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Hepatocellular carcinoma surveillance in the 21st
century: Saving lives or causing harm?
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Hepatocellular carcinoma (HCC) is the third most common cause of cancer related death worldwide. Prognosis and
treatment options largely depend on tumor stage at diagnosis, with curative treatments only available if detected at an
early stage. However, two thirds of patients with HCC are diagnosed at a late stage and not eligible for cure. Therefore
several liver professional societies recommend HCC surveillance using abdominal ultrasound with or without alpha
fetoprotein in at-risk populations, including patients with cirrhosis and subsets of those with chronic hepatitis B. Available
data suggest HCC surveillance can significantly improve early tumor detection, curative treatment eligibility, and overall
survival. However, the potential benefits of HCC surveillance must be considered in light a shifting HCC demographic
from a viral-mediated cancer to an increasing proportion of patients having non-alcoholic steatohepatitis, which has
been shown to limit ultrasound sensitivity and may mitigate observed benefits. Further, benefits of HCC surveillance
must be weighed against potential physical, financial and psychological harms. Continued data for both benefits and
harms of HCC surveillance in contemporary populations are necessary. In the interim, providers should continue to strive
for high quality HCC surveillance in at-risk patients. (Clin Mol Hepatol 2019;25:264-269)
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Introduction
Hepatocellular carcinoma (HCC) is the leading cause of cancer
burden globally. HCC is responsible for more than 600,000 deaths
per year worldwide, making it the fifth-most common cancer and
the second most common cause of cancer-related mortality
worldwide.1 Vaccination programs against hepatitis B virus (HBV)
have resulted in a decrease in HCC incidence particularly in lessdeveloped regions of the world where HBV is more prevalent.2 On

the other hand, HCC is the fastest-rising cause of cancer-related
death in the United States and most of Europe3 and HCC incidence is predicted to continue rising until 2030.4
HCC is a condition that almost universally arises in individuals
with underlying liver disease, hence lends itself to surveillance.
At-risk individuals can be identified by the presence of chronic liver disease and surveillance can theoretically be applied in a costeffective manner to this population. Indeed, up to 90% of cases
occur in patients with chronic liver disease, with most having un-
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derlying cirrhosis at time of diagnosis,5 and patients with cirrhosis
have an annual HCC incidence ranging from 1% to 8%.5,6
Although the overall 1-year survival for HCC is disappointingly
low, HCC can be cured if detected at an early stage via surgical
resection, orthotopic liver transplantation, or ablative procedures
such as microwave or radiofrequency ablation. However, more
than 70% of patients diagnosed with HCC have advanced disease
that is not amenable to curative therapy, in which median survival
is typically between 1–3 years. The strong association between
early detection and improved survival has been the impetus behind professional society guidelines for HCC surveillance among
at-risk individuals, including those with cirrhosis.7-9 The American
Association for the Study of Liver Disease (AASLD), the European
Association for the Study of Liver (EASL) and Asian Pacific Association for the Study of Liver (APASL) recommend HCC surveillance
for patients with cirrhosis with liver ultrasound with or without
serum alpha-fetoprotein (AFP) test every 6 months,7-9 although
other professional societies do not endorse these recommendations
given concerns about the level of supporting evidence (Table 1).10
Herein, we discuss the pros and cons of HCC surveillance and its
overall value among at-risk patients.

Is it potentially beneficial?
HCC surveillance could identify patients with early-stage tumors
who may benefit from therapeutic options with potentially good
long-term outcome. However, it remains unclear whether HCC
surveillance actually improves overall survival in patients with liver
cirrhosis or just represents early-stage migration and increased
use of treatments, a phenomenon well described in other malignancies known as “over-diagnosis”.11
A large randomized controlled trial of HCC surveillance demonstrated HCC surveillance can decrease cancer-related mortality in
patients with chronic liver disease.12 In a large randomized con-

trolled trial with over 19,000 HBV-infected individuals, those randomized to HCC surveillance were significantly more likely to be
detected at an early HCC stage and more likely to undergo curative treatment. Further, HCC surveillance reduced HCC mortality
by 37% (mortality rate ratio 0.63, 95% confidence interval [CI]
0.41–0.98). However, this study was conducted among HBV-infected individuals in Asia and it is unclear if these results are applicable in the Western World where HCC typically arises in the
background of cirrhosis.
Although there is not a similar randomized trial among patients
with cirrhosis, many retrospective cohort studies have evaluated
long-term outcomes in HCC patients detected by surveillance
compared to those who were detected incidentally or symptomatically.13 A meta-analysis of 47 studies including a total of 15,158
found that HCC surveillance was associated with improved early
detection (odds ratio [OR] 2.08, 95% CI 1.80–2.37), curative
treatment rates (OR 2.24, 95% CI 1.99–2.52), and 3-year survival
(OR 1.90, 95% CI 1.67–2.17).14 However, most studies were limited by the inherent limitations of retrospective observational studies including selection bias, and lead-time and length-time biases.
A recent analysis of the Surveillance Epidemiology End Result
(SEER)-Medicare database found that HCC surveillance continued
to be associated with significantly higher 3-year survival after adjusting for both lead time and length time biases (23% vs. 13%).15
In contrast, a case–control study in the Veterans Affairs (VA)
health care system16 among 238 patients with cirrhosis who died
of HCC and matched cirrhosis patients who did not die of HCC
found surveillance was not associated with a decrease in cancerrelated mortality. However, it is unclear if these results reflect inherent limitations in the efficacy of surveillance or its effectiveness, i.e., how it was implemented in clinical practice. In this
study, most patients only received intermittent surveillance instead of semi-annual surveillance, and this has been shown to reduce surveillance effectiveness. Further, over half of the surveillance group was detected at an early stage; however, many failed

Table 1. Practice guidelines for hepatocellular carcinoma surveillance

Year of publication

Recommendations

AASLD

2018

Ultrasound with or without AFP every 6 months

EASL

2018

Ultrasound every 6 months

APASL

2017

Ultrasound and AFP every 6 months

LAASL

2014

Ultrasound or AFP (if ultrasound not available) every 6 months

NCCN

2018

Ultrasound with or without AFP every 6 months

AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of Liver; APASL, Asian Pacific Association for the Study
of the Liver; LAASL, Latin American Association for the Study of the Liver; NCCN, National Comprehensive Cancer Network; AFP, alpha-fetoprotein.
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to undergo curative treatment. Overall, current data are imperfect, with limitations as described above, but most studies suggest HCC surveillance has the potential to improve early detection
and overall survival.

Is it potentially harmful?
Screening-related harms can include direct complications of
screening tests as well as diagnostic testing. Therefore, although
ultrasound and AFP have minimal direct harms, it is important to
consider false positives or indeterminate results that can lead to
diagnostic testing harms. Computed tomography (CT) and
magnetic resonance imaging (MRI) are associated with known
harms such as contrast injury, radiation exposure, and cost as well
as evolving data about harms such as accumulation of gadolinium
in the brain. Further some false positive results may prompt liver
biopsy, which has risk of bleeding, tumor seeding, and injury to
adjacent organs. Although the literature on surveillance-related
harms is more immature than data evaluating benefits, there have
been a couple recent studies. Atiq and colleagues found 27.5% of
patients experienced surveillance-related physical harms over a
3-year period in a retrospective cohort study of 680 cirrhosis patients.17 Similarly, another study among 999 patients undergoing
surveillance found nearly 20% of patients had an indeterminate
nodule requiring diagnostic evaluation.18 Nearly three-fourths of
these patients returned to ultrasound-based surveillance after a
median of 2 CT/MRI studies; however, 20% continued CT/MRI
surveillance and 1% underwent invasive testing such as liver biopsy. Although these data suggest possible physical harms related
to HCC surveillance, further data are needed to evaluate financial
and psychological harms.

Is it cost-effective?
Surveillance is considered cost-effective if can be done at a cost
of less than $50,000 for quality-adjusted life-year gained.19 Several studies have shown that the cost-effectiveness of HCC surveillance largely depends on the incidence of HCC among at-risk
population. For example, in patients with Child-Pugh A cirrhosis,
surveillance for HCC becomes cost-effective if the incidence of
HCC exceeds 1.5% per year.20 In patients with chronic HBV and
no cirrhosis, surveillance is considered cost-effective if the incidence of HCC is greater than 0.2% per year.21 Andersson and col-
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leagues examined the cost-effectiveness of HCC surveillance in
patients with liver cirrhosis older than 50 years old in the United
States. On average, ultrasound assessment every 6 months increased quality-adjusted life expectancy among cirrhotic patients
by 8.6 months.22 The results were even better in patients with
small tumors where life expectancy extended to almost 3.5 years.
The study observed an incremental cost-effectiveness ratio of
$30,700 per quality-adjusted life year gained. Similarly, Patel et
al. demonstrated that HCC surveillance with semiannual
ultrasound plus AFP in patients with compensated hepatitis C
virus cirrhosis gained quality-adjusted life-years by 0.49 to 3.81 at
reasonable costs.23

What is the best surveillance strategy?
Although current data suggest HCC surveillance is of value, this
is dependent on having surveillance tests with sufficient sensitivity and specificity to provide an acceptable risk-benefit ratio. Currently, ultrasound is the primary modality recommended for surveillance of HCC. Although ultrasound has an acceptable sensitivity
of 84% (95% CI 76–92%) for detecting any-stage HCC, its sensitivity for early stage HCC detection is significantly lower at only
47% (95% CI 33–61%).24 Further, increasing data demonstrate
that its effectiveness can be affected by factors including operator
expertise, severity of liver disease, and patient body habitus, leading to wide variation in its sensitivity between centers and patients.25,26 There is increasing interest in alternative imaging modalities such as CT or MRI; however, these modalities are likely
limited by physical harms (radiation and contrast exposure) and
costs, respectively. There are ongoing studies evaluating alternative imaging strategies such as abbreviated MRI; however, until
these data mature, ultrasound remains the standard radiographic
surveillance modality.
Therefore, there has been increasing interest in serum biomarkers that may improve sensitivity for early tumor detection. The
best studies biomarker to date is AFP, although there are few
studies that directly compare the use of ultrasound alone versus
ultrasound plus AFP. A recent meta-analysis found the concomitant use of AFP with ultrasound for surveillance improves detection of early-stage HCC. When AFP is used in concomitant with
ultrasound, the sensitivity of detecting early-stage HCC is estimated at 63%, (95% CI 48–75%) compared to 45%, (95% CI
30–62%) for ultrasound alone. The improved sensitivity was off-
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set by a small decrease in specificity (84% vs. 92%, risk ratio
1.08, 95% CI 1.05–1.09), although the clinical significance of this
decrease is likely minimal. Further, the diagnostic OR (which
accounts for sensitivity and specificity) of the two tests in
combination was higher than that of ultrasound alone. Finally,
there are several proposals to minimize the false-positive results
of AFP. First, the use of higher AFP cutoffs tends to improve
specificity particularly among patients with cirrhosis secondary to
viral hepatitis.27 Second, the trend of AFP test values rather than a
single test result more accurately identifies patients at-risk to develop HCC.28 In a recent study, a group of researchers from the VA
health care system developed and validated an HCC early detection model that incorporated the rate of AFP change along with
AFP most recent value, age of the patient, alanine aminotransferase blood level, and platelet count. This model was associated
with improved sensitivity for early HCC detection compared to the
current standard of care.29
Despite improved accuracy compared to ultrasound alone, it is
clear the surveillance strategy of ultrasound and AFP remains far
from ideal. The combination of two test modality still misses approximately one in three patients with HCC. A number of novel
biomarkers, such as des-gamma carboxy prothrombin (DCP) and
lectin-bound AFP (AFP-L3), have been promising in phase II studies 30 and currently undergoing validation in larger cohorts in
phase III. Because of the heterogenicity of HCC, scientists have
proposed the combination of different biomarkers rather than relying on a single biomarker in the early detecting of HCC. The
GALAD panel incorporates AFP, AFP-L3, and DCP, plus patient
age and gender.30 This model has shown to be promising with
area under the receiver operating curve of 0.90 in case–control
studies. If validated in larger studies, the GALAD model may have
the potential to be used for HCC surveillance in the near future.
Cell free DNA released from tumor cells, referred to as circulating
tumor DNA, can be detected in peripheral blood samples and is
another promising novel surveillance biomarker undergoing evaluation.

HCC Surveillance Underuse
Although current data suggest HCC surveillance is of value and
should be recommended to at-risk populations, several studies
have shown that less than 20% of patients at risk undergo HCC
surveillance.31 There have been a few intervention studies to improve utilization of HCC surveillance. For example, Beste and colhttp://www.e-cmh.org

leagues demonstrated that an electronic medical reminder prompt
could significantly improve HCC surveillance rates and Veterans
with cirrhosis.32 Provider-directed electronic reminders improved
HCC surveillance in patients with cirrhosis by 51%. Similarly, Singal et al. conducted a randomized controlled study to examine the
effectiveness of mailed out-reach and patient navigation strategies in order to improve surveillance of HCC in patients with liver
cirrhosis.33 HCC surveillance significantly improved from 7.3% in
the usual care patients to 23.3% in outreach/navigation patients.
Future studies are needed to better stratify the risk for HCC and
to evaluate newer surveillance strategies, including imaging and
biomarkers.

Conclusion: Is HCC Surveillance justified?
Based on current data, should we abandon HCC surveillance?
Ideally, the question of whether HCC surveillance is effective
would be evaluated by a randomized controlled trial of surveillance vs. no surveillance. However, such study is not feasible as
HCC surveillance has largely become standard of care. When a
randomized trial was attempted, most providers and patients refused to participate and wished instead of opt for surveillance.
Therefore, we are forced to depend on data from cohort and
modeling studies. In a recent Markov model,34 Taylor and colleagues found that surveillance was associated with 13 (95% CI
12–14) fewer deaths for every 1,000 patients followed over a
5-year period. However, they noted significant surveillance-related
harms, with 150 (95% CI 146–154) patients having at least one
false positive surveillance test, leading to 65 cross-sectional imaging (CT/MRI) studies and 39 liver biopsies. It is clear continued
data are needed to evaluate both benefits and harms in representative contemporary populations to better inform assessments of
surveillance value. In the interim, we believe that it is premature
to abandon what has become the standard of care.
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