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Abstract
The ageing process in the European society will become one of the key driving forces of change over the next decades. The 
specific demands of older generations constitute a key market of the future, and the pressure to improve and expand health 
services increases, especially as far as chronic diseases, such as cancer. Availability of cost effective cancer early detection pro-
tocols, based on predictive biomarkers, will improve patients management reducing  consequently the high costs associated to 
treating patients when the disease is at an advanced stage. 
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Introduction
Cancer is still a major cause of death worldwide, responsible for 15% of global deaths; 
AIDS, tuberculosis and malaria combined cause less casualties than tumors (1). In eco-
nomically developed countries, cancer is second only to cardiovascular diseases as a lead-
ing cause of death, whereas in low- and middle-income countries it’s in the third place (1). 
Recent data estimate more than eight million deaths/year caused by tumors (excluding 
non-melanoma skin cancers), of which 2.9 million in high-income countries (1). 

The risk of developing cancer increases with age, and as the global average life ex-
pectancy raises, cancer incidence worldwide is incrementing (2). Due to the growth and 
aging of the world population, by 2030 the global burden of cancer is estimated to reach 
22 million new cases and 13 million deaths (3). In high-income countries, which are char-
acterised by an older population, 58% of newly diagnosed tumors arise in people ≥ 65 
years old (1).

Beside the human costs, cancer expenses are high also at the financial level: direct 
spending for diagnosis, treatment, care, and rehabilitation is added to the indirect costs 
for premature death and missed work (1). Although a precise number is unavailable, the 
estimated global annual expenditure associated with cancer is in the hundreds of billion 
dollars (1). 

Early detection of cancer, before any symptoms emerge, is essential to get more effec-
tive treatments and better outcome, while saving costs for the national health systems (1). 
In this respect, biomarkers are incredibly valuable: non-invasive, safe, specific, reliable 
and cheap, they represent an ideal tool to screen, monitor, or diagnose diseases. Indeed, 
in recent years the development and validation of novel biomarkers has been a key aspect 
in new biotechnology products. 

Tumour biomarkers may aid in early cancer detection and risk assessment; however, 
due to cancer heterogeneity, no single marker has shown to be fully satisfactory in terms 
of sensibility and specificity to be used for screening programs. Developing more accurate 
biomarkers and combining non overlapping biomarkers through dedicated algorithms 
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to improve sensitivity and specificity for cost-effective clinical 
uses may represent a route to satisfy this still unmet medical 
need.

A novel source of biomarkers derives from the exploitation of 
the immune-surveillance against transformed malignant cells, 
since most, if not all, tumours are immunogenic. In many can-
cer biomarkers may be detected in the patients’ sera as immune 
complexes. These biomarkers are formed by immunoglob-
ulins-M bound with low affinity and high avidity to markers 
expressed during cancer (4). Occurrence of immune complex-
es has been reported in several cases: prostate specific antigen 
(PSA)-IgM in prostate cancer(5); carcinoembryonic antigen 
(CEA)-IgM in colon cancer(6);  and squamous cell carcinoma 
antigen (SCCA)-IgM(7), alpha fetoprotein (AFP)-IgM(8) and 
des-gamma-carboxy prothrombin (DCP)-IgM(9) in liver can-
cer. Biomarker-IgM immune complexes have shown high di-
agnostic value, especially in early cancer detection, most likely 
because IgM antibodies act as “early birds” for the recognition 
and binding of abnormal antigens synthesized by the trans-
formed cells.

In this context, the management of hepatocellular carcinoma 
(HCC) is particularly complicated, since no reliable biomarkers 
are available for early detection and treatment is difficult(10). 
In economically developed countries, most cases of HCC arise 
in patients with hepatitis C virus (HCV) and cirrhosis. Various 
studies have showed that HCV incidence in Western countries 
like the United States peaked in the years between 1970 and 
1990, and the prevalence of HCV antibodies is at its highest 
in people born 1940-1960 (11). Thanks to the vaccination and 
screening methods applied over the past decades, HCV preva-
lence is projected to decline by half by 2030 (12). However, HCV 
liver disease progresses slowly over a long period of time; so, as 
HCV-infected patients get older, in the coming 10-13 years there 
will be an increase in the prevalence of complication-related liver 
disease such as cirrhosis and HCC (11, 12).

As the people infected with HCV continue to age, it is critical 
to identify and treat liver disease as soon as possible: thanks to 

better treatment options available today, it is possible to modify 
the course of the disease before it progresses to an advanced 
stage, thus lowering the burden of HCV-related complications 
on national health systems and society (11). A  growth in can-
cer cases as population’s age should be anticipated and cancer 
early detection is getting increased attention to improve and 
expand health services.  Innovative, efficient and cost effective 
screening devices for HCV patients to monitor risk of HCC 
development are urgently needed to improve quality of life.

Novel monitoring models for early detection of 
HCC in HCV patients
According to the World Health Organization, in order to help 
people maintain good and stable health for as long as possi-
ble, national health systems have to detect and control disease 
and risk factors early (13). When one disease is established and 
well-being starts to decline, health systems need to take ac-
tion to minimize the effects of the illness. This means that, for 
a healthy aging, we need measures to prevent, cure or hinder 
disease (13).In regards to HCV and the subsequent cirrhosis, 
current European and American guidelines suggest a method 
of surveillance of cirrhotic patients at risk for HCC based on 
ultrasounds (US) performed every six months (14, 15). This 
method is cost-effective only when the annual incidence of 
HCC is equal or superior to 1,5% (15). Alternative monitor-
ing systems based on biomarkers and selected sub-groups of 
patients could improve the cost-effectiveness and reduce the 
burden of liver disease on national health systems.

As mentioned above, SCCA-IgM has been validated by var-
ious clinical studies as a biomarker for liver diseases, including 
chronic hepatitis(16), cirrhosis, and HCC (7, 17, 18, 19). SC-
CA-IgM can be used to monitor HCV patients with cirrhosis 
evolving to HCC: the biomarker increases over time in cirrhot-
ic patients developing liver cancer, while it does not increase 
in patients without disease progression (17). Even at baseline, 
SCCA-IgM serological levels are significantly higher in patients 
who develop HCC than in those who do not develop cancer 

Table 1. SCCA-IgM serological levels in patients with HCV infection and cirrhosis

SCCA-IgM DB 1 DB 2 DB 3 DB 4 DB 5 DB 6 TOT

≥0 AU/mL 272
100%

127
100%

67
100%

76
100%

24
100%

31
100%

597
100%

>50 AU/mL 206
76%

106
84%

61
91%

32
42%

22
92%

31
100%

458
77%

>200 AU/mL 121
44%

52
41%

29
43%

51
67%

7
29%

18
58%

278
47%

>300 AU/mL 88
32%

37
29%

20
30%

34
45%

7
29%

10
32%

196
33%

>500 AU/mL 67
25%

24
19%

16
24%

19
25%

5
21%

2
7%

133
22%

>600 AU/mL 60
22%

18
14%

13
19%

13
17%

3
13%

2
7%

109
18%
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(18). Moreover, when HCC incidence is 3%, the immune com-
plex can identify HCV-infected cirrhotic patients with a nega-
tive predictive value (NPV) of 98,8% - that is, SCCA-IgM can 
identify patients with an extremely low risk of developing liver 
cancer during the following year (19).

Recently, an alternative model for monitoring HCV-cirrhot-
ic patients has been developed: by quantifying the serological 
levels of SCCA-IgM, this model is able to identify different sub-
groups of patients in which semi-annual or annual US are more 
cost-effective.

Data from six separate studies performed on HCV-infected 
patients with cirrhosis show that SCCA-IgM is >50 AU/mL in 
77% of cases, >200 AU/mL in almost half patients (47%), >300 
AU/mL in one third of subjects (33%) and >500 AU/mL in 22% 

Table 2. SCCA-IgM levels and timing of HCC development 
in patients with HCV infection and cirrhosis

SCCA-IgM
HCC 12 
months

%

HCC 6 
months

%

HCC 4 
months

%

≤50 AU/mL 0/16
0%

0/16
0%

0/16
0%

>50 AU/mL 24/287
8,4%

11/287
3,8%

10/287
3,5%

>500 AU/mL 7/63
11,1%

5/63
7,9%

5/63
7,9%

of patients. A smaller percentage of cases (18%) has SCCA-IgM 
>600 AU/mL (Table 1) (18, 19, 20, 21, 22, 23).

Three studies provide data on SCCA-IgM levels and tim-
ing of HCC development in patients with HCV infection and 
cirrhosis(18, 19, 23) (Table 2): none of the subjects with SC-
CA-IgM ≤50 AU/mL develop liver cancer at four, six, or 12 
months. Among the patients with SCCA-IgM >50 AU/mL, 
8% have cancer after 12 months from the biomarker determi-
nation, 4% after six months, and 3,5% after four months. The 
percentage of HCCs in subjects with SCCA-IgM >500 AU/mL 
is higher: 11% of tumors developed in 12 months, 8% in six 
months, and another 8% in four months.

The analysis of the number of HCCs developed during the 
year following SCCA-IgM determination allowed the identi-
fication of a sub-group of HCV-cirrhotic patients at low risk 
for liver cancer. Indeed, all patients who develop HCC in 12 
months have SCCA-IgM levels >50 AU/mL, while none of the 
subjects with lower levels of the biomarker develop HCC in the 
year after the analysis. Based on these observations, it can be 
concluded that patients with SCCA-IgM ≤50 AU/mL have a 
null risk for HCC development during the following year.

As mentioned earlier, the present method of surveillance 
based on ultrasounds (US) performed every six monthsis 
cost-effective when HCC annual incidence is ≥ 1,5%(15). Ac-
cording to the data described above, this type of surveillance 
is not cost-effective in HCV-cirrhotic patients with SCCA-IgM 
≤50 AU/mL, since in these subjects the incidence of liver can-
cer during the following 12 months is 0%. Therefore, a new 

Figure 1. Monitoring of HCV-cirrhotic patients according to the current method (blue path) and 
the new alternative model (green path).
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model to monitor HCV-infected cirrhotic patients has been 
developed: those with a negative US are tested for SCCA-IgM 
levels, and if the biomarker’s concentration is ≤50 AU/mL the 
US is repeated after 12 months, instead of six (Fig. 1).

The model has been proved to be cost-effective when applied 
to the Italian population of cirrhotic patients. This analysis was 
based on an estimated cost of€74 for a liver US, and €13 for the 
determination of serological SCCA-IgM(24), while the num-
ber of cirrhotic patients in Italy was estimated to be around 
314.300(25, 26).With an annual HCC incidence of 5% - which 
corresponds to 15.715 HCC/year among the Italian cirrhotics 
-, and an average probability of 0,381 of identifying the cancer 
through US(27) - which results in 5.987 cases of HCC discov-
ered at each US session in Italy–the analysis showed that cur-
rent semi-annual monitoring of cirrhotic patients in Italy costs 
€46.516.400 (=314.300 x €74 x 2) and finds a total of 11.974 
positive US every year (=5.987 x 2) (Table 3).

By applying the new monitoring model, 308.313 cirrhotic 
patients have a negative result after the first US (=314.300 – 
5.987) and are tested for SCCA-IgM levels, with an expenditure 
of €4.008.069 (=€13 x 308.313) (Table 3). Based on the available 
data, 23% of patients - equivalent to 70.912 subjects - have SC-
CA-IgM levels ≤50 AU/mL and repeat the US after 12 months. 
This means that every year the Italian health system can save 
€5.247.488 (=€74 x 70.912) (Table 3). Considering the extra 
expense for SCCA-IgM determination, the proposed model al-
lows the Italian health system a net saving of €1.239.419/year 
and of €104/HCC identified (Table 3).

Conclusion
Early detection of cancer can lower the ever increasing social 
burden associated with the management of patients with dis-
eases at advanced stage, deriving by the failure of conventional 
diagnostic procedures or non adequateness for mass screening. 
Novel surveillance models tailored to sub-groups of patients 

Table 3. number of HCC and relative costs and savings as-
sociated with the monitoring of HCV-cirrhotic patients in 
Italy.

Annual cost of US only every 6 
months €46.516.400

Annual cost of SCCA-IgM analysis €4.008.069

Costs saved by doing 1 US/year in-
stead of 2 €5.247.488

Net costs of SCCA-IgM+US/year €45.276.981

Annual saving of SCCA-IgM+US vs. US 
only €1.239.419

HCC identified/year €11.974

Cost of US only/HCC identified €3.885

Cost of SCCA-IgM+US/HCC identified €3.781

Saving/HCC identified €104

selected through specific biomarkers represent promising al-
ternative systems for monitoring patients at risk for cancer. For 
HCC in particular, current evidence show that novel monitor-
ing models can save a lot of expenses to national health sys-
tems, with a very low risk of missing liver cancer cases, while 
also reducing the burden of US examinations in hospitals and 
clinics. This is an important aspect to consider as HCV-infect-
ed patients age and a high number of HCCs is expected in the 
coming years.
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