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Introduction

Non-alcoholic fatty liver disease (NAFLD) is characterised 
by the accumulation of lipids in more than 5% of hepato-
cytes in patients with no excessive alcohol intake, viral in-
fection or any other specific etiology (1). NAFLD is a benign 

and reversible condition, but in most cases it remains asymp-
tomatic and is left untreated (2). Consequently, over time, 
NAFLD evolves into non-alcoholic steato-hepatitis (NASH), a 
more severe disease defined by liver inflammation and pro-
gressive hepatic fibrosis. From NASH, the disease can further 
progress to cirrhosis and hepatocellular carcinoma (HCC).

In Western countries, NAFLD prevalence in the general pop-
ulation is 20%–30% (2). Risk factors for NAFLD/NASH develop-
ment are obesity, type 2 diabetes, dyslipidaemia and metabolic 
syndrome; indeed, the prevalence of the disease is 90% in mor-
bidly obese patients and 70% in those with type 2 diabetes (2). 
Although not consistent, published data show that the preva-
lence of NASH in patients with chronic hepatitis C virus (HCV) 
infection is between 4% and 10% (3). Clinical evidence suggests 
that in HCV patients steatosis and NASH are associated with 
faster fibrosis progression and HCC (3); therefore it is important 
to identify and treat those diseases in a timely fashion.
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ABStrAct
Non-alcoholic steato-hepatitis (NASH) is a severe disease characterised by liver inflammation and progressive 
hepatic fibrosis, which may progress to cirrhosis and hepatocellular carcinoma. Clinical evidence suggests that in 
hepatitis C virus patients steatosis and NASH are associated with faster fibrosis progression and hepatocellular 
carcinoma. A safe and reliable non-invasive diagnostic method to detect NASH at its early stages is still needed 
to prevent progression of the disease. We prospectively enrolled 91 hepatitis C virus-positive patients with his-
tologically proven chronic liver disease: 77 patients were included in our study; of these, 10 had NASH. For each 
patient, various clinical and serological variables were collected. Different algorithms combining squamous cell 
carcinoma antigen-immunoglobulin-M (SCCA-IgM) levels with other common clinical data were created to pro-
vide the probability of having NASH. Our analysis revealed a statistically significant correlation between the his-
tological presence of NASH and SCCA-IgM, insulin, homeostasis model assessment, haemoglobin, high-density 
lipoprotein and ferritin levels, and smoke. Compared to the use of a single marker, algorithms that combined four, 
six or seven variables identified NASH with higher accuracy. The best diagnostic performance was obtained with 
the logistic regression combination, which included all seven variables correlated with NASH. The combination 
of SCCA-IgM with common clinical data shows promising diagnostic performance for the detection of NASH in 
hepatitis C virus patients.
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2 Development of a novel diagnostic algorithm

The current standard of care for NAFLD consists of life-
style changes, such as diet and exercise, and the treatment of 
common co-morbidities, such as diabetes, hypertension and 
dyslipidaemia (2, 4). The management of patients with fatty 
liver disease already constitutes a great social and economic 
burden for national health services, having 26% higher costs 
over a 5-year follow-up (5).

At present, the gold standard for NASH diagnosis is liver bi-
opsy (4) – an expensive, invasive and time-consuming procedure 
with many risks of complications. Reliable non-invasive diagnos-
tic tools are not available yet, so there is still an unmet medical 
need for a method to detect NASH at its early stages in order to 
prevent progression of the disease to more severe forms.

Squamous cell carcinoma antigen (SCCA) is a serine pro-
tease inhibitor that belongs to the family of serpins (6). SCCA 
is physiologically found in the normal squamous epithe-
lium, and it is over-expressed in cancers of epithelial origin 
(6) and in HCC liver tissue (7, 8). In patients with HCC, sero-
logical concentration of the free form of SCCA is low, while 
the immune-complex SCCA-IgM is detectable at high levels 
(9). Indeed, SCCA-IgM has been validated as a serological 
biomarker for HCC and other liver diseases, including NASH. 
A recent study showed that a high concentration of SCCA-IgM 
in the serum of HCV-positive patients is independently asso-
ciated with the presence of NASH in the liver (10).

The aim of our study was to create an algorithm that 
combines SCCA-IgM levels with other common clinical data 
to provide the probability of a patient with HCV having NASH.

Methods

Patients

The Division of Gastroenterology and Endoscopy of Verona’s 
University Hospital, Italy, prospectively enrolled 91 patients. In-
clusion criteria were: Caucasian race, HCV infection and histo-
logically proven chronic liver disease. Exclusion criteria included: 
previous antiviral treatment, decompensated cirrhosis, co-infec-
tion with other viruses or concomitant medical conditions.

For each patient, the following clinical variables were col-
lected: age, sex, weight, height, body mass index, abdomen 
circumference, smoke habit, presence of hypertension, obe-
sity or metabolic syndrome, alcohol and coffee intake, liver 
biopsy result, presence of cirrhosis, steatosis, non-alcoholic 
steatosis or NASH.

Blood samples were collected before any antiviral treat-
ment and were tested for the following markers: HCV geno-
type and RNA levels, platelets, white blood cells, haemoglo-
bin (Hb), ferritin, homeostasis model assessment (HOMA) of 
β-cell function, insulin, glycaemia, low density lipoprotein, 
high density lipoprotein (HDL), aspartate aminotransferase, 
alanine aminotransferase, γ-glutamyl transferase, bilirubin, 
cholesterol, triglycerides, and SCCA-IgM.

The study was performed in accordance with the princi-
ples of the Declaration of Helsinki and its appendices, and 

after approval from Verona’s University Hospital Institutional 
Review Board and Ethics Committee. All patients gave fully 
informed consent authorising the use and analysis of clinical 
data, blood and liver tissue samples for research purposes.

Serological markers determination

Serum levels of SCCA-IgM were quantified using Hepa-IC 
ELISA kit (Xeptagen, Venice, Italy), following the manufactur-
er’s instructions. Data were processed with Xerepro software 
(Xeptagen) and concentration of SCCA-IgM was expressed 
as arbitrary units per millilitre (AU/mL). All other serological 
markers were assessed using conventional methods.

Statistical analysis

Statistical analysis was performed using SPSS v.16.0.1 (IBM). 
For all comparisons, a P-value <0.05 was accepted as statisti-
cally significant. Data sets were analysed using the following 
methods: correlation analysis, principal component analysis 
(PCA), linear discriminant analysis (LDA), logistic regression 
(LR), and receiver operating characteristic (ROC) curves.

results

Patients study group

A total of 91 patients were enrolled. There were 14 sub-
jects with negative or uncertain diagnosis of NASH that were 
excluded from our analysis; the remaining 77 subjects were 
divided in two groups: 10 patients with (NASH = 1) and 67 
patients without NASH (NASH = 0).

A limited number of subjects had cirrhosis (5/77, 6.5%); 
most patients had steatosis <5% (46/75, 61.3%), and a small 
fraction had steatosis ≥33% (10/75, 13.3%). Most patients 
were infected with HCV genotype 1 (40/77, 51.9%).

Compared to those without NASH, patients with NASH 
showed significantly higher levels of insulin, ferritin, Hb, SC-
CA-IgM and HOMA (P<0.05), and lower levels of HDL (P<0.05) 
(Tab. I).

Correlation analysis

A tau test was performed to determine if there was a 
correlation between NASH and one or more clinical pa-
rameters. Our analysis revealed a statistically significant 
correlation between histological presence of NASH and the 
levels of insulin, HOMA, Hb, and SCCA-IgM (P<0.01), and 
also between NASH and smoke, HDL and ferritin concentra-
tion (P <0.05) (Tab. II).

Principal component analysis

Based on the correlation analysis results, we analysed 
the data with two PCAs performed on a correlation matrix. 
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First, we combined the markers with a strong correlation with 
NASH (insulin, HOMA, Hb and SCCA-IgM), obtaining the fol-
lowing equation:

PCA Insulin HOMA
Hb

4

0 134
= + +

+
        

      
0.959 0.970

0.529

* *
. * **  -SCCA IgM

Second, we performed a PCA using all continual variables 
with a significant correlation with NASH (insulin, HOMA, Hb, 
SCCA-IgM, HDL and ferritin), getting this equation:

PCA Insulin HOMA Hb6 = + +
+

            
  

0.884 0.881 0.318

0.581

* * *
** * * -         SCCA IgM HDL Ferritin− +0.346 0.522

tABle i - Patients’ serological markers

MArKer NASH = 0 NASH = 1 totAl P-value

Mean ± SD Median 
(Min÷Max)

Mean ± SD Median 
(Min÷Max)

Mean ± SD Median 
(Min÷Max)

Age
(years)

45.9 ± 11.6 45
(16÷68)

44.8 ± 9.8 43
(34÷65)

45.8 ± 11.3 44
(16÷68)

0.638

BMi
(kg/m2)

24.64 ± 3.64 23.86
(19.00÷33.56)

26.05 ± 3.37 24.88
(22.01÷32.22)

24.82 ± 3.62 24.36
(19.00÷33.56)

0.228

ASt
(iu/l)

60.4 ± 49 52
(24÷359)

64.5 ± 27.3 56.5
(39÷122)

60.9 ± 46.6 54
(24÷359)

0.231

Alt
(iu/l)

91.4 ± 75.3 72
(19÷499)

111.6 ± 51.2 98.5
(35÷179)

94 ± 72.6 79
(19÷499)

0.088

GGt
(iu/l)

47.3 ± 42.4 32.5
(10÷242)

69.3 ± 67.2 46
(15÷227)

50.2 ± 46.5 34
(10÷242)

0.268

Bilirubin
(mg/dl)

0.683 ± 0.334 0.6
(0.21÷1.76)

1.224 ± 1.907 0.625
(0.26÷6.6)

0.753 ± 0.749 0.6
(0.21÷6.6)

0.705

cholesterol
(mg/dl)

173.5 ± 40 172
(77÷279)

145.9 ± 38.8 140
(86÷222)

170 ± 40.7 171
(77÷279)

0.057

triglycerides
(mg/dl)

81.9 ± 32.8 75
(30÷182)

134.3 ± 209.9 67
(42÷728)

88.7 ± 80.4 73
(30÷728)

0.529

HDl
(mg/dl)

60.6 ± 15.4 62
(29÷97)

47.1 ± 14.2 44
(26÷72)

58.8 ± 15.9 59
(26÷97)

0.014

lDl
(mg/dl)

95.4 ± 36.7 93
(25÷196)

75.8 ± 26.5 70
(33÷135)

92.8 ± 36 86
(25÷196)

0.092

Glycemia
(mg/dl)

91.5 ± 9.6 90
(72÷133)

93.4 ± 11 93
(74÷110)

91.7 ± 9.8 90
(72÷133)

0.480

insulin
(uu/ml)

11.35 ± 7.94 8.9
(2.3÷41.2)

21.03 ± 11.59 20.5
(3.2÷41.2)

12.61 ± 9.02 9.4
(2.3÷41.2)

0.005

HoMA 2.62 ± 2.094 2.02
(0.48÷11.77)

4.898 ± 2.704 5.08
(0.58÷8.86)

2.916 ± 2.295 2.1
(0.48÷11.77)

0.006

Ferritin
(μg/dL)

156.7 ± 155 103
(5÷848)

325.1 ± 267 336.5
(22÷923)

178.6 ± 180.4 109
(5÷923)

0.025

Hb
(g/dl)

14.7 ± 1.6 14.7
(10.6÷17.8)

16.2 ± 1.6 16.6
(12.9÷18.3)

14.9 ± 1.6 14.9
(10.6÷18.3)

0.007

WBc
(×103/μL)

6.13 ± 1.52 6.04
(3.26÷11.00)

6.66 ± 1.36 6.99
(4.01÷8.50)

6.20 ± 1.51 6.05
(3.26÷11.00)

0.182

Platelets
(×105/μL)

2.3 ± 5.5 2.3
(0.6÷3.8)

2.3 ± 6.7 2.1
(1.5÷3.4)

2.3 ± 5.7 2.2
(0.6÷3.8)

0.988

HcV-rNA
(iu×105/ml)

23.5 ± 299 10.6
(0÷130)

25 ± 296.2 10
(0.1÷84)

23.7 ± 296.7 10
(0÷130)

0.832

SccA-igM
(Au/ml)

256.3 ± 372.8 100.3
(0÷1600)

774.4 ± 609.6 711
(54.1÷1600)

323.6 ± 442.1 112.6
(0÷1600)

0.005

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; GGT = γ-glutamyl transferase; Hb = haemoglobin; HCV-RNA = hep-
atitis C virus-RNA; HDL = high density lipoprotein; HOMA = homeostasis model assessment; LDL = low density lipoprotein; NASH = non-alcoholic steato-hepa-
titis; SCCA-IgM = squamous cell carcinoma antigen-IgM; WBC = white blood cells. 
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Linear discriminant analysis

We performed two LDAs based on the correlation analy-
sis findings. By combining the serological parameters with a 
highly significant correlation with NASH (insulin, HOMA, Hb 
and SCCA-IgM) we obtained the formula:

LD           
    
A Insulin HOMA
Hb

4 = + +
+

0.652 0.597 0.549

0.723

* *
* **  -SCCA IgM

The combination of all the continual variables with a cor-
relation with NASH (insulin, HOMA, Hb, SCCA-IgM, HDL and 
ferritin) produced the following equation:

LD             
  
A Insulin HOMA Hb6 = + +

+
0.608 0.554 0.507

0.702

* * *
** . * * -        SCCA IgM HDL Ferritin− +0 474  0.524

Logistic regression

We performed a binary LR using only the biomarkers 
with a strong correlation with NASH (insulin, HOMA, Hb and 
SCCA-IgM), obtaining this equation:

LR           
   

4 = +
+

− −15.422 0.087 0.039

0.747

* *
*

Insulin HOMA
Hb     -+ 0.002 * SCCA IgM

We also carried out an LR analysis combining all param-
eters with a correlation with NASH (insulin, HOMA, Hb, SC-
CA-IgM, HDL, ferritin and smoke):

LR            
   

7 = +
+

− −9.949 0.070 0.051

0.569

* *
*

Insulin HOMA
Hb     -    

       
+ +

− +
0.002 0.033

0.046 0.000

* *
*

SCCA IgM
Smoke HDL 11  * Ferritin

Other two regression analyses were performed using all 
markers with a correlation with NASH and applying a step-
wise regression. The first approach was a forward selection, 
which gave this final formula:

LR      -     7 f SCCA IgM HDL= + − 1.052 0.002 0.073* *

The second approach consisted of a backward elimination 
and produced the following equation:

LR           
 -     

7b Hb
SCCA IgM H

= + +
−

− 7.136 0.481 0.002

0.058

*
* * DDL

Receiver operating characteristic curves

We calculated the ROC curves of individual variables and 
their combinations for the identification of NASH in our pa-
tients. Compared to the use of a single marker, the combination 
of four, six or seven variables produced a bigger AUC (Tab. III).

tABle ii - Results of the correlation analysis

Marker Kendall’s tau P-value

Sex −0.091 0.430
Smokea 0.247 0.031
Age −0.045 0.638
BMi 0.114 0.228
cirrhosis 0.212 0.065
ASt 0.114 0.231
Alt 0.161 0.088
GGt 0.106 0.268
Bilirubin 0.036 0.705
cholesterol −0.18 0.057
triglycerides −0.06 0.529
HDla −0.237 0.014
lDl −0.162 0.092
Glycemia 0.068 0.48
insulinb 0.264 0.005
HoMAb 0.258 0.006
Ferritina 0.211 0.025
Hbb 0.254 0.007
WBc 0.126 0.182
Platelets 0.001 0.988
HcV-rNA 0.02 0.832
SccA-igMb 0.266 0.005

ALT=alanine aminotransferase; AST=aspartate aminotransferase; BMI-
=body mass index; GGT=γ-glutamyl transferase; Hb=haemoglobin; 
HCV-RNA=hepatitis C virus-RNA; HDL=high density lipoprotein; HOMA=h-
omeostasis model assessment; LDL=low density lipoprotein; NASH=no-
n-alcoholic steato-hepatitis; SCCA-IgM=squamous cell carcinoma anti-
gen-IgM; WBC=white blood cells.
aCorrelation is significant at the 0.05 level (two-tailed).
bCorrelation is significant at the 0.01 level (two-tailed).

tABle iii - Area under the ROC curve (AUC)

Marker Auc Standard error P-value 95% ci

insulin 0.776 0.090 0.005 0.600 ÷ 0.952
HoMA 0.768 0.092 0.007 0.589 ÷ 0.948
Hb 0.759 0.088 0.009 0.587 ÷ 0.932
SccA-igM 0.786 0.091 0.004 0.607 ÷ 0.965
Smoke 0.692 0.084 0.051 0.527 ÷ 0.858
Ferritin 0.718 0.110 0.027 0.503 ÷ 0.933
HDl 0.742 0.087 0.014 0.572 ÷ 0.913
PcA4 0.835 0.059 0.001 0.720 ÷ 0.951
PcA6 0.865 0.062 0.000 0.743 ÷ 0.986
lDA4 0.822 0.068 0.001 0.689 ÷ 0.954
lDA6 0.860 0.061 0.000 0.740 ÷ 0.980
lr4 0.872 0.051 0.000 0.772 ÷ 0.972
lr7 0.880 0.059 0.000 0.765 ÷ 0.995
lr7f 0.818 0.086 0.001 0.650 ÷ 0.987
lr7b 0.854 0.072 0.000 0.714 ÷ 0.994

AUC: area under the ROC curve; CI=confidence interval; Hb=haemoglobin; 
HDL=high density lipoprotein; HOMA=homeostasis model assessment; LDA-
=linear discriminant analysis; LR=logistic regression; PCA=principal compo-
nent analysis; ROC=receiver operating characteristic; SCCA-IgM=squamous 
cell carcinoma antigen-IgM.
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The highest AUC value (0.880) was obtained with the com-
bination LR7, which included all seven variables correlated 
with NASH. Among the single markers, SCCA-IgM showed the 
best AUC (0.786).

conclusions

In HCV-positive patients, steatosis is common and it may 
promote the development of NASH (3); in addition, steato-
sis and NASH may induce faster liver fibrosis and evolution 
towards HCC (3). In order to avoid a quicker growth of liver 
cancer, it is important to identify patients with NASH and 
start treatment as early as possible. We showed that an al-
gorithm combining SCCA-IgM serological levels with other 
common clinical data is a promising diagnostic tool for the 
detection of NASH in HCV patients, and it could improve 
the current methods to diagnose and monitor the disease 
in these patients.

Our analysis revealed seven clinical variables significantly 
correlated with the histological presence of NASH: insulin, 
HOMA, Hb, SCCA-IgM, smoke, HDL and ferritin. Our result 
confirms previous findings, which showed an association 
between NASH and insulinaemia, insulin resistance (3), Hb 
(11), elevated HOMA (12) and ferritin (13), and lower HDL 
levels (14) in HCV patients.

SCCA-IgM has been shown to be independently associ-
ated with presence of NASH in patients with HCV infection 
(10), and in our study it was the single variable with the best 
association with NASH. These findings support the use of 
SCCA-IgM to identify those patients with liver disease with a 
higher risk of progression to more severe stages.

The combination of multiple clinical parameters showed a 
higher correlation with NASH than any single marker. It is well 
known that the combination of multiple variables increases 
the accuracy of diagnostic algorithms; indeed, others have de-
veloped systems that combine various clinical values to iden-
tify patients with or at risk for NASH: the apoptosis panel (15), 
the NASH diagnostic panel (16), the oxNASH score (17), the 
NASH test (18), the Palekar test (19) and the Shimada index 
(20). However, none of these models was created specifically 
for HCV patients.

To our knowledge, the algorithms that we present are the 
first ones that may be used specifically to identify NASH in pa-
tients with HCV infection. The major limit of our study is the 
small number of patients that were available for the analysis; 
further validations in larger cohorts of patients are needed to 
confirm our findings.
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