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Abstract

Surveillance for hepatocellular carcinoma (HCC) is con-
sidered a standard of care for patients with chronic
liver disease who are at risk of developing this malig-
nancy. Several studies have shown that surveillance
can improve the prognosis of patients diagnosed with
HCC through an increased likelihood of application of
curative or effective treatments. Repetition of liver ul-
trasonography (US) every 6 mo is the recommended
surveillance program to detect early HCCs, and a posi-
tive US has to entrain a well-defined recall policy based
on contrast-enhanced, dynamic radiological imaging or
biopsy for the diagnosis of HCC. Although HCC fulfills
the accepted criteria regarding cost-effective cancer
screening and surveillance, the implementation of sur-
veillance in clinical practice is defective and this has a
negative impact on the cost-effectiveness of the pro-
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cedure. Education of both physicians and patients is of
paramount importance in order to improve the surveil-
lance application and its benefits in patients at risk of
HCC. The promotion of specific educational programs
for practitioners, clinicians and patients is instrumental
in order to expand the correct use of surveillance in
clinical practice and eventually improve HCC prognosis.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This article deals with the role of surveillance
for early diagnosis of hepatocellular carcinoma in pa-
tients at risk. It addresses several topics on this issue,
including how to best perform surveillance (tools and
interval), its results in terms of cancer stage, patient
survival, cost-effectiveness, pitfalls and actual under-
(mis-)use.
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SURVEILLANCE AS A MEANS OF
IMPROVING SURVIVAL OF PATIENTS AT
RISK OF DEVELOPING HEPATOCELLULAR
CARCINOMA

Hepatocellular carcinoma (HCC) is one of the leading
malignancies worldwide, representing the fifth most com-
mon human cancer and the third cause of death from
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cancer”. Patients diagnosed with HCC often have a
dismal prognosis as it is diagnosed at late stages, when
therapeutic approaches are limited, if applicable at all.
Conversely, an early diagnosis of HCC allows the appli-
cation of curative or effective treatments in most cases,
improving the survival of these patientsm. Therefore there
is a need for early diagnosis of this tumor. Screening and
surveillance for HCC applied to patients with chronic
liver disease who are at risk of developing this cancer can
indeed identify malignancies at early stages and improve
patient survival, although there is still debate regarding
the optimal screening and surveillance tools and the actual
yield of surveillance” ™. This review addresses the current
evidence supporting surveillance programs in patients at
risk of developing HCC, the best way to perform surveil-
lance, and the still unsolved nuances of this topic.

DIFFERENCE BETWEEN SCREENING AND
SURVEILLANCE

Screening is the application of a test to detect a disease

in a population which has no signs or symptoms of that
disease, while surveillance is the periodic repetition of
the screening test in the same population. Both screen-
ing and surveillance have the aim of detecting a disease
before it becomes symptomatic, at an early time point
of its natural history and when treatment is more effec-
tive, with the ultimate goal of reducing disease-specific
mortality. Positive findings of screening or surveillance
tests must entrain a pre-defined recall policy aimed at
identifying true positive cases with additional diagnostic
procedures. Screening and surveillance must fulfill the
seven Prorok postulates[()l and, as outlined below, this is
the case for the surveillance of patients at risk of devel-

oping HCC.

The disease must be common and with substantial
morbidity and mortality

HCC is a common malignancy worldwide and its inci-
dence is expected to rise in most Western world areas
due to the aging of patients with chronic hepatitis C vi-
rus (HCV) infection, which is the main etiological factor
of this tumor in developed countries”’. Moreover, HCC
is currently the main cause of death of patients with
initially compensated liver cirthosis™'”. Noteworthy, the
incidence and mortality rates of HCC are very similar
all over the world, thus emphasizing the high lethality
rate of this tumor in the short term, especially when it
is diagnosed at late stages precluding any effective treat-
ment"”, although a favorable mortality trend has recently
been observed in Europe[“’”].

The target population must be readily identifiable

More than 90% of HCCs develop in a cirrhotic liver, and
the main causes of chronic liver disease in these patients
are hepatitis B virus (HBV) or HCV infections, alcohol
abuse and non-alcoholic fatty liver disease!". These dis-
eases can be detected on the basis of patient history and/

(49

Boishidongs  WIG | www.wjgnet.com

Giannini EG et a/. Surveillance for hepatocellular carcinoma

or serological tests, thus making the target population for
HCC surveillance readily identifiable.

Surveillance tests must have low morbidity, high
sensitivity and high specificity

The American and European guidelines for HCC man-
agement recommend surveillance to be carried out by
ultrasound examination of the liver (US) repeated every 6
mo" ™'Y, This surveillance schedule has no morbidity and,
when US is propetly carried out, a fairly high sensitivity
and specificity!”. In particular, a recent meta-regression
analysis has shown that US can identify subclinical HCCs
with a sensitivity of 94%-95%, but this drops to 63% for
early HCC, while specificity ordinarily exceeded 90%"".
However, series coming from referral centers reported
remarkably higher sensitivity figures (82%), even for eatly
HCC"™, Therefore, the availability of sonographers with
expertise in this field is a mandatory prerequisite for a use-
ful US-based surveillance for HCC*. The use of serum
alpha-fetoprotein (AFP) as a surveillance test has an ac-
ceptable specificity but a poor sensitivity for eatly HCC
since only a small fraction (10%-20%) of eatly cancers is
associated with elevated AFP serum levels'™'*""**! The
combination of US and serum AFP assessment slightly
increases (6%) the sensitivity of surveillance but almost
doubles the cost for each small HCC detected due to a
high number of false positivesﬂs’zsl.

The surveillance test must be acceptable to the target
population

A semiannual repetition of US is a non-invasive, easily-per-
formed, and relatively low-cost surveillance schedule which
is not a major obstacle for patient adherence. Rather, physi-
cian education and knowledge of the potential benefits of
surveillance, and adequate operator training are areas where
there is still room for improving the effectiveness of sur-
veillance programs® >,

There must be standardized recall procedures

A positive result of the surveillance test must entrain a
prompt activation of a pre-defined standardized algorithm
(recall procedures) able to provide a definite diagnosis.
Recall procedures for suspected lesions identified by US
during screening or surveillance have to be consistently
defined and involve radiological, contrast-enhanced imag-
ing procedures or pathological evaluation of the lesion(s)
relying on precise diagnostic criteria" ', The diagnostic
yield of these recall procedures has been independently
confirmed, and allows an adequate evaluation of tumor
extension that, in turn, has a pivotal role in driving the
therapeutic strategy”*"", An inappropriate or delayed
application of recall procedures is an important cause of

. . 28
surveillance failure™.

There must be an acceptable and effective therapy

The goal of surveillance for HCC is to identify tiny le-
sions, amenable to curative treatments with the aim of
improving patient survival. Surgical resection, percutane-
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Table 1 Suggested thresholds of hepatocellular carcinoma incidence for the implementation of surveillance

[15]

Group of patients

Threshold incidence to
implement surveillance

Incidence of HCC

(% per year)

Surveillance recommended
Asian male hepatitis B carriers over age 40
Asian female hepatitis B carriers over age 50
Hepatitis B carriers with family history of hepatocellular carcinoma
African/North American Blacks with hepatitis B
Hepatitis B virus carriers, cirrhosis
Hepatitis C virus infection, cirrhosis
Primary Biliary Cirrhosis, stage 4
Genetic hemochromatosis, cirrhosis
Alpha 1-antitrypsin deficiency, cirrhosis
Other cirrhosis
Surveillance benefit uncertain
Hepatitis B carriers younger than 40 (males) or 50 (females)
Hepatitis C virus infection, stage 3 fibrosis
Non-cirrhotic non-alcoholic fatty liver disease

0.2 0.4%-0.6%/yr

0.2 0.3%-0.6%/yr

0.2 Incidence higher than without family history

0.2 Hepatocellular carcinoma occurs at a younger age
0.2-15 3%-8% /yr

13 3%-5%/yr

13 3%-5%/yr

15 Unknown, but probably > 1.5% /yr

15 Unknown, but probably > 1.5% /yr

15 Unknown

0.2 <0.2%/yr

13 <1.5%/yr

15 <15%/yr

HCC: Hepatocellular carcinoma.

ous ablation, and liver transplantation (LT) are considered
curative options for patients with small HCCs. The results
of a randomized study carried out in China in HBV infec-
tion active carriers and of several cohort studies cartied
out in Western and Japanese patients with cirrhosis sup-
port the use of surveillance as a way of identifying early
tumots amenable to curative treatment, and therefore of
improving patient survival " Notably, refinements
in diagnostic techniques and patient management led to a
progressive improvement in the survival of patients diag-

nosed with HCC during surveillance™.

Surveillance should reduce disease-specific mortality

The ideal methodology for confirming that surveillance
reduces the disease-specific mortality would be to perform
a randomized, controlled trial comparing surveillance s
care-on-demand in at-risk patients. Two such studies had
been performed in Chinese chronic HBV carriers with
contrasting results™. In particular, despite a 40% reduc-
tion in the disease-specific mortality, the first trial was
affected by a low degree (< 60%) of patient adherence
to the semiannual surveillance program and by the LT
unavailability, indicating that the reported figure was prob-
ably the “minimal” benefit achievable with surveillance
in HBV patientsmj. The negative study was instead meth-
odologically flawed by the fact that patients diagnosed
with early HCC did not receive an effective treatment” .
It is unrealistic to expect results on this topic from new
randomized controlled trials, at least in the Western world,
due to several reasons: (1) subjects in the control arm
would frequently undergo abdominal US due to extra-
hepatic or liver disease-related reasons; (2) almost all the
patients, if adequately informed on the risk-benefits of
surveillance, would refuse to participate in the study[37’38j;
and (3) this position would likely be shared by most clini-
cians. Thus, the belief that surveillance for HCC reduces
the disease-specific mortality and the pertinent recom-
mendations released by Western and Eastern international
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guidelines mainly relies on the available proof-of-concept
evidence, showing that US surveillance can detect small,
asymptomatic tumors that are amenable to curative treat-
ment while symptomatic HCCs are generally detected at
an advanced stage, which greatly limits or even precludes
any treatment. Pertinently, Western and Eastern cohort
studies comparing the outcome of patients with HCC
diagnosed during or outside surveillance programs consis-

tently demonstrate that the assumed surveillance benefit
holds frue*2+2338%]

WHO SHOULD BE SURVEILLED?

In the Western world, surveillance is recommended for
subjects at high risk of developing HCC such as pa-
tients with cirrhosis and certain categories of patients
with chronic hepatitis, while Japanese guidelines extend
this recommendation to all patients with chronic hepa-
titis'>'**. An essential pre-requisite to perform surveil-
lance is the absence of contraindications to treatment-
either curative or palliative-once HCC is diagnosed. Thus,
surveillance is useless in patients with Child-Pugh class C
cirthosis not listed for LT"" as an eatly detection of HCC
does not improve their sutvival due to the inapplicability
of therapeutic options for malignancy other than LT and
a strong competitive effect with cancer by liver failure as
the death cause™”

As mentioned before, surveillance should be cost-ef-
fective and one crucial determinant of cost-effectiveness
(CE) is the disease incidence in the target population (see
also the specific chapter below). Therefore, the selection
of patients who should enter into surveillance programs
for HCC is driven by their oncologic risk, which can be
inferred from the incidence of HCC (Table 1). The in-
cidence threshold that should trigger surveillance in pa-
tients with cirrhosis is 1.5% per year, while for patients
with chronic hepatitis this drops to 0.2% per year'”. It is
important to note that these thresholds are not derived
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from experimental data but they were proposed consid-
ering the results of CE analyses based on the Markov
model showing an increase in survival of > 3 mo at a
cost of less than 50000 USD per year of life gained[43’44].

Cirrhosis

According to the above mentioned thresholds, patients
with cirrhosis are appropriate candidates for a cost-effec-
tive surveillance, as the annual incidence of HCC in cit-
rhotic patients with HCV or HBV infection is 1.5%-4.5%
and 2.2%0-4.3%, respectively, and it is approximately 2.6%
in both alcoholic and non-alcoholic steatohepatitis cir-
thosis!***1. Even cirrhotic patients with genetic hemo-
chromatosis or primary biliary cirthosis have an HCC risk
high enough to implement surveillance, whereas the an-
nual incidence of HCC reported in cirrhotic patients with
autoimmune hepatitis is 1.1%, thus questioning the CE of
surveillance in this category of patientsm’w].

Patients with HCV-related cirrhosis who cleared the
infection with antiviral treatment represent a subset of pa-
tients with a decreased, but not abolished, risk of HCCP".
Namely, the incidence rate of HCC per 100 person-years
in Japanese patients with cirrhosis who achieved a sus-
tained virological response (SVR) to antiviral treatment
was 0.5% compared to 5% in patients without SVR and
8% in untreated cirrhotic patients, while a retrospective
Italian study showed figures of 0.7% after SVR and 2%
in non-responder patientsls]’szj. It should be pointed out
that HCC incidences observed after SVR do not cross
the suggested CE threshold for surveillance in cirrhosis.
Nevertheless, non-viremic HCV cirrhotic patients rep-
resent a peculiar population where mortality due to the
complications of cirrhosis or liver failure is negligible and
the chance of applying aggressive treatments for HCC is
high[5l’52]. The same applies to HBV patients effectively
treated with antiviral nucleos(t)ide drugs in whom the risk
of HCC remains as high as 1.3 per 100 person-years de-
spite undetectable viremia™**",

To conclude, non-viremic HCV and HBV patients
should continue (or start) to undergo surveillance if they
were at high risk of developing HCC before starting antivi-
ral treatment.

Non-cirrhotic chronic liver disease

Among pre-cirrhotic patients, those with chronic HBV
infection have the highest risk of developing HCC,
especially those with long-standing disease, who more
likely acquired the infection perinatally, and those with
persistent, high-load viral replicationﬁs’iﬂ. These featutres
are frequent in Asian patients, and a study from China
showed that patients with chronic hepatitis B without
cirrhosis have an annual HCC incidence of 0.8%, thus
exceeding the accepted threshold (0.2%) for a cost-
effective surveillance! ™. African active HBV carriers or
with a positive family history are also considered good
candidates for surveillance, due to high HCC incidence.
As the incidence of HCC in HBV-positive Western pa-
tients ranges from 0.1% to 0.4% per year™, the latest
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European guidelines for HCC management recommend
the implementation of surveillance programs in the sub-
groups of HBV-positive patients with active hepatitis or
a family history of Hcec!,

Although Japanese guidelines recommend HCC sut-
veillance in chronic hepatitis C patients whereas Ameri-
can and European guidelines propose this procedure in
those with advanced fibrosis, the evidence supporting
these suggestions is less robust!™'**". Indeed, on the one
hand, a study carried out in Japan showed that the annu-
al incidence of HCC in untreated patients with chronic
hepatitis C increased with increasing fibrosis stage, being
0.5% in patients without or with mild fibrosis, and 5% in
those with severe fibrosis””. On the other hand, a large,
prospective study carried out in the United States to as-
sess the incidence of HCC in patients with bridging fi-
brosis (Ishak stage 3 and 4) reported an incidence of 0.8%
per year!™", Importantly, in this cohort the absence of
cirrhosis was assessed at enrollment and HCC was di-
agnosed after a median of 46.5 mo of follow-up, when
cirthosis had developed in 65% of these patients (15/23
patients) and thrombocytopenia was present in all but
one patient[&]. These findings emphasize the difficulties
in identifying a clear hallmark indicating the transition
from a low to a high oncologic risk status. In an attempt
to overcome this problem, either bed-side clinical scores
or transient hepatic elastography have been proposed to
stratify patients according to HCC risk!** %,

Lastly, although HCC may also occur in non-cirrhotic
patients with a non-viral chronic liver disease, exhaustive
data on its incidence in these categories are not currently
available, but it is unlikely for surveillance to be cost-
effective in these settings.

HOW SHOULD SURVEILLANCE BE
PERFORMED?

Imaging tools and expertise

In general, a surveillance test has to have a high sensitiv-
ity (to miss very few cancers) and an adequate specific-
ity (to avoid unnecessary confirmatory testing). There is
universal agreement that US is the imaging tool to be used
for surveillance of HCC. A meta-regression analysis of
several cohort studies set the sensitivity of US, as a sut-
veillance test for HCC, at 94% for asymptomatic tumors
and 63% for early HCC, with a specificity of > 90%",
The relatively low sensitivity of US for tiny lesions may be
explained by the fact that this technique is highly depen-
dent on both the operator expertise and the quality of US
equipment. In fact, the presence of regenerative nodules
and fibrous septa conferring a coarse echo-pattern to the
cirrhotic liver makes it difficult to identify minute nod-
ules. Therefore, US examination should be performed by
skilled operators and with adequate instruments. In this
case, the sensitivity for early-stage or small HCC ranges
from 82% to 91%, and the mean size of HCCs detected
during surveillance is < 2 c¢cm, with only 1.4% of tumors
> 3 oy 192066067
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Serum AFP

AFP is the serum tumoral marker most widely used in
the surveillance for HCC™. Tts levels are influenced by
tumor size and aggressiveness, as well as by the etiology
and activity of the liver disease™ . These limitations af-
fect the usefulness of AFP as a surveillance test for HCC,
and its principal drawback is a poor sensitivity at cut-off
levels ensuring an adequate speciﬁcity[22’75]. Namely, serum
AFP levels are increased in a minority of early HCCs and,
when elevated, tend to identify highly malignant cancers
with a rapid growth rate”"*""" Furthermore, AFP
lacks specificity for HCC since abnormal levels can be
caused by hepatitis activity flares in both HBV- and HCV-
infected patientsm’m.

The combined use of US and AFP increases the sensi-
tivity for early HCC by 6% compared to US alone, but also
enhances the rate of false positive results, with detrimental
consequences on direct and indirect costs for each eatly
HCC detected”™. In fact, while false positive results occur
with US or AFP alone in 2.9% and 5.0% of cases, respec-
tively, the figure rises to 7.5% on combining the two tests,
and this drop of specificity translates into a cost of ap-
proximately 2000 USD per HCC identified with US alone
as compared to 3000 USD with the combination of AFP
plus US™,

Inadequate sensitivity for early lesions and lack of
specificity discourage the use of AFP as a screening and
surveillance tool for HCC*™ so that the use of US
alone in this setting has been recommended by Western
guidelines for HCC management™'", This suggestion,
however, is not shared by the recently released Eastern
guidelinesm’sﬂ, that continue to propose the combined use
of US and sero-markers, such as AFP and des-gamma-
carboxy prothrombin, aimed at maximizing the sensitivity
of surveillance regardless of its negative impact on CE.

Special subgroups (patients on LT waiting list, patients
with coarse liver echo-pattern, obese patients)

Patients on the LT waiting list represent a special sub-
group where surveillance for HCC acquires additional
clinical significance, as the identification of an HCC in
these patients: (1) can hasten the urgency for LT by pri-
oritizing the patient on the list; (2) alternatively, it may
represent a reason for waiting list drop-out if the tumor
burden exceeds the accepted criteria for LT, (3) due
to these reasons, it also impacts on the probability of the
listed non-HCC patients to be transplantedlsz’ssj. Non-
HCC patients listed for LT usually have an advanced cir-
rhosis which associates with a coarse liver echo-pattern,
organ shrinkage and ascites, and these features may impair
the US ability to detect (small) focal lesions™. Therefore,
although there is no compelling evidence to support this
suggestion, an HCC surveillance carried out with multipha-
sic computed tomography (CT) or magnetic resonance (MR)
every 6 mo can be proposed for these patients; considering
that the expected surveillance duration seldom exceeds 1
year, the detection of HCC is crucial to define the priority
for LT (and hence to fairly allocate a limited therapeutic
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resource among oncologic and non-oncologic candidates),
and the use of these techniques has been associated with a
better CE ratio”"

Patients with non-alcoholic liver cirrhosis represent a
growing population at risk of HCCY™ and in most of
them the presence of fatty liver and obesity may impair
imaging resolution of liver US exploration. Although no
formal studies have been cartied out to address this issue,
in some studies CT was purposely used instead of US for
HCC surveillance in a minority of patients (3.3%) due to
the presence of suboptimal US resolution because of a
coarse liver echo-pattern or extreme obesitym. Instead, in
a study carried out in the United States, the presence of
an increased body mass index was not associated with a
decreased sensitivity of US for HCC detection, although
the robustness of this finding is flawed by the limited
statistical power of the study and the overall poor quality
of US results™. Thus, due to the growing prevalence of
non-alcoholic liver disease, this is a field where prospec-
tive studies comparing US with other surveillance tools
are urgently needed"””.

Optimal interval of surveillance (3 mo vs 6 mo vs 12 mo)
The surveillance interval should be dictated by the ex-
pected doubling volume time of the surveyed tumor,
and not by the degree of the inherent risk of HCC. Me-
dian doubling volume time of untreated HCC is around
170 d, although there is a great inter-individual variability
and the growth rate may be not constant over time!™,
This would indicate that the reference length of the sur-
veillance interval is 6 mo. Increasing the length to 12 mo
is indeed associated with a greater likelihood of missing
early HCCs, reducing the applicability of effective treat-
ments and thus worsening survival as compared to the
semiannual surveillance schedule™”. In fact, after cor-
rection for the lead-time bias, the survival of Child-Pugh
class A or B patients with HCC identified during a semi-
annual surveillance was significantly improved as com-
pated to patients undergoing 12 mo surveillance™. Similar
findings were obtained in Asian patients, in whom the
survival benefit adjusted for lead-time bias was significantly
greater when surveillance was carried out with an interval
< 6 mo as compared to > 6 mo". Conversely, a random-
ized study prevalently including patients with alcoholic
cirrhosis demonstrated that shortening the surveillance
schedule to 3 mo was detrimental as it did not significantly
increase the likelihood to detect small (< 3 cm) HCCs
(79% vs 70%), amenability to curative treatment (62% »s
58%) and 5-year survival (85% »s 86%), whereas it led to a
greater cumulative incidence of detected focal lesions that
proved non-malignant during the follow-up, thus leading
to an increased cost of recall proceduresw. In this regard,
it should be emphasized that the proposal of the Japanese
and Asian guidelines to shorten the surveillance interval
to 3 mo in patients at very high risk of developing HCC
does not rely on experimental results or CE study mod-
els™*, Thus, on the basis of the currently available evi-
dence, a 6-mo interval should be recommended for HCC
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surveillance™'".

DIFFERENCES BETWEEN EFFICACY AND
EFFECTIVENESS

Efficacy is a measure of the degree to which one pro-
cedure obtains the expected result under standardized
conditions, generally chosen to maximize the chance to

observe the expected result. Effectiveness, instead, mea-
sures the extent of the benefit when the procedure is ap-
plied in clinical practice. Effectiveness not only depends
upon the efficacy of the procedure but also on “external”
non-standardized factors, such as physicians’ (specific
knowledge, convincement and recommendation) and
patients’ (acceptance and adherence) behavior, health
system organization (timeliness of the recall policy, avail-
ability and accessibility of appropriate diagnostic tools
and treatments, adequate follow-up), as well as economic,
cultural and social influences. In the case of surveillance
for HCC, it can be optimistically hypothesized that its
effectiveness is affected by the following drawbacks:
missed/unconvincing doctor recommendation (80%),
limitations to surveillance access (90%), patient refusal
(90%) or inadequate adherence (90%), untimely recall
(by 90%), untimely availability of appropriate diagnostic
and therapeutic options (90%) and improper follow-up
(90%). Thus, assuming that the mentioned limitations
are independent probabilities and the reduction in overall
mortality of cirrhotic patients with HCC diagnosed dur-
ing surveillance is 40% - according to the Italian Liver
Cancer data (ITA.LLCA)™ - it can be calculated (0.40 X
0.80 X 0.90 x 0.90 X 0.90 X 0.90 X 0.90 X 0.90) that the
actual effectiveness of surveillance in cirrhosis drops to
17%.

Therefore, surveillance for early diagnosis of HCC
is a typical example of “clinical nuance”, whose basics
tenets are that medical services and providers differ in the
clinical benefit provided; hence, the benefit of the service
depends on the person using it, as well as where and by
whom the service is provided. As previously pointed out
by our group, besides limited economical resources, a ma-
jor flaw of surveillance for HCC is the “behavior hazard”
of both clinicians (prescription and organization) and
patients (adherence)”. These shortcomings explain the
large gap between efficacy and effectiveness of surveil-
lance of patients at risk of HCC, and indicate the road
for reducing this gap and greatly improving the CE of the
procedure without the need for diagnostic and therapeutic
advancements.

COST-EFFECTIVENESS OF SURVEILLANCE

The economic aspect of HCC surveillance has also to be
considered. Its CE is mainly determined by two features:
the gain obtainable with surveillance in terms of quality-

adjusted life-expectancy (effectiveness) and its total costs.
In turn, these features are determined by two components
each. Effectiveness strictly depends on HCC incidence
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and the actual possibility to submit patients diagnosed
with HCC to potentially curative treatments; total costs
result from the sum of the costs of surveillance test(s),
tools utilized for tumor diagnosis and staging, and HCC
treatment(s).

As mentioned above, from a CE standpoint US sur-
veillance of cirrhotic patients should be started when the
annual HCC incidence is expected to be at least 1.5%;
however, it cannot be excluded that different surveil-
lance strategies, and different surveillance intervals, can
be more cost-effective in different clinical scenarios. For
instance, available data suggest that the annual program
of US surveillance (+ AFP assessment) is cost-effective in
patients with a tumor risk up to 3%-3.5% per year, while
the semiannual program becomes more cost-effective in
patients with a risk above these ﬁgures[44’76’95’%]. Indeed, the
semiannual US strategy has been consistently reported to
be the most effective program for an eatly tumor diagno-
sis but it inevitably increases direct and indirect costs with
respect to programs with longer intervals. Considering
this, a reasonable alternative from a CE perspective is the
“AFP-triage strategy” that avoids US use in patients with
normal AFP values. This strategy has been reported to be
more cost-effective than semiannual US but with a lower
efficiency in detecting HCe,

The second main determinant of surveillance effec-
tiveness is the possibility to timely submit HCC patients
to potentially curative treatments. While it is not pos-
sible to predict the tumor burden at presentation in the
individual patient, it is intuitive that an advanced degree
of liver dysfunction strongly limits-or even prevents-
the therapeutic approach to the forthcoming HCC. The
literature lacks specific analyses comparing the CE of
surveillance »s no-surveillance in decompensated cir-
rhotic patients, also because surveillance is not currently
recommended in patients with advanced cirrhosis not
listed for LT. The only available evidence indicates that
semiannual US surveillance can be more cost-effective
than annual surveillance only if treatment can ensure a
huge survival gain after HCC diagnosis, as in the case of
LT indirectly supporting the recommendation to keep,
among Child-Pugh class C patients, only candidates for
LT under surveillance.

The direct costs of surveillance test(s) are relatively
low, as both US examination and AFP dosage are not
high-cost procedures. It has been reported that costs for
surveillance and tumor diagnosis are around 18000 USD
per each potentially curable HCC detected, accounting
for only 10%-20% of total costs of cancer management
since the main determinant of costs is treatment' .
Nevertheless, the CE of surveillance programs based
on CT, MR or contrast-enhanced US (CEUS) has been
tested with Markov model analyses and most of the stud-
ies found that their use raised costs, without a parallel
significant increase in HCC detection, resulting in a higher
incremental cost-effectiveness ratio (ICER) compared
to US surveillance ™", Thus, there is not sufficient
evidence for adopting CT or MR as surveillance tests,
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whereas the use of CEUS, although intriguing, requires
further dedicated studies.

Another point that needs to be addressed is the use of
AFP as a surveillance test. Sensitivity of AFP is reported
to be around 60%, and its specificity is limited by the non-
HCC related elevation of the marker due to hepatic necro-
inflammation and regeneration occurring in active hepatitis
or cirrhosis!™>'*""0™, Consequently, the frequent false
positive results of a periodic AFP measurement, entraining
confirmatory tests, increase the total costs of surveillance
based on serum AFP measurement!””.

As mentioned before, the main determinant of surveil-
lance costs detives from the tumor treatment. For example,
the inclusion of LT in the treatment algorithm, reimburse-
ment of which can be up to 250000 USD (University of
Alabama)™”, results in an up to 10-fold increase of the
average cost-effectiveness when compared to scenarios
where LT is not an option. Hepatic resection is another
high-cost intervention, that can compete with percutaneous
ablation in terms of both sutvival and CE. Available litera-
ture suggests a CE advantage for ablation in the case of
single tumors < 2 cm and 2-3 nodules each < 3 c¢m, while
surgery becomes more cost-effective for single tumors > 3
cm"™. Thus, the type of treatment adopted, the proportion
of patients undergoing each therapy and, more importantly,
costs assumptions are the main sources of uncertainty for
simulation models aimed at calculating the CE of surveil-
lance for HCC. Therefore, it is advisable to propose pro-
spective micro-costing analyses to refine this topic. Micro-
costing studies collect data and values on the resources uti-
lized for each patient so that, although time- and resource-
consuming (expensive record keeping over time and use of
database management), they allow a precise definition of
costs. Only one prospective micro-costing study has been
published, and this was more than 10 years agom]. Due to
the changed scenario of HCC management since then, fur-
ther similar studies are warranted.

To conclude, semiannual surveillance based on US
achieves a higher detection rate of eatly HCC but at in-
creased costs with respect to the annual program. From a
CE perspective, alternative strategies, such as the semian-
nual AFP + annual US or the annual US ( AFP) sched-
ules, could be proposed and tested in patients with a rela-
tively low HCC incidence, such as young cirrhotic women
or patients who have become non-viremic after (HCV-
and HBV-infected) or during (HBV-infected) antiviral
treatment.

WHICH IS THE BEST RECALL POLICY?

Recall policy is instrumental to the success of surveillance,

since an abnormal surveillance test must promptly entrain
a pre-defined strategy aimed at ruling in/out the presence
of HCC and staging it. The diagnostic algorithm that
composes recall procedures should be carried out within
a reasonable time interval to allow timely and adequate
treatment. Recall procedures greatly concur in diagnos-
ing HCC at a very early (solitary, < 2 cm) or early stage

(4 9
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(meeting the Milan criteria) that, in turn, allows applica-
tion of curative treatment and eventually improves patient
survival. It is recommended that patients are evaluated at a
referral center with availability of all diagnostic techniques
and therapeutic opportunities.

Importantly, any new lesion identified at screening or
during surveillance as well as pre-existing lesions enlarg-
ing or changing their echo-pattern should be regarded as
malignant unless otherwise demonstrated; however, as
most nodules < 1 cm are non-malignant, the institution
of recall procedures for these lesions would increase sut-
veillance costs without clinical gainm’m]. Therefore, these
lesions should be strictly followed-up with US every 3
mo until an increase in size occurs (allowing a suitable
definition of their nature with diagnostic techniques) or
for one-two years'™' ™" This shortening of the interval
between US scans (“enhanced” follow-up) is dictated by
the knowledge that the volume doubling time of some
HCCs may be as short as 30 d, and the main goal of
surveillance is to detect HCCs < 2 ecm™. It has to be
emphasized that the echo-pattern is not predictive of
malignancy since, although HCC more often presents as
a hypo-echoic lesion, it may be hyper-echoic or have a
“target” appearancems’m(’].

The recall strategy for lesions = 1 cm relies on the
use of dynamic, contrast-enhanced, multiphase, imaging
techniques with vascular contrast media (CT, MR, CEUS)
and overlaps with the diagnostic process. In cirrhotic pa-
tients, if the nodule shows the typical vascular patter ze.,
homogeneous contrast enhancement in the arterial phase
(wash-in) followed by hypo-enhancement in the portal
or venous phase (wash-out) - it can be regarded as HCC
with no need for histological confirmation™"*?*1 %1%,
If the lesion does not display this typical pattern at the
first imaging procedure, an alternative imaging technique
can be performed, and if an atypical vascular pattern
is found again, the lesion should undergo biopsy. It is
recommended that histological samples are evaluated
by an expert in liver pathology and, in the case of non-
diagnostic pathological results, a follow-up with US every
3 mo should be implemented and the recall procedures
repeated as soon as a nodule enlargement is observed
(Figure 1).

When selecting the most rewarding imaging tech-
nique to be firstly performed in a patient with suspected
HCC, it should be considered that MR has the highest
sensitivity to detect the typical vascular pattern in tiny
HCC (< 2 cm) and, using hepatocyte-specific contrast
agents, it can provide important additional information
in the so called “hepato-biliary phase” (hypo-intensity of
the nodule) to suspect malignancy even in the absence
of the wash-in phenomenon, a feature quite frequent in

21,109-112 . . .
&1, 1, Discovering the malignant nature of

tiny lesions
nodules < 2 c¢m is indeed of paramount importance as,
above this size, the prevalence of unfavorable prognostic
factors, such as microscopic vascular invasion and satel-
lites, greatly increases™'"? (Figure 2).

The inclusion of CEUS among the imaging tech-
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1 The disease must be common, with 2 The targen population must be readily 3 Surveillance tests must have low morbidity,
substantial morbidity and mortality identifiable high sensitivity and high specificity
Hee is the fifth most common human HCC develops in patients with cirrhosis in Hepatic ultrasound, the recommended
— . cancer and the more than 90% of cases ] surveillance tool, has no morbidity
third cause of death from cancer
 —  —

The annual incidence of HCC in patients
with compensated cirrhosis is 2-4%

Hcc can develop even in pre-cirrhotic
—— patients with HBV or HCV infection, I—— of preclinical and early HCC is 94-95% and
or metabolic liver diseases

The sensitivity of ultrasound for detection

63%, respectively, while specificity is > 90%

HCC is the main cause of death in patients
with compensated cirrhosis

The population at risk of HCC is usually
identified on histological or clinical basis
and patients are often referred to

The diagnostic performance of ultrasound
is greatly influenced by the operator
expertise: in erpert hands ultrasound is an

hepatology centers adequate surveillance test
4 The surveillance test must be acceptable to the target population ‘ > ‘ There must be standardized recall procedures ‘
|| Asemiannual repetition of ultrasound is a non-invasive, A positve result of the surveillance test has to timely entrain a
easily-performed, and relatively low-cost surveillance schedule || pre-definite algorithm aimed at diagnosis comfirmation (recall
procedures)
Adherence to the surveillance schedule is a function of patient > i T
i education and physician awareness of the HCC risk Recall procedures involve radiological, contrast-enhanced
— imaging and/or pathological evaluation of the lesion (s)
relying on precise diagnositic criteria
L Adequate operator training and access to the procedure are
instrumental o the outcome of the surveillance process L The suitability of standardized radiological procedures
has been comfirmed in independent series
6 There must be an acceptable and effective therapy ‘ 7 ‘ Surveillance should reduce disease-specific mortality
Liver transplantation, surgical resection and percutaneous ablation In the absence of adequately powered randomized clinical
and are curative options for patients with small HCC, and can increase | —> trials, simulations based on Markov model and cohort studies
their survival represent the best evidence supporting surveillance benefit
Surveillance increases the amenability to curative treatments Cohort studies showed that surveillance for HCC improves
compared to patients diagnosed with a symptomatic tumour survival through an increased detection of tumors amenable
to curative treatments. One randomized controlled trial
performed in HBsAg carriers supports this information

Figure 1 Prorok’s postulates: Paradigm of surveillance for early diagnosis of hepatocellular carcinoma.

niques of the recall policy is currently debated, due to
the risk of misdiagnosis between HCC and intrahepatic
cholangiocarcinoma (ICC)!"™'*'"*'" However, the re-
cently released Italian recommendations for HCC man-
agementUM have included CEUS in the recall algorithm
due to: (1) its positive predictive value for HCC > 95%
when a typical vascular pattern is observed; (2) the fairly
low incidence of ICC in cirrhosis (1%-3% of newly di-
agnosed tumors); and (3) the fact that only half of small
ICCs display a pattern typical for HCC at CEUS!"™ ",
From a CE standpoint, however, it should be pointed
out that, since a “panoramic” imaging technique is man-
datory to correctly stage the tumor, CT or MR should
be preferred, using CEUS as a second-line procedure in
the case of inconclusive findings at radiological imaging

. 105,114
techrnquesl A1,

ACTUAL UPTAKE OF SURVEILLANCE
AND LIMITATIONS TO ITS APPLICATION

Despite the available evidence that surveillance increases
the survival of patients diagnosed with HCC, expanding
the possibility to perform effective therapies, there is still
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controversy on its actual usefulness in clinical practice.
Some recent studies, coming from the United States, have
helped frame the receipt of HCC surveillance in every-
day practice in this country and reported the obstacles
to its utilization, providing hints on how to improve its
uptake and outcome!'*'*!. Indeed, initial reports showed
that no more than 28% of patients diagnosed with HCC
underwent at least 1 screening test in the 3 yeats preced-
ing the diagnosis and, among them, 36% received AFP
testing alone as a screening test' . However, this study
did not report a measure of receipt of surveillance in the
whole population of patients at risk. A subsequent study,
performed on a larger and more representative sample,
confirmed a low uptake of surveillance in patients diag-
nosed with HCC, showing that 17% and 38% of patients
received consistent and inconsistent surveillance, respec-
tively, before HCC detection, and demonstrated that being
followed up by a gastroenterologist/hepatologist or an
academic physician was associated with a higher likelihood
of receiving surveillance as compared to patients followed
by primary care physiciansmg]. Thus, being followed by a
specialist in liver disease is a key factor for the likelihood
of receiving HCC screening and surveillance, a finding
indirectly supported by the result of a self-reported use of
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Figure 2 Recall policy and diagnostic algorithm proposed by the Italian Association for the Study of the Liver for cirrhotic patients with a nodule detected
during ultrasound surveillance. 'Note that, since magnetic resonance (MR) or computed tomography (CT) are anyhow needed for staging in the case of hepatocel-
lular carcinoma diagnosis made by contrast-enhanced ultrasonography (CEUS), a pragmatic approach is to perform MR or CT as the first-line imaging technique for

diagnosis, and to resort to CEUS when radiological imaging techniques provide inconclusive features (reprinted with permission)

surveillance ranging from 71% to 84% among members
of the American Association for the Study of the Liver
and the Veteran Health Administration*""*. Moreover,
an adequate surveillance was strongly associated with the
local availability of all possible treatments for Hcc!™,
thus emphasizing the concept that patients at risk should
be followed up and managed at referral centers with avail-
ability of multi-disciplinary resources to optimize the
effectiveness of surveillance. These findings underscore
that the patient’s probability to be maintained under
surveillance is strictly connected with specialist care and
the possibility to receive treatment for HCC, and that ef-
fectiveness of surveillance is modest in decreasing HCC
mortality when surveillance uptake is markedly low' ***!.
Lastly, longitudinal evaluation of the ITA.LI.CA
database over 20 years showed an increase in the pro-
portion of patients diagnosed with HCC during surveil-
lance until 2002, followed by stationary figures over the
subsequent 6 years, accounting for approximately 53%
of these cases, but with a significant continuous shift to
preference of the 6-mo interval®™. These data, as well
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[102)

as those coming from the United States, clearly reveal
an insufficient and suboptimal use of surveillance in the
real wotld of health care and should stimulate educa-
tional policies aimed at expanding the knowledge and
the correct use of this tool for secondary prevention of
HCC. Indeed, audits with identification of barriets to
the application of surveillance and implementation of
measures able to improve physician and patient educa-
tion, together with system re-design, have led to a great
increase in the application of adequate surveillance pro-
tocols for an early diagnosis of HCCc™,
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