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The burden of hepatocellular carcinoma (HCC), accounting for the majority of primary liver cancers and a major complication of liver cirrhosis, is substantial – ranking
third in cancer-related deaths worldwide.1 In the UK, the incidence of liver cancer has
risen considerably over the last decade, with 5,736 new cases in 2015.2 Mortality rates
have also increased, with ~5,417 deaths reported in 2016. This is particularly poignant
given that up to 49% of UK cases of HCC are considered preventable ones.3 Many of
these patients present with advanced stage disease, where a lack of effective therapies
contributes frequently to death within a year.4
The term “surveillance” can be defined as the regular implementation of a diagnostic test to individuals at risk of developing a given disease. The principal aim of
surveillance programs is to reduce disease-related mortality, the success of which can
be influenced by the incidence of the disease in question in the individuals deemed to
be at risk – the “target population,” the availability of a cheap and efficient test that
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Abstract: Hepatocellular carcinoma (HCC) is the most common primary liver cancer and
usually occurs in people with liver cirrhosis. Both the incidence and mortality of HCC are
increasing worldwide, making it a growing public health issue. HCC diagnosed at an early stage
has a far better prognosis than HCC diagnosed at a late stage, mainly because early stage HCC
can be treated with potentially curative therapies such as resection and transplantation. This
makes surveillance for HCC in patients with liver cirrhosis an important strategy in improving
outcomes. Serial measurements of serum alpha fetoprotein (AFP) and abdominal ultrasound
(US) are the established methods of surveillance. Surveillance using a combination of these
techniques has reasonable sensitivity and specificity and reduces mortality from HCC by varying degrees, depending on the patient population. However, there are potential harms. The main
harms result from false-positive and false-negative results. False-positive results commit patients
to undergo further, potentially invasive and ultimately unnecessary diagnostic testing – which
has both financial and emotional costs. False-negative results can have devastating consequences
for patients who later present with more advanced HCC. Obesity is increasingly prevalent and
reduces the sensitivity of US in detecting HCC. Obesity-associated non-alcoholic fatty liver
disease (NAFLD) presents an additional challenge, where HCC can develop in the absence of
cirrhosis. As surveillance with US and AFP is not cost-effective in NAFLD without cirrhosis,
it is not advocated. These aspects will be reviewed.
Keywords: hepatocellular carcinoma, liver cirrhosis, surveillance, NAFLD, screening
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is acceptable to the target population, and the availability of
effective treatments if the disease is discovered.
For patients with HCC, where the majority arise in the
presence of cirrhosis, there are curative or effective therapies
for tumors detected at an earlier stage. Detecting early cancers
in patients fit enough to have these therapies can have a major
impact on mortality. This review summarizes the changing
trends in the epidemiology of liver diseases underlying the
development of HCC and focuses on the role of surveillance
in patients at risk, detailing the benefits, but also the limitations in different groups of patients.

The changing epidemiology of HCC
There are several risk factors for liver cirrhosis, including
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections, alcohol-related liver disease (ARLD), and obesityrelated non-alcoholic fatty liver disease (NAFLD). Other
causes include cholestatic and autoimmune liver diseases,
metabolic liver diseases, and cryptogenic cirrhosis. In Asian
and African nations, viral etiologies are more common.
Their prevalence varies in European countries and in Italy
and Spain, where there is a relatively higher HCC incidence
and mortality, the differences have been attributed to the
prevalence of HCV.5 In the UK, where the prevalence of viral
hepatitis is lower, ARLD and NAFLD cirrhosis pose a bigger challenge and are responsible for the dramatic increases
in both incidence of HCC and mortality attributed to HCC
over the last 10 years.4–6 Furthermore, data generated by
Cancer Research UK suggest that the incidence of primary
liver cancer is likely to continue increasing in the UK – at
least for the next 20 years, as a result of widespread obesity.7

Risk of HCC in cirrhosis
The pathophysiology of HCC is a multifactorial event.
Hepatic inflammation, necrosis, fibrosis, and ongoing regeneration characterize the cirrhotic liver and contribute to HCC
development. Approximately 2%–7% patients with cirrhosis
are reported to develop HCC annually, although the risk
attached to different etiologies varies.8,9 When considering
the effectiveness and costs of a surveillance strategy, it is
worth considering this variation.
Worldwide, ~80% of HCC cases are attributable to
chronic HBV and/or HCV infection, especially in the setting
of advanced fibrosis and established cirrhosis.10 In China, several meta-analyses have demonstrated a 15–20 times greater
risk of HCC among HBV-infected individuals compared with
the uninfected population.11 Moreover, increased incidence
and mortality rates of HCC have been reported in countries
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with chronic HBV infection prevalence >2%.12 The lifetime
risk of HCC among chronic HBV patients is estimated to
be 10%–25%. Interestingly, 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.12 The risk of HCC in treated
patients with HBV E-antigen seroconversion or suppressed
HBV replication is lower, but not eliminated.13 Prospective
studies have also shown a markedly increased risk of HCC
in HCV-infected patients. In Japan, ~70% of cases diagnosed
with HCC over the last 10 years were HCV antibody (HCV
Ab)-positive.14 In Korea, 10%–20% of HCC patients are
positive for HCV Ab. A meta-analysis of case–control studies suggested that individuals positive for HCV Ab have a
17-fold increased risk of developing HCC compared with
those negative for HCV Ab.15 Similar to patients with HBV,
patients treated successfully for HCV are also growing in
number and while viral clearance markedly reduces their
risk, again, it is not eliminated.16
The 5-year cumulative risk of HCC in an individual with
ARLD cirrhosis is reported to be ~8%.17 While this is less
than that for patients with viral hepatitis, it is an important
cause of HCC in regions where alcohol excess is common.4
Consequent to a global epidemic of obesity, NAFLD
now affects a large proportion of the world population and
both its incidence and prevalence are increasing.6 Although
only a minority of patients with NAFLD progress to cirrhosis, NAFLD is now so widespread that it has become the
commonest cause of cirrhosis in western nations.18–20 The
risk of HCC in NAFLD cirrhosis is estimated at 2.6% and
NAFLD cirrhosis now typically accounts for 10%–14% of
HCC cases in Europe or North America.21–23 In Northern
England, the number of HCC cases referred to the tertiary
center in Newcastle upon Tyne has increased over tenfold
with NAFLD accounting for 35% of cases.4
Cumulative evidence on which the recommendations
in the recently published European Association for Study
of the Liver (EASL) guidelines were based suggests costeffectiveness where the incidence of HCC in cirrhotic patients
exceeds 1.5% per year – which includes all cirrhotic patients
regardless of their underlying etiology.24

Risk of HCC in non-cirrhotic patients
A large cohort study published by Giannini et al in 2013
reported that 52 of 3,027 cases (1.7%) of HCC were found
in non-cirrhotic livers.25 Notably, these patients were more
likely to present at a more advanced tumor stage, associated

Journal of Hepatocellular Carcinoma 2019:6

Journal of Hepatocellular Carcinoma downloaded from https://www.dovepress.com/ by 3.237.94.109 on 24-Sep-2020
For personal use only.

Dovepress

with a poorer prognosis. Therefore, while cirrhosis is clearly
the most important risk factor for HCC development, there
are some identifiable groups of patients without cirrhotic
liver disease who have an elevated risk of developing HCC.
As these patients may have better preserved liver function
with more opportunities for curative interventions for early
stage disease, cost-effectiveness may justify surveillance in
some of these groups even if the incidence is <1.5%. Hence
there is a need to consider these groups carefully.
HBV can have oncogenic effects as a consequence of its
integration into the human genome, and therefore, patients
with chronic infection have an elevated risk of developing
HCC even in the absence of cirrhosis. The risk is reportedly
elevated in the presence of higher levels of HBV replication
and is higher in males and also in Asian and African countries, as compared to western countries.26 For patients with
chronic HCV, those with more advanced or bridging fibrosis
falling short of cirrhosis have a higher risk of HCC.27 For
these groups of patients with viral hepatitis without cirrhosis,
surveillance is justifiable.
The epidemiology and natural history of NAFLD-HCC
are presently unfolding, with the numbers of patients with
NAFLD-HCC without cirrhosis steadily increasing and
reported to be as high as 25%–45% in some series.4,28 While
these numbers are substantial, the population at risk is very
large and an individual patients’ risk of developing HCC in
the presence of non-cirrhotic NAFLD is actually very small.29
In patients with type 2 diabetes, who have an elevated risk
compared to the general population, the risk is still smaller
– estimated to be in the region of 0.8/1,000 patient-years.30
Consequently, surveillance in NAFLD patients without
cirrhosis, or patients with obesity or type 2 diabetes in the
absence of cirrhosis, is not advocated.

Benefits of surveillance
As outlined above, HCC is a substantial cause of death worldwide, with the majority of cases presenting at advanced and
incurable stages. As there are effective curative therapies for
early stage cases, and the majority of cases arise in individuals with a known predisposing condition, an acceptable test,
applied regularly to a fit target population known to have an
elevated risk could potentially have a major positive impact
on mortality.
The tests most commonly used for HCC surveillance
include a serum measurement of tumor marker alpha fetoprotein (AFP) and an abdominal ultrasonography (US).24 In
a population-based Chinese study targeting a region with a
high prevalence of HBV, all the villages in the region were
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randomized either to receiving US and AFP measurements
every 6 months or to “no surveillance.” Despite a compliance
rate of only 55% in the surveillance arm, HCC mortality was
reduced by 37% – as a result of a greater detection of earlier
stage lesions and a higher rate of curative resection.31 This was
a randomized controlled trial, providing the strongest level of
evidence in favor of a benefit for HCC surveillance. While
highly encouraging, the study by Zhang et al described above
is the only published randomized controlled trial addressing
the benefit of surveillance vs no surveillance. It was population based in a region with a significant mortality attributed
to HBV-HCC, and its positive outcome should not necessarily
be assumed to be representative of other target populations
– perhaps where the relative risk in the target population, the
fitness to undergo curative treatments, and the sensitivity of
US and AFP as diagnostic tests may be lower. Performing
additional RCTs may well have been worthwhile from a costeffective viewpoint, but the ethical dilemma of randomizing
patients at risk to a non-surveillance arm has been a major
hindrance. Instead, there have been other types of studies,
including cohort studies exploring the impact of surveillance
in individuals with cirrhosis.32,33 In addition, there have been
high-quality studies in cirrhotic patients, comparing 3-, 6-, and
12-month surveillance intervals.34,35 There have also been cost
utility analyses. A UK-based study using a decision analytic
model suggested that 6-monthly US had an incremental costeffectiveness ratio of around £30,000 per quality-adjusted
life year (QALY).36 Adding AFP to 6-monthly US reportedly
increased the cost to £60,100 per QALY, as the additional
pick up rate of 6%–8% was thought not to counteract the
increased rate of false-positive results and additional diagnostic testing.37 North American studies have modeled US with
or without AFP to cost around $30,000 per QALY.38,39 Annual
computed tomography (CT) and magnetic resonance image
(MRI) surveillance were estimated to cost between $25,323
and $50,000 and $118,000 per QALY, respectively.38,39
In combination, these studies have largely reinforced the
benefit of surveillance in cirrhotic patients, and the 6-month
interval with US, possibly in conjunction with AFP, is widely
promoted.40–42 International guidelines on the surveillance of
HCC are summarized in Table 1. The benefits of surveillance
are summarized in Table 2.

The limitations of surveillance and its
potential harms
Much of the criticism of surveillance programs stem from
the lack of evidence underpinning its widespread application
in individuals where the true efficacy and cost-effectiveness
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Table 1 Summary of current international guidelines on HCC surveillance
Guidelines
AASLD 2018
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APASL 201741

EASL 201824

ESMO 201842

Surveillance population

Surveillance modality

Surveillance interval

All patients with liver cirrhosis except patients with Child–Pugh stage
C cirrhosis unless on transplant waiting list
All patients with cirrhosis
Chronic HBV carriers without cirrhosis
• Asian females >50 years
• Asian males >40 years
• Africans >20 years
• Family history of HCC
Cirrhosis Child–Pugh stage A and B
Cirrhosis Child–Pugh stage C awaiting liver transplant
Chronic HBV without cirrhosis at intermediate (10–17) or high risk
(≥18) of HCC according to PAGE-B score
Non-cirrhotic patients with Metavir F3 fibrosis regardless of etiology
All patients with cirrhosis as long as liver function and comorbidities
allow curative or palliative treatment
Chronic HBV and HCV carriers with Metavir F3 fibrosis
Asian chronic HBV carriers with serum HBV-DNA above 10,000
copies/mL

US ± AFP

6 months

US + AFP

6 months

US

6 months

US ± AFP

6 months

Abbreviations: AASLD, American Association for the Study of Liver Disease; AFP, alpha fetoprotein; APASL, Asian Pacific Association for the Study of the Liver; EASL,
European Association for the Study of the Liver; ESMO, European Society for Medical Oncology; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; PAGE-B score, Platelets, Age, Gender, Hepatitis B; US, ultrasound.

Table 2 The benefits vs limitations and risks of HCC surveillance
Benefits of surveillance

Limitations and potential harms of surveillance

Allows diagnosis of HCC at an earlier
stage
Reduces HCC mortality

Limitations in study design of current evidence such as lack of randomized controlled trials and lead
time bias
Financial cost
• Questionable cost-effectiveness
• Cost to health care system
• Cost to patients
Limitations of surveillance tests
• US – operator dependent and sensitivity reduces in patients with central obesity
• AFP – poor sensitivity and poor specificity leading to false-positive and false-negative results
Up to 5% of patients have false-positive results
Harms of false-positive results
• Radiation exposure with cross-sectional imaging
• Contrast risk
• Risk of invasive procedures such as liver biopsy
• Psychosocial harm to patient and family
Although HCC in NAFLD without cirrhosis is increasingly common, the target population is so large,
and the incidence within the population is so small, surveillance in NAFLD patients without cirrhosis
is not cost-effective and is not advocated

Increases the rate of curative resection

US allows detection of other
complications of cirrhosis such as
ascites and portal vein thrombosis

Unarguable value in well-defined target
populations who have a high incidence of
HCC and are fit for intervention

Abbreviations: AFP, alpha fetoprotein; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease; US, abdominal ultrasound.

are unknown. There are numerous supportive studies, but a
well-recognized weakness of cohort studies or case series is
that they often fail to take into account the impact of lead
time and length time bias. Lead time bias refers to an apparent improvement of survival simply because the diagnosis
of cancer is made earlier. Length time bias can occur if there
is an over-representation of patients with slower-growing
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tumors, if those with the most aggressive and rapidly growing
tumors present and die within the surveillance interval and
their data are not captured. While these are valid criticisms,
correction formulas can be applied and a retrospective case–
control study from Italy recently reported that survival benefit
beyond 3 years could confidently be attributed to successful
surveillance rather than lead time bias.43
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The other factor not always appreciated is the impact
of being in a surveillance program on individual patients.
There are cost implication for patients, not just health care
bodies, in terms of time, finances for travel or parking, as
well as hospital visit-related stress. Those in whom HCCs
are detected at an early stage who then undergo curative or
life-prolonging therapies do benefit overall, but this needs
to be interpreted alongside an appreciation of the negative
impact and burden of tests in individuals in whom cancers
are not detected, or in fact where cancers are detected, but at
a stage too late to be of benefit.
For those undergoing surveillance, abdominal US is
a safe and noninvasive test that is acceptable to patients.
However, it is widely appreciated that HCC can be difficult
to detect in cirrhotic livers and its usefulness is operator
dependent.44,45 Detection in centrally obese individuals is
also more challenging, and the test is not as sensitive in these
individuals.46 However, its cost is relatively modest, with an
overall sensitivity that ranges from 58% to 89% and a specificity >90% – which is deemed acceptable for a surveillance
test.47 US also has the capacity to detect other complications
of cirrhosis that may benefit from earlier intervention – such
as subclinical ascites or a portal vein thrombosis.
Serum AFP has been used for decades but has poorer
sensitivity for the detection of early lesions and is in fact no
longer recommended by the EASL guidelines as a surveillance
tool.24 The recently revised AASLD and Asian Pacific Association for the Study of the Liver guidelines suggest that it may
have a role alongside US, although advises noting the rate of
increase rather than just the absolute level, as the latter can be
raised in some individuals with chronic liver disease who do
not have HCC, contributing to the test’s poor specificity.40,41
Despite these negative attributes, the test is cheap and its addition to US reportedly facilitates the detection of an additional
6%–8% of cases overall.48 A recent meta-analysis including
32 studies reported US sensitivity of 84% for all stages of
HCC, although this percentage was notably higher for larger
cancers and significantly lower for early stage cases.49 This
meta-analysis reported that US with and without AFP detected
early stage HCC with 63% and 45% sensitivity, respectively.
Thus, the combination is most likely superior to US alone and
remains standard practice in many centers.49
In addition to patient inconvenience and cost, the added
harms of false-positive tests should also be appreciated. An
US scan detecting a small suspicious nodule, or a slightly
raised AFP, will result in further investigations. A CT scan
to visualize and further characterize a suspected lesion leads
to radiation exposure and requires the use of intravenous
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c ontrast, with an injection and potential renal toxicity. An
MRI scan may be considered as an alternative or in addition
and has no irradiation exposure. However, a contrast injection
is still required, and there is still a small risk to renal function.
In addition, many patients find MRI scans distressing as they
take more time to complete, and the “tunnel-like” environment in which the patient is placed often causes distress and
anxiety. Patients may also be subjected to invasive procedures
such as liver biopsy in order to sample a suspicious lesion, if
scans are insufficient to characterize it confidently.
Having the reassurance that a nodule is regenerative,
or dysplastic requiring heightened observation rather than
an HCC requiring intervention, can be very informative.
Thus, while some may class an additional scan or biopsy
that confirms a non-cancerous lesion as a “surveillance harm
event,” both the clinician and the patient may well value
that information, rather than regard it as resulting from an
“unnecessary” investigation. Not to be forgotten though is
that there are also risks – albeit small – associated with liver
biopsy. These include bleeding, which very occasionally
can be life threatening.44,45 A decision to biopsy a lesion
in a cirrhotic liver should be carefully considered within a
multidisciplinary team.24
While we generally accept, based on guidelines, that
surveillance is recommended and that false-positive events
will trigger additional investigations, studies over the last
decade have estimated that every year up to 5% of patients
undergoing HCC surveillance will have a false-positive test
warranting further investigations.34,50 Therefore, the number
and associated costs are high. A recent report by Atiq et al
suggests that false-positive harm events are rising rather than
falling.51 The study included 680 cirrhotic patients of which
11.5% (78) developed HCC over a 3-year period. Forty-eight
(61.5%) of the HCCs were identified by using surveillance,
including 43.8% by US, 31.2% with AFP and the remainder
(25%) by a combination of the two. Surveillance harm events
over the same period, defined largely as unnecessary testing,
were identified in 187 cohort patients, equating to ~9% per
year and adding significantly to the cost of each true HCC
detected. Of note, US-related harms were more frequent
than AFP-related harms.51 As the prevalence of obesity and
poor sonar subjects increases, the rising costs associated
with false-positive tests may have a negative impact on
cost–benefit analyses and ultimately result in the practice
being simply too expensive unless surveillance tools for the
at-risk populations improve.
Another surveillance harm is that of false-negative imaging. A recent study evaluated 352 patients who were being
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assessed for liver transplant for indications other than HCC.
Individuals underwent US, and this was compared with CT
or MRI. Patients with body mass index (BMI) ≥30 kg/m2 had
an US sensitivity for HCC detection of 0.76 vs 0.87 for BMI
<30 kg/m2 (P=0.01). US sensitivity was further decreased
in patients with NAFLD-cirrhosis vs other etiologies (0.59
vs 0.84, P=0.003).52 This study supports the deteriorating
sensitivity of the tools we use in the fastest growing at-risk
population (obese individuals with NAFLD), and as a consequence, inadequate or false-negative imaging is likely to
increase. A cancer diagnosis is very commonly associated
with fear and anxiety, and a late or missed diagnosis in a
patient entered into a surveillance program adds anger and
disappointment to the psychosocial harm, for both the patient
and their families. The limitations of surveillance are summarized in Table 2.

HCC surveillance in developing countries
Around 80% of HCC occurs in developing countries due
to the high prevalence of HBV infection and aflatoxin B1
exposure.53,54 The prognosis of HCC is significantly worse in
these countries compared to developed ones, owing to lack of
detection of HBV, lack of HCC surveillance programs, late
diagnosis of cancers, and limited access to treatments.55,56
Recognizing the risk to HBV-infected individuals, but
without the resource to implement more costly surveillance
initiatives, AFP measurement alone has been recommended
for HCC surveillance in Sub-Saharan Africa.57 The success
of strategies such as these is not easy to evaluate, but in
resource-limited counties with a high incidence of HCC, this
approach may well extend survival if affected individuals are
offered treatments.

Summary and recommendations
The evidence available supports the use of HCC surveillance
with a combination of 6-monthly US scan and serum AFP in
individuals at higher risk of developing HCC. The measure
of success in terms of reduced mortality and life years saved
varies in different target populations, reflecting the level of
risk, the fitness of the individuals, and the effectiveness of the
tools used – each of which vary in the context of the different
etiologies predisposing to HCC. The following factors should
be considered by physicians directing surveillance: weighing
up for each individual his or her risk of developing HCC, the
likelihood of being able to offer him or her life-prolonging
therapy, alongside the burden of surveillance for both the
patient and the health care provider. If there is a good case
for offering surveillance, this – as well as the limitations –
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should be explained to the individuals and their consent to
proceed obtained.
The recent EASL guideline recommends surveillance
in all cirrhotic patients with preserved liver function
graded as Child–Pugh stage A or B, as well as in patients
of Child–Pugh stage C awaiting liver transplantation.24 For
patients with HBV without cirrhosis, assessing risk with
the PAGE-B score is advised, offering surveillance to those
with a score >9.24 These tend to be older, male patients with
reduced platelet number – age, sex, and platelet count being
the three factors on which the score is based. Surveillance
is also recommended for individuals with advanced fibrosis
(Metavir F3) falling short of cirrhosis regardless of etiology. In each of these patient groups, there is no evidence
to support withdrawal of surveillance beyond a certain age,
although withdrawal based on futility should be explained to
patients developing comorbidities or frailty that would limit
the application of life-prolonging therapies.
Although one of the most rapidly growing groups of
patients with HCC are those with non-cirrhotic NAFLD,
cost-effective analyses do not support surveillance in those
with NAFLD who do not have cirrhosis or advanced fibrosis.
Continued efforts to stratify risk in these individuals – perhaps including factors such as age and sex in conjunction with
NAFLD-HCC risks such as PNPLA3 genotype – alongside
efforts to identify more sensitive and specific tools relevant
to these patients may change this recommendation in future
years.58,59
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