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Abstract
Hepatitis C virus (HCV) is the main cause of chronic liver 

disease and cirrhosis in Western countries. Over time, 
the majority of cirrhotic patients develop hepatocellular 
carcinoma (HCC), one of the most common fatal cancers 
worldwide - fourth for incidence rate. A high public 
health priority need is the development of biomarkers 
to screen for liver disease progression and for early 
diagnosis of HCC development, particularly in the high 
risk population represented by HCV-positive patients with 
cirrhosis. Several studies have shown that serological 
determination of a novel biomarker, squamous cell car
cinoma antigen-immunoglobulins M (SCCA-IgM), might 
be useful to identify patients with progressive liver 
disease. In the initial part of this review we summarize 
the main clinical studies that have investigated this new 
circulating biomarker on HCV-infected patients, providing 
evidence that in chronic hepatitis C SCCA-IgM may be 
used to monitor progression of liver disease, and also 
to assess the virological response to antiviral treatment. 
In the last part of this review we address other, not 
less important, clinical applications of this biomarker in 
hepatology.

Key words: Hepatitis C virus; Treatment; Prognosis; 
Squamous cell carcinoma antigen-immunoglobulins M; 
Cirrhosis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A high public health priority need is the 
development of biomarkers to screen for liver disease 
progression in hepatitis C virus (HCV)-positive patients. 
Serological squamous cell carcinoma antigen-immuno
globulins M has shown the ability to identify patients 
with progressive liver disease and patients at higher risk 
of hepatocellular carcinoma development. In this review 
we summarize the main clinical studies performed using 
this new circulating biomarker for monitoring cirrhosis 
progression in HCV-positive patients and to evaluate 
virological response to antiviral treatment.
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INTRODUCTION
Liver cirrhosis is an increasing cause of morbidity and 
mortality in Europe and the United States. It is the fourth 
most common cause of death in adults worldwide and 
the major reason for more than 5500 liver transplants 
in Europe each year[1]. The main causes of cirrhosis in 
Western countries are infection with hepatitis C virus 
(HCV), alcohol abuse, and, increasingly, non-alcoholic 
fatty liver disease (NAFLD)[2]. In sub-Saharian Africa 
and in most parts of Asia, infection with hepatitis B virus 
(HBV) represents the most common cause of cirrhosis[2]. 
The prevalence of this advanced liver disease is difficult 
to assess and probably higher than reported, because 
the initial stages are asymptomatic until cirrhosis with 
clinical decompensation occurs, therefore the disorder is 
often undiagnosed[2]. In line with these findings, about 
90% of individuals with viral hepatitis in Europe are not 
aware of their status[1]. Moreover, the prevalence of 
NAFLD is 2%-44% in the European population and even 
higher (42.6%-69.5%) in people with type 2 diabetes[1]. 

Hepatocellular carcinoma (HCC), one of the main 
complications of cirrhosis, and the leading cause of 
death among these patients, is the sixth most common 
neoplasm and the third most frequent cause of cancer 
death[3]. Whereas the survival of patients with most 
malignancies has enhanced over the last decade, 5-year 
survival rate of patients with HCC has not improved 
sufficiently and remains less than 10%[4]. The poor 
outcome of patients with HCC is related to the late 
detection of the cancer, with the majority of patients 
diagnosed at advanced stages of disease[4]. It has been 
demonstrated that HCC surveillance of population at 
risk increases survival, because of detection of tumours 
amenable to curative therapies[5-7]; in fact, surveillance 
is recommended by international guidelines[8].

A major problem with HCC detection and surveillance 
is the lack of reliable biomarkers. Table 1 summarizes 
the sensitivity and specificity of the serological markers 
currently available for HCC diagnosis.

Alpha-fetoprotein (AFP) is the most widely used 
serum marker for HCC diagnosis and surveillance; 
however, not all HCCs secrete AFP (about 32%-59% 
of patients with the tumour have normal AFP levels)[4]. 
Furthermore, AFP may be elevated in patients with 
chronic liver disease in the absence of HCC, making 
this biomarker inadequate for surveillance tests[4]. 
Indeed, European and American guidelines consider 
AFP too inaccurate to survey patients at risk of HCC 
and recommend the use of ultrasound (US) alone[9,10]. 

US sensitivity depends on many factors, including 
the quality of the US machine, the experience of the 
examiner, and also the patient[11]. In patients with 
liver cirrhosis, regenerative nodules may be hard to 
distinguish from HCC using US, and the sensitivity of 
this imaging technique to detect early HCC lies between 
32% and 65%[11]. For this reason, some authors, as 
well as Asian guidelines, suggest the use of AFP in HCC 
surveillance[12,13]. 

From 1990’s, especially in Japan, new biomarkers 
for HCC diagnosis and surveillance have been explored. 
Among these, des-γ carboxy-prothrombin, an abnormal 
prothrombin protein, has been considered[14], but the 
results indicate that its sensitivity is highly dependent 
on tumour size[15]. The clinical utility of lens culinaris 
agglutinin-reactive fraction of AFP-L3 in early prediction 
of HCC development in patients with chronic HBV or HCV 
infection was also recently evaluated[16]. It was shown 
that several factors (gender, age, race, and presence of 
more advanced liver disease) are independent predictors 
of increased levels of this biomarker, which also lacks in 
sensitivity, specificity, and predictive values required for 
routine HCC surveillance[17].

Another biomarker that has been developed in 
recent years is Osteopontin, a molecule expressed by 
transformed malignant cells, also evaluated for colon 
and pancreatic cancer[18]. The majority of the studies 
analyzing osteopontin for the diagnosis of HCC was 
retrospective and included a range of 30 to 179 patients 
with HCC. The reported sensitivity of osteopontin for 
HCC was 86%, with a specificity of 86%, resulting 
in a diagnostic accuracy comparable to that of AFP. 
Further validation studies are needed to use this marker 
in daily clinical routine[18]. On the basis of the above 
considerations, a reliable biomarker to complement US 
in detecting early HCC still represents a crucial unmet 
need.

In recent years relevant emphasis has been ascribed 
to innate or natural immunity, which acts as the first 
line of defense, and also as the link between acquired 
immunity and immunological memory[19]. Poly-reactive 
natural auto-antibodies [immunoglobulins M (IgM)] 
can bind, with low affinity and high avidity, different 
markers that are expressed during cancer growth[20]. 
The presence of IgM-linked immune-complexes with 
diagnostic value has been found recently in different 
human tumours, including colon[21] and prostate can
cer[22], and also in other pathologic conditions[23]. For 
liver disease, the diagnostic value of squamous cell 
carcinoma antigen-IgM (SCCA-IgM) immune-complex in 
serum has been demonstrated in several studies[24,25].

In this review we summarize the role of SCCA-
IgM as a novel promising tool to monitor liver disease 
evolution and response to antiviral treatment in patients 
with chronic hepatitis C; we also analyze the value of 
this biomarker for the diagnosis and prognosis of HCC. 
An overview of the main observations on SCCA-IgM 
behaviour in clinical settings is presented in Table 2.
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SCCA
SCCA belongs to the clade B subset of the serpins 
family[26]. SCCA1 (SERPINB3) and its isoform SCCA2 
(SERPINB4) are over-expressed in squamous cell 
carcinoma (SCC) of the uterine cervix, lung, head and 
neck, rectal colon, pancreatic and liver tumors[27-30]. The 
isoform that has been better evaluated in literature is 
SERPINB3, which has showed functional connection 
with tumorigenesis. This isoform was found to prevent 
cell death through its binding to complex 1 of the mito
chondrial respiratory chain or via suppression of c-JUN, 
as a response to different types of stress, such as UV, 
radiation, chemotherapy, tumour necrosis factor-alpha 
and natural killer cells[31-34]. Moreover, its inflammatory 
and pro-tumorigenic role has been revealed demon
strating its ability to enhance interleukin-6 effects 
through nuclear factor kB pathway in response to Rat 
Sarcoma Viral Oncoprotein (coding RAS gene) stimuli[29]. 

SCCA1 and 2 are undetectable in normal hepa
tocytes, but their expression progressively increases from 
chronic liver disease to dysplastic nodules and HCC[35]. 
In particular, SERPINB3 is more expressed in high-grade 
dysplastic nodules and in HCC than in large regenerative 
nodules, suggesting a role in hepatocarcinogenesis[36]. 
Furthermore, this serpin was identified in the majority 
of hepatoblastomas, with the highest levels in tumours 
of more advanced stage[37]. In HCC, high expression of 
SERPINB3 is significantly associated with early tumour 
recurrence, and shows a better prognostic significance 
than other clinical and histological variables[38]. These 
important clinical findings were confirmed at the mole­
cular level: SCCA expression in liver tumor has been 
correlated with liver regeneration activity (expressed 
by MIB-I-labeling index)[39], and increased proliferation 
was also documented in hepatoma cell lines over-
expressing SERPINB3 and in a mouse model transgenic 
for this serpin[39,40]. Recent data indicate that SERPINB3 
is highly expressed in the hepatic stem/progenitor 
cell compartment of both fetal and adult livers[41]; 
moreover, after induction by HIF2-alpha in an hypoxic 
environment[42], SERPINB3 was shown to be crucial for 
tumour invasiveness and metastasis, since it promotes 
epithelial-mesenchymal transition[39] and transforming 
growth factor-beta production[43] (Figure 1). 

SCCA-IGM IN HCV-POSITIVE PATIENTS 
Recently, an ELISA assay has been developed to detect 
serological SCCA isoforms (SERPINB3 and SERPINB4) 
complexed with natural IgM[24]. The clinical usefulness of 
monitoring SCCA-IgM immune-complexes in chronic liver 
disease has been evaluated in several studies. In 2008 
Biasiolo et al[44] observed that SCCA-IgM was detectable, 
at presentation, in 33% of untreated patients with 
histologically proven chronic hepatitis, but not in healthy 
control subjects. After a median period of six years, the 
same patients underwent a second liver biopsy and an 
increased level of the immune-complex was observed 
in 75% of cases with progressive disease (defined as 
an increase in fibrosis score ≥ 2 during follow-up in 
untreated patients). On the other hand, SCCA-IgM levels 
were substantially stable in patients with no disease 
progression during the same interval, and no difference 
in the level of the biomarker was detected in regard to 
the etiology of chronic liver disease[44]. 

In chronic HCV infection the presence of non-alcoholic 
steatohepatitis (NASH) at the histological level reflects a 
more severe clinical and pathological state than steatosis 
alone, being associated with a more rapid progression of 
fibrosis[45]. Recently, the relationship between SCCA-IgM 
and NASH was investigated in 91 patients with chronic 
hepatitis C: In patients with histological diagnosis of 
NASH the immune-complex levels were elevated and 
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Figure 1  Schematic representation of SERPINB3 behavior in the liver and 
of serological squamous cell carcinoma antigen-immunoglobulins M levels 
in chronic liver disease. SCCA-IgM: Squamous cell carcinoma antigen-immuno
globulins M; HCC: Hepatocellular carcinoma; EMT: Epithelial-mesenchymal 
transition.
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Table 1  Sensitivity and specificity (%) of various biomarkers 
for hepatocellular carcinoma diagnosis

Biomarker    Sensitivity Specificity 

SCCA-IgM[57]      52-89      50-82
AFP[58]      41-65      80-94
Osteopontin[58] 87 82
DCP[58]      23-89 95
AFP-L3[58]      37-60      90-92

AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigen-
immunoglobulins M.
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response (SVR) after standard treatment with PEG-IFN 
and ribavirin, there was a significant decrease in serum 
levels of SCCA-IgM at the end of treatment, and up to 
one year of follow-up, when compared to baseline. In 
null responders (NR) baseline values of serological SCCA-
IgM were not statistically different from SVR patients, 
but during follow-up SCCA-IgM levels did not show 
significant changes compared to baseline[48]. In 2012, 
in a multicentre prospective study, 103 patients with 
HCV chronic infection undergoing antiviral treatment 
with PEG-IFN and ribavirin were enrolled to test the 
efficacy of SCCA-IgM as a marker of response[49]. This 
study confirmed that the reduction of SCCA immune-
complexes was significantly different between patients 
that showed SVR and those who did not. Moreover, the 
decreased serological concentration of the biomarker 
was an independent predictor of SVR in regard to 
HCV genotype and age[49]. In addition, the behavior of 
SCCA-IgM in relation to antiviral therapy was recently 
confirmed in 91 patients with chronic hepatitis C. In 
the subgroup of patients who reached SVR and had the 
baseline positivity to SCCA-IgM, the serological values 
significantly decreased after six months of treatment 
and remained persistently low even at six months of 
follow-up after treatment. In NR patients, no significant 
variation in SCCA-IgM serum values was observed after 
six months of treatment or at six months after the end 
of therapy[46]. 

These studies clearly demonstrate that the ter
mination of HCV-associated liver damage determines 
a progressive decline of SCCA-IgM serological levels, 
therefore this biomarker could be used as a surrogate 
marker to monitor active disease resolution.

SCCA-IGM AND HCC 
One of the most important and yet unmet clinical needs 

associated with more severe steatosis (> 33%), while 
in HCV-negative patients with steatosis and NASH 
SCCA-IgM was barely detectable. These results were pro
bably due to a higher production of IgM in HCV positive 
patients, followed by an amplification of the ELISA 
signal as a result of a lower threshold required for B-cell 
activation after the engagement of CD81 by the HCV-E2 
protein[46]. 

The association between SCCA-IgM and NASH in HCV 
positive patients was confirmed at univariate and multi­
variate logistic regression analysis. Among the various 
clinical aspects that were considered, only HCV genotype 
3 was identified as an additional independent variable 
significantly associated with NASH[46]. Furthermore, 
a close correlation between the intensity of SCCA-1 
expression in the liver and SCCA-IgM levels in the serum 
was documented in serum and liver samples from the 
same patients. Indeed, in cases of negative serological 
SCCA-IgM, SCCA-1 detection in the corresponding liver 
biopsy was weak, even in the presence of steatosis. 
On the other hand, the serpin was highly expressed in 
patients with elevated values of SCCA-IgM in serum[46].

SCCA-IGM AND ANTIVIRAL TREATMENT
Combination therapy of pegylated interferon-alpha 
(PEG-IFNα) and ribavirin results in complete viral 
eradication in about 50% of patients with chronic HCV 
infection. However, a substantial number of patients 
show no significant response to therapy or develop viral 
relapse after the cessation of IFN-based therapy[47]. 

The first evidence of the behavior of SCCA-IgM 
during antiviral treatment with PEG-IFN and ribavirin 
was obtained from a longitudinal study in 2010[48]. 
Giannini et al[48] demonstrated that in patients with HCV-
related cirrhosis who achieved sustained virological 

Table 2  Overview of the main observations on squamous cell carcinoma antigen-immunoglobulins M behaviour in clinical settings

Ref. Main observation

SCCA-IgM in monitoring chronic liver disease
   Biasiolo et al[44] Significant increase of SCCA-IgM levels over time in 75% of untreated patients with chronic hepatitis and with histologically 

proven liver disease progression (fibrosis score increase ≥ 2) after six years of follow-up 
   Martini et al[46] In patients with chronic hepatitis C, SCCA-IgM was found an independent predictor of histologically proven non alcoholic 

steatohepatitis
SCCA-IgM and antiviral treatment
   Giannini et al[48] In chronic hepatitis C treatment with standard therapy, only patients who achieved sustained viral response showed a significant 

decrease in median values of SCCA-IgM up to one year of follow-up
   Fransvea et al[49] Reduction of SCCA-IgM levels during the first month of standard antiviral therapy was an independent predictor of sustained viral 

response
   Martini et al[46] Significant reduction of SCCA-IgM, lasting up to 6 mo of follow-up, was observed only in HCV-positive patients with sustained 

response to standard therapy
SCCA-IgM in diagnosis and prognosis of HCC
   Pontisso et al[51] Significant increase over time of SCCA-IgM only in patients with early cirrhosis (histologically proven) who developed HCC 

within four years of follow up
   Buccione et al[52] In HCV-positive patients with overt cirrhosis, SCCA-IgM negativity (cut off ≤ 200 AU/mL) accurately identified patients at low 

risk of liver cancer development in the subsequent year
   Beneduce et al[24] SCCA-IgM showed higher sensitivity for the diagnosis of HCC, compared to AFP
   Pozzan et al[53] In patients with HCC, SCCA-IgM levels were found an independent predictor of survival. A reduction in SCCA-IgM levels was 

correlated with response to HCC treatment

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigen-immunoglobulins M.
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in hepatology is the availability of serological markers 
to identify patients with chronic hepatitis and cirrhosis 
at higher risk of HCC development. In liver cirrhosis the 
rate of HCC progression is 3%-4% every year[50]; the 
identification of the subgroup of patients with possible 
HCC development within the next few years would allow 
the development of a personalized clinical management 
characterized by more effective early therapeutic 
interventions. In order to explore this possibility, SCCA-
IgM was analyzed in a retrospective, longitudinal study 
that was preliminary conducted in a cohort of HCV-
infected patients with early stage of cirrhosis, defined on 
the basis of histological findings[51]. This population was 
divided in two groups with similar clinical characteristics 
and no significant difference in the absolute value of the 
immune-complex at baseline. The first group included 16 
cirrhotic patients who developed HCC during a median 
follow up of 4 years, while the second group included 17 
control patients with cirrhosis who did not develop HCC 
during the same period. The progressive increase of 
SCCA-IgM over time was remarkable in cirrhotic patients 
who eventually developed HCC, while figures remained 
unchanged in the majority of the cirrhotic patients 
without evidence of liver cancer during the same time 
interval. The increase of AFP, measured in parallel in the 
same serum samples, was not significantly different in 
patients who developed HCC and in those without liver 
tumor progression. Accordingly, the predictive value of 
SCCA-IgM variation was found to be significantly better 
than that of AFP for predicting the progression to HCC 
(AUC: 0.821 vs 0.654)[51]. 

These data were in line with another retrospective 
study performed by Buccione et al[52]. The aim of this 
study was to evaluate whether the levels of SCCA-IgM 
in serum could identify HCV patients with clinical signs of 
cirrhosis at risk of HCC development. The study involved 
57 cirrhotic patients, during a median period of 48 mo. 
The baseline value of serological SCCA-IgM was nearly 
4-fold higher in patients who developed HCC than in 
those who did not, and the SCCA-IgM value ≤ 200 
AU/mL accurately identified patients at low risk of liver 
cancer in the subsequent year, with a negative predictive 
value of 97%[52]. These results suggest that in patients 
with evident cirrhosis the assessment of this biomarker 
can improve the diagnostic process: The subgroup of 
patients at higher risk of liver tumor development, that 
need a constant monitoring, can be identified based on 
SCCA-IgM positivity.

In regard to the diagnostic value of SCCA-IgM for 
HCC, a cross sectional study performed by Beneduce et 
al[24] have demonstrated the positivity of this biomarker 
in the vast majority of HCC serum samples (70% 
sensitivity vs 42% sensitivity of AFP), whereas all healthy 
control samples were negative. Although no correlation 
with HCC etiology was found, the authors observed 
that the amount of circulating SCCA-IgM at different 
stages of liver disease reflected the extent of SCCA 
over-expression detected by immunohistochemistry in 
liver specimens. Moreover, SCCA-IgM positivity did not 

overlap with that of AFP, suggesting that the combination 
of these two biomarkers could improve the sensitivity 
for detecting HCC without compromising the diagnostic 
specificity[24].

In summary, the prognostic role of SCCA-IgM has 
been explored in patients with chronic hepatitis and 
cirrhosis, documenting a higher risk of fibrosis pro
gression and liver tumor development.

Until recently, no data were available on the pro
gnostic role of this biomarker in HCC prognosis. This 
aspect was addressed in a recent study by Pozzan et 
al[53], who retrospectively analyzed the serum of 327 
patients, including patients with cirrhosis and HCC. 
In this study the ability of SCCA-IgM to predict liver 
cancer prognosis was proved for the first time. Indeed, 
the negativity of this biomarker was able to identify 
HCC patients with longer overall and progression-free 
survival. Median survival was 48 mo for patients with 
low SCCA-IgM (< 130 AU/mL) and 26 mo for those 
with high SCCA-IgM (> 130 AU/mL). The levels of 
the biomarker at four weeks were stable or increased 
in treated patients with stable disease or tumor, and 
reduced in patients with complete response; patients 
with partial response showed an intermediate behavior. 
In the same study, AFP was not able to predict complete 
response. The significant impact of SCCA-IgM deter
mination in defining patient prognosis was confirmed 
also by data showing that SCCA-IgM levels and tumor 
size were the only identified independent predictors 
of overall survival[53]. Although these findings must be 
confirmed in further studies, they are supported by 
recent data demonstrating that liver tumors with high 
SCCA-1 tissue expression exhibit higher early recurrence 
after surgical resection[38]. 

FUTURE PERSPECTIVES
Recent innovations in antiviral therapy for HCV have 
resulted in a remarkable improvement in SVR rates, 
better acceptability, and decreased duration of treatment 
compared to IFN and ribavirin-based therapy[54]. The 
improvement in the antiviral efficacy of the new drug 
regimens promises higher cure rates with fewer side 
effects and shorter times of treatment compared to 
the old standard of care, but it is more expensive and 
requires major investments[55]. Although recent data 
have demonstrated that treatment of chronic HCV 
infection with one of the new oral drug regimens can 
reduce HCV-related complications and is cost-effective 
in most patients[56], treating all eligible patients could 
have an enormous economic impact for both private 
and public resources[56]. As a consequence, one of the 
emerging needs is to identify patients that will benefit 
the most from the new antiviral regimens[56]. Up to now, 
no biomarkers have been proposed to define the subset 
of HCV-infected patients with more aggressive disease. 
In a context of inadequate resources, SCCA-IgM could 
be used as a support tool to prioritize patients who will 
benefit the most from these new drugs.
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In conclusion, although further studies are needed 
to confirm the data, serological SCCA-IgM is emerging 
as a very useful tool in different clinical settings of liver 
disease.
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