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Outside of expert centres, surveillance programmes for hepatocellular carcinoma (HCC) are not
well executed. There are deficiencies in every stage of the process. Overcoming these obstacles is
the most important method for improving surveillance. However, even if these obstacles were
overcome, there would still be room for improvement. Assessing who is at risk of developing HCC
remains incompletely validated. At present, risk scores have been developed for different causes
of liver disease, but scores developed in different parts of the world for the same disease do not
always agree. Furthermore, most scores stratify patients by risk but do not examine what level of
risk should trigger surveillance. Which surveillance tools to use remains controversial – schemes
have been proposed that use biomarkers alone, ultrasound alone, or a combination of both.
However, the requisite level of test sensitivity thatwould be associatedwith high cure rates has not
been defined, so at this point it is not clear whether surveillance requires both ultrasound and
biomarkers, orwhether the use of biomarkers alone is sufficient. Finally, surveillance should result
in the identification of HCC at a very early stage. Diagnosing these lesions is difficult and optimal
algorithms for lesions that are atypical on radiology have yet to be developed. Algorithms for the
follow-up of abnormal biomarkers in the absence of ultrasound have also not been developed yet.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the
Liver (EASL). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction
It is generally accepted, by hepatologists at least,
that surveillance for hepatocellular carcinoma
(HCC) should be standard practice in patients
known to be at risk of this cancer. However, it
has been difficult to demonstrate this conclu-
sively and there remain those who believe that
this should not be generally instituted until we
have better evidence. In part, the problem is one
common to many surveillance programmes,
namely that the majority of individuals currently
defined as being at risk will not get HCC, and
therefore the potential for harm resulting from
overdiagnosis, in the form of unnecessary down-
stream investigations and potentially unneces-
sary treatment, is significant. Nonetheless, as all
hepatologists know, patients whose HCC can be
diagnosed early have a significant likelihood of
cure, whereas cure is uncommon for those
whose cancer presents only when symptoms
develop. Therefore, in order to justify a surveil-
lance programme, it is incumbent on us to try to
target surveillance to those most likely to benefit
and to maximise the efficiency and minimise the
costs of providing surveillance.

It is important to consider surveillance as a
programme rather than the provision of surveil-
lance tests alone. The components of this pro-
gramme 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 diagno-
sis. Improvements in any of these components
could enhance the outcomes achieved with sur-
veillance programmes.

A surveillance programme includes the identi-
fication of candidates for surveillance, as well as
the provision of the appropriate tests and appro-
priate recall procedures in the case of a positive
surveillance test (Fig. 1). The first step in a pro-
grammatic approach (as opposed to simply pro-
viding tests) is to identify that liver disease is
present. Then the presence of cirrhosis must be
established. Doctors have to be convinced that
such patients need surveillance and patients
have to be convinced of its necessity. Abnormal
tests must be recognised and appropriate investi-
gations initiated. There is evidence that many
steps along this pathway are carried out poorly.
In one study only about 2% of patients with cir-
rhosis underwent bi-annual surveillance.1 Once
liver disease has been identified, cirrhosis must
be recognised, yet often this step is carried out
poorly.2 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
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Key points

Liver cancer is one of the most common cancers in the world. Early detection is key to improv-
ing survival.

For most patients who develop liver cancer there is an underlying liver disease that leads to
the development of the cancer.

Several steps are required for the early detection of HCC.

The underlying liver disease must be recognised, the patient must then undergo regular
check-ups most commonly using ultrasound, but also blood tests. Abnormal ultrasounds or
blood tests must be recognised and investigated.

All steps in the surveillance process can be improved, hopefully leading to improved clinical
outcomes in patients at risk of HCC.
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or international normalised ratio that should lead
to further investigation. Today, any patient
known to have liver disease should have one of
the non-invasive tests of liver fibrosis. Although
none of these have high accuracy, it is better
than not doing any investigations and will
increase the number of patients in whom cirrho-
sis is identified.

One of the concepts around cancer surveillance
is that the benefits increase as the incidence rate
increases. This is because the benefits accrue only
to those with cancer, while the harms (but not all
harms) accrue to those with and without cancer.
Therefore, as cancer incidence increases more
patients benefit, while the harms remain the same
(or decrease if unnecessary tests are included as
harms). This means that the higher the incidence
of the cancer in question the more likely the pro-
gramme is to be effective. Thus, better
identification of the at-risk population is required
for HCC.

Risk stratification
It is well recognised that within broadly defined
risk groups only a minority will ever develop
cancer. The risk groups are well known for HCC,
but an attempt to target those who have the high-
est HCC incidence has led to the development of a
number of risk scores that claim to do just that, and
equally importantly, to identify those who have a
low likelihood of developing HCC and who can
possibly be excluded from surveillance
programmes.

The decision to offer a patient surveillance
depends on the degree of risk, but the level of
risk that is necessary to trigger surveillance and
how this should be determined remain unclear.
Even patients with no liver disease, no diabetes
and none of the usual risk factors still have a finite,
albeit very small risk of developing HCC. The deci-
sion to offer surveillance thus depends on what
point along the spectrum of risk, from negligible
to more than 5% per year, the benefits exceed the
harms, and whether this can be achieved at a rea-
sonable cost. In the absence of large-scale rando-
mised controlled trials, cost-efficacy analyses
must answer this question.

A further consideration is whether the patient is
a candidate for therapy. Patients with Child-Pugh C
status should not undergo surveillance unless the
finding of an HCC would be an indication for liver
transplantation.

Risk scores in hepatitis B
An early attempt to target the at-risk population
was described in the AASLD guidelines in 2005,3

where a cut-off incidence of 0.2%/year for hepatitis
B and 1.5%/year for hepatitis C and other forms
of cirrhosis was established. These criteria were
established on the basis of cost-efficacy analyses.
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More sophisticated models based on multivariable
regression analysis are now available that stratify
individuals into different risk categories. Presum-
ably the highest risk cohort should undergo sur-
veillance, but whether the incidence of HCC in the
middle and lower risk strata warrant surveillance
has not been established. One of the earliest mod-
els was the GAG-HCC score, derived by multivari-
ate analysis of risk factors in untreated patients
with chronic hepatitis B who developed HCC4;
the score consists of age, gender, HBV DNA,
presence of cirrhosis and presence of the core-
promoter mutation. The CU-HCC score looked at a
similar cohort of patients with chronic hepatitis B
using similar methodology,5 but identified differ-
ent predictors of risk, consisting of age, albumin,
bilirubin, HBV DNA and the presence or absence
of cirrhosis. More recently, the authors substituted
the categorical variable cirrhosis for liver stiffness,
measured by FibroScan®, which was categorised
into 3 strata.6 This improved the predictive ability
of the score. However, the fact that 2 different
risk scores were derived from essentially identical
populations (hepatitis B carriers in Hong Kong)
indicates the difficulty of developing a universal
scoring system.

The REACH-B score was derived from the
REVEAL study population in Taiwan (also Asian
patients with hepatitis B).7,8 REVEAL was a large-
scale community study in Taiwan performed in
more than 4,000 individuals with hepatitis B who
were followed for more than 10 years. Analysis of
the potential risk factors in those who developed
HCC and those who did not initially led to the
development of several nomograms8 to predict
who would get HCC, but this was ultimately sim-
plified into a score based on age, gender, HBV
DNA concentration, ALT and HBeAg/anti-HBe
status.9 The score was externally validated in
Hong Kong and South Korea.10 Like the GAG-HCC
and CU-HCC score this score is only applicable to
hepatitis B. The study that led to the REACH-B
score did not include cirrhosis as a variable,
which has advantages and disadvantages. The
advantage is that it makes the score easier to use
since the non-invasive diagnosis of cirrhosis may
Reports 2019 vol. 1 | 460–467 461



Biomarkers + ultrasound

Improve the identification of  
populations at risk:

•  Determine level of risk at which 
surveillance should begin

•  Develop more accurate risk scores.
•  Determine the effect of aetiology and 

geography
•  Develop universal molecular markers?

Ultrasound alone Biomarker panels
alone

Improve surveillance tests:

•  Determine the optimum surveillance tests
•  Determine the required level of test  

sensitivity that will improve cure rates

Population at risk Patient with HCC

False positive

False negative

Refine recall procedures:

•  Carry out further imaging tests and/or
biopsy to confirm diagnosis of HCC

Population at risk with one HCC

Fig. 1. Possible surveillance paradigms. Note that the use of ultrasound and biomarkers increases the false-positive rate.
Using current biomarkers without ultrasound increases both false-positive and false-negative rates.
be inaccurate. Older age then becomes a surrogate
for cirrhosis. The disadvantage is that it may not
perform as well in younger patients with cirrhosis.

All the aforementionedmodels were developed
in untreated cohorts of patients with chronic
hepatitis B. There is now ample evidence that
treatment of hepatitis B (and hepatitis C) reduces
HCC incidence. Whether the risk scores remain
applicable after treatment has recently started
to be addressed. Wong et al..11 evaluated the
REACH-B score, the GAG-HCC score and the CU-
HCC score in patients with hepatitis B treated
with entecavir. They found that at baseline (prior
to treatment) each of the scores predicted the
development of HCC with varying degrees of accu-
racy (based on ROC curve analysis). As expected,
risk and risk scores decreased over time while on
treatment. On-treatment risk scores were rela-
tively good at predicting who would or would
not develop HCC, although the 3 risk scores did
not perform equally well. However, the scores
were less reliable predictors in a more mixed Eur-
opean or North American population.12,13 CU-HCC
still showed high accuracy (area under the receiver
operating curve [AUROC] 0.89) but the other risk
scores did not perform as well. The PAGE-B score
was developed in a European cohort of patients
with hepatitis B.14 This has been validated in
another European cohort15 and in Asia.16
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Each of these scores is different in terms of the
variables identified by regression analysis and the
accuracy of risk prediction. This may be due to het-
erogeneity in the populations in which the scores
were derived, but the differences indicate that
each score requires considerably more validation
before being suitable for general use.

Risk scores in hepatitis C
There have been fewer modelling studies in
patients with chronic hepatitis C. The first risk
score was derived from the HALT-C study.17 The
score included age, black race, alkaline phospha-
tase, oesophageal varices, ever smoked and plate-
lets. This score clearly separated out those at high
risk from those at minimal risk. Although the
authors did not specifically address this, the inci-
dence of HCC in the low risk group was so low as
to make surveillance unlikely to be beneficial if
the AASLD criteria were applied. Other more
recent risk scores have been developed for hepati-
tis C,18,19 but the same criticisms exist regarding
the heterogeneity of the populations and hence
the validity and usability of the scores themselves.

Risk scores in cirrhosis
Others have attempted to assess those at highest
risk in an undifferentiated cirrhotic population.
The ADRESS-HCCmodel was derived from patients
Reports 2019 vol. 1 | 460–467 462
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on the transplant waiting list.20 Therefore, this
scoring system may not be applicable to any
other situation, since patients on the transplant
waiting list have the most advanced disease and
are thus at the highest risk of developing HCC.
This score includes age, race, presence of diabetes,
fibrosis stage (F3 or F4), and platelets. The value
of this score is not clear, since all patients on the
transplant waiting list would undergo regular sur-
veillance, and it is not clear that a low risk score
would result in surveillance not being offered. It
is also not clear why there were patients with F3
fibrosis on the transplant waiting list unless HCC
was the indication for transplant, in which case
this would not be a predictive score, but a diagnos-
tic score.

Effect of aetiology of cirrhosis on risk of HCC
Not all patients with cirrhosis will develop HCC,
yet the recommendations suggest that all should
undergo surveillance. Until recently it has not
been possible to identify those aetiologies asso-
ciatedwith a higher or lower likelihood of develop-
ing HCC. A Danish study was the first to evaluate
whether the risk of HCC was high enough to war-
rant surveillance in a population of patients with
alcohol-related cirrhosis.21 This study showed
that the risk of HCC was below the AASLD cut-off
of 1.5% for non-hepatitis B cirrhosis. In contrast, a
French study found an incidence of HCC of 2.9% in
alcoholic cirrhosis, high enough to warrant surveil-
lance.22 The discrepancy between these 2 studies
probably relates to the differences in populations
and differences in how alcoholic cirrhosiswas diag-
nosed, by biopsy in France, and from hospital
records (biopsy not specified) in Denmark.

The effect of aetiology of cirrhosis was evalu-
ated by Sharma et al,.23 The incidence was highest
in patients with cirrhosis due to viral hepatitis and
lowest in those with autoimmune disease. These
factors were included in their risk score. This is
one of the few risk scores that takes aetiology of
liver disease into account.

There is also a risk score for HCC in patientswith
diabetes.24 The score includes age, gender, smok-
ing, variation in haemoglobin, serum glutamic-
pyruvic transaminase, liver cirrhosis, hepatitis B,
hepatitis C, antidiabetes medications, and antihy-
perlipidemia medications and total/high-density
lipoprotein cholesterol ratio. This is a complex
score and requires additional validation.

HCC is one of the most common causes of can-
cer death in Taiwan and other places in Asia.
There is, therefore, interest in screening whole
populations. One approach that has been consid-
ered is to initially define risk using blood tests,
before performing surveillance with ultrasound
for those found to be at sufficiently high risk.25 A
different approach was taken by Hung et al.,26

who assessed the HCC risk in the general popula-
tion, showing the importance of elevated
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aminotransferases as risk factors. Adding hepatitis
B or hepatitis C to the model improved predictabil-
ity. This approach may be feasible in countries
where the HCC incidence is high, but in Western
countries this is not likely to be cost effective.

The study by Hung et al. also looked at how to
assess what level of risk made surveillance worth-
while, using a technique called decision curve ana-
lysis. Essentially, this is a modelling study using
real life data, in which the potential benefits and
harms of surveillance are quantitated, usually
in terms of quality-adjusted life years. A level of
“net benefit” (benefit minus harm) is chosen
based on societal and/or cost considerations.
The threshold level of risk for which surveillance
provides a net benefit is then calculated. In this
particular study they showed that there was a
category of patients, particularly younger patients,
who would be excluded from surveillance by
AASLD criteria but would nonetheless benefit
from surveillance.

Others have attempted to define HCC risk by
liver stiffness measurements27,28 and by incorpor-
ating these measurements into models combining
other variables.

There are now many models purporting to
identify those at risk of HCC. The mere fact that
there are so many indicates that none are ideal.
All the studies described above are either retro-
spective collections of data or post hoc analyses of
cohorts collected prospectively for other reasons.
Furthermore, the size of HCC at diagnosis is seldom
specified. This is important because an algorithm
that identifies someone whose cancer is diagnosed
late may be different from one that identifies
someone whose cancer is diagnosed early. Further-
more, even though the various scores may clearly
separate out risk by category, with a few excep-
tions, they do not indicate whether a risk category
that is not the highest risk still warrants
surveillance.

How to improve risk assessment
What is needed is a prospective, large-scale multi-
national study with stratification on the basis of
disease aetiology, liver disease severity, and coun-
try. The target population should include patients
with stage 3 or 4 liver fibrosis. The risk scores
should be calculated at baseline and at intervals
during follow-up. The study would need to be
several years in duration, allowing enough time
for a sufficient number of HCC events to occur in
each of the different strata to enable analysis. How-
ever, only cost-efficacy or decision curve analysis
can determine what level of risk warrants surveil-
lance. Such a study is unlikely in an era when
every expert seems to want to develop their own
model and such multinational cooperation in liver
disease research is uncommon.

One of the unknowns is the level of risk at
which surveillance should begin. The AASLD
Reports 2019 vol. 1 | 460–467 463



guidelines somewhat arbitrarily defined the
threshold of 1.5–2%/year as the incidence above
which surveillance is necessary in patients with
non-hepatitis B cirrhosis, and 0.2%/year in those
with hepatitis B.3 However, these numbers were
based on cost-efficacy analyses and represented
the threshold at which surveillance became cost
effective. The analyses on which these conclusions
were based are old and should be repeated using
modern thinking about the natural history of
HCC, the efficacy of surveillance tests and the
response to treatment – they should also be dis-
ease specific. It is likely that the threshold would
be different for different diseases. For example,
resection is more likely to be possible in patients
with hepatitis B because liver function is less likely
to be impaired than in patients with hepatitis C. In
patients with diabetes and/or non-alcoholic fatty
liver disease, competing causes of death from car-
diovascular events will likely alter the cost-efficacy
ratios.

In the future, molecular markers might
improve prediction. Studies of gene expression in
the non-tumorous liver of patients with HCC
have identified several ‘signatures’ that are asso-
ciated with the development of HCC.29 As yet,
there are no studies that incorporate these factors
into risk assessment, and these markers require
liver tissue, which is a drawback in clinical prac-
tice. Attempts have been made to identify markers
from circulating tissue (liquid biopsy), but at pre-
sent this is still in the early stages of development.

Given that no score can, at present, be univer-
sally applied and that the vast majority of risk
scores merely identify risk along a scale rather
than establishing a cut-off below which surveil-
lance is unnecessary, risk scores are interesting
but of little use. In this era of "personalised medi-
cine" is it possible that risk scores could be used
to "personalise" surveillance programmes? At pre-
sent there are too many unknowns to even sug-
gest how this could be achieved, and second, the
concept of personalised medicine is contrary to
one of the principles of surveillance, i.e., that it
should be simple to implement and uniform in
design.

Risk scores also need to be accurate with few
false-positives and few false-negatives. Experi-
mentally, the accuracy of prediction is assessed
using the AUROC or the c-statistic. No model will
provide 100% accuracy, but there is no consensus
as to how high the AUROC or c-statistic needs to
be. Usually anything below 0.8 is considered
inadequate but, given the poor outcomes asso-
ciated with the late diagnosis of HCC, we should
perhaps aim higher.

Surveillance tests
Recommended surveillance tests include ultra-
sound and biomarkers, alpha-fetoprotein (AFP),
des-gamma-carboxy prothrombin (DCP, also
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known as PIVKA-II), and the L3 fraction of AFP
(AFP-L3). There is clear evidence that addition of
biomarkers to ultrasound increases the sensitivity
of the surveillance protocol.30 However, it has
never been shown that this is necessary. It is com-
monly assumed that if one surveillance test has a
higher sensitivity than another it must be a better
test. However, this is mostly a factor of tumour
size. The larger the lesion the more likely it is to
be identified by biomarkers or on ultrasound.
However, this does not necessarily translate into
improved mortality because mortality might be
determined by factors other than tumour size,
such as invasiveness or ability to metastasise.
Furthermore, the most effective treatment may
still be available even with the less sensitive test.
Translating this into HCC surveillance means that
it may not be necessary to find the smallest detect-
able lesion, and that cure rates may be similar if
the lesion is detected at 1.5 cm rather than 0.5
cm, for example.

Some small HCCs will be detected by biomar-
kers while not visible on ultrasound. However, if
these biomarkers were not used, a small lesion
would grow and become detectable on ultrasound
at a later point, assuming surveillance was con-
ducted on schedule, at which point it would be
treated. Whether the delay in diagnosis would
affect the likelihood of cure is unknown. However,
as long as the lesion is smaller than about 2.5 cm at
diagnosis cure remains highly likely.31

The biomarkers currently in use are somewhat
non-specific, being elevated in patients with active
hepatitis and in some patients with cirrhosis. Only
a minority of small HCCs will secrete AFP or other
biomarkers. Even in larger HCCs only 40–60% will
secrete AFP. Finally, the commonly used biomar-
kers, AFP, AFP-L3 and DCP are all also markers of
advanced HCC. This may be because it requires a
certain tumour size to produce enough biomarker
to be detectable, but it may also be because they
are markers of aggressive cancers, that are less
likely to be cured. Thus, adding biomarkers to
ultrasound surveillance may increase the sensitiv-
ity of HCC detection without improving the cure
rate.

There is a single randomised controlled study
comparing surveillance with ultrasound alone
to ultrasound plus the panel of biomarkers listed
earlier. The study is still underway and should
demonstrate whether or not it is necessary to use
biomarkers if ultrasound is also being used. This
study is being undertaken at a centre of excellence
in ultrasound and the results might be different in
centres with less experience.

A number of ultrasound-free surveillance mod-
els have been constructed, in an attempt to over-
come the problem of false-positive results on
ultrasound in patients with nodular cirrhotic livers
and false-negative results in obese people with
fatty livers.32,33 These algorithms have varying
Reports 2019 vol. 1 | 460–467 464
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degrees of accuracy, with AUROCs of about 0.7–0.8
or even 0.9. However, the characteristics of the
lesion that the model purports to find are fre-
quently not provided, so we do not know whether
these were potentially curable lesions or not.

Some have suggested that surveillance should
be with CT scan or MRI, particularly because of
the difficulty of obtaining quality ultrasound in cir-
rhosis and in the obese and in NAFLD. However,
these modalities are expensive and not widely
available and cannot be recommended for routine
use. A recent cost-efficacy analysis from Korea
found MRI to be cost-effective34, but whether this
holds true in the US and Europe where MRI is
more expensive than elsewhere is debatable.
Even if cost-effective there aren’t enough MRI’s
available to provide surveillance for all who need
it.

Others have stressed that static measurements
(AFP at a single time point) are less informative
than sequential measurements, for example an
AFP value that is higher than the measurement 6
months prior is a significant indicator of HCC.30,35

One validated model incorporates age, ALT and
platelet count.32,36 This was a good predictor
of HCC at 6 months, but it had an even better
AUROC when serial measurements of AFP were
used.36 This model takes advantage of the fact
that patients with hepatitis C or hepatitis B who
have achieved either a sustained virologic response
or adequate viral suppression have normalised
ALT and under these circumstances are less likely
to a have a false-positive elevation in AFP. Many
studies on biomarkers for surveillance have looked
at homogeneous populations, such as hepatitis B in
Asia, hepatitis C in North America and hepatitis B
in Greece. Whether the result obtained in these
homogeneous populations will hold true in other,
more heterogeneous populations has yet to be
determined.

How to improve surveillance
If only 2% of candidates for surveillance get guide-
line appropriate surveillance, then clearly the
biggest problem is not the performance of the sur-
veillance test. Even if the numberwere 20–30% this
would still be the biggest barrier to effective sur-
veillance. Therefore, the first step is to improve
the awareness of primary care providers through
better education. How this should be done is
beyond the scope of this article. Of course, surveil-
lance tests can be improved, but each new test
or combination of tests must be assessed in a pro-
spective manner. It is not possible to perform con-
trolled trials against no surveillance, no matter
how desirable this may be, but prospective collec-
tion of data in well characterised cohorts can be
used to compare different surveillance tests in the
same cohort. If one method is demonstrated to be
superior to another it is also likely to be superior
to no surveillance. One difficulty is in choosing an
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endpoint. Sensitivity of detection is not adequate
as an endpoint for the reasons given. Tumour size
at the time of treatment (not diagnosis) may be a
surrogate of cure. Hard outcomes such as mortality
are impractical, because if surveillance is successful
the majority of cancers will be cured in either arm.
Other classical endpoints in oncology such as
progression-free survival (although a very indirect
measure) may also be useful.

Recall procedures
The thresholds that are considered abnormal
for biomarkers have not been rigorously defined.
Different investigators have used different cut-offs
that would trigger further investigation. For exam-
ple, an AFP >20 ng/L used to be an accepted cut-
off, but more recent studies suggest that an increase
of AFP over baseline is a better indication, although
the magnitude of increase that should trigger cross-
sectional imaging has not been well-defined.30,35 If
surveillance was with biomarkers alone, the next
step should be an ultrasound rather than immedi-
ately jumping to CT or MRI. CT or MRI may show
vascular lesions that may not be HCC, such as tran-
sient hyperattenuation lesions or intrahepatic
shunts. An ultrasound is necessary to show that
there is a nodule to be further investigated. Without
a nodule, further imaging may not be helpful. How-
ever, this does require a certain level of ultrasono-
grapher skill. In the USA it is not uncommon to go
straight from an abnormal biomarker measurement
to cross-sectional imaging. However, this raises the
possibility of false-positive results and over-
diagnosis.

If surveillance is performed with ultrasound, a
new nodule not seen in prior ultrasounds should
be a warning that an HCC might be present. Simi-
larly, any nodule that has grown significantly is
likely to be HCC. However, given the vagaries of
measurement on an ultrasound image, a minor
increase of 1 mm or so does not necessarily count
as growth. Even if this does turn out to be HCC, a
lesion that increases by no more than 1 mm over
the surveillance interval (usually 6 months) is not
going to be incurable 6 months later.

Cross-sectional imaging is required to complete
the recall procedure after a nodule has been
demonstrated on ultrasound. AASLD guidelines
from 2011 include an algorithm that has been vali-
dated. This has not been improved on since. Per-
haps the only change that might improve the
recall would be to jump to cross-sectional imaging
for lesions smaller than 1 cm, but this cannot be
recommended at this stage due to a lack of evi-
dence that this is effective in either identifying
more HCCs, or at identifying HCCs at a more cur-
able stage than the current algorithm.

Even cross-sectional imaging and biopsy have
their drawbacks. In order to improve the reporting
of imaging of liver nodules, the American Radiologi-
cal Society devised a set of reporting guidelines that
Reports 2019 vol. 1 | 460–467 465



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).37 Li-
RADS 2 is reported as probably benign, Li-RADS 3
as indeterminate, and Li-RADS 4 as probably HCC.
However subsequent studies have shown that,
with the exception of Li-RADS 1, HCC occurs with
appreciable frequency in patients classified in the
other categories. Therefore, this recall aspect of the
surveillance programme needs to be further refined
or, at this stage, ignored in favour of the AASLD
2011 algorithm.

Finally, the interpretation of liver biopsy must
be improved. Since the objective of surveillance is
to find early stage disease and since the earliest
stages of HCC more closely resemble normal liver
tissue than typical later stage HCC, diagnosis is dif-
ficult even with a biopsy. Criteria for the diagnosis
of the earliest stage of HCC have been published
and expounded upon by experts.38 However, the
extent to which these features are recognised in
practice is not clear. Recognition of the so-called
very early HCC requires expert interpretation,
which is often limited to academic centres with a
special interest in HCC. Therefore, algorithms
must be developed that minimise the possibility
of a false-negative biopsy report. These will likely
JHEP
include additional biopsies and/or changes to
follow-up that include more frequent imaging
rather than simply returning to 6-month surveil-
lance. These have yet to be developed.
Conclusion
In summary, although surveillance strategies from
identification of risk to diagnosis of HCC have been
developed, they have not been widely implemen-
ted. Risk scores still require additional validation
and are probably going to be population specific.
Surveillance tools also require refinement. Cur-
rently, surveillance programmes pick up more
than 80% of HCCs <2 cmwhen conducted in expert
centres, but the diagnosis rate is much lower in
non-expert centres. One or more non-invasive
tests are needed that can detect small HCCs in
addition to being able to detect a higher propor-
tion of all HCCs than current biomarkers, by
reflecting a more universal abnormality in HCC,
e.g. DNA methylation patterns.39 Finally, the
recommendations that radiologists make need
not assess the likelihood of HCC, but should sug-
gest appropriate next steps according to the
appearance of lesions; except for obviously benign
lesions (haemangioma, cysts), further follow-up
should always be recommend, at the very least,
until the benign nature of the lesion is assured.
Abbreviations
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