoholic hepatitis,
PTX3 levels were shown to be associated with
disease progression and a particular liver fibro-
sis stage.?®?5 Similarly, we demonstrated else-
where?® that PTX3 levels were related with the his-
tologic stage of fibrosis, and that PTX3 serum

concentrations showed high reliability for the di-
agnosis of significant fibrosis in patients with
CHC before antiviral treatment.

The obtained results allowed us to hypothesize
that incorporating PTX3 serum concentrations
into a multidimensional model may be useful in
predicting the fibrosis stage in patients with CHC.
Here, we present (and validate) a novel predictive
model (named the Pentra score) for the evalua-
tion of significant fibrosis (ie, 2F2 on the META-
VIR scale) in patients with CHC using PTX3 lev-
els and other serum biomarkers. We show that
the Pentra score has diagnostic performance com-
parable with the existing indices and has addi-
tional advantages.

PATIENTS AND METHODS Study population
We included a total of 242 patients with CHC
who underwent liver biopsy and for whom stored
sera were available admitted to the Department
of Infectious Diseases and Hepatology of Wro-
claw Medical University from October 2015 to
April 2018. Patients were diagnosed with CHC in-
fection based on the following signs: persistent-
ly elevated alanine aminotransferase (ALT) lev-
els, anti-HCV and HCV RNA positivity for at least
6 months, and histopathologic features indic-
ative of liver inflammation. Chronic hepatitis
C was confirmed by measuring serum levels of
HCV antibodies with an enzyme immunoassay
and by the HCV RNA test using reverse transcrip-
tase-polymerase chain reaction (Cobas Amplicor,
Roche, San Francisco, California, United States).
The patients in this study had not undergone an-
tiviral therapy before.

Patient characteristics In total, 242 participants
were included in the study: 135 men (55.79%) and
107 women (44.21%). The study group showed
widespread intensification of liver fibrosis with
all METAVIR stages. Overall, 21.07% of patients
were classified as stage 0 (no fibrosis), and 22.31%
as stage 1 (fibrosis restricted to the portal tract).
The prevalence of significant fibrosis was 56.61%:
21.07% as stage F2 (a few septa extending beyond
the portal tract but with intact architecture) and
35.54% as stages F3 or F4 (bridging fibrosis or
cirrhosis, respectively).

Demographic data and full routine clinical as-
sessment of chronic liver disease were obtained
at the time of liver biopsy, including: sex, age,
HCV genotype, HCV viral load, body mass index,
levels of ALT, aspartate aminotransferase (AST),
alkaline phosphatase, y-glutamyl transpeptidase
(GGT), bilirubin, international normalized ratio,
albumin, cholesterol, leukocytes, platelets (PLT),
PTX3, hyaluronic acid (HA), and transforming
growth factor B,.

A training set (n = 150) was used to investigate
the variables associated with significant fibrosis in
patients with CHC based on univariate and multi-
variable analyses, and then to construct a predic-
tive model. The reproducibility of the model was
then tested in a validation set (n = 92).

ORIGINAL ARTICLE Pentra score model for the prediction of significant liver fibrosis 113



114

We excluded patients dually infected with HCV
and hepatitis B virus as well as patients with fatty
liver disease. Patients with known substance (al-
cohol and/ or intravenous drug) abuse and those
with HIV, autoimmune or congenital metabolic
liver conditions, malignancies, or treated with
immunosuppressants were also excluded from
the study. The purpose of each examination was
fully explained and informed consent was ob-
tained from all participants. The study protocol
was approved by the bioethical committee of Wro-
claw Medical University (no. KB-477/2017) and
carried out in accordance with the 1975 Declara-
tion of Helsinki (6th revision, 2008).

Liver histology and quantification of liver fibrosis
Liver biopsies were performed under ultrasound
guidance. Specimens were fixed with formalin,
embedded in paraffin, and stained with hema-
toxylin and eosin. An expert pathologist blind-
ed to patients’ clinical characteristics evaluated
the specimens according to the METAVIR scor-
ing system, including the fibrosis score (F0, no fi-
brosis; F1, portal fibrosis alone; F2, portal fibrosis
with rare septa; F3, portal fibrosis with numerous
septa; and F4, cirrhosis) and the necroinflamma-
tory activity score (Al, mild activity; A2, moderate
activity; and A3, marked activity). In this study,
we defined significant fibrosis as a score of F2 or
higher. All patients with a score of F4 had com-
pensated disease. There were no deaths associat-
ed with liver biopsies.

Other staging models of liver fibrosis Other pre-
diction models used to assess liver fibrosis
in this study were APRL?’ the FIB-4 score,?®
and the Forns index,'® calculated as follows:
APRI = (AST [IU/1l]/ upper limit of normal)
x 100/PLT (10%/1); FIB-4 = age (years) x AST
(IU/1) / PLT (x10°%/1) x (ALT [IU/1]*?); Forns in-
dex = 7.811 - 3.131 x In(PLT) [x10°/1] + 0.781 x
In(GGT) [IU/1] + 3.467 x In(age) [years] - 0.014
x cholesterol [mg/dl].

Statistical analysis Data analysis was carried
out using the Statistica 13.3 software (StatSoft,
Krakéw, Poland). Continuous variables were ex-
pressed as median (Q1-Q3) and compared using
the Mann-Whitney test; categorical data were re-
ported as percentages. Risk factors for liver fibro-
sis in patients with CHC were analyzed using bi-
nary logistic regression. Only existing data were
used for the analysis (and numbers were given
where appropriate). There was no imputation
procedure concerning missing data.

A predictive model for identifying significant
fibrosis was developed using a training set, and
then validated with a separate, independent vali-
dation set. Patients were randomized into a train-
ing set and a validation set (62% to 38% ratio).

The goodness-of-fit tests (Akaike informa-
tion criterion and Bayesian information criteri-
on) were used to select the best model. In addi-
tion, to assess how well the data fits the model,
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the Hosmer-Lemeshow test was applied. Vari-
ables with P value less than 0.01 in the univari-
able analysis were then included in a multivari-
able stepwise logistic regression analysis. Coeffi-
cients with P value less than 0.1 in the multivari-
able analysis were then selected as components
of a new equation for predicting significant fi-
brosis. First, univariate analysis was performed
to detect candidate variables from different clin-
ical factors that could be incorporated into a new
predictive model.

Next, we tested the diagnostic accuracy of our
new model derived from the training set using
avalidation set and determining the receiver op-
erating characteristic curve (ROC). The area un-
der the ROC (AUROC) and its 95% CI were cal-
culated and the cutoff value determined using
the Youden index. We calculated the sensitivity,
specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and diagnostic ac-
curacy of our model. All P values were bilateral,
and P value of less than 0.05 was considered sig-
nificant. Finally, we compared the diagnostic per-
formance of our predictive model (Pentra score)
with the following markers or models of liver fi-
brosis: PTX3, GGT, GGT to PLT ratio, HA, APRI
index, FIB-4 score, Forns index.':27.28

RESULTS Patient characteristics The model was
constructed using data obtained from 150 pa-
tients (the training group) and validated using
data of the remaining 92 patients (the validation
group). No difference was found in baseline char-
acteristics between both groups neither with re-
spect to the assessed variables nor liver biopsy.
Patients’ characteristics at the time of liver bi-
opsy, including the detailed demographic data
and laboratory parameters, are shown in TABLE 1.

Factors associated with significant liver fibrosis
In the univariate analysis, the following param-
eters were identified as positively related to signif-
icant fibrosis: age (P <0.001), ALT (P <0.01), AST
(P <0.01), GGT (P <0.01), alkaline phosphatase
(P <0.01), PLT (P <0.001), bilirubin (P <0.001),
GGT to PLT ratio (P <0.001), PTX3 (P <0.001),
HA (P <0.001), and transforming growth factor 3,
(P <0.001) (TABLE 2).

When these 11 parameters were subsequently
included in the multivariable analysis using for-
ward stepwise procedures, age and PTX3 were
found to be independent predictors of significant
fibrosis. Additionally, the other 2 variables (GGT
to PLT ratio and HA) were included in the model
to improve its fit (TABLE 3).

Viral load and genotype were available in 109
patients from the training group. These patients
did not differ in any of the analyzed variables
from those for whom such data were not available.

A novel model for the assessment of significant
fibrosis A predictive model was constructed by
modeling the values of the independent variables
and their regression coefficient. As age (P <0.001)



TABLE 1

between the training and validation groups

Baseline characteristics of 242 patients with chronic hepatitis C at the time of liver biopsy: a comparison

Variable Training group Validation group All patients
(n = 150) (n=92) (n = 242)

Sex, n (%) Male 87 (58) 48 (52.17) 135 (55.79)

Female 463 (42) 44 (47.83) 107 (44.21)
Age, y 55 (22-79) 56 (22-76) 55 (22-79)
HCV genotype 1b, n (%) 110 (73.33) 68 (73.91) 178 (73.55)
Viral load, mean x 10° copies/ml 2.84 (0.019-7.13) 3.06 (0.18-7.28) 2.97 (0.019-7.28)
MELD score 7.6 (6.5-8.1) 7.3(6.6-7.9) 7.5(6.5-8.1)
BMI, kg/m?, mean (SD) 22.2 (2.4) 22.5(2.62) 22.3 (2.54)
ALT, 1U/I 64 (13-278) 63 (16-278) 63 (13-278)
AST, U/ 50 (17-242) 50 (18-242) 50 (17-242)
ALP, 1U/I 82 (38-220) 85.5 (38-201) 83 (38-220)
GGT, lu/1 53 (12-352) 58.0 (12-352) 52.5 (12-352)
Bilirubin, mg/dl 0.83(0.31-4) 0.83 (0.35-4) 0.83 (0.31-4)
INR 1.05 (0.92-1.38) 1.04 (0.92-1.38) 1.04 (0.92-1.38)
Albumin, g/dl 3.9(2.41-4.72) 3.8(2.4-4.7) 3.8(2.4-4.72)

Cholesterol, mg/dl

154.2 (140.3-231)

161.3 (151.3-228.7)

154.2 (140.3-231)

Leukocytes, x 1091

6.24 (3.90-12.5)

6.00 (1.87-12.5)

6.08 (1.87-12.5)

PLT, x10%1 188.5 (121-360) 189.0 (133-360) 189.0 (121-360)
PTX3, ng/ml 4.80(1.01-12.7) 4.56 (1.29-12.69) 4.7 (1.01-12.7)
HA, ng/ml 113.5(7.9-826.9) 114.4 (8.33-1036) 114.36 (7.9-1036)
TGF-8,, ng/ml 8.0(2.12-31.5) 7.56 (2.12-31.5) 7.56 (2.12-31.5)
Fibrosis stage, n (%) 0 32(21.33) 19 (20.65) 51(21.07)

1 34 (22.67) 20 (21.74) 54 (22.31)

2 30 (20) 21(22.83) 51(21.07)

3 25 (16.67) 13 (14.13) 38 (15.71)

4 29 (19.33) 19 (20.65) 48 (19.83)

Data are presented as median (Q1-Q3) unless otherwise indicated.

Sl conversion factors: to convert ALT, AST, ALP, and GGT to pkat/l, multiply by 0.0167; bilirubin to pmol/l, by 17.104;

albumin to g/l, by 10; cholesterol to mmol/l, by 0.0259.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; GGT, y-glutamyl transpeptidase; HA, hyaluronic acid; HCV, hepatitis C virus; INR, international normalized
ratio; MELD, Model for End-Stage Liver Disease; PLT, platelets; PTX3, pentraxin 3; Q1, lower quartile; Q3, upper

quartile; TGF-B,, transforming growth factor B,

and PTX3 (P = 0.009) were prognostic factors as-
sociated with significant fibrosis, and the GGT to
PLT ratio (P = 0.08) and HA (P = 0.07) tended to
be statistically significant, we constructed a mod-
el, named the Pentra score, expressed in the fol-
lowing formula: Pentra score = 0.176 x PTX3 (ng/
ml) + 0.522 xHA (ng/ml) + 0.29 x GGT (IU/]) to
PLT (x10%/1) + 0.14 x age (years) — 3.9346.

Predictive value and diagnostic accuracy of the Pentra
score  We assessed the utility of our model for
stratification of groups with mild (<F2) and signif-
icant (2F2) liver fibrosis. Using the ROC analysis,
an optimal cutoff value of 42.477 was determined
for a diagnostic model based on the Pentra score,
which means that patients with a Pentra score
higher or equal to 42.477 had significant fibro-
sis, whereas those with a score lower than 42.477
had mild fibrosis. We then analyzed the predic-
tive and diagnostic accuracy of the Pentra score

and other 7 methods (PTX3, GGT, GGT to PLT
ratio, HA, APRI index, FIB-4 score, Forns index)
in the training group (TABLE 4 and Supplementa-
ry material, Figure SI). Among them, the Pentra
score could be highly predictive, with an AUROC
of 0.894.

Considering the Pentra score, it was observed
that the AUROC of the Pentra score (AUROC in
the training group, 0.894; AUROC in the valida-
tion group, 0.867) differed from the results of
the GGT to PLT ratio (AUROC, 0.648; P <0.001
and AUROC, 0.618; P = 0.005, respectively) and
the FIB-4 score (AUROC, 0.77; P = 0.005 and AU-
ROC, 0.779; P = 0.02, respectively). No difference
was reported with regard to PTX3, HA, APRI in-
dex, and Forns index (Supplementary materi-
al, Figure S1).

The optimal cutoff value for each variable was
adapted for the validation group. We then an-
alyzed the predictive and diagnostic accuracy
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TABLE 2 Variables associated with significant fibrosis in the training group (150 patients) by univariate analysis

Variable No significant fibrosis? (n = 66)  Significant fibrosis® (n = 84) P value
Sex, n (%) Male 39 (59.09) 52 (61.9) 0.08
Female 27 (40.91) 32(38.1)

Age, y 44 (22-65) 62 (32-79) <0.001
HCV genotype 1hb, n (%) 48 (72.73) 63 (75) 0.09
Viral load, mean X 10° copies/ml 1.95 (0.019-6.44) 2.98 (0.019-7.13) 0.02
BMI, kg/m?, mean (SD) 21.9(2) 22.4(1.9) 0.14
ALT, 1U/I 40 (22-216) 66 (13-278) 0.008
AST, U/ 40 (17-190) 67 (24-242) 0.009
ALP, U/l 70 (43-134) 87 (38-220) 0.005
GGT, 1U/1 52 (12-175) 71.5 (15-352) 0.002
Bilirubin, mg/dl 0.71 (0.31-4) 1.03 (0.38-3.29) 0.009
INR 1.0 (0.8-1.15) 1.06 (0.93-1.1) 0.12
Albumin, g/dl 4.0 (2.4-4.5) 3.7(2.6-4.7) 0.16
Cholesterol, mg/dl 175.4 (109.9-206.7) 161.3 (140.3-231) 0.27

Leukocytes, X 10¥1 6.6 (4.87-12.5) 5.99 (2.87-12.5) 0.018

PLT, x 10%/1 216 (183-360) 178 (121-280) <0.001
PT, % 100 (76-119) 92.0 (80-112) 0.008

GGT/PLT, U/ X 109/ 0.25 (0.044-2.11) 0.36 (0.01-6.62) <0.001
PTX3, ng/ml 3.26 (1.01-8.14) 5.56 (1.91-12.69) <0.001
HA, ng/ml 46.88 (7.88-826.94) 243.65 (69.37-1036) <0.001
TGF-B, ng/ml 3.05 (2.12-14.66) 11.92 (2.75-31.5) <0.001

Data are presented as median (Q1-Q3) unless otherwise indicated.

Sl conversion factors: see TABLE 1

a Defined as a score of 0-F1 on the METAVIR scale

b Defined a score equal to or higher than F2 on the METAVIR scale

Abbreviations: METAVIR, Meta-analysis of Histological Data in Viral Hepatitis; PT, prothrombin time; others, see TABLE 1

TABLE 3 Multivariable analysis of factors contributing to significant liver fibrosis in

the training group

Variable Multivariable analysis P value
OR (95% Cl)

Age, y 1.10(1.04-1.16) <0.001

PTX3, ng/ml 1.44 (1.09-1.92) 0.009

HA, ng/ml 1.05 (0.99-1.1) 0.07

GGT/PLT, 1U/1/ x 10%1 1.19 (1.08-1.3) 0.08

a Logistic regression analysis

Abbreviations: OR, odds ratio; others, see TABLE 1
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of the Pentra score and the other 7 methods in
the validation group (TABLE 4, FIGURE 1).

In the validation group, all patients (53) with
histopathologically confirmed significant fibro-
sis were identified using the Pentra score with
a sensitivity of 100%. Moreover, among 53 pa-
tients with significant fibrosis (>F2) identified ac-
cording to the Pentra score, the disease was his-
topathologically confirmed in 45 cases, showing
a PPV of 83.3%.

DISCUSSION Liver fibrosis is a serious life-
-threatening disease with high morbidity and
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mortality rates resulting from HCV infection.
As mentioned above, liver biopsy—considered
the “gold standard” for assessing liver fibro-
sis—has limitations in terms of invasiveness,
costs, sampling and interobserver variability, and
the dynamic process of fibrosis. The invasive na-
ture of liver biopsy makes it unpractical, particu-
larly in patients who require follow-up. Compel-
ling evidence has demonstrated that all stages of
fibrosis are reversible if the fibrotic factor is re-
moved. Identifying HCV patients with fibrosis is
of particular importance, as the choice of a treat-
ment regimen, including the genotype-dependent
one (direct-acting antivirals), depends on the se-
verity of liver disease and/ or prior therapy. Ac-
cording to the 2018 European Association for
the Study of the Liver guidelines, there is a clear
need for safe, effective, and reliable noninvasive
assessment modalities to determine liver fibrosis
and to manage it precisely in the light of person-
alized medicine. Nowadays, noninvasive methods
excluding liver biopsy are considered as a refer-
ence standard in CHC.?

Some studies suggest that, compared with
the use of single biomarkers or liver biopsy
alone, combining multiple noninvasive meth-
ods using special algorithms could enable more



TABLE 4  Area under the receiver operating characteristic curve analysis of 8 serum fibrosis markers and models in the training (n = 150) and
validation (n = 92) groups

Variable AUROC (95% Cl) Cutoff value>  Sensitivity, % Specificity, % PPV, % NPV, % ACC, %

Training group

PTX3, ng/ml 0.802 (0.727-0.877) 4.48 73.0 75.5 84.4 60.7 73.9
GGT, U/l 0.569 (0.469-0.668) 101 22.1 93.9 80 39.3 48.2
GGT/PLT, IUN1/ x 10%/ 0.648 (0.556-0.739) 0.379 49.4 89.8 89.8 49.4 63.8
HA, ng/ml 0.891 (0.829-0.953) 71.98 97.8 135 87 94.7 89.1
APRI index 0.831 (0.756-0.906) 0.632 80.9 11.6 86.7 69.1 79.7
FIB-4 score 0.770 (0.69-0.851) 1.862 715 65.3 80.2 61.5 73.2
Forns index 0.811(0.739-0.883) 5.67 84.1 65.3 81.3 69.6 714
Pentra score 0.894 (0.833-0.955) 42.471 100 135 87.3 100 90.6

Validation group

PTX3, ng/ml 0.753 (0.628-0.879) 3.55 86.7 58.3 79.6 70 76.8
GGT, 1uN 0.525 (0.378-0.673) 35 75.6 315 69.4 45 62.3
GGT/PLT, IUN / x 10%/ 0.618 (0.482-0.753) 0.5 44.4 83.3 83.3 44.4 58

HA, ng/ml 0.862 (0.772-0.952) 69.37 97.8 62.5 83 93.8 85.5
APRI index 0.775 (0.649-0.901) 0.632 733 75 84.6 60.7 73.9
FIB-4 score 0.779 (0.6-0.848) 1.862 733 62.5 78.6 55.6 55.6
Forns index 0.779 (0.666-0.891) 5.67 82.2 66.7 82.2 66.7 76.8
Pentra score 0.867 (0.778-0.956) 42.471 100 62.5 83.3 100 87

a Calculated based on the ROC analysis for PTX3, GGT, the GGT/PLT ratio, HA, APRI index, FIB-4 score, Forns index, and Pentra score

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; AUROC, area under the receiver operating characteristic curve; FIB-4,
Fibrosis-4; others, see TABLE 1

comprehensive first-line screening of liver fibro-
sis in patients with HCV.?*-*" Indeed, patients who
are only assessed by aminotransferase levels could
be misdiagnosed with severe fibrosis.*'-*? While
assessing a combination of serum fibrosis bio-
markers might be more accurate,**:** their rou-
tine use is somewhat limited as they are nonspe-
cific to the liver and due to their high costs (e,
for patented tests). Despite this, serum biomark-
ers of fibrosis are well validated, have good repro-
ducibility, and can be applied in outpatient clin-
ics,**-*" making them attractive for the noninva-
sive assessment of patients with CHC.

We developed a novel serum-based scoring
system for the prediction of significant fibrosis
in patients with CHC, the Pentra score, which in-
cludes age, PTX3, the GGT to PLT ratio, and HA.
Pentraxin 3 is an established marker for detect-
ing clinically significant and advanced fibrosis in
patients with CHC. We demonstrated elsewhere?$
that PTX3 levels increased with the progression
of liver fibrosis in patients with HCV. This is con-
sistent with previous studies showing close asso-
ciations among PTX3 levels, disease progression,
stages of liver fibrosis in patients with nonalcohol-
ic steatohepatitis and/ or alcoholic hepatitis, and
chronic HCV.2#38.39 In the present study, we also
found that PTX3 was useful as a single diagnostic
marker. However, the combined Pentra score ap-
peared to be superior to using PTX3 alone for pre-
dicting significant fibrosis in patients with CHC
(ie, the AUROCS of 0.894 and 0.867 for the Pen-
tra score in the training and validation groups,
respectively, compared with 0.802 and 0.753 for

PTX3). Moreover, the Pentra score had a negative
predictive value of 100% and, therefore, could be
used to identify patients without significant fibro-
sis in whom liver biopsy may be avoided.
Previous studies indicated that GGT levels are
associated with the degree of liver fibrosis,*?-43
and our multivariable analysis confirmed that
GGT levels were an independent predictor of sig-
nificant fibrosis in patients with CHC. We also
found out that platelet count was an indepen-
dent predictor of significant fibrosis in patients
with CHC. Similar to our findings in CHC, both
GGT levels and platelet count were shown to be
independent predictors of significant fibrosis (a
score of F2 or higher) in patients with chronic
hepatitis B virus infection.*® Therefore, we incor-
porated both GGT and PLT into our final model.
Hyaluronic acid is a glycosaminoglycan mainly
synthesized by hepatic stellate cells and degraded
by the liver sinusoidal cells. The increased produc-
tion of HA and its decreased degradation contrib-
uted to increased serum HA in patients with liver
fibrosis. Several studies tested the predictive per-
formance of HA and suggested that the HA level
less than 60 ng/ml had good accuracy in ruling
out patients with significant fibrosis or cirrho-
sis.**45 Other studies showed that a higher cut-
off point values of HA level of 100 to 237 ng/ml
could be used to identify cirrhosis.’® Rosenberg
et al'” and Nishikawa et al*’ first showed in 2004
that applying a combination of biomarkers may
improve the assessment of liver fibrosis compared
with using a single factor alone. Their algorithm
combining HA, N-terminal propeptide of type III
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collagen, and tissue inhibitor of matrix metallo-
proteinase 1 (as well as age) was predictive of sig-
nificant fibrosis (a METAVIR stage F2 or higher)
in patients with liver disease and showed a sen-
sitivity of 90% and a NPV of 92%."” It was also
revealed that the combination of serum levels of
HA, N-terminal propeptide of type III collagen,
and transforming growth factor B is more reliable
to evaluate the degree of liver fibrosis in compar-
ison with each marker alone.*®

The Pentra score had slightly higher AUROCs
for predicting significant fibrosis (0.87) compared
with those obtained by Rosenberg et al'” (0.804).
However, as we did not test the levels of N-termi-
nal propeptide of type III collagen or tissue inhib-
itor of matrix metalloproteinase 1 in this study,
it is difficult to directly compare our results. In
addition to serum biomarkers, previous studies
have shown that age is an important risk factor
in patients with CHC,**:5% and thus both the FIB-4
score and the Forns index include age in their
calculations. We also found age to be an impor-
tant predictor (P <0.001) associated with signif-
icant fibrosis and, therefore, included this factor
in the Pentra score.

A major strength of our study is that we vali-
dated our model in an independent group. The co-
efficient of determination of the Pentra score
was 85.4%, indicating that the formula explained
over three-fourth of the variation in fibrosis in
the analyzed sample. Moreover, the AUROC for
the Pentra score was excellent (0.894). In addi-
tion, the Pentra score showed high sensitivity
(100%) and specificity (73.5%), along with a high
PPV (87.3%) and NPV (100%), which supports
the efficacy of our model for identifying signifi-
cant fibrosis in patients with CHC. Despite this,
the score validation in an independent sample
of HCV-positive patients demonstrated slightly
less favourable results compared with the training
group, particularly in terms of specificity (62.5%).
The lower specificity of the score in the valida-
tion group is likely to be associated with a lower
number of patients with mild fibrosis compared
with the training group (39 vs 66). Nonetheless,
our model showed good sensitivity (100%), PPV
(83.3%), and NPV (100%) in the validation group.
Furthermore, our model comprising all signifi-
cant independent variables linked to liver fibro-
sis (ie, age, PTX3, the GGT/PLT ratio, and HA)
was more accurate (in terms of AUROC analyses)
than other noninvasive fibrosis indices we exam-
ined. Another advantage of the Pentra score over
the currently available tests such as the APRI in-
dex, the FIB-4 score, or the Forns index is the ab-
sence of transaminases (ALT and AST) in its for-
mula, which were supposed to possibly lead to
false positive results in acute hepatitis.?'-3?

Our study has also some limitations. First, our
sample size was relatively small (n = 242) and
should be increased in the future to confirm our
findings. Second, as we included only patients
with CHC, the Pentra score requires further test-
ing before it can be used for other types of chronic

liver disease. Indeed, more validation studies in-
cluding cohorts of patients with other liver dis-
eases (such as chronic hepatitis B or autoimmune
hepatitis) would be of interest. Third, our cohort
of patients did not receive antiviral treatment
and, therefore, whether the Pentra score will be
valuable in monitoring regression after treatment
requires further investigation.

In conclusion, the Pentra score is a new panel
of biomarkers that can be used as a noninvasive
method for the prediction of significant fibrosis in
patients with CHC. It can be applied in clinics to
assist physicians and patients in making the de-
cision whether to embark on the treatment for
HCV or wait for a more affordable therapy. This
model can be applied in real-world clinical prac-
tice using existing medical records or as a broad-
er web-based tool. This is of great clinical impor-
tance in the new era of antiviral therapy where fi-
brosis regression becomes one of the major treat-
ment goals. The Pentra score could be used for
the initial evaluation of the treatment priority
in patients with newly diagnosed HCV infection.
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