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ABSTRACT

Hepatocellular carcinoma (HCC) surveillance of individuals with cirrhosis or other conditions that confer a high risk of HCC 
development is essential for early detection and improved overall survival. HCC surveillance is a complex process, with 
failure at any step in the process contributing to a gap between its efficacy and effectiveness. Biannual ultrasonography with 
or without alpha-fetoprotein is widely recommended as the standard method for HCC surveillance, but it has limited 
sensitivity in early disease and may be inadequate in certain individuals. HCC surveillance implementation can be affected by 
either provider or patient-related factors. Proper screening for HCC is a continuum of services, extending from initial patient 
screening, diagnosis, treatment and ultimately surveillance. As one may expect, there are numerous chances for failure in the 
delivery of cancer screening care. When considering the risk versus benefits of HCC surveillance, we must consider the 
possible harm to the patient. Such concerns include false-positive testing resulting in unnecessary and risk-associated 
procedures such as liver biopsy, overdiagnosis of HCC among patients with cirrhosis, as well as false-negative investigations 
resulting in delayed diagnosis of HCC. The development of tools to enhance our ability in optimizing available surveillance is 
likely to improve the prognosis of patients with HCC. This review article will provide a comprehensive overview of the 
rationale behind current HCC surveillance guidelines, their utilisation, effectiveness, limitations, benefits, and harms as well as 
methods to improve the outcome of HCC surveillance.
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INTRODUCTION

Liver cancer is among the leading causes of global 
cancer incidence and is the second-most common cause 
of cancer mortality.[1,2] Hepatocellular carcinoma (HCC) 
is the most dominant form of primary cancer, 
accounting for roughly 80% of all cases of liver cancer 
and occurs in patients with chronic liver diseases of 
various causes.[3]

In 2020, more than 900,000 cases of liver cancer were 
diagnosed globally, with more than 830,000 liver 
cancer—related deaths, underscoring the high mortality 

index of this cancer.[4] HCC accounts for 75%–85% of 

primary liver cancers. The global incidence of HCC has 
increased by more than 75% in the last 30 years, 
especially in Western countries,[5–7] and is expected to 
continue to grow in the near future.

Although the 5-year survival for HCC has improved 
over time, it remains less than 20% among all 
patients—related to many patients presenting with 
advanced tumor burden and/or poor liver function. 
Patients who present with early-stage HCC are amenable 
to curative therapies such as surgical resection or liver 
transplantation and can achieve 5-year survival 
exceeding 70%. In contrast, patients presenting with 
more advanced tumor burden are only amenable to 
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palliative therapies and have a median survival of 
approximately 2 years.[8]

The strong association between early detection and 
improved survival has been the impetus behind profes-
sional society guidelines for HCC surveillance among at-
risk individuals, including those with cirrhosis. The 
American Association for the Study of Liver Disease 
(AASLD), the European Association for the Study of 
Liver (EASL) and Asian Pacific Association for the 
Study of Liver (APASL) recommend HCC surveillance 
for patients with cirrhosis with liver ultrasound with or 
without serum alpha-fetoprotein (AFP) test every 6 
months.[8–10]

This strategy has been shown to increase early detection 
and improve survival in a large randomized controlled 
trial (RCT) in hepatitis B virus (HBV) patients and 
several cohort studies in patients with cirrhosis.[11,12]

This review article will provide a comprehensive 
overview of the rationale behind current HCC 
surveillance guidelines, their utilisation, effectiveness, 
benefits, and harms as well as methods to improve the 
outcome of HCC surveillance.

RATIONALE FOR HCC SURVEILLANCE

The stage at cancer diagnosis is the most important 
factor determining overall survival in patients with 
HCC.[13] Patients with small, localized tumors are 
amenable to curative treatments such as resection, 
ablation, or liver transplantation, and their long-term 
survival can be excellent.[14] On the other hand, patients 
with large, multifocal tumors, macrovascular invasion, or 
extrahepatic metastasis are only amenable to palliative 
treatments and have significantly poorer survival.[15] 
Therefore, the cornerstone of a surveillance program for 
HCC is diagnosis of HCC at early stages in high-risk 
individuals so that they can receive curative treatments 
and achieve improved long-term survival, translating 
into a decrease in liver cancer mortality.[16]

This rationale is backed by clear-cut data, early diagnosis 
rendering a 5-year survival exceeding 70%, compared to 
intermediate and advanced stage diagnosis which leads 
to a dismal, less than 20%, survival.[17] More explicitly, 
new data has shown that patients diagnosed and treated 
in the earliest Barcelona Clinic Liver Cancer (BCLC) 0 
stage had an 86.2% 5-year survival, with a significant 
decrease in survival with upstaging 69.0% for BCLC A 
and 49.9% for BCLC B.[18] These figures dramatically 
drop when analysing survival for late stage, BCLC C and 
D HCC, where survival is rarely above 12 months and 3 
months, respectively.[19]

RCTs are the best study design to evaluate the effect-
iveness of medical intervention. However, there has 
been a paucity of properly conducted, universally 
generalizable RCTs on the benefits of HCC surveillance. 
Only two RCTs have been reported, both of which were 
single-centre studies from China in patients with chronic 
viral hepatitis.[20,11] While one of the studies showed a 
significantly reduced mortality rate in the screening 
group compared to the control group,[11] the other study 
did not show a difference in mortality.[20]

In 2011, Poustchi et al.[21] tested the feasibility of 
conducting an RCT of HCC surveillance in patients with 
cirrhosis and concluded that an RCT of HCC 
surveillance is not feasible, as most patients decline 
randomization and prefer to receive surveillance when 
provided with informed consent.

A meta-analysis by Singal et al.[12] reported that HCC 
surveillance was still associated with a significant 
improvement in survival after adjusting for lead-time 
bias. No randomized trials have been conducted in 
populations with other aetiologies, including chronic 
hepatitis C virus (HCV) or steatohepatitis; thus, 
controversy remains regarding whether surveillance truly 
leads to a reduction in mortality in these populations, 
especially in Western countries where HBV infection is 
not common.

INDICATIONS FOR HCC SURVEILLANCE

The HCC surveillance recommendations from the 
American Association for the AASLD,[8] European 
Associat ion for the EASL,[9] and APASL[10] are 
summarized in Table 1.

All major guidelines recommend surveillance of high-
risk groups. These groups include most patients with 
cirrhosis but not those with advanced liver failure unless 
they are on the transplant waiting list. Patients with non-
cirrhotic HBV infection and patients with HCV 
infection and advanced fibrosis are also recommended 
to have surveillance due to high incidence of HCC in 
these groups.[8–10]

TARGET POPULATIONS FOR HCC 
SURVEILLANCE

The target population for HCC surveillance differs 
between guidelines. The target populations of each 
guideline are summarised in Table 2.

In all guidelines, patients with cirrhosis of any cause are 
the target population, except for the Asian Pacific 
Association for the Study of the Liver (APASL) 
guideline, in which the targets are limited to cirrhosis 
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Table 1: Indications for HCC surveillance

AASLD EASL APASL

1. All adults with cirrhosis, except for Child-
Pugh class C patients ineligible for liver 
transplant 
2. High risk patients with HBV 
- Asian men age > 40 
- Asian women age > 50 
- African ancestry 
- Family history of HCC

1. Cirrhotic patients, Child-Pugh stage A & B 
2. Cirrhotic patients, Child-Pugh stage C awaiting LT 
3. Non-cirrhotic HBV patients at intermediate or high risk 

of HCC according to PAGE-B* classes for 
Caucasians 
4. Non-cirrhotic F3 patients based on individual risk 
assessment

1. All adults with cirrhosis, except for Child-
Pugh class C patients ineligible for liver 
transplant 
2. High risk patients with HBV 
- Asian men age > 40 
- Asian women age > 50 
- African ancestry age > 20 
- Family history of HCC

AGA: In addition to above recommendations, patients with non-alcoholic fatty liver disease with non-invasive markers showing evidence of advanced liver 
fibrosis or cirrhosis should be considered for HCC screening

Chinese clinical guidelines: All patients with cirrhosis, HBV, and HCV

*PAGE-B (platelet, age, gender, hepatitis B) score is calculated using age (16–29 = 0, 30–39 = 2, 40–49 = 4, 50–59 = 6, 60–69 = 8, ≥ 70 = 10), sex (male = 6, 

female = 0), and platelet count (≥ 200,000/μL= 0, 100,000–199,999/μL = 1, < 100,000/μL = 2). AASLD: American Association for the Study of the Liver 

Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HBV: hepatitis B virus; HCC: 

hepatocellular carcinoma.

Table 2: Target population for HCC surveillance guidelines of various professional organizations

Organization Target population

AASLD Cirrhotic patients, non-cirrhotic HBV carriers with a family history of HCC, non-cirrhotic Africans and African Americans with HBV, non-
cirrhotic Asian male HBV carriers past the age of 40 years, non-cirrhotic Asian female HBV carriers past the age of 50 years

EASL Cirrhotic patients, non-cirrhotic HBV carriers with a family history of HCC, non-cirrhotic HBV carriers with active hepatitis, non-cirrhotic 
patients with chronic HCV and advanced liver fibrosis (F3)

APASL Cirrhotic patients with HBV or HCV infection

JSH Cirrhotic patients, non-cirrhotic patients with chronic HBV infection, non-cirrhotic patients with chronic HCV infection

AASLD: American Association for the Study of Liver Diseases; AFP: alpha-fetoprotein; AFP-L3%: Lens culinaris agglutinin A-reactive fraction of AFP; APASL: 

Asian Pacific Association for the Study of the Liver; DCP: serum des-carboxy prothrombin; EASL: European Association for the Study of the Liver; HBV: 

hepatitis B virus; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; JSH: Japan Society of Hepatology

with HBV or HCV. HBV patients without cirrhosis are 
recommended for surveillance in most guidelines, except 
for the APASL guideline, because of their high risk for 
HCC.[10] In the Japanese Society of Hepatology (JSH) 
guideline,[22] patients with cirrhosis and HBV or HCV 
are further stratified into an extremely high-risk 
population for HCC.

HCC SURVEILLANCE IN CIRRHOTIC 
PATIENTS

Most HCC cases are attributable to chronic HBV and/
or HCV infection, especially in the setting of advanced 
fibrosis and established cirrhosis.[23] There is regional 
variation in the importance of different risk factors for 
cirrhosis.[24] HBV cirrhosis is more strongly associated 
with HCC in Asia and Africa compared to Western 

Europe and America, with 5%–50% developing HCC in 

Asia and Africa compared to 3%–10% developing HCC 
in Western Europe and America.[25]

In Japan, around 70% of cases diagnosed with HCC 
over the last 10 years were HCV antibody (HCV-Ab)-
positive.[26] A retrospective epidemiological study from 
Egypt on 1313 patients, found that HCV Ab was 

detected in 91.32% of the studied patients.[27] Although 
only a minority of patients with non-alcoholic fatty liver 
disease (NAFLD) progress to cirrhosis, NAFLD has 
become the commonest cause of cirrhosis in western 
nations.[28]

In Northern England, the number of HCC cases 
referred to the tertiary centre in Newcastle upon Tyne 
has increased over tenfold with NAFLD accounting for 
35% of cases.[29] Other less common causes of cirrhosis 
such as primary biliary cholangitis, hemochromatosis, 
and autoimmune hepatitis, have been recommended for 
HCC surveillance by APASL guidelines.[10]

HCC SURVEILLANCE IN NON-CIRRHOTIC 
PATIENTS

Advanced fibrosis without cirrhosis is one of the 
debatable issues for HCC screening. Because it is 
difficult to define the transition from advanced fibrosis 
to cirrhosis, those patients of advanced fibrosis have 
been recommended for HCC screening by European 
guidelines.[9] On the other hand, this population has not 
been considered for screening by American guidelines.[8] 
While HCC can develop in HCV infected patients in the 
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absence of cirrhosis, the odds decrease to one fifth when 
elastography shows a lack of advanced fibrosis (< 10 
kPa) . [30] Current ly ,  HCC surve i l l ance  i s  not  
recommended in patients with chronic hepatitis C 
without cirrhosis.[8]

Patients with chronic HBV represent a unique 
population who require HCC surveillance outside of the 
setting of cirrhosis. Table 1 shows the specific 
recommendations for surveillance in patients with 
chronic hepatitis B without cirrhosis among different 
guidelines. High levels of HBV DNA are associated with 
a higher risk of developing HCC and worse prognosis in 
those with HCC.[31] It is thought that active HBV viral 
proliferation promotes carcinogenesis through both 
direct and indirect mechanisms and therefore antiviral 
treatment can lower the risk for HCC occurrence in 
these patients.[32]

The incidence of HCC in patients with non-cirrhotic 
NAFLD is very low. Hence, no guidelines recommend 
screening of HCC in patients with NAFLD without 
cirrhosis.[8–10]

C U R R E N T  T O O L S  F O R  H C C  

SURVEILLANCE

All international societies agree that US is the 
cornerstone of HCC screening, due to its widespread 
availability, low costs, lack of ionizing radiation, repeat-
ability, and well-tolerability by patients.[8–10]

Liver ultrasonography every 6 months with or without 
serum AFP level is widely recommended as the standard 
modality for HCC surveillance as shown in Table 3.[8–10]

There is no universal agreement about adding AFP to 
ultrasound (US) in HCC screening. EASL guidelines[9] 
do not recommend AFP in addition to US given its 
insufficient sensitivity and specificity. AASLD[8] states 
that is not possible to establish whether US should be 
coupled with AFP for HCC surveillance. On the other 
hand, the combination of AFP and B-mode US is 
endorsed by Eastern countries.[10,22]

In 2018, a meta-analysis[33] comparing sensitivity for 
HCC with or without AFP, showed that the pooled 
sensitivity of US alone was poor (63%) for early HCC 
and even worse in the subgroup of prospective studies 
(42%). By combining AFP and US, a significant gain in 
pooled sensitivity (63%) was achieved in the subgroup 
of early HCCs, and this advantage of AFP was 
maintained in the subgroups of prospective studies 
(pooled sensitivity of 60%).

Contrast-enhanced ultrasound (CEUS) utilizing 
microbubble-based contrast materials such as 

perfluorobutane (Sonazoid) is expected to further 
increase the efficacy of ultrasound-based HCC 
surveillance. CEUS improves the assessment of tumor 
boundaries, tumor vascularity, and tumor character-
ization compared to B-mode ultrasound[34]. In a 
prospective, multicentre study of 23 institutions, the 
average size of HCCs detected by CEUS was 
significantly smaller than the size of HCCs detected by 
B-mode ultrasound, suggesting that CEUS is superior to 
B-mode ultrasound for early detection and the study 
recommended that CEUS should be considered as first-
line screening tool for HCC in patients with liver 
cirrhosis, especially those with very coarse liver 
parenchyma[35].

Multiphase, contrast-enhanced, cross-sectional imaging 
modalities such as computerized tomography (CT) or 
magnet ic  resonance imaging (MRI)  are  not  
recommended as first-line surveillance methods due to 
their lower availability, higher cost, exposure to radiation 
(CT) and contrast material (CT and MRI), and poor 
patient tolerance (MRI).[36]

A prospective surveillance study at a tertiary care centre 
compared the HCC detection rate of US and MRI in 
patients with cirrhosis who are at high risk for HCC. 
The study concluded that screening using MRI with 
liver-specific contrast resulted in a higher HCC detection 
rate and lower false-positive findings compared with US. 
With MRI screening, most of the cancers detected were 
at very early stage, which was associated with a high 
chance of curative treatments and favourable survival of 
patients.[37]

SURVEILLANCE INTERVAL

Most guidelines recommend ultrasonographic screening 
every 6 months.[9,10,22] This interval was initial ly 
recommended based on tumor doubling time but has 
been supported by Italian Liver Cancer (ITA.LI.CA) 
Group who compared semi-annual versus annual 
surveillance and found that semi-annual surveillance 
increases the detection rate of very early hepatocellular 
carcinomas and reduces the number of advanced tumors 
as compared to the annual program.[38]

A large multicentre randomized controlled trial from 
France, compared the effectiveness of US surveillance 
between 3- and 6-month periodicities. The study results 
showed that US surveillance, performed every 3 months, 
detected more small focal lesions than US every 6 
months, but did not improve detection of small HCC, 
probably because of limitations in recall procedures. 
There was no difference in survival between both 
groups. Most of the patients (> 83%) included in this 
European study were HCV and alcohol-related liver 
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Table 3: Recommended HCC surveillance methods

AASLD EASL APASL

1. Biannual abdominal ultrasonography with or without 
AFP 
2. CT and MRI may be utilized in select patients with a 
high likelihood of having an inadequate ultrasound or if 
ultrasound is attempted but inadequate

1. Biannual abdominal ultrasonography 
2. AFP not recommended particularly in patients with 
active liver inflammation 
3. MRI/CT can be used for patients on the waiting list for 
liver transplant 
4. MRI/CT can be used for patients who have had 
inadequate ultrasonography, but their risk and cost make 
their use in long-term surveillance highly debatable

1. Biannual abdominal ultrasonography 
with or without AFP 
2. Cut-off value of AFP should be set at 
200ng/mL when used in combination 
with ultrasonography 
3. Cut-off value of AFP can be set lower 
with hepatitis virus suppression or 
eradication

Chinese clinical guidelines: Biannual abdominal ultrasonography with AFP

AASLD: American Association for the Study of the Liver Diseases; AFP: alpha-fetoprotein; APASL: Asian Pacific Association for the Study of the Liver; CT: 

computerized tomography; EASL: European Association for the Study of the Liver; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging.

disease.[39]

C U R R E N T  P R O V I S I O N  O F  H C C  

SURVEILLANCE

Reports of HCC surveillance in patients with cirrhosis 
consistently show poor uptake and adherence to the 
published guidance. The Hepatocellular Carcinoma UK 
(UK HCC) Study Group conducted a questionnaire 
survey regarding the provision of ultrasound sonography 
(USS) for detection of HCC in 156 units from all parts 
of the UK. The survey showed that provision of 
surveillance was poor overall. Provision was ad hoc and 
there were not standardized recall policies for follow-up 
of abnormal findings. Sixty per cent (60%) of patients 
presenting to specialist multi-disciplinary team meetings 
have radiologically incurable disease.

This survey highlighted many barriers to the 
implementation of 6-monthly USS; difficulty accessing 
radiology services, cost, doubts over effectiveness, not 
considered a priority in their hospital. Other reasons 
cited included: logistical problems, lack of an accurate 
liver database, time to organise the system, ultrasound 
capacity, poor patient adherence, and pressure from 
other sources.[40]

In a large, real-life cohort of patients with chronic 
hepatitis C cirrhosis, only 24% underwent HCC 
surveillance every 6 months and only 44% had 
surveillance at least every 12 months. The study showed 
that adherence to HCC surveillance guidelines has 
remained poor over time. In this large cohort study of 
patients with CHC cirrhosis (considered high-risk for 
HCC), adherence to the AASLD and EASL surveillance 
guidelines was seen in less than half of the patients. 
Adherence was poor over the course of the fifteen years 
of the study, with no significant improvement over time, 
not even after the 2011 AASLD guideline. The study 
recommended that more work is necessary to determine 
effective methods of improving knowledge of the 
guidelines and to overcome barriers to care.[41]

SURVEILLANCE UTILIZATION

The effectiveness of HCC surveillance at improving 
outcomes in high-risk patients relies not only on the 
accuracy of surveillance tests but also on the real-life 
implementation of surveillance. Both provider and 
patient-related factors can lead to suboptimal adherence 
to surveillance recommendations.[42]

HCC surveillance implementation can be affected by 
either provider or patient-related factors; patients must 
be engaged in healthcare and have a clinic visit, 
providers must accurately identify at-risk patients, 
providers must order appropriate surveillance tests; 
surveillance tests must be scheduled, and the patient 
must adhere with the surveillance recommendations. 
There appears to be breakdowns at each of these steps 
in clinical practice, although the most common issues 
are lack of engagement in healthcare/clinic visits and 
lack of provider recommendation for surveillance testing 
in patients with known cirrhosis. Patients’ nonadherence 
to surveillance testing can occur but appears to be 
relatively rare.[43]

A recent systematic review and meta-analysis included 
was conducted to assess utilization of hepatocellular 
carcinoma surveillance in patients with cirrhosis. A total 
of 118,799 patients, met inclusion criteria, with a pooled 
estimate for surveillance utilization of 24.0%. In 
subgroup analyses, the highest surveillance receipt was 
reported in studies with patients enrolled from subspe-
cialty Gastroenterology/Hepatology clinics and lowest in 
studies characterizing surveillance in population-based 
cohorts (73.7% vs. 8.8%, P < 0.001).

This systematic review and meta-analysis highlighted 
that HCC surveillance continued to be underutilized, 
with only 1 in 4 patients with cirrhosis receiving 
surveillance. HCC surveillance underuse appears partic-
ularly problematic among patients with non-viral liver 
disease and those followed by primary care providers or 
outside academic centres. They recommended that clear 
interventions are needed to increase HCC surveillance.[44]
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A retrospective multicentre cohort study from 5 centres 
in the USA found underuse of HCC surveillance, with 
significant site-level variation. They found only 1 in 7 
patients receiving semi-annual surveillance and 1 in 4 
patients receiving annual surveillance. Surveillance 
underuse in the study was attributed to multiple failures; 
patients having unrecognized cirrhosis prior to HCC 
diagnosis, and lack of surveillance orders by clinicians or 
patients failing to complete surveillance after being 
ordered.

The findings of this study point to several gaps in 
cirrhosis care and the need for interventions to improve 
recognition of cirrhosis, as well as more convenient, 
accurate surveillance tests to improve adherence.[45]

Another retrospective cohort study aimed to charac-
terize reasons for failure in the HCC surveillance process 
among a cohort of cirrhotic patients with HCC. They 
classified reasons for failure into four categories: failure 
to recognize liver disease, failure to recognize cirrhosis, 
failure to order surveillance, and failure to complete 
surveillance despite orders. Their data showed underutil-
ization of HCC surveillance with only one in five 
patients received surveillance prior to HCC diagnosis. 
There were multiple points of failure in the surveillance 
process, with the most common being failure to order 
surveillance in patients with known cirrhosis (38%).[43]

Similar results were shown in a multi-centre cross-
sectional study of patients at-risk for HCC in Argentina. 
The study evaluated HCC surveillance throughout the 
entire process: risk assessment, implementation of 
surveillance, and performance of surveillance to detect 
HCC at an early stage. The study illustrated several 
pitfalls in the HCC surveillance process: 25% of patients 
are unaware of their risk for HCC, only 43% of at-risk 
patients are under surveillance at time of HCC diagnosis, 
and surveillance fails to detect HCC at an early stage in 
25% of patients.[46]

HCC surveillance failure was also addressed in a large 
retrospective cohort study from USA. The study 
included 1,014 patients with cirrhosis with HCC. The 
authors categorized reasons for screening underuse as a 
potential failure at each of the following steps required 
for HCC screening: receipt of regular outpatient care, 
recognition of liver disease, recognition of cirrhosis, 
screening orders in patients with cirrhosis, and 
adherence to screening ultrasound appointments.

The study concluded that the most common reasons for 
HCC screening underuse in patients with cirrhosis are 
lack of regular outpatient care and lack of screening 
orders in those with known cirrhosis. Remarkably from 
the findings of the study that nearly two thirds of 
patients failed to have regular outpatient care before 

HCC diagnosis, with over one third not having any prior 
PCP or gastroenterology visits.[47]

EFFECTIVENESS OF HCC SURVEILLANCE

The World Health Organization and American College 
of Physicians emphasize that “screening is not a single 
test but a comprehensive intervention with a cascade of 
subsequent events of either benefit or harm”.[48,49]

Proper screening for HCC is a continuum of services, 
extending from initial patient screening, diagnosis, 
treatment and ultimately surveillance. As one may 
expect, there are numerous chances for failure in the 
delivery of cancer screening care.[50]

BENEFITS OF HCC SURVEILLANCE

The intended benefits of entering a patient into a 
surveillance programme are clear. The aim is to detect 
early cancers in at-risk groups and enable potentially 
curative treatments for this group of patients. More 
specifically, the aim is to detect cancers which are less 

than 2–2.5 cm which can be treated with ablative 
strategies, as treatment in this group has demonstrated 
significant survival benefit.[51]

One meta-analysis, published by Singal et al. in 2014, was 
the systematic review to quantitatively evaluate the 
benefits of HCC screening. It included 47 observational 
studies that compared the proportion of early HCC and 
3-year survival rate between HCC screening and no 
screening groups in cirrhosis patients. They concluded 
that HCC surveillance is associated with significant 
improvements in early tumour detection, receipt of 
curative therapy, and overall survival in patients with 
cirrhosis.[12]

In addition, another meta-analysis published by Singal et 
al. in 2021 was an update of the meta-analysis published 
in 2014, which evaluated the benefits and harms of HCC 
screening in patients with cirrhosis from cohort studies. 
In terms of benefit outcomes, it reported HCC 
surveillance is associated with improved early detection, 
curative treatment receipt, and survival in patients with 
cirrhosis, although there was heterogeneity in pooled 
estimates.[52]

Recently, comparable results were recorded by a recent 
meta-analysis that included 67 studies (including four 
RCTs and 63 cohort studies). The meta-analysis of 
RCTs showed HCC screening was significantly 
associated with reduced HCC mortality, prolonged 
overall survival rates, increased the proportion of early 
HCC detection. Similarly, meta-analysis of cohort studies 
indicated HCC screening was more effective than non-
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screening. However, pooled proportion of physiological 
harms was 16.30% and most harms were of a mild to 
moderate severity.[53]

A retrospective cohort study from USA assessed the 
effectiveness of surveillance for HCC in clinical practice. 
The study showed that patients who received 
surveillance were significantly more likely to have early-
stage disease HCC and receive potentially curative 
(20.9% vs. 11.6%) or palliative (59.2% vs. 45.5%) 
treatments compared to those without HCC 
surveillance. Receipt of HCC surveillance was associated 
with 38% reduction in overall mortality risk that 
declined to 20% after adjusting for HCC stage and 
treatment ,  compared to those without  HCC 
surveillance.[54]

A large cohort of 1074 cases in the Netherlands revealed 
that Surveillance for hepatocellular carcinoma was 
associated with smaller tumor size, earlier tumor stage, 
with an impact on therapeutic strategy and was an 
independent predictor of survival.[55]

HARMS OF HCC SURVEILLANCE

When considering the risk versus benefits of HCC 
surveillance we must consider the possible harm to the 
patient. Such concerns include false-positive testing 
resulting in unnecessary and risk-associated procedures 
such as liver biopsy, overdiagnosis of HCC among 
patients with cirrhosis, as well as false-negative investig-
ations resulting in delayed diagnosis of HCC.[56]

There are many types of harms that should be 
considered when evaluating a cancer surveillance 
program, including the potential for physical, financial, 
and psychological harms. Physical harms can result from 
surveillance or follow-up testing and extend beyond 
medical complications to include discomfort. Financial 
harms can include anticipated or actual costs of 
surveillance and diagnostic evaluation, plus indirect costs 
such as missed work. Psychological harms can occur at 
any step of the surveillance process and include 
anticipation or fear of abnormal results; reactions of 
depression, anxiety, or cancer-specific worry after 
positive results; and psychological effects of being 
labelled with a diagnosis.[56]

The different types of harms are shown in Table 4 
adapted from Rich et al. and Korenstein et al.[57,58]

Physical harms
Potential physical harms may result from initial 
screening tests as well as subsequent diagnostic testing 
for positive results, both invasive and non-invasive. 
These harms may range from relatively minor in severity 

(i.e., patient discomfort with venipuncture) to moderate 
(i.e., radiation exposure, minor bleeding) to more severe 
(i.e., requiring hospitalization or resulting in permanent 
disability or death).[59] A retrospective cohort study of 
680 patients with cirrhosis showed that over 25% of 
patients with cirrhosis experience physical harm for false 
positive or indeterminate surveillance tests—more often 
related to ultrasound than AFP.[60]

In another single-centre study which included 999 
patients undergoing HCC surveillance, they studied the 
benefits and harms of HCC surveillance. In view of 
benefits of an HCC Surveillance Program, the study 
achieved serial surveillance at 46%, which is higher than 
those reported in literature. Further 78% of patients 
diagnosed with HCC were diagnosed at an early stage 
within Milan criteria. The study found that surveillance 
can also create harms, with indeterminate nodules IN 
(any lesion more than 1 cm in diameter that could not be 
categorized as definitely benign or definite HCC on 
cross-sectional imaging) being identified in 26% of 
patient's undergoing surveillance, and with 73% of those 
did not result in a diagnosis of HCC. This study 
addressed only the physical harms and did not assess the 
psychological or financial harms.[61]

Psychosocial harms
Cancer screening may result in psychological harms at 
any point along the screening “cascade” and have 
deleterious effects on patients’ quality of life. For 
instance, a patient may experience harm prior to the 
screening test (due to anxiety about a potential positive 
result), while awaiting test results, after a positive 
screening test result while awaiting diagnostic testing, 
after a diagnosis of cancer is made, during cancer 
treatment, and following cancer cure (due to concern 
about recurrence). These harms may range in severity 
from mild anxiety to severe depression, or even 
suicide.[62]

Receiving a cancer diagnosis is a stressful event, and 
patients may experience adverse psychological 
consequences from being labelled as a “cancer patient”. 
A systematic review of 35 quantitative studies concluded 
that labelling is a potential psychological harm of 
screening. It is a real phenomenon that has been 
underappreciated and understudied.[63]

Patients with false-negative screening tests may 
experience significant psychological distress after an 
eventual (delayed) cancer diagnosis is made. Further, 
patients with false-positive screening tests may be less 
likely to participate in subsequent cancer screening.[64]

Financial harms
The cost effectiveness of surveillance programmes in a 
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Table 4: Different types of harms of screening for HCC adapted from Rich et al. and Korenstein et al.[57,58]

Domain Description Examples

Physical Temporary or permanent pain, injury, illness, or impairment Pain from venipuncture 
Contrast-induced nephropathy following CT 
Bleeding after liver biopsy from false positive ultrasound

Psychosocial Negative emotions, mood symptoms, or psychiatric disorder 
Disruption of relationships, altered social identity or status owing to a 
medical condition

Fear that screening test will be positive 
Anxiety following positive ultrasound while awaiting CT/MRI results 
Depression about cancer diagnosis and “labeling” as a cancer patient

Financial Patient-level: Monetary costs, including treatment expenses, nonmedical 
expenses incurred while obtaining treatment and indirect costs due to 
loss of productivity 
Society-level: Costs to healthcare system

Direct cost of screening test and downstream testing after a positive 
test 
Opportunity cost related to missed work during follow-up testing

Overdiagnosis Detection of pre-malignant lesion 
Detection of indolent cancer 
Detection of cancer in patient with high competing mortality risk

Biopsy of lesion detected by screening reveals dysplastic nodule 
Small HCC detected with slow tumor doubling time in a patient that 
eventually dies with, not from HCC 
HCC detected in a patient with decompensated cirrhosis that is not a 
candidate for locoregional therapy due to poor liver function; patient 
dies of sepsis

healthcare system should be considered as the health 
system is already underfunded and under-resourced at 
present. The potential financial harms of cancer 
screening include not only the direct costs of screening 
tests and downstream diagnostic testing, but also travel 
costs and costs related to missed work for undergoing 
investigations or follow-up clinic appointments.

Data from a study presented by Singal et al.[65] found that 
patients with cirrhosis in the United States have 
substantial financial burden and this is associated with 
underuse of surveillance for HCC. The patients included 
in the study reported many barriers which included 
testing costs and difficulties with the scheduling process. 
11.8% reported they needed to borrow money or go into 
debt to pay for care, 24.4% said they were unable to 
afford copays or deductibles, and 42.8% expressed 
worry about being able to pay their medical bills.

In the recently published NICE guidance a new health 
economic evaluation was undertaken. It did not support 
surveillance at the £20,000 per quality-adjusted life year 
(QALY) threshold that is typically used by NICE but the 
recommendation for surveillance use was justified on the 
basis that implementation was already widespread.[66]

O V E R D I A G N O S I S  I N  C A N C E R  
SCREENING

Overdiagnosis can have serious negative consequences 
including overtreatment and associated complications, 
financial toxicity, and psychological harms related to 
being labelled with a cancer diagnosis. Overdiagnosis 
can occur for several different reasons including 
inaccurate diagnostic criteria, detection of premalignant 
or very early malignant lesions, detection of indolent 
tumors, and competing risks of mortality. The risk of 
overdiagnosis is partly mitigated, albeit not eliminated by 

several guideline recommendations, including definitions 
for the at-risk population in whom surveillance should 
be performed, surveillance modalities, surveillance 
interval, recall procedures, and HCC diagnostic 
criteria.[67]

Many HCC tumors are diagnosed at an asymptomatic 
stage; however, treatment for a small, screen-detected 
HCC can result in significant morbidity and mortality. 
Curative and palliative treatments can result in 
prolonged survival in well-selected patients but may 
result in complications and debility, resulting in poorer 
QOL without a concomitant increase in survival, in 
poorly selected patients and those with overdiagnosed 
tumor. Overdiagnosis leads to misleading and incorrect 
information about screening tests. For instance, overdia-
gnosis not only overestimates disease incidence and 
inflates survival statistics, but also the sensitivity, 
specificity, and positive predictive value of a particular 
screening test.[57]

E M E R G I N G  H C C  S U R V E I L L A N C E  
METHODS

Emerging imaging techniques
Contrast-enhanced ultrasound: CEUS is a real-time 
dynamic imaging technique, which enables the use of US 
to assess the contrast-enhancement patterns of FLLs in 
real time, without ionizing radiation and with a much 
higher temporal resolution than is possible with CT and 
MRI.[68] In a prospective, multicentre, randomized, 
controlled study of 23 institutions, the average size of 
HCCs detected by CEUS was significantly smaller than 
the size of HCCs detected by B-mode ultrasound, 
suggesting that CEUS is superior to B-mode ultrasound 
for early detection. The study recommended CEUS as 
first-line screening tool for HCC in patients with liver 
cirrhosis, especially those with very coarse liver 
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parenchyma.[35]

Another prospective multicentre diagnostic study has 
reported that the use of CEUS for HCC surveillance 
reduced the false referral rate without a significant 
improvement in the detection rate of early-stage hepato-
cellular carcinoma for surveillance.[69]

Contrast-enhanced CT and MRI: Overall, MRI has a 

sensitivity of 77%–100% for detecting nodular HCC 

while CT has a sensitivity of 68%–91%. However, the 

sensitivity is only 45%–80% with MRI and 40%–75% 

with CT for lesions measuring 1–2 cm and it is close to 
100% for lesions larger than 2 cm.[70]

Multiphase, contrast-enhanced, cross-sectional imaging 
modalities such as CT or magnetic resonance imaging 
(MRI) are not recommended as first-line surveillance 
methods due to their lower availability, higher cost, 
exposure to radiation (CT) and contrast material (CT 
and MRI), and poor patient tolerance (MRI).[36]

AASLD recommends utilizing CT or MRI for HCC 
surveillance in select patients with inadequate ultrasound 
or those with a high likelihood of having an inadequate 
ultrasound,[8] while EASL recommends using CT or 
MRI for HCC surveillance in high-risk patients on the 
liver transplant waiting list.[9]

(18F) fluoro-2-deoxy-D-galactose positron emission 
tomography/computed tomography (FDGal PET/CT): 
The use of FDGal PET/CT was first demonstrated in a 
small study of 39 patients. The study revealed that it has 
great clinical potential as a PET tracer for detection of 
extra- but also intra-hepatic HCC. The specificity of 
FDGal PET/CT was 100% with known or suspected 
HCC and demonstrated high specificity (100%).[71]

FDGal PET/CT has limited value in the diagnosis of 
HCC since most HCCs are not highly metabolically 

active. For this reason, PET can miss 30%–50% of HCC 
lesions.[9]

Novel serum HCC biomarkers: Serum HCC biomarkers 
can be classified into 3 categories: tumor proteins, 
micro-RNA markers and immune markers.

Tumor proteins biomarkers: Because the specificity of 
AFP is relatively low, as it can be elevated in non-HCC 
malignancies and other chronic inflammatory conditions 
of the liver. This limitation has partially been overcome 
by the identification of the biomarker AFP-L3, lens 
culinaris agglutinin-reactive fraction of AFP. Choi and 
colleagues[72] s h o w e d  t h a t  A F P  a n d  A F P - L 3  
combination, adopting cut-off values (5 ng/mL and 4%, 
respectively), significantly improved the sensitivity for 
detecting HCC at a very early stage.

Des-gamma-carboxyprothrombin (DCP), also known as 
prothrombin induced by vitamin K absence II (PIVKA 
II), is an abnormal prothrombin molecule which is 
upregulated in HCC. In a study of 90 patients with 
cirrhosis with US evidence of liver nodules, 40 were 
diagnosed to have HCC at very early/early stages. 
PIVKA-II had 60% sensitivity, 88% specificity, 80% 
positive predictive value (PPV), and 73% negative 
predictive value (NPV), whereas AFP had 67% 
sensitivity, 68% specificity, 63% PPV, and 72% NPV. 
The study concluded that PIVKA-II is a useful tool for 
the diagnostic definition of US-detected liver nodules in 
cirrhotic patients, and it provides high diagnostic 
accuracy for HCC when combined with AFP.[73]

A randomized controlled trial evaluating HCC 
surveillance through ultrasound with or without AFP, 
AFP-L3 and DCP has demonstrated that the association 
of these biomarkers with ultrasound increases sensitivity 
while decreasing specificity.[74] Johnson and his 
colleagues developed a score which includes these 
biomarkers is the GALAD score, an acronym for 
gender, age, AFP-L3, AFP and DCP.[75]

A single centre cohort study of 111 HCC and 180 
controls with cirrhosis, assessed the performance of the 
GALAD score in comparison to liver ultrasound for 
detection of HCC. the GALAD score had a sensitivity 
of 91% and a specificity of 85% for HCC detection. The 
performance of the GALAD score was superior to 
ultrasound for HCC detection. The combination of 
GALAD and ultrasound (GALADUS score) further 
improved the performance of the GALAD score.[76]

Glypican-3 (GPC3), a member of the glypican family 
that attaches to the cell surface by a glycosylphos-
phatidylinositol anchor, is overexpressed in HCC cases 
and is elevated in the serum of a large proportion of 
patients with HCC. GPC3 is specifically expressed in 
HCCs and can be found in HCC patient serum. 
Increased GPC3 can be considered as a sign of HCC 
progression. GPC3 can be used as a serum and 
histochemical marker for diagnosis of early-stage of 
HCC.[77]

MicroRNA Biomarkers: Micro RNAs (miRNAs) are 

small non-coding RNA molecules of approximately 22–
24 nucleotides in length that regulate gene expression 
and are critically involved in the processes of liver 
development during embryogenesis, liver homeostasis 
and liver pathophysiology.[78] miRNAs can be measured 
by molecular biology methods, like quantitative 
polymerase chain reaction (PCR), microarray or RNAseq 
analysis. Moreover, because miRNAs are small 
molecules, have a high sequence homology among 
family members and low abundance, new methods, such 
as those based on nanomaterials, are being developed 
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for highly sensitive detection of miRNAs.[79]

A recent study evaluated the use of circulating miRNAs 
to identify HCC by analysing serum samples from 345 
patients with HCC, 46 patients with chronic hepatitis 
(CH), 93 patients with liver cirrhosis (LC), and 1,033 
healthy individuals. The study concluded that circulating 
miRNAs could serve as biomarkers for the accurate 
detection of HCC (area under the curve, 0.99; sensitivity, 
97.7%; specificity, 94.7%). Because diagnostic accuracy 
was maintained even in stage I, this may represent an 
accurate detection method even for early-stage HCC.[80]

Immune biomarkers: Transforming growth factor β 

(TGF-β1) acts as a growth inhibitor in normal cells, 
whereas in tumor cells, it loses the ability to mediate 
growth inhibition and instead promotes tumor 
progression by enhancing migration, invasion, and 
survival of tumor cells.[81]

An Egyptian study[82] aimed to evaluate the association 

of serum levels of TGF-β1 with HCC disease severity. 

Serum levels of TGF-β1 were significantly higher in 

patients with HCC (1,687.47 ± 1,462.81 pg/mL) than 

cirrhotics (487.98 ± 344.23 pg/mL, P < 0.001) and 

controls (250.16 ± 284.61 pg/mL, P < 0.001). The study 

concluded that TGF-β1 may have a role in tumor 
growth and progression.

Other studies have addressed TGF-β role as a biomarker 
in HCC in combination with the expression of other 
proteins or mRNA and not as a stand-alone 
biomarker.[83]

Osteopntin (OPN) is highly expressed in tumor tissues 
and is present in the serum of many patients with 
malignant tumors (including liver cancer).[84] In a meta-
analysis, the area under ROC curve of serum OPN in 
diagnosis of HCC was higher than that of alpha-
fetoprotein (AFP).[85]

Evaluation of osteopontin as a biomarker in Hepato-
cellular Carcinomas in Egyptian Patients with Chronic 
HCV Cirrhosis revealed that the serum OPN levels were 
significantly higher in the HCC group compared to 
normal group (P = 0.009), with a strong positive 
correlation with AFP expression. However, there was no 
significant difference between OPN expression in tumor 
and non-tumor liver tissue. The study concluded that 
serum OPN is highly suggested to be a professional 
candidate for HCC early diagnosis, with a diagnostic 
ability and accuracy equal or higher than for AFP.[86]

Recently, serum pentraxin 3 also has been suggested as a 
candidate biomarker of HBV-induced HCC in a study 
from China. Evaluating the serum pentraxin 3 levels in 

107 patients with HCC in comparison to 159 chronic 
HBV and 99 cirrhotic patients demonstrated that 
pentraxin 3 was highly discriminative of AFP-negative 
and early-stage HCC, and the diagnostic performance of 
pentraxin 3 was superior to AFP.[87]

The concept of liquid biopsy refers to the release and 
molecular analysis of tumor components, mostly nucleic 
acids, circulating tumor cells (CTCs) and extracellular 
vesicles (EVs), which are released by tumors to the 
bloodstream or other body fluids.[88]

Liquid biopsy represents a novel, minimally invasive, 
powerful tool for biomarker discovery in HCC, with the 
potential to significantly change decision-making in the 
short term.[89] Liquid biopsy seems to be a very 
promising instrument and, in the near future, some of 
these new non-invasive tools will probably change the 
clinical management of HCC patients.[90]

LIMITATIONS OF HCC SURVEILLANCE

HCC surveillance process should be considered as an 
integrated whole system, rather than just screening tests. 
There should be a process that includes identification of 
the at-risk group(s), application of the test, appropriate 
recall procedures and a process in place to manage 
diseases discovered by screening. Thus, failure of HCC 
screening can be looked at from the point of view of the 
program, or from the point of view of the individual 
who suffered a failure of screening.[91]

The surveillance program failure was discussed in detail 
under the section of surveillance utilization.

From an individual’s perspective, surveillance failure can 
occur at different steps; failure to detect HCC at an early 
stage where curative options are available, failure of 
recall strategies or failure to deliver a suitable treatment 
at timely manner after detection.[91]

Studies of resection and local ablation suggest that the 
likelihood of cure starts to diminish once the HCC is 
between 2 and 2.5 cm in diameter.[92,93]

A population-based study to determine the relationship 
between tumor size at diagnosis and pathological grade, 
surveillance, epidemiology, and treatment selection. 
Multivariable Cox regression analysis identified tumor 
size at diagnosis as an independent predictor of survival 

risk (tumor size of 0.1–2.0 vs. 2.1–5.0 and 5.1–10.0 vs. 

10.1–20.0 cm, respectively, with HR of 1.00 vs. 1.66 vs. 
2.92 vs. 3.67, respectively).The study concluded that 
tumor size at diagnosis could be used as an independent 
risk predictor associated with histological grade, stage, 
selection of surgery, and survival in HCC.[94]
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AFP is the most used surveillance marker but is the least 
sensitive. A test that indicates advanced disease cannot 
also be a marker of early-stage disease. Many authors 
have evaluated the relation between AFP levels and 
HCC size. Saffroy et al. discovered that larger tumors 
presented with higher AFP levels, while a wide 
proportion of small HCCs (80%) had normal AFP. The 
sensitivity of this marker was higher when nodules 
exceeded 3 cm in diameter (52% compared to 25% in 
tumors below 3 cm).[95]

The recommended screening tool for HCC surveillance 
is the ultrasound. Surveillance ultrasound detected most 
tumors before they presented clinically, with a pooled 
sensitivity of 94%. However, ultrasound was less 
effective for detecting early HCC with a sensitivity of 
63%. Alpha-fetoprotein provided no additional benefit 
to ultrasound.[96]

Another study evaluated the ultrasound quality for 
hepatocellular carcinoma surveillance. The study 
revealed that one in 5 ultrasound exams in the cohort of 
patients with cirrhosis were of inadequate quality for 
HCC surveillance. The most common reasons for 
inadequate quality were rib shadowing and inadequate 
ultrasound beam penetration. Obesity, Child Pugh B or 
C cirrhosis, and alcohol or NASH-related cirrhosis are 
associated with inadequate ultrasound quality, with these 
patients having inadequate exams in over one-third of 
cases.[97]

A matched case-control study within the US Veterans 
Affairs (VA) health care system found that screening 
patients with cirrhosis for HCC by abdominal ultrasono-
graphy (USS), measurement of serum level of AFP, 
either test, or both tests was not associated with 
decreased HCC-related mortality.[98]

IMPROVING HCC SURVEILLANCE 
OUTCOMES

It is important to consider surveillance as a program 
rather than the provision of surveillance tests alone. This 
should include identification of the at-risk population, 
determining the optimal tests(s) and surveillance interval, 
and establishing the optimal recall strategy. The recall 
strategy includes when and how to investigate abnormal 
surveillance test results and to come to an appropriate 
diagnosis. Improvements in any of these components 
could eventually enhance the outcomes achieved with 
surveillance programs.[99]

Failure to identify at-risk patients is strongly associated 
with advanced HCC stage at diagnosis and may be 
related to patient evaluation by non-specialist care 
providers.[100]

To overcome the failure in identification of high-risk 
groups, a couple of measures should be implemented. 
The use of electronic medical records to facilitate the 
recognition of patients with abnormal liver functions, 
positive viral markers and the assessment of non-
invasive laboratory markers of liver disease.

Abnormal tests must be recognised, and appropriate 
investigations initiated. There is evidence that many 
steps along this pathway are carried out poorly. In one 
study only about 2% of patients with cirrhosis 
underwent bi-annual surveillance.[101]

Cirrhosis is essentially silent until liver failure 
supervenes. Nonetheless, there are clues such as elevated 
alanine aminotransferase (ALT), a falling platelet count, 
coarse appearance of the liver on ultrasound and 
abnormal albumin or international normalised ratio that 
should lead to further investigation.[99]

Reduce under-recognition of HCV-positive cases should 
be avoided. Centres for Disease Control and Prevention 
recommended one-time testing for anti-HCV for people 
born between the years 1945 and 1965, a period of time 
when the highest incidence of HCV was found.[102]

Primary care providers (PCPs) have misconceptions 
about tests to detect HCC that contribute to ineffective 
surveillance. Reported barriers to surveillance include 
suboptimal knowledge about guidelines, indicating a 
need for interventions, including provider education, to 
increase HCC surveillance effectiveness.[103]

Failure to access care and patients’ adherence is not 
considered a major barrier to HCC screening. To 
overcome this difficulty, there is a great role for the 
health care systems. The government health care 
authorities should cover patient expenses and offer more 
screening tests and shorter screening intervals. This 
eventually will end up with a higher compliance to HCC 
surveillance.

Failure of detection of HCC is another issue in 
surveillance. To overcome the limitations of US as a 
screening tool, CT or MRI-based surveillance has been 
proposed. MRI proved the best method of surveillance 
for early HCC (sensitivity of 83.7%) but high costs, long 
scan times and low availability prevent the widespread 
use of MRI as an imaging technique for screening.[37]

After detection of an abnormality there is the recall 
procedure. This includes a definition of what severity or 
type of abnormality constitutes a result warranting 
further intervention, and what the intervention should 
be. In order to avoid pitfalls of the recall procedure, 
much research have been conducted to improve the 
tools of HCC surveillance.
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An abbreviated MRI protocol (AMRI) which comprises 
two sequences performed approximately 20 mins after 
the intravenous injection of gadoxetate disodium can be 
performed at a lower cost in a shorter time than a 
complete examination, thus making it more suitable for 
routine HCC surveillance.[104] In a recent mathematical 
model, biannual contrast enhanced AMRI showed a 
higher sensitivity than US and proved affordable when 
applied to high-risk patients, resulting in improvement 
of early tumor detection in a cost-effective manner.[105]

To improve the reporting of imaging of liver nodules, 
the American Radiological Society devised a set of 
reporting guidelines that classified the risk of a lesion 
being HCC from Li-RADS® (Liver Imaging Data and 
Reporting System) 1 (benign) to Li-RADS 5 (definitely 
HCC).[106]

F U T U R E  D I R E C T I O N S  A N D  H C C  

SURVEILLANCE

In the era of precision medicine and limited resources, 
screening programs have to accomplish the difficult task 
of personalized surveillance according to the risk of 
disease since HCC risk is not uniform across all patients 
with the same clinical conditions such as cirrhosis owing 
to different etiologies.[107]

Several risk scores have been developed for hepatitis B. 
Among them the risk estimation for hepatocellular 
carcinoma in chronic hepatitis B (REACH-B)[108] and the 
platelets, age, gender in chronic hepatitis B (PAGE-B).
[109] A risk score for HCV patients has been developed 
using the hepatitis C antiviral long-term treatment 
against cirrhosis (HALT-C) cohort.[110]

To further refine HCC prediction, the combination of 
serum concentrations of three biomarkers (AFP, AFP-
L3% and DCP), with patient sex and age has been 
proposed as a diagnostic model (GALAD).[75]

Development of artificial intelligence (AI) provides a 
unique set of novel tools to aimed at solving the 
problems within HCC surveillance and improve HCC 
detection, characterisation, prediction of survival and 
treatment outcomes. AI will revolutionise the way we 
detect and characterise HCC, as well as predict the 
course of its development, however, it is stil l 
experimental.[111]

Health care professionals must learn the true usefulness 
of AI and accept the need for its coexistence with the 
indispensable need for human evaluation, accepting that 
AI is here to support human intelligence, never to 
replace it.[112]

CONCLUSION

Surveillance in high-risk patients is critical for early 
detection of HCC, which leads to higher chances of 
curative treatment and prolonged survival. Biannual 
ultrasound with or without AFP remains the standard 
surveillance method endorsed by major societies. 
Although there is evidence of the benefits of HCC 
surveillance in terms of improved cancer mortality, The 
current HCC surveillance strategy has its own 
limitations, harms and is underutilised. The significant 
under-utilization of HCC surveillance is a major 
problem. Widespread patient/provider education and 
outreach efforts are necessary to make sure the at-risk 
patients receive the benefits of HCC surveillance while 
minimizing the potential physical, financial, and psycho-
logical harms. In addition, the rapid developments in AI 
technology may greatly improve individualized HCC risk 
prediction and interpretation of imaging studies. More 
studies are still needed to implement new modalities for 
surveillance and to improve its quality to cope with 
future scenarios where the aetiology of cirrhosis is 
changing and the population at risk is becoming larger.
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