
 BRIEF ARTICLE

"Liverscore" is predictive of both liver fibrosis and activity 
in chronic hepatitis C

Shoukat Ali Arain, Qamar Jamal, Amir Omair

Shoukat Ali Arain, Department of Pathology, Ziauddin Uni-
versity, 4/B, Shara-e-Ghalib, Block 6 Clifton, Karachi 75600, 
Pakistan
Shoukat Ali Arain, College of Medicine, Alfaisal University, 
Riyadh 11533, Saudi Arabia
Qamar Jamal, Department of Pathology, Ziauddin University, 
4/B, Shara-e-Ghalib, Block 6 Clifton, Karachi 75600, Pakistan
Amir Omair, Department of Medical Education, King Saud bin 
Abdulaziz University for Health Sciences, Riyadh 11426, Saudi 
Arabia
Author contributions: Arain SA and Jamal Q planned the 
study, carried out majority of the laboratory work and wrote 
manuscript; Omair A performed statistical analysis and was 
involved in final editing of the manuscript. All the authors have 
approved final draft.
Supported by Ziauddin University, Karachi and Pakistan Medi-
cal Research Council, Islamabad
Correspondence to: Dr. Shoukat Ali Arain, Senior Lecturer 
in Pathology, College of Medicine, Alfaisal University, PO Box 
50927, Riyadh 11533, Saudi Arabia. sa_arain@hotmail.com
Telephone: +966-1-2157677  Fax: +966-1-2157677
Received: March 15, 2011      Revised: April 3, 2011
Accepted: April 10, 2011
Published online: November 7, 2011

Abstract
AIM: To formulate a noninvasive index predictive of se-
verity of liver fibrosis and activity in chronic hepatitis C.

METHODS: This cross sectional study was conducted 
on polymerase chain reaction positive, treatment naïve 
patients. Fibrosis was staged on a five point scale from 
F0-F4 and activity was graded on a four point scale 
from A0-A3, according to the METAVIR system. Patients 
were divided into two overall severity groups, minimal 
disease (< F2 and < A2) and significant disease (≥ F2 
or ≥ A2). Eleven markers were measured in blood. Sta-
tistically, the primary outcome variable was identifica-
tion of minimal and significant overall disease. Indices 
were formulated using β regression values of different 
combinations of nine statistically significant factors. 

Diagnostic performance of these indices was assessed 
through receiver-operating characteristic curve analysis.

RESULTS: A total of 98 patients were included and of 
these 46 had an overall clinically significant disease. 
Our final six marker index, Liverscore for Hepatitis C, 
consisted of age, alanine transaminase, gamma-gluta-
myl transpeptidase, apolipoprotein A-1, alpha-2 macro-
globulin and hyaluronic acid. The area under the curve 
was found to be 0.813. On a 0-1 scale, negative predic-
tive value at a cutoff level of ≤ 0.40 was 83%, while 
positive predictive value at ≥ 0.80 remained 89%. Al-
together, 61% of the patients had these discriminative 
scores.

CONCLUSION: This index is discriminative of minimal 
and significant overall liver disease in a majority of 
chronic hepatitis C patients and can help in clinical de-
cision making.
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INTRODUCTION
Chronic hepatitis C (CHC) induces injury and inflam-
mation of  the liver, which appears to be responsible for 

4607

World J Gastroenterol  2011 November 7; 17(41): 4607-4613
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v17.i41.4607

November 7, 2011|Volume 17|Issue 41|WJG|www.wjgnet.com



Arain SA et al . Liverscore predicts liver histology

the associated fibrogenesis[1]. Morbidity and mortality in 
CHC is associated with the development of  cirrhosis and 
its complications. The rate of  fibrosis progression varies 
markedly from person to person and over time. The risk 
of  developing cirrhosis varies from 10% to 20% over 
a period of  20 years[2]. Treatment of  CHC is complex, 
costly, and associated with side effects that are difficult to 
accept in a population that is predominantly asymptomat-
ic. Furthermore, about half  of  the patients with genotype 
1, and slightly lesser than that in other genotypes, fail to 
respond to anti-viral therapy[3,4].

Treatment decisions are recommended to be indi-
vidualized on the basis of  severity of  the liver disease, 
treatment response rates, co-morbid conditions and the 
readiness of  the patient for treatment[5]. Therefore, as-
sessment of  the fibrosis stage and rapidity of  progression 
of  fibrosis (necro-inflammation) may help in determining 
the prognosis and the need of  therapy in an individual 
patient. A prevalence peak of  advanced fibrosis and cir-
rhosis in CHC patients is expected during this decade. 
Thus, increasing numbers of  patients will require as-
sessment. Furthermore, with the development of  anti-
fibrotic therapies, there will be a need for regular and 
more frequent monitoring[6].

In underdeveloped countries like Pakistan, with a high 
prevalence of  disease and resource constrains[7,8], it seems 
unrealistic to offer treatment to all patients. There is a 
need to identify patient categories to rationalize the need 
for therapy. For patients showing minimal disease, treat-
ment may be deferred with follow up for disease progres-
sion. Treatment may be offered to patients with progres-
sive disease or else, safer, better tolerated, and more cost 
effective therapy will become available.

Liver biopsy is the current tool for the assessment 
of  liver disease; nonetheless it is an invasive procedure 
and may be associated with complications. Moreover, the 
biopsy facility is not available in remote areas and is not 
always possible[9]. Alternative strategies are being actively 
evaluated, such as imaging and non-invasive biochemi-
cal monitoring of  liver disease. Some of  the biochemi-
cal markers, especially panels of  multiple markers in the 
form of  indices are promising, and may reduce the num-
ber of  liver biopsies for assessment of  liver disease[10]. 
The purpose of  this study was to evaluate the predictive 
value of  noninvasive biomarkers for the diagnosis of  
overall liver disease categories in CHC.

MATERIALS AND METHODS
This was a cross sectional study to determine the diag-
nostic accuracy of  noninvasive biomarkers, conducted 
at Ziauddin University Hospital, Karachi, Pakistan from 
June 2006 to July 2010. The study was approved by Eth-
ics Review Committee of  the university. Treatment naïve 
polymerase chain reaction proven CHC patients, of  20 to 
60 years of  age, were included in the study. Patients with 
HBV co-infection and diabetes mellitus were excluded. 
Patients with history of  other chronic inflammatory 
conditions, alcohol intake, and blood disorders requiring 

frequent blood transfusions were also excluded. A ques-
tionnaire was completed for every patient to document 
possible variables, such as demographic factors, and to 
rule out causes of  exclusion. Written informed consent 
was obtained from each patient.

Liver biopsy
A percutaneous liver biopsy was performed with a 16-18 
gauge modified Menghini aspiration needle (Surecu® TSK, 
Japan). Tissue was formalin fixed, paraffin-embedded, and 
processed for light microscopic examination. Along with 
standard hematoxylin and eosin staining, slides were also 
stained with connective tissue stains. Only liver biopsy 
specimens of  more than 10 mm length and having not 
less than five portal tracts were included in the study[11]. 
Biopsy specimens with evident pathology, but without 
identification of  the correct number of  portal tracts, were 
also included. Histological features of  the liver biopsy 
specimens were analyzed according to the METAVIR 
group scoring system[11,12], by one pathologist (Jamal Q), 
without any knowledge of  the clinical or biochemical data. 
Every specimen was staged for fibrosis on a five-point 
scale; F0 = no fibrosis; F1 = portal fibrosis without septa; 
F2 = portal fibrosis with rare septa; F3 = numerous septa 
without cirrhosis; and F4 = cirrhosis. There is an element 
of  subjectivity in classifying patients in different stages, 
especially in biopsy specimens, because of  the majority 
of  hepatic lobules being partial. However, we considered 
any fibrosis beyond portal tracts as significant (F2). Fi-
brosis was considered F3 when 50% or more portal tracts 
showed fibrous septa extending beyond the portal tracts. 
Necroinflammatory lesions were graded on a four point 
scale on the basis of  an algorithm based on the severity of  
focal lobular necro-inflammation and piecemeal necrosis;  
A0 = no histological activity, A1 = mild activity, A2 = 
moderate activity, and A3 = severe activity[11].

On the basis of  fibrosis stage and necro-inflamma-
tory grade patients were divided into two overall severity 
groups; minimal disease ≤ F2 and < A2 and significant 
disease ≥ F2 or ≥ A2[13].

Biochemical markers
Chemical analysis was carried out for alanine transami-
nase (ALT), gamma-glutamyl transpeptidase (GGT), 
alkaline phosphatase (ALP), total and direct bilirubin, 
apolipoprotein A-1 (Apo A-1), haptoglobin, alpha-2 mac-
roglobulin (A2M), hyaluronic acid (HA), hydroxyproline 
(HYP) and proline.

The ALT assay was performed by an International 
Federation of  Clinical Chemistry standardized ultraviolet 
enzymatic method, GGT was assayed by an enzymatic 
colorimetric method, the ALP assay was performed by a 
colorimetric method and total and direct bilirubin assays 
were performed according to the method described by 
Jendrassik and Grof. All enzymatic activities were mea-
sured at 37 ℃. All the above assays were performed using 
reagents from Roche Diagnostics®. A2M and haptoglo-
bin assays were performed by an immuno-turbidimetric 
method using polyclonal rabbit anti-human antibod-
ies (DakoCytomation Denmark Code. Nos. Q0102 & 
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Q0330). The Apo-A1 assay was also performed immune-
turbidimetrically, using reagents from Randox® UK (Cat. 
No. LP2989). HA was measured by an enzyme-linked 
binding protein microplate assay (Corgenix® Inc. United 
States). HYP and proline assays were carried out by high 
performance liquid chromatography (HPLC), using a 
method as described by Lange and Mályusz[14]. A HPLC 
unit LC-20AT was used with ultraviolet-visible spectros-
copy photodiode array detector (SPD-M20A) and system 
controller, CBM-20A, all from Shimadzu Corporation 
Japan. A 6 mmID × 15 cm, C18 (Shim-pack CLC-ODS 
Japan) chromatography column was used. 

Statistical analysis
Statistical analysis was performed using SPSS version 
17.0 (Chicago, IL). A χ 2 test was used to compare the 
qualitative and independent t test was used to compare 
the quantitative variables. A P value of  less than 0.05 was 
considered statistically significant. 

The primary outcome for statistical analysis was iden-
tification of  the patients with minimal and significant dis-
ease. The factors identified in the univariate analysis were 
subjected to logistic regression. Keeping overall disease 
as binary variable, β regression coefficients of  the factors 
were obtained to generate the indices. The diagnostic val-
ue of  these indices was compared by calculating the area 
under receiver operating characteristic (AUROC) curve. 
The best suited 6 marker index, chosen for final analysis, 
was transformed into a standardized scale ranging from 
0-1 through percent ranking as liverscore for hepatitis C.

Through ROC curve analysis, the diagnostic value of  
the Liverscore at various cutoff  points was assessed by 
calculating sensitivity, specificity, and positive and nega-
tive predictive values, for overall disease.

RESULTS
Initially 104 CHC patients were enrolled. Six patients 
were excluded; the biopsy specimens of  four patients had 
less than five portal tracts, one biopsy showed a granu-
loma, and assays for three biochemical markers could not 
be performed in one patient.

Baseline characteristics
Table 1 shows the baseline characteristics of  98 patients, 
52 (53%) patients were male (Male: Female = 1.15:1). 
The mean age was 36.0 ± 10.6 years. On liver biopsy, 26 
(27%) patients had an activity grade of  A2-3 and 42 (43%) 
had F2-4 fibrosis stages. Except for 4 patients, all the pa-
tients with A2 or A3 activity on liver biopsy also had F2-4 
fibrosis. The major determinant of  overall significant 
disease category was thus found to be the stage of  the 
disease. In aggregate, 46 (47%) patients were classified as 
having clinically significant overall disease (A2-3 or F2-4).

Univariate analysis
The demographic and biochemical variables were com-
pared for their association with different overall disease 
categories (Table 2). The mean age of  patients with sig-
nificant disease was significantly higher (39.6 ± 11.4 year 
vs 32.9 ± 8.7 year, P = 0.002), while gender distribution 
was not different between significant and minimal disease 
groups (P = 0.15). The mean total and direct bilirubin 
levels were significantly higher in the significant disease 
group (P = 0.04 for both). The mean ALT level was 
significantly higher in significant disease group than the 
minimal disease group (P = 0.002), but the mean differ-
ence of  ALP level was statistically insignificant between 
the two groups (P = 0.78). Mean GGT was significantly 
higher in the significant disease group (P < 0.001). Mean 
difference of  haptoglobin was not statistically significant 
according to overall disease categories (P = 0.99). The 
mean of  A2M was significantly higher as in the significant 
disease group (P = 0.002), but mean Apo-A1 was signifi-
cantly lower in the significant disease group (P = 0.002). 
The mean hydroxyproline was also significantly lower 
in the significant disease group (P = 0.03), while proline 
was not statistically different in minimal and significant 
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Characteristic Value

Age (yr) 36.0 ± 10.6
Male 52 (53)
Activity grade
   Absent (A0) 32 (33)
   Mild (A1) 40 (41)
   Moderate (A2) 20 (20)
   Severe (A3) 6 (6)
Fibrosis stage
   No fibrosis (F0) 21 (20) 
   Portal fibrosis without septa (F1) 35 (36)
   Portal fibrosis with rare septa (F2) 29 (30)
   Numerous septa without cirrhosis (F3) 10 (10)
   Cirrhosis (F4) 3 (3)

Significant1

(n  = 46) 
Minimal 

(n  = 52) 
P  value

Age (yr) 39.6 ± 11.4 32.9 ±  8.7   0.002
Gender 0.15
   Male 28 (61) 24 (46)
   Female 18 (39) 28 (56)
Bilirubin total (mg/dL) 0.62 ± 0.34 0.49 ± 0.30 0.04
Bilirubin direct (mg/dL) 0.21 ± 0.17 0.15 ± 0.08 0.04
ALT (U/L) 53.2 ± 39.2 32.60 ± 15.90   0.002
ALP (U/L) 80.4 ± 26.9 81.70 ± 32.30 0.78
GGT (U/L) 51.8 ± 47.2 23.80 ± 16.90   < 0.001
Haptoglobin (g/L) 1.05 ± 0.45 1.05 ± 0.49 0.99
A2M (g/L) 2.56 ± 0.64 2.24 ± 0.55   0.009
Apo-A1 (mg/dL) 96.85 ± 23.70 114.2 ± 29.80   0.002
Hydroxyproline (µmol/L) 9.7 ± 7.0 13.5 ± 9.30 0.03
Proline (µmol/L) 123.0 ± 78.10 144.2 ± 106.4 0.27
Hyaluronic acid (ng/mL) 100 ± 150 23.90 ± 16.40   0.001

Table 2 Univariate analysis for significant and minimal disease

1Significant disease, A2, 3 or F2-4. Minimal disease, A0, 1 and F0, 1, Results 
are shown as mean ± SD or n (%). ALT: Alanine transaminase; ALP: Alka-
line phosphatase; GGT: Gamma-glutamyl transpeptidase; A2M: Alpha-2 
macroglobulin; Apo-A1: Apolipoprotein A-1.

Arain SA et al . Liverscore predicts liver histology

Table 1 Baseline characteristics of all patients (n  = 98)

Results are shown as mean ± SD or n (%).



disease (P = 0.27). Mean hyaluronic acid was significantly 
higher in the significant disease group (P = 0.001).

Formulation and assessment of indices
In the univriate analysis, nine variables were identified as 
significantly associated with two groups of  overall signifi-
cant disease. These included age of  the patient, bilirubin 

total and direct, ALT, GGT, A2M, Apo-A1, HYP and 
HA. As bilirubin total and direct were highly correlated (r 
= 0.85), we included bilirubin total only. Although gender 
was not significantly associated with histological catego-
ries, we included it in some indices to see if  it improved 
their performance. Various combinations of  the factors 
identified in the univariate analysis, were assessed by logis-
tic regression. By keeping the overall disease categories as 
a binary variable, β regression coefficients of  the factors 
were obtained to generate indices. The diagnostic value 
of  these indices was assessed by an area under ROC (AU-
ROC) curve. In the nine marker index, age, gender, biliru-
bin total, ALT, GGT, A2M, Apo-A1, HYP and HA were 
included. Bilirubin total was excluded in the eight marker 
index. Gender and HYP were excluded in the seven 
marker index. Gender, total bilirubin, and HYP were ex-
cluded in the six marker index. AUROC (±SE) was found 
to be 0.831 (0.05) for both the nine and eight marker in-
dices and 0.813 (0.05) for both the seven and six marker 
indices. Although indices having HYP as a component i.e., 
the nine and eight marker indices performed slightly bet-
ter, we excluded these indices because the difference was 
marginal and measurement of  HYP is expensive and is 
not available in routine clinical laboratories. The AUROC 
was similar for seven and six marker indices.

Finally, we selected a six marker index formulated 
from beta regression values keeping overall disease cat-
egory as a binary variable. The formula used to generate 
this index is given below (with ALT and GGT expressed 
as U/L, A2M as G/L, Apo A1 as mg/dL and HA as ng/
mL).

Six marker index = -1.578 + 0.018 (age) + 0.023 (ALT) 
+ 0.021 (GGT) + 0.152 (A2M) - 0.015 (Apo A1) + 0.014 
(HA)

The obtained scores were converted to a standardized 
index ranging from 0-1 through percent ranking as Liver-
score for Hepatitis C (Table 3).

The ROC curve showing the sensitivity and specific-
ity for overall disease categories is shown in Figure 1, 
with an AUROC (± SE) of  0.813 (0.05). The specificity, 
sensitivity, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated at different levels. 
Important cutoff  points are shown in Table 4. Negative 
predictive value of  Liverscore for Hepatitis C at a cutoff  
level of  0.30 was 84%. Six out of  31 patients who were 
below this cutoff  were wrongly diagnosed (false nega-

4610 November 7, 2011|Volume 17|Issue 41|WJG|www.wjgnet.com

Table 3  Scores of six marker indices with their coordinate 
liverscores 

6 marker Liverscore 6 marker Liverscore 6 marker Liverscore

-2.149 0.00 -0.883 0.34 0.270 0.68
-1.985 0.01 -0.869 0.35 0.277 0.69
-1.894 0.02 -0.855 0.36 0.364 0.70
-1.878 0.03 -0.853 0.37 0.383 0.71
-1.833 0.04 -0.851 0.38 0.400 0.72
-1.774 0.05 -0.819 0.39 0.482 0.73
-1.767 0.06 -0.805 0.40 0.518 0.74
-1.712 0.07 -0.778 0.41 0.549 0.75
-1.664 0.08 -0.777 0.42 0.551 0.76
-1.556 0.09 -0.751 0.43 0.926 0.77
-1.527 0.10 -0.740 0.44 0.980 0.78
-1.509 0.11 -0.712 0.45 0.999 0.79
-1.365 0.12 -0.636 0.46 1.238 0.80
-1.351 0.13 -0.593 0.47 1.316 0.81
-1.308 0.14 -0.579 0.48 1.373 0.82
-1.242 0.15 -0.572 0.49 1.384 0.83
-1.240 0.16 -0.510 0.50 1.554 0.84
-1.181 0.17 -0.499 0.51 1.816 0.85
-1.175 0.18 -0.448 0.52 2.244 0.86
-1.164 0.19 -0.362 0.53 2.377 0.87
-1.158 0.20 -0.218 0.54 2.607 0.88
-1.151 0.21 -0.158 0.55 2.781 0.89
-1.097 0.22 -0.135 0.56 2.835 0.90
-1.085 0.23 -0.063 0.57 4.061 0.91
-1.034 0.24 -0.054 0.58 4.745 0.92
-1.032 0.25 -0.047 0.59 5.617 0.93
-1.020 0.26 -0.024 0.60 5.631 0.94
-1.006 0.27  0.005 0.61 7.482 0.95
-0.979 0.28  0.028 0.62 7.968 0.96
-0.952 0.29  0.086 0.63 8.749 0.97
-0.948 0.30  0.147 0.64 11.602 0.98
-0.934 0.31  0.192 0.65 15.956 1.00
-0.890 0.32  0.213 0.67

Table 4  Diagnostic performance of liverscore at different 
cutoff points  

Positive predictive value and negative predictive value were calculated 
for a prevalence of 0.45, all the values are expressed as percentages. PPV: 
Positive predictive value; NPV: Negative predictive value. 

Cut off Sensitivity Specificity PPV NPV

0.30 89 48 58 84
0.40 85 62 64 83
0.70 54 90 82 70
0.80 39 96 89 65
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Figure 1  Receiver operating characteristiccurve showing the sensitivity 
and specificity of Liverscore for the prediction of overall disease catego-
ries on biopsy. Area under receiver operating characteristic was 0.813.
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tives). All patients had F2 fibrosis and minimal activity. 
At a cutoff  point of  0.40, NPV remained at 83%. Seven 
out of  40 patients below this cutoff  were false negatives, 
again all had F2 fibrosis. For the positive predictive value, 
to identify the presence of  significant fibrosis, cutoff  lev-
els of  ≥ 0.70 and ≥ 0.80 were compared, and had 82% 
and 89% positive predictive values, respectively. Out of  
29 patients with a score of  0.70 and above, five were false 
positives, all with F1 fibrosis. At a cutoff  point of  0.80, 
two patients out of  20 in this study were false positives. 
Again both had F1 fibrosis.

Thus, a liverscore for hepatitis C of  0.40 or below 
reliably excludes the presence of  significant disease and a 
score of  0.80 and above confirms the presence of  signifi-
cant disease.

DISCUSSION
The rate of  fibrosis progression in CHC patients var-
ies markedly from person to person, and only a minor-
ity suffers from long term complications[2]. The current 
use of  liver biopsy for the assessment of  liver histology 
has many drawbacks. Noninvasive assessment of  liver 
histology has been the focus of  research for many years. 
Isolated markers of  liver cell injury and fibrosis have not 
proved to be sufficiently reliable for clinical use[15]. Devel-
opment of  indices consisting of  multiple markers is now 
being focused to distinguish between minimal and clini-
cally significant fibrosis categories. 

Our final index, liverscore for hepatitis C, consisted 
of  six markers, ALT, GGT, A2M, Apo-A1, hyaluronic 
acid and age of  the patient. AUROC with this index was 
found to be 0.813 for overall disease. This index was also 
evaluated for fibrosis stage and activity grade separately, 
with clinically acceptable diagnostic performance (data 
not shown). The negative predictive value of  Liverscore 
for Hepatitis C at a cutoff  level of  ≤ 0.40 was 83%. All 
the patients (7/40) diagnosed as false negatives had F2 
fibrosis and minimal activity. For the positive predictive 
value, a cutoff  level ≥ 0.80 was found suitable, with a 
PPV of  89%. At this cutoff, two patients out of  20 were 
false positives, both had F1 fibrosis. The diagnostic per-
formance of  this index in terms of  AUROC is compa-
rable to other similar indices reported in the literature.

Forns’ index[16] consists of  age of  the patient, GGT, 
cholesterol, and platelets. AUROC was 0.86 in the formu-
lation and 0.81 in the validation group. Using the cut off  
score of  < 4.2, presence of  significant fibrosis could be 
excluded in 36% (125/351) patients, with a NPV of  96% 
in the formulation group. The majority of  the patients in 
this cohort had genotype 1. This index includes choles-
terol, which is metabolized differently in genotype 3; it 
has been suggested[17] that this index might not perform 
well in patients having genotype 3, the most common 
genotype affecting the Pakistani population[18]. 

AST to platelet ratio index (APRI) is a very simple 
and widely validated index that amplifies the opposing ef-
fects of  liver fibrosis on AST and platelet counts[19]. The 

AUROC curve of  APRI for prediction of  significant fi-
brosis remained 0.80 in training and 0.88 in the validation 
set. In one study from Pakistan[20], it showed an AUROC 
of  0.82 for significant fibrosis. At a cutoff  point of  < 
0.5, the authors could exclude the presence of  significant 
fibrosis in 36% (43/120) patients, with an NPV of  78%. 
Our index performed slightly better than this at a cutoff  
point of  ≤ 0.40, with the exclusion of  41% patients and 
an NPV of  83%. Our index has a better NPV and these 
scores were present in 41% (40/98) patients. This has a 
clinical advantage of  identifying patients that can safely 
be deferred for urgent treatment. 

Patented Fibrotest® for fibrosis consists of  age and 
gender of  the patient, GGT, total bilirubin, haptoglobin, 
A2M and Apo A-1. In addition, the same authors have 
also reported Actitest® for necroinflammation, which 
includes ALT in addition to Fibrotest® biomarkers[13]. 
This is the most widely validated noninvasive marker and 
is in clinical use. The AUROC for the identification of  
liver fibrosis was 0.84 and 0.87 for the formulation and 
validation group, respectively. The PPV of  this index was 
excellent (> 90% certainty of  presence of  F2, F3 or F4) 
for scores ranging from 0.60 to 1.00 (34% of  all patients). 
This index could exclude the presence of  significant 
fibrosis in 12% of  patients, with a high negative predic-
tive value (100% certainty of  absence of  F2, F3 or F4) 
for scores ranging from zero to 0.10. This high accuracy 
of  Fibrotest was not uniform in different populations. A 
study carried out by Rossi et al., in the Australian popula-
tion demonstrated, a PPV of  78% at a Fibrotest® score 
of  > 0.6 and an NPV of  85% at < 0.1[21]. We included 
all the components of  Fibrotest® in our initial analysis; 
however, haptoglobin and gender of  the patients were 
not discriminative of  minimal and clinically significant 
disease in our cohort of  patients in univariate analysis. 
Thus, these were not included in the final index. 

Hepascore consists of  age and gender of  the patient, 
bilirubin, A2M and HA. For significant fibrosis, it showed 
an AUROC of  0.85 and 0.82 in the training and valida-
tion groups, respectively. A score of  ≥ 0.5 was 92% 
specific and 67% sensitive in the training set and 89% 
specific and 63% sensitive in the validation group. At this 
cutoff  it provided high PPVs of  87% and 88% in the 
training and validation set, respectively[22]. Authors have 
not reported negative predictive values for significant 
fibrosis. We have all the data required for the calculation 
of  Hepascore and will evaluate the performance of  this 
score in our patients.

All the above mentioned scores either predict fibrosis 
or activity. One advantage of  our index is its prediction 
for overall disease, which includes both fibrosis stage 
and activity grade. Both these histopathological catego-
ries are important for prognosis and making treatment 
decisions[23]. Furthermore, the majority of  the previ-
ous indices have been reported in populations infected 
predominantly with HCV genotype 1. Evidence points 
towards the possibility that HCV genotype 3 associated 
CHC is a metabolically different disease[24]. Our index 
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might perform better in genotype 3 patients, because it is 
formulated in a population predominantly infected with 
this genotype[18].

All the factors included in our index are available and 
easily programmable on automated instruments in routine 
clinical laboratories. Furthermore, factors included in the 
Liverscore for Hepatitis C have physiological rationale.

Gamma-glutamyl transpeptidase is synthesized by 
the liver cells, its synthesis increases with fibrosis. The 
mechanisms for this increase could be the stimulation 
of  GGT synthesis by epidermal growth factor during 
fibrogenesis[25]. ALT is synthesized by hepatocytes and 
its release into serum is related to liver cell injury[26]. The 
synthesis of  A2M increases during stellate cell activation 
in the course of  fibrogenesis, and its serum concentra-
tion increases with fibrosis[27]. In liver fibrosis, Apo A-1 
release from the hepatocytes is hampered by the collagen 
fibers decreasing its serum levels[28]. Hyaluronic acid is a 
nonsulfated glycosaminoglycan and is major component 
of  extracellular matrix. Among the direct markers of  liver 
fibrosis, HA has been most extensively studied in CHC. 
It increases in the liver during fibrogenesis and is released 
into the systemic circulation during remodeling. Recent 
indices consisting of  HA in combination with indirect 
markers have shown promising results[22].

Some of  the markers we evaluated were not helpful 
in differentiating minimal from significant disease. Total 
and direct bilirubin were significantly associated with dif-
ferent histological categories, but were highly correlated 
(r = 0.85). Direct bilirubin was therefore excluded. Total 
bilirubin was included in the seven marker index, but its 
exclusion did not affect the diagnostic value and was thus 
excluded from the final index. Serum levels of  ALP are 
known to be raised in both alcoholic and non-alcoholic 
liver disease with advanced histological changes. In addi-
tion, ALP has shown a discriminative value for advanced 
fibrosis and cirrhosis previously[29]. It was also associated 
with mild and advanced fibrosis categories in our study, 
but not for overall disease, the primary outcome in our 
study, thus, we did not include ALP in our index. HYP 
and proline are amino acids present in collagen in large 
quantities. The HYP content of  liver biopsies is found 
to increase with advancing stage of  fibrosis[30]. The evi-
dence that fibrosis is a dynamic two way process with 
fibrosis and its degradation occurring simultaneously, 
prompted us to include these amino acids as products 
of  collagen degradation in our panel of  biomarkers. We 
expected their high levels in serum because of  the greater 
amount of  collagen undergoing remodeling in advanced 
stages. We found no association of  these amino acids 
of  collagen degradation with severity of  liver fibrosis or 
necroinflammatory activity. HYP, however, was statisti-
cally associated with overall disease category, but actually 
decreased. In the only study we could find, predictive 
value of  these amino acids in sera of  CHC patients was 
evaluated for advanced (F3 and 4) and mild (F0, 1 and 2) 
fibrosis[31]. Proline was not significantly different between 
the two groups, while HYP was found to be increased 
with advanced fibrosis, but showed a low (0.525) area 

under ROC curve. We found no study comparing these 
amino acids in minimal and significant fibrosis or over-
all disease. The evidence that their serum levels do not 
increase with increasing fibrosis might be explained by 
slower fibrosis degradation in advanced fibrosis. It has 
been shown that accumulation of  fibrosis is the net ef-
fect of  increased fibrogenesis and its decreased degrada-
tion[32].

One limitation of  our study was that we could not 
validate our results in a different cohort of  patients. This 
was not possible because of  the smaller number of  pa-
tients recruited in our study. We recommend an indepen-
dent study for the validation of  our index.

In conclusion, a liverscore for hepatitis C of  0.40 or 
below excludes the presence of  significant disease. Thus, 
it can reliably exclude around 41% of  CHC patients that 
do not require an urgent treatment. A score of  0.80 and 
above confirms the presence of  significant disease. Us-
ing these cutoff  values, the severity of  the liver disease 
can reliably be predicted in around 61% of  the CHC 
patients.
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Chronic hepatitis C (CHC) is a leading cause of liver fibrosis and its complica-
tions, such as cirrhosis and hepatocellular carcinoma. On the other hand, the 
disease progresses slowly and may even remain non progressive in many 
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prognosis and treatment decisions. Liver biopsy, the current gold standard for 
monitoring liver histology, is associated with complications and is not possible 
in all patients.
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many years. The majority of these noninvasive indices have been developed 
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