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Abstract

Hepatocellular carcinoma (HCC) is increasing in incidence and is
a leading cause of cancer-related mortality worldwide. Adherence
to HCC surveillance guidelines and appropriate treatment triage of
liver lesions may improve receipt of curative-intent treatment and
improved survival. Late-stage HCC diagnosis reflects sub-optimal
implementation of effective HCC surveillance, whereas inappropri-
ate treatment triage or linkage to care accounts for the non-receipt of
curative-intent in close to half of early-stage HCC in the USA. A free,
open-access decision-support tool for liver lesions that incorporates
current guideline recommendations in a user-friendly interface could
improve appropriate and timely triage of patients to appropriate care.
This review provides a summary of gaps and disparities in linkage to
HCC care and introduces a free, internet-based, interactive decision-
support tool for managing liver lesions. This tool has been developed
by the HCC Steering Committee of the Chronic Liver Disease Foun-
dation and is targeted toward clinicians across specialties who may
encounter liver lesions during routine care or as part of dedicated
HCC surveillance.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most common
cause of cancer-related mortality worldwide [1, 2]. Between
1990 and 2015, HCC incidence increased by 75% worldwide
[3]. Globally, HCC results in over 800,000 annual deaths [4];
in the USA, it is the fastest-rising cause of cancer mortality
[5, 6]. A recent study using data from the Global Burden of
Disease Study reported that liver cancer deaths increased by
25% from 2010 to 2019, which was likely driven primarily
by non-alcoholic steatohepatitis (NASH) and alcohol-related
liver disease, the two etiologies with the most rapid increase
in age-standardized death rates during this time period [7].
Cirrhosis is the primary risk factor for HCC, with one-third
of patients with cirrhosis ultimately developing HCC [3, 8].
Non-alcoholic fatty liver disease (NAFLD) has become the
leading cause of chronic liver disease (CLD) in most regions
of the world, including the USA [9, 10], where it is the fastest-
growing etiology among patients with HCC undergoing liver
transplantation (LT) [9, 11]. In addition to disease-specific fac-
tors affecting HCC risk, data also demonstrate that disparities
in access to care, social support, and lifestyle also contribute to
differences in long-term HCC risk and outcomes [9, 12].
While HCC is associated with high morbidity and mor-
tality [3, 11], early detection improves options for potentially
curative treatment, which is associated with significantly im-
proved 5-year survival. Conversely, patients diagnosed with
advanced stages of HCC survive a median of 1 year [13] and
up to 2 years with systemic therapy. Effective implementation
of HCC screening and surveillance in patients with cirrhosis is
associated with improved early-stage diagnosis of HCC, while
sub-optimal HCC surveillance has led to a high proportion of
HCC being detected at advanced stages [8]. In addition to sub-
optimal HCC surveillance, other gaps along the HCC cascade
of care, including delays in accurate HCC diagnosis and ac-
curate tumor staging, as well as timely linkage to appropriate
HCC-directed therapies, contribute to poor patient outcomes
[10, 11]. The Chronic Liver Disease Foundation (CLDF), a
nonprofit educational organization dedicated to increasing
awareness of the impact of CLD in the USA, assembled a
group of HCC experts, who are also members of the CLDF, to
form the HCC Steering Committee. Recognizing unmet needs
in the HCC cascade of care, a small working group containing
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/1. Screening: The initial application of a test
or tests in a surveillance program that aims to
detect disease (i.e., HCC present at time of
initial testing) in the target population.

3. Diagnosis: The process by which more
definitive tests are applied to establish the
presence of disease.

N

2. Surveillance: The programmatic and
repeated application of tests to detect a
disease of interest (i.e., HCC) in a well-
defined target population.

4. Staging. The process of determining the
extent to which the cancer has spread.

J

Figure 1. HCC terminology [14]. HCC: hepatocellular carcinoma.

Steering Committee members was assembled and tasked with
creating a practical, point-of-care tool to assist healthcare pro-
fessionals in the surveillance, diagnosis, staging, and treatment
of patients with HCC. This review seeks to increase awareness
of the existing gaps in the HCC cascade of care by reviewing
data on surveillance rates, disparities associated with HCC sur-
veillance, and targeted efforts to improve HCC surveillance. It
also presents a digital, decision-support tool for HCC, which
incorporates guideline-based recommendations on HCC sur-
veillance and staging systems. The terminology used through-
out this review is in accordance with that followed by the
American College of Radiology Liver Imaging Reporting and
Data System (LI-RADS) (Fig. 1) [14].

The Current State of HCC Surveillance in the
USA

Cancer surveillance programs aim to detect tumors at an early
stage when curative options are feasible [6, 15]. Professional
societies, including the National Comprehensive Cancer Net-
work [16], European Association for the Study of the Liver
(EASL) [17], and American Association for Study of Liver
Diseases (AASLD) [18], recommend HCC surveillance every
6 months with abdominal imaging with or without alpha-fe-
toprotein (AFP) in patients with cirrhosis. However, existing
data illustrate sub-optimal HCC surveillance, which translates
into poor HCC outcomes. For example, the Hepatitis C Anti-
viral Long-Term Treatment against Cirrhosis Trial (HALT-C)
prospectively collected HCC surveillance data on a cohort of
1,005 patients over a mean follow-up of 6.1 years and found
that 31.1% of the patients did not receive consistent surveil-
lance [19]. Another study using data from the Surveillance,
Epidemiology, and End Results (SEER) Program-Medicare
database, which included 13,714 patients diagnosed with HCC
from 2003 through 2013, observed that over 51% of patients
with cirrhosis did not receive any screening in the 3 years be-
fore an HCC diagnosis and only 6.8% of patients underwent
consistent annual screening. After correction for lead- and
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length-time biases, it was found that a higher proportion of
patients with consistent (23%; 95% confidence interval (CI),
21-25%) and inconsistent screening (19%; 95% CI, 19-20%)
survived for 3 years, compared to patients without screen-
ing (13%; 95% CI, 12-14%) [20]. Most recently, Wolf et al
performed a systematic review and meta-analysis of studies
published from 2010 through 2018. A total of 29 studies, in-
clusive of 118,799 patients, met the inclusion criteria. The au-
thors observed that the pooled estimate for HCC surveillance
was 24.0% (95% CI, 18.4-30.1%). Furthermore, patients with
alcohol-associated or NASH-related cirrhosis and those not
followed in subspecialty gastroenterology clinics had the low-
est surveillance rates [21].

Data in Table 1 [22-27] support the benefits of early HCC
surveillance, which includes improved early-stage tumor de-
tection, curative treatment rates, and improved long-term sur-
vival [20, 22-26, 28]. Because there are no data from rand-
omized controlled trials in patients with cirrhosis, the overall
value of HCC screening in patients with cirrhosis has been
questioned. Singal et al performed a systematic literature re-
view from January 2014 through July 2020 for studies report-
ing early-stage HCC detection, curative treatment receipt, or
overall survival, stratified by HCC surveillance status, among
patients with cirrhosis. They identified 59 studies, including
145,396 patients with HCC that was detected by surveillance
in 41,052 (28.2%) cases. HCC surveillance was associated
with improved early-stage detection (relative risk (RR) 1.86,
95% CI, 1.73 - 1.98; I? = 82%)), curative treatment receipt (RR
1.83,95% CI, 1.69 - 1.97; 1> = 75%), and overall survival (haz-
ard ratio 0.67, 95% CI, 0.61 - 0.72; 12 = 78%) after adjusting
for lead-time bias. Although there was notable heterogeneity
in all pooled estimates and little data quantifying potential
screening-related harms, the authors concluded that screening
is of high value in patients with cirrhosis [29].

HCC Surveillance Disparities

In order to improve HCC surveillance rates and meet individu-

www.gastrores.org



Wong et al

Gastroenterol Res. 2022;15(6):297-307

Table 1. Data Demonstrating the Benefits of Early HCC Surveillance and/or Screening

Study Aim Methods Results
Zhang et al, To assess the effect of 18,816 patients were HCC mortality rate was significantly lower in the
2004 [25] screening on HCC mortality randomly allocated to screened group than in controls (83.2/100,000

Singal et al,
2014 [23]

van Meer et
al, 2015 [24]

Mittal et al,
2016 [22]

Wu et al,
2016 [26]

Singal et al,
2017 [27]

Choi et al,
2019 [20]

in people at increased risk

To determine the effect

of HCC surveillance on
early-stage tumor detection,
receipt of curative therapy,
and overall survival in
patients with cirrhosis

To explore the effects of
HCC surveillance in “real-
life” clinical practice

To evaluate the effectiveness
of HCC surveillance in the
national VA clinical practice

To analyze the effectiveness of
screening in reducing mortality

To characterize the association
between HCC screening and
early tumor detection, curative
treatment, and overall survival
among patients with cirrhosis

To examine the association
between screening receipt
and early detection of
tumors using multivariable
logistic regression

a screening (9,373) or
control (9,443) group.

A systematic literature
review from 1990 to 2014
and a search of national
meeting abstracts from
2009 to 2012 identified
15,158 patients.

1,074 patients with HCC
were diagnosed in the
period 2005 - 2012.

Medical records of 887
HCC patients between

2005 - 2010 were reviewed.

52,823 newly diagnosed
HCC patients from 2002
to 2007, were classified
when they received
ultrasonography screening.

This “real-world” study
was a retrospective cohort
study of 377 HCC patients
diagnosed between June
2012 and May 2013.

13,714 patients diagnosed
with HCC from 2003
through 2013 included

in the SEER Program-
Medicare database

were analyzed.

and 131.5/100,000, respectively, mortality rate
ratio of 0.63 (95% CI, 0.41 - 0.98)). Biannual
screening reduced HCC mortality by 37%.

In patients with cirrhosis, HCC surveillance was
significantly associated with: 1) improved early-stage
detection (odds ratio (OR) 2.08, 95% CI, 1.80 - 2.37); 2)
curative treatment rates (OR 2.24, 95% CI, 1.99 - 2.52);
3) prolonged survival (OR 1.90, 95% CI, 1.67 - 2.17).

Compared to patients not receiving regular HCC
surveillance, those receiving HCC surveillance were
patients who: 1) had earlier HCC tumor stage at
diagnosis (BCLC 0/A: 61% vs. 21%); 2) were more
likely to receive potentially curative therapy resection/
transplantation (34% vs. 25%); 3) had significantly lower
risk of overall mortality (HR 0.50, 95% CI, 0.37 - 0.69).

Patients who received surveillance (vs. those without)
were significantly more likely to: 1) have early-

stage disease HCC (BCLC stage 0/A 27.2% vs.
11.6%); 2) receive potentially curative (20.9% vs.
11.6%) or palliative (59.2% vs. 45.5%) treatments.
Receipt of HCC surveillance was associated with
38% reduction in mortality risk (unadjusted HR 0.62,
95% CI, 0.54 - 0.71). Among patients with HCC,
pre-diagnosis HCC surveillance was associated with
a significant 38% reduction in overall mortality.

On multivariable subgroup analyses, the associations
between shorter screening intervals and better
survival were observed in nearly all subgroups,
especially in younger patients, patients without
diabetes and patients with HBV infection.

Screen-detected patients had a significantly higher
proportion of early tumors (BCLC stage A 63.1% vs.
36.4%, P <0.001) and were more likely to undergo
curative treatment (31% vs. 13%, P=0.02). HCC
screening was significantly associated with improved
survival in multivariate analysis (HR 0.41; 95% CI, 0.26
- 0.65) after adjusting for patient demographics, Child-
Pugh class, and performance status. Median survival
of screen-detected patients was 14.6 months, compared
with 6.0 months for non-screen-detected patients, with
the difference remaining significant after adjusting

for lead-time bias (HR 0.59, 95% CI, 0.37 - 0.93).

After correction for lead- and length-time biases,
higher proportions of patients with consistent (23%;
95% ClI, 21-25%) and inconsistent screening (19%;
95% CI, 19-20%) survived for 3 years compared with
patients without screening (13%; 95% CI, 12-14%).

AFP: alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; Cl: confidence interval; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; HR:
hazard ratio; OS: overall survival; SEER: Surveillance, Epidemiology, and End Results; VA: Veterans’ Affairs.
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Table 2. HCC Disproportionally Affects Racial and Ethnic Subgroups

Study Methods Results

Yu et al, Patient age, tumor stage, rates of surgical Black patients with HCC were: 1) significantly younger at diagnosis

2006 [33] intervention and survival were analyzed (P <0.0001); 2) more likely to have regional and distant metastasis at
in Black (n = 1718) and White (n =9,752) presentation (P < 0.0005); 3) less likely to have surgery performed (P
HCC cases between 1992 and 2001. <0.001). Overall survival rates were lower in Blacks (P = 0.0033).

Altekruse et HCC incidence data from SEER 18 HCC incidence and HCC mortality increased among Blacks,

al, 2014 [35]

Ha et al,
2016 [36]

Shaltiel et al,
2021 [34]

registries and liver cancer mortality
data from the National Center for
Health Statistics were analyzed

Population-based cohort study using SEER
cancer registry data from 2003 to 2011

to investigate race-specific disparities

in HCC incidence and survival

Single-center retrospective cohort
study of patients with HCV and
HCC from 2003 to 2018

Hispanics, and Whites aged 50 years and over. During 2006 - 2010,
among individuals 50 - 64 years of age, Blacks and Hispanics had
higher incidence and mortality rates than Asians/Pacific Islanders.

Asians had the highest HCC incidence, followed by Blacks, Hispanics,
and non-Hispanic Whites. Hispanics had the greatest increase in HCC
incidence (+35.8%), whereas Asians experienced a 5.5% decrease. The
overall 5-year HCC survival rate was highest among Asians (26.1%; 95%
Cl, 24.5-27.6%) and lowest among Blacks (21.3%; 95% CI, 19.5-23.1%)).

Compared to non-Black patients, Black patients had: 1) less early-
stage HCC (20.2% vs. 32.3%; P < 0.05); 2) larger tumors (median
(interquartile range): 3.5 cm (2.2 - 6.2 cm) vs. 3.1 cm (2.1 - 5.1 cm);
P <0.01); 3) more poorly differentiated tumors (30.3% vs. 20.5%; P <
0.05); 4) more microvascular invasion (67.2% vs. 56.5%; P < 0.05).

Cl: confidence interval; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; SEER: Surveillance, Epidemiology, and End Results.

alized patient needs, it is important to understand that surveil-
lance may be impacted by certain factors, which will be ex-
plored in this section.

Patient barriers

Sub-optimal HCC surveillance is affected by multiple factors.
An important and perhaps underrecognized factor that may
contribute to lower rates of HCC surveillance is patient dis-
tress and/or patient stigma. Surveillance may result in depres-
sion or anxiety from the screening process; financial burdens
and/or physical harms due to false-positives or inconclusive
results; and adverse effects from overdiagnoses [8]. Patient-
perceived barriers also negatively impact surveillance rates;
in a patient survey, perceived barriers included costs (28.9%),
difficulty scheduling (24.1%), and transportation (17.8%). In
addition, although these patients had high levels of knowledge
about HCC, there was a misconception that surveillance was
unnecessary when physical examination and laboratory results
were normal [30].

Racial and ethnic disparities

Significant racial and ethnic disparities in HCC surveillance
have been reported. For example, existing studies have iden-
tified significantly lower rates of HCC surveillance in Black
patients when compared with other race/ethnic groups [31-33].
These are concerning findings, given that there are significant
racial and ethnic disparities in HCC prognosis in the USA, es-
pecially in Black patients, as detailed in Table 2 [33-36]. Black
patients demonstrate higher HCC incidence, more advanced
tumor stage at diagnosis, lower rates of surgical resection, and
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higher mortality rates as compared to non-Blacks. These dis-
parities may be attributed to increased risk factors as well as
disparities in timely access to healthcare resources and differ-
ences in barriers, medical mistrust, and health literacy [33, 37].
Racial and ethnic disparities may also be impacted by socio-
economic status, as the two are often closely intertwined [38].
As detailed in Table 2 [33-36], one study concluded that Black
patients with hepatitis C virus (HCV) exposure develop HCC
at earlier stages of liver disease than members of other racial
groups [34]. Interventions are needed to better understand and
reduce disparities in early HCC detection to improve HCC
prognosis [31].

Impact of geography on HCC disparities

Disparities in HCC surveillance and the HCC cascade of care
may also be affected by where a patient lives, as those in more
rural areas may not have timely access to specialty care or may
have difficulty accessing services for HCC surveillance. Wong
et al retrospectively evaluated the 2004 - 2017 SEER registry
and found that, among men and women, overall HCC inci-
dence was highest in large metropolitan regions and decreased
with less populated/more rural regions; however, less popu-
lated/more rural regions demonstrated the greatest increase in
HCC incidence over time. Investigators also observed higher
HCC incidence and higher average annual percent change in
HCC incidence among lower income households and higher
HCC incidence in lower income groups. These disparities
were attributed to differences in risk factors, health-related be-
haviors, and barriers in access to healthcare services inherent
among underserved, rural, immigrant-rich communities [39].
In a separate analysis of the same database, trends in HCC in-
cidence by rural-urban geography and household income and
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how these surrogate markers of socioeconomic status affect
HCC tumor stage at diagnosis and overall survival were evalu-
ated. Investigators found that patients from rural regions and
lower-income housecholds had a more advanced tumor stage
at diagnosis and significantly higher HCC mortality, likely
reflecting suboptimal access to consistent high-quality liver
disease care, including HCC surveillance [40]. While the ru-
ral-urban disparities in HCC outcomes are complex and likely
reflect multiple factors, limited access to specialty care servic-
es is one important modifiable factor that could be addressed.
An easy to use, digital, decision support tool has the potential
to help providers in rural areas with limited access to specialty
care to better identify high-risk patients that need HCC surveil-
lance, what surveillance modalities to use, and how frequently
to image, and provide guidance on interpretation and follow-
up of liver lesions that are identified.

Inadequate linkage to care

In a retrospective study conducted by Marquardt et al [41],
the most common barrier to HCC screening was lack of rou-
tine outpatient care before HCC presentation, with nearly two-
thirds of patients failing to receive regular care from a primary
care provider (PCP) or gastroenterologist. In a separate Vet-
erans Health Administration study that analyzed 26,577 pa-
tients with cirrhosis, the strongest predictor that increased the
percentage of time up-to-date with HCC surveillance was the
number of visits to a specialist (gastroenterologist/hepatolo-
gist and/or infectious disease specialist) in the first year after
cirrhosis was diagnosed [42]. In other studies, linkage to spe-
cialist care was strongly associated with increased surveillance
rates [43-47], and this was attributed to the specialist having
the ability to focus solely on the liver during visits [47].

Efforts to Improve HCC Surveillance

As demonstrated throughout this review, low rates of HCC
surveillance are multi-factorial and likely reflect complex in-
teractions with patient, provider, and overall health system fac-
tors [42].

Improving HCC surveillance and diagnosis by automation

In this digital age, automation is revolutionizing healthcare
by making processes more efficient and effective, thereby im-
proving patient outcomes [48]. Automation empowers practi-
tioners to offer better services to patients, and this has been
demonstrated with HCC surveillance. Patients with cirrhosis
(n = 355) were prospectively enrolled into a chronic disease
management program that integrates nursing-based protocols
with automatic reminders when patients are due for surveil-
lance. Patients enrolled in this program between March 2010
and April 2011 were compared to a prior cohort in 2008 - 2009.
Automatic reminders of surveillance status demonstrated
significant increases in the rate of HCC surveillance among
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patients with cirrhosis; the results indicated that 331 (93%)
had imaging performed for HCC surveillance, compared to
119/160 (74%) patients in the previous cohort (P <0.001). The
most common reasons for failure to undergo surveillance were
patients’ lack of insurance and lack of follow-up on studies
ordered at outside institutions [49].

Another study examined the efficiency and validity of us-
ing automated data to identify HCC cases. Investigators used
a cohort of 1,138 veterans with International Classification of
Diseases, ninth Revision (ICD-9) codes for HCC during 2005
- 2010 to validate HCC codes and evaluate whether natural lan-
guage processing by the Automated Retrieval Console (ARC)
for document classification improves HCC identification. The
HCC ICD-9 code algorithm had a positive predictive value
(PPV) of 0.67, sensitivity of 0.95, and specificity of 0.93. For
a random subset of 619 patients, 471 pathology reports were
identified for 323 patients and 943 radiology reports were iden-
tified for 557 patients. The pathology ARC algorithm had a
PPV of 0.96, sensitivity of 0.96, and specificity of 0.97. The ra-
diology ARC algorithm had a PPV of 0.75, sensitivity of 0.94,
and specificity of 0.68. These results indicate that HCC case
identification improved with utilization of automated data in
comparison to a combined approach of ICD-9 codes and natural
language processing of pathology and radiology reports [50].

Increasing PCP awareness of HCC surveillance

HCC surveillance is improved when specialists are involved
in the care of patients with cirrhosis. On the other hand, in
regions and/or systems where specialists are not readily avail-
able (e.g., rural areas) [47], PCPs may have the opportunity
to take the lead on implementing effective HCC surveillance.
However, existing survey-based studies focused on PCPs in-
dicate that lack of awareness of the HCC surveillance guide-
lines, sub-optimal knowledge regarding proper HCC surveil-
lance, failure to recognize liver disease in patients that warrant
HCC surveillance, and time constraints were observed to be
important limiting factors that contributed to provider-specific
barriers to timely HCC surveillance [51, 52]. On the contrary,
PCPs felt that, if medical societies endorsed evidence-based
guidelines for HCC surveillance, they would be motivated to
comply [52].

A Digital, Decision-Support Tool for Improving
the HCC Cascade of Care

Efforts are needed to improve HCC surveillance. For HCC
surveillance to reduce mortality in clinical practice, it must be
effectively implemented [52]. Data suggest that decision-sup-
port tools for HCC can help standardize the diagnosis, staging,
linkage-to-care, and treatment pathways, thereby improving
overall patient care and outcomes [4]. The CLDF HCC com-
mittee developed a practical, interactive, digital decision-sup-
port tool to improve the HCC cascade of care. This web-based
tool is designed to assist healthcare professionals in screening
and surveillance, tumor staging, and treatment of patients with
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HCC, based on the following resources: 1) The most recently
updated guidance on HCC management from the AASLD and
EASL, which deliver data-supported approaches to the diagno-
sis, staging, and treatment of patients diagnosed with HCC [17,
18]; 2) The American College of Radiology LI-RADS criteria,
which standardize terminology, technique, interpretation, report-
ing, and data collection of liver imaging in patients at risk for
or with HCC [53]; 3) Incorporates most commonly used HCC
staging systems, including the Barcelona Clinic Liver Cancer
(BCLC) staging system [54] and the United Network for Organ
Sharing-Down Staging (UNOS-DS) criteria [55].

We aim for this to be a live decision-support tool that will
be updated as HCC management guidelines evolve and will
also serve as a platform to build out future CLDF HCC initia-
tives to improve the care of patients with CLDs and HCC.

The HCC screening and surveillance algorithm

The HCC screening and surveillance algorithm is depicted in
Figure 2 [56]. According to the AASLD guidance, the deci-
sion to enter a patient into a surveillance program for HCC is
risk-stratified. The AASLD recommends surveillance of adults
with cirrhosis as well as certain individuals with chronic hepa-
titis B virus (HBV) who are determined to be at high risk of
HCC [18]. Thus, the first and one of the most important steps
in the HCC cascade of care is accurate identification of which
patients are eligible for routine HCC surveillance (Fig. 2)
[56]. Among patients with cirrhosis or high-risk non-cirrhotic
chronic HBV (Asian women over age of 50 years, Asian or
Black/African American men over age of 40 years, family his-
tory of HCC, co-infection with hepatitis D virus (HDV)), the
AASLD recommends surveillance using ultrasound, with or
without AFP, every 6 months [18]. If a liver lesion is not de-
tected on ultrasound or measures < 1 cm, or AFP is < 20 ng/
mL, continued screening for HCC with abdominal ultrasound
examination with or without AFP every 6 months is recom-
mended [18]. If a liver lesion is detected and measures > 1
cm or AFP > 20 ng/mL, further evaluation is required. The
AASLD recommends either multiphase computed tomography
(CT) or magnetic resonance imaging (MRI), which have simi-
lar performance characteristics for initial diagnostic testing.
It is important to note that the accuracy of ultrasound results
relies on high-quality examinations with adequate visualiza-
tion and assessment of lesions seen. If ultrasound visualization
quality is sub-optimal, subsequent imaging with multi-phase
CT or MRI is recommended.

The HCC staging algorithm

Once HCC diagnosis is confirmed, accurate tumor staging
is needed to help guide the most effective evidenced-based
therapy (Fig. 3) [54]. This staging algorithm was adapted from
the BCLC staging system and uses variables related to tumor
stage, liver functional status/severity of hepatic decompensa-
tion, performance status, and cancer-related symptoms, and
links each stage with guideline-recommended treatment op-
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tions [54]. The BCLC staging system incorporates the Eastern
Cooperative Oncology Group (ECOG) scale (Table 3) [57] to
assess for patient functional status [57].

Implementing effective screening is important to diag-
nose patients with HCC at an earlier stage, which improves
eligibility for potentially curative treatment options, such as
surgical resection and LT. LT is thought to be the better onco-
logic option, as it replaces the diseased liver and thus restores
normal hepatic function, but it is limited by organ shortages.
The Milan criteria [58] remains an important factor in identi-
fying patients with HCC with favorable characteristics associ-
ated with good outcomes following LT. However, data have
demonstrated that additional factors, beyond tumor size and
number, play a role in post-LT outcomes, and even among pa-
tients that have HCC beyond Milan criteria at diagnosis, LT is
not completely eliminated as a treatment option. (i.e., UNOS
downstaging for HCC beyond Milan criteria) [55, 59, 60]. Pa-
tients with initial tumor burden meeting UNOS-DS inclusion
criteria who achieve successful down-staging to within Milan
criteria are eligible to receive automatic approval for Model
for End-Stage Liver Disease (MELD) exception for LT where-
as patients initially beyond UNOS-DS criteria are considered
on a case-by-case basis. Furthermore, additional refinements
based on AFP cutoffs may further improve post-LT outcomes
[61-63]. Therefore, this staging algorithm recommends con-
sidering these additional criteria (Table 4) [55, 58, 61] based
on the BCLC stage when making decisions on next steps in
certain patients.

Conclusions and Future Directions

These proposed algorithms, based on published literature and
an iterative process that included discussions among expert
clinicians, and updates to the algorithms, are currently posted
on the CLDF website [64]. The algorithms will be updated on
a regular basis (i.e., at least annually depending on the publi-
cation of relevant updates in the management of HCC) as ap-
propriate and will be used as educational tools for health care
providers. As discussed, the current digital, interactive, HCC
decision-support tool aims to improve the cascade of care for
patients at risk for HCC. The live and real-time version of the
HCC tool will allow providers to seamlessly navigate through
a decision-making algorithm that integrates HCC screening
and surveillance with accurate tumor staging followed by
linking tumor stage to recommended HCC-directed therapies
based on the BCLC guidance. Future iterations of this interac-
tive tool have enormous potential to link patients with HCC
to specific providers that provide the recommended HCC-di-
rected therapies in their respective regions. This next step may
further address existing gaps in the HCC cascade of care and
reduce HCC treatment disparities.
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Table 3. ECOG Performance Scale [57]

Performance scale (PS)  Description
0 Fully active, able to carry on all pre-disease performance without restriction
1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature,

e.g., light housework, office work

2 Ambulatory and capable of all selfcare but unable to carry out any work activities; up and about more than 50%

of waking hours

Capable of only limited selfcare; confined to bed or chair more than 50% of waking hours

4 Completely disabled; cannot carry on any selfcare; totally confined to bed or chair

Dead

ECOG: Eastern Cooperative Oncology Group.
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