L))

Check for
updat

Editorial Commentary

Surveillance of hepatocellular carcinoma by medical imaging

Christoph F. Dietrich"’, Andreas Teufel’, Claude B. Sirlin®, Yi Dongs

'Sino-German Tongji-Caritas Research Center of Ultrasound in Medicine, Department of Medical Ultrasound, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430030, China; “Department of Internal Medicine II, Caritas-Krankenhaus
Bad Mergentheim, Bad Mergentheim, Germany; *Division of Hepatology, Department of Medicine 1T, Medical Faculty Mannheim, Heidelberg
University, Mannheim, Germany; *Liver Imaging Group, Department of Radiology, UC San Diego, San Diego, CA, USA; Department of
Ultrasound, Zhongshan Hospital, Fudan University, Shanghai 200433, China

Correspondence to: Christoph F. Dietrich, MD. Professor, Department of Internal Medicine II, Caritas-Krankenhaus Bad Mergentheim, Uhlandstrafie 7,
97980 Bad Mergentheim, Germany. Email: christoph.dietrich@ckbm.de.

Comment on: Park JH, Park MS, Lee SJ, Jeong WK, Lee JY, Park MJ, Lee SS, Han K, Nam CM, Park SH, Lee KH. Contrast-enhanced US with

perfluorobutane for hepatocellular carcinoma surveillance: a multicenter diagnostic trial (SCAN). Radiology 2019;292:638-46.

Submitted Aug 30, 2019. Accepted for publication Oct 05, 2019.
doi: 10.21037/qims.2019.10.04
View this article at: http://dx.doi.org/10.21037/qims.2019.10.04

Effective treatments for early-stage hepatocellular
carcinoma (HCC) have provided the rationale for HCC
surveillance since detection of the disease at an early
stage is associated with more favorable outcome. In a
prospective multi-institutional diagnostic study, Park
et al. (1) evaluated the added value of (perfluorobutane)
contrast-enhanced ultrasound (CEUS) when combined
with conventional B-mode ultrasound (US) as an HCC
surveillance tool in participants with liver cirrhosis using a
single arm, intraindividual comparison study design. The
primary end points were the detection rate of early-stage
HCC (Barcelona clinic liver cancer staging system stage
0 or A) and false-positive rate. Of the initially included
524 participants, 493 (94.1%) had liver cirrhosis related to
the hepatitis B virus (HBV). Ten HCCs were confirmed in
eight participants. The detection rate for early-stage HCC
was not significantly improved by adding perfluorobutane-
enhanced US to conventional B-mode US. However, the
false-positive rate was significantly reduced.

Some current clinical practice guidelines also recommend
HCC surveillance in patients with chronic hepatitis C virus
(HCV) infection and advanced liver fibrosis (stage F3) (2).
Chronic HBV without cirrhosis is considered an indication for
HCC surveillance if any of the following criteria is met (2-6):

% Active hepatitis [e.g., elevated serum alanine

transaminase (ALT)] and/or high viral load (i.e.,
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>100,000 copies/mL).

% Family history of HCC [first degree relative, adjusted
rate ratio (ARR) 2.4] (7).

% Asian males over the age of 40 years, females over
50 years. The incidence of HCC in Asian patients
with HBV is higher than in Caucasian patients (0.4 to
0.6 percent per year compared to less than 0.2 percent
per year) (8,9). The incidence in male HBV carriers
from Southeast Asia exceed 0.2% around the age of
40 years and is the basis for the recommendation that
surveillance start in Asian men at age 40 years. The
incidence in Asian women is lower, but it is not well
defined.
¢ Africans and African Americans (10,11).

% Viral load >100,000 copies/mL (20,000 international
units/mL) is a risk factor for disease progression and
HCC in Asian patients (4-6).

Also, surveillance is recommended for patients who
are on effective antiviral treatment for chronic HBV
infection and are HBsAg seropositive, although the risk of
HCC appears to be decreased among these patients (2,3).
In contrast, the incidence of HCC is low for treatment-
naive patients with inactive hepatitis (long-term normal
ALT and HBV DNA levels less than 2,000 international
units/mL) (12,13). As a result, surveillance for such patients
without cirrhosis and without an additional risk factor
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is not generally recommended (3). Also, in patients with
nonalcoholic steatohepatitis surveillance is generally not
recommended until they progress to cirrhosis. Finally,
surveillance is not generally recommended in patients with
child-pugh score C, due to their limited life expectancy
and low hepatic functional reserve to tolerate treatment for
detected cancer.

Surveillance is defined as screening examinations at
regular intervals. US with or without a-fetoprotein (AFP)
is considered standard surveillance for HCC in patients at
risk (2,3). The survival rate, size at time of diagnosis, and
treatment options are meaningfully improved compared to
populations without surveillance. This is due to an increased
detection of early stage HCC by surveillance with an odds
ratio of 2.11 compared to non-surveillance (14). A large,
randomized Chinese surveillance study in 19,200 patients
with chronic HBV (4) infection, with or without cirrhosis,
confirmed a 37 % reduction in mortality under surveillance
(6,15). A Japanese study confirmed that surveillance allows
the detection of small, potentially curable HCCs, with the
vast majority of detected cancers being <3 cm; only 2% of
surveilled patients had HCCs exceeding 3 cm at diagnosis.
In a meta-analysis, the pooled sensitivity of US in detecting
early HCC was 63% (16,17). These convincing data on
efficacy of HCC surveillance even hold true in large meta
analyses comparing 38 pooled studies and demonstrating
improved 3-year survival rates, increased detection of early-
stage HCC and higher curative treatment rates compared
with non-surveillance (18).

However, efficacy of surveillance and ultimately overall
survival is clearly associated with compliance with HCC
surveillance guidelines (fewer than 7 months between image
evaluations) as recently demonstrated with the ANRS
CO12 CirVir cohort (19).

Magnetic resonance imaging (MRI)

MRI is more accurate than US or computed tomography
(CT) for detection of HCC (20) but the exams are long,
complex, and expensive, and complete MRI is generally not
recommended for routine HCC surveillance. To overcome
some of the barriers of complete MRI, investigators
in recent years have proposed abbreviated MRI exam
protocols. These abbreviated protocols include only the
sequences essential for HCC detection. Three abbreviated
MRI approaches are reasonable:
% Non-contrast abbreviated MRI comprising
unenhanced T1w dual-echo images, T2w images, and
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diffusion-weighted images. No intravenous catheter

or contrast agent is required.

% Dynamic abbreviated MRI comprising T1w fat-
suppressed images precontrast and in the arterial, portal
venous, or delayed phases after administration of an
extracellular agent. The agent is injected in the scanner
using a power injector via an intravenous catheter.

% Hepatobiliary abbreviated MRI comprising T1w
fat-suppressed images and T2w, with the possible
addition of diffusion-weighted images, acquired about
20 minutes after administration of gadoxetate
disodium, a hepatobiliary agent. The agent is injected
outside the scanner room and the patient is brought
into the scanner several minutes later.

Each of these abbreviated MRI exam protocols requires
less than 15 minutes of scanner time, thereby improving
throughput, decreasing patient burden, and reducing cost.
Of the three approaches, hepatobiliary abbreviated MRI
is the best studied. In three retrospective analyses, the
performance of this method was simulated by extracting the
relevant images from a complete gadoxetate-enhanced MRI:
the sensitivity for HCC detection ranged from 81% to 85%
(21-23). While this protocol is promising, it has not been
validated prospectively. Moreover, while the exam has high
sensitivity for HCC detection, it does not provide enough
information for definitive HCC diagnosis. Hence, a positive
hepatobiliary abbreviated MRI exam requires call-back for a
complete, diagnostic exam.

Although both complete MRI and abbreviated MRI
exams are more sensitive than US (20), there have been no
prospective trials to assess whether they improve survival,
and the cost-effectiveness of MRI for routine HCC
surveillance has not been proven.

Currently, we suggest that MRI or abbreviated MRI be
considered for HCC surveillance when US is compromised
by severe patient obesity, hepatic steatosis, or parenchymal
heterogeneity.

CT

Compared to MRI, CT is more widely available, easier to
perform, faster, and provokes less claustrophobia. However,
it exposes patients to radiation (24,25) and is generally not
recommended for routine surveillance.

us

B-mode US as a screening procedure is generally accepted.
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The current AASLD guidelines recommend surveillance
using US, with or without AFP, every 6 months (14).
Thus, US is the currently the method of choice and is
often applied beyond HCC surveillance to monitor other
conditions, such as the development of portal hypertension,
including the onset of ascites or portal vein thrombosis (2).
However, the results are operator-dependent, with
sensitivities ranging widely from 47% to 84% depending
on the experience of the examiner (17). For this reason, the
most updated EASL guidelines suggested that surveillance
should be performed only by experienced personnel (2).

At the time of diagnosis, the most commonly observed
finding in HCC is a hypervascular appearance, independent
of their sizes (26). A meta-analysis showed that US
surveillance detected the majority of HCC tumors before
they presented clinically, with a pooled sensitivity of 94%.
However, US in this report was less effective for detecting
early-stage HCC, with a sensitivity of only 63% (27). The
sensitivity of US alone for detecting HCC at any stage is
78% and for early-stage HCC is 45% (17,20). This may
be due to a decreasing sensitivity with decreasing lesion
size. Also, decreasing sensitivity of 85%, 62%, and 21%
were reported for lesions larger 4 cm, between 4 and 2 cm,
and below 2 cm, respectively (28). Reported specificity is
uniformly high at >90%. Thus, among the modalities for
liver imaging, US is the least expensive and the most widely
available but the least sensitive for detection of HCC (20,28).

Shear wave elastography (SWE)

SWE has been widely used for many years to non-invasively
estimate liver stiffness as a biomarker of liver fibrosis and
there has been increasing interest in using SWE to identify
patients with advanced fibrosis who might benefit from
HCC surveillance (29-34). The value of SWE to identify
patients with chronic hepatitis at greater risk of HCC has
been proven in replicating HCV, but has been insufficiently
validated in patients who achieved sustained virologic
response (SVR) after HCV eradication. In particular, the
stiffness thresholds associated with sustained higher risk
of HCC development, after achieving SVR with PegIFN-
based therapies, ranged from 6.5 to 12.0 kPa (35,36).

CEUS

CEUS so far is not recommended for surveillance as its use
in this context has not been validated. The entire liver cannot
be imaged with US during the dynamic phase of contrast
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administration to characterize all detected nodules (37).
Instead, CEUS permits characterization of one or a limited
number of identified nodules. Therefore, pure blood
pool US contrast agents have not been recommended
for surveillance because they generally do not enable
examination of the entire liver.

By comparison, perfluorobutane gas-containing
microbubbles provide a prolonged postvascular phase during
which the entire liver can be interrogated. The contrast agent
Sonzaoid® is phagocytized by liver-specific macrophages
including Kupffer cells, thereby amplifying US scattering
to generate amplified sound waves (38). Since Kupffer cells
may be less abundant or even completely absent in HCC,
hypoenhancement in the postvascular phase is a relatively
sensitive imaging feature liver cancer. Neoplastic focal liver
infiltration with less liver-specific macrophages showed a
contrast defect (39). Therefore, CEUS in the delayed phase
may permit improved detection of HCC nodules. Sonzaoid®
was approved in Japan, South Korea, Norway and recently in
China; it can be also used in Denmark (40).

CEUS has improved characterization of HCC.
Hyperenhancement during the arterial phase and mild
washout are indicative for HCC in liver cirrhosis (41).
The featured study hypothesizes that also the detection
rate of early-stage HCC could be improved with fewer
false referrals by adding perfluorobutane enhanced US to
conventional B-mode US. The reference standards were
based on the liver imaging reporting and data system (LI-
RADS) (42-44), which currently include CEUS using
SonoVue/Lumason but not Sonazoid. The operator
dependency of US examination may be one reason why
CEUS has not proven to increase the ability of US to detect
small HCC tumors (45). The authors did neither observe
an improvement in the detection rate of early stage HCC,
nor improvement in the detection rate of any stage of
HCC. However, perfluorobutane-enhanced US showed a
lower false referral rate compared to conventional B-mode
US. The previously reported benefit for additional HCCs
detected with perfluorobutane-enhanced US not detected
with B-mode US could not be reproduced (39). Possible
explanations include an unexpectedly lower incidence of
HCC far below the expected 5%, possibly due to antiviral
treatment (46,47) and predominance of hepatitis B infection
(94%) (48). In addition, small and well-differentiated HCCs
may maintain the liver specific vessels and sinusoids and
the number of phagocating cells, similar to the surrounding
hepatic parenchyma (49,50). They conclude that CEUS in
general (39,45) and perfluorobutane-enhanced US may be
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used as a second-line tool at the same visit for surveillance if
a lesion suspicious for HCC is detected with B-mode US.

Combination of US and biomarker analysis

The most commonly used tumor marker for HCC is AFP.
As a screening test, AFP is generally associated with poor
sensitivity and specificity for detection of HCC (27,44,51).
When used as a diagnostic test, AFP levels at a value of
20 ng/mL showed good sensitivity but low specificity,
whereas at higher cut-offs of 200 ng/mL the sensitivity
drops to 22% with high specificity (52). Only a small
proportion of HCC at an early stage (10-20%) present with
abnormal AFP serum levels, a fact that has recently been
correlated with a molecular subclass of aggressive HCCs
(S2 class, EpCAM positive) (53,54). Thus, AFP is not used
for HCC screening unless additional imaging is unavailable.
Even in combination with US, AFP levels are only able to
provide additional detection of 6-8% of HCC cases not
previously identified by US (55). Since the combined use of
AFP and abdomen US increases detection rates compared
with US alone (17,56), AFP may be added to US for
surveillance, although this increases false-positive rates (27).

Harm

Besides detection rate and benefit for the patient, the
possible harm of HCC surveillance merits discussion
(17,27,48). A significant proportion of patients with liver
cirrhosis undergo possibly harmful imaging with potential
radiation exposure or interventional procedures (CT,
MR, liver biopsy, or angiography) (56). Psychological and
financial harms are additional considerations. Therefore,
false-positive or indeterminate surveillance tests should be
avoided. CEUS in general and perfluorobutane-enhanced
US specifically may reduce the number of false positive
findings in surveillance (57).

Costs

Cost effectiveness is among the keys to acceptance of
surveillance strategies and potentially even reimbursement
by health insurance companies (57,58). Decision analysis
and cost-effectiveness models suggest that an intervention
is considered cost-effective if it provides life expectancy
increase of at least three months with a cost below an
established threshold (59). Besides imaging surveillance, risk
evaluation needs biochemical and serological test results
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(e.g., AFP, HBV, aminotransferases, and others) all of which
increase the cost of surveillance.

Costs of surveillance for HCC vary significantly among
diverse countries. An Italian surveillance programme
showed the overall cost of the surveillance programme was
US $753,226, the cost per treatable HCC was US $17,934,
and the cost for year of life saved was US $112,993 (60).
Generally, the decision whether to adopt a surveillance
policy towards HCC also relies on the prevalence of
the disease in the population and on the resources of a
particular country. From a patient’s standpoint and with
currently increasing incidence of HCC, surveillance must
be recommended.
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