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ABSTRACT

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide and, despite recent
advances in its management, it is still burdened with high mortality. Prognostic prediction in HCC is
very complex and several variables (among which tumor burden, residual liver function and clinical
conditions) must be considered. With the aim of accurately stratify patient prognosis, reliable
circulating biomarkers are urgently needed. Indeed, alpha-fetoprotein (AFP), despite being
commonly used in HCC, is not completely satisfactory in prognostic prediction.

The primary aim of this thesis was to evaluate as potential circulating prognostic biomarkers some
molecules involved in HCC development and progression. In particular, serpins (squamous cell
carcinoma antigen [SCCA]-IgM), angiogenesis molecules (hypoxia-inducible factor [HIF]-1a. and
vascular endothelial growth factor [VEGF]), microRNAs (miR-21 and miR-122), prostaglandins
(prostaglandin E;) and inflammatory-based scores (platelets-to-lymphocytes ratio [PLR] and
neutrophils-to-lymphocytes ratio [NLR]) were investigated. In the second part of the thesis,
surveillance, cancer stage and treatment, which are essential clinical aspects to be considered for
improving patient survival, were investigated.

The results obtained demonstrate that the biomarkers evaluated are potentially useful in stratifying
patient prognosis and deserve a validation in large prospective studies. Moreover, the results of this
thesis confirm the central importance of surveillance, provide the rationale for appropriate staging
and treatment of large monofocal tumors, show the changes over time of transarterial
chemoembolization application and effectiveness, and demonstrate the efficacy and safety of
capecitabine in the treatment of HCC. In this personalized and precision medicine era, the
development of prognostic and predictive biomarkers, possibly useful also in guiding treatment, and

a careful clinical management are fundamental to improve patient survival.
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INTRODUCTION

Despite the advancements in its management, hepatocellular carcinoma (HCC) has still a very high
mortality (5-year survival rate of 18% in the United States and 20% in Italy (1,2)) and in most
geographical areas the annual HCC mortality is almost similar to its incidence. Prognostic
assessment in patients with HCC is complex, because several variables (among which tumor burden,
residual liver function and clinical conditions) are involved in affecting the survival. Although
potentially helpful in improving survival stratification, prognostic and predictive biomarkers in HCC
are currently lacking and their identification is an urgent unmet need (3). Indeed, the most widely
used and accepted serum marker, alpha-fetoprotein (AFP), has a suboptimal prognostic accuracy
(4). Inthe last years, a lot of efforts have been made by researchers worldwide in identifying reliable
non-invasive biomarkers. Despite the vast amount of evidence produced in this field, the perfect
biomarker has not been identified yet and, unfortunately, | will not be able to do that at the end of
the book. Nevertheless, | am reporting here the results of several studies aimed at evaluating the
potential usefulness of several circulating molecules (serpins, mediators of angiogenesis,
microRNAs, inflammatory mediators, inflammatory-based scores), which are promising in the
prediction of HCC patient survival.

After evaluating biomarkers potentially useful in the prognostic prediction, some clinical aspects
associated with patient survival were investigated. In particular, three main themes were
addressed: the surveillance of patients at risk, the correct staging allocation of large monofocal
tumors and the treatment with locoregional and systemic therapies.

The thesis is composed by sixteen chapters, including this chapter. Chapter 2 and 3 provide the
background, with a brief overview on HCC in Chapter 2 and an updated review on circulating
biomarkers in Chapter 3. Aims of the thesis are elucidated in Chapter 4. Chapter from 5 to 10 cover

the studies on biomarkers, showing that some of these molecules are promising as prognostic



stratification tools. After discussing about microRNA-21 and microRNA-122 as prognostic
biomarkers in HCC and their correlation with HIF-1o in Chapter 7, Chapter 8 contains data about
microRNA-21 and HIF-1a circulating levels in different phases of chronic liver diseases and their
correlation with liver fibrosis and liver function laboratory tests. In Chapter 11 and 12 the main topic
is surveillance. The former includes a study investigating the association of surveillance with long-
term survival, while the latter reports on the comparison between 3-months vs. 6-months
surveillance interval in terms of survival benefit. The correct staging and treatment of large
monofocal tumors is evaluated in Chapter 13. In Chapter 14, | assessed whether and how treatment
with transarterial chemoembolization, one of the most widely used therapies worldwide, and its
related survival changed over the last thirty decades in Italy. Finally, Chapter 15 is dedicated to the
evaluation of capecitabine safety and efficacy in advanced stage patients. Chapter 16 reports
general conclusions of the research.

Studies on biomarkers were conducted enrolling patients with HCC managed at the
Gastroenterology Unit of the Padova University Hospital, and data were analyzed at the
Gastroenterology Unit laboratory. For the studies on inflammatory-based biomarkers and for the
majority of clinical studies reported in the second part of the thesis, data were retrieved from the
Italian Liver Cancer (ITA.LI.CA) database. This is a multicenter registry collecting data of patients with
HCC managed in 24 participating Institutions from 1988, and nowadays it is one of the largest
European databases. The study reporting about capecitabine treatment in advanced HCC patients
is the result of a multicenter collaboration between three Institutions of the Veneto Oncology

Network.
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EPIDEMIOLOGY

Primary liver cancer was the sixth most common cause of cancer and the second leading cause of
cancer related death worldwide, with 906,000 incident cases and 830,000 deaths globally in 2020
(2). These figures are projected to increase in the near future, and more than 1 million people are
estimated to die from liver cancer in 2030 (2). Hepatocellular carcinoma (HCC) accounts for the vast
majority of primary liver cancers (85%) and constitutes a major global health problem.

Recent epidemiological studies show that both incidence and mortality rates of liver cancer have
decreased in many high-risk countries in Eastern and South-Eastern Asia (including China) since the
late 1970s and in Japan since the 1990s (3,4). Liver cancer incidence and mortality declined also in
Italy since 1995 (3,4). On the contrary, these rates have progressively increased in North America
(United States and Canada) and in North-West Europe (3,4). In most regions, incidence and mortality
are 2 to 3 times higher among men than women (1).

The decrease in the prevalence of hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, as
well as the decrease in exposure to aflatoxin, have likely contributed to the declining incidence of
liver cancer in high-risk regions (5). By contrast, the increased incidence in low-risk areas is likely
related to the rising prevalence of obesity and metabolic disorders such as diabetes, thus offsetting

the gain obtained through reduction of HBV and HCV prevalence (6,7).

RISK FACTORS

HCC is rare among patients without liver disease and in approximately 90% of cases the underlying
etiology is known (8). In the majority of cases, HCC develops in patients with liver cirrhosis. All
etiologic forms of cirrhosis may be complicated by HCC and, overall, one-third of cirrhotic patients
will develop HCC during their lifetime (9). Long-term follow-up studies demonstrated that

approximately 1-8% of patients with cirrhosis develop HCC per year, with a higher risk in patients
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with chronic viral hepatitis (2%/year in patients with HBV-related cirrhosis and 3-8% in HCV-related
cirrhosis) (10).

HBV infection is the main cause of HCC worldwide. Although HBV vaccination reduces the incidence
of tumor development (11,12), many unvaccinated persons infected with HBV are still present,
mostly in Asia and sub-Saharan Africa (13). Dietary exposure to aflatoxin B1 amplifies the risk of HCC
in patients with chronic HBV infection, through a specific mutation in TP53 at position 249 (R — S)
(14). In Western countries and in Japan, the main cause of HCC is HCV infection. As opposed to HBYV,
that has a direct oncogenic effect regardless of the degree of the underlying liver fibrosis (15), HCC
rarely occurs in HCV-infected patients without advanced fibrosis. For patients with alcoholic liver
cirrhosis, an increased risk of HCC has been reported from most part of the world (16,17). Regarding
other risk factors, an established association with HCC is reported for hemochromatosis and alpha-
1-antitrypsin deficiency (18). Patients with hemochromatosis develop HCC in up to 45% of cases,
almost exclusively in the cirrhotic phases of the disease (19,20).

Non-alcoholic fatty liver disease (NAFLD) associated with metabolic syndrome, diabetes and obesity
is becoming increasingly important as a risk factor for HCC from an epidemiological point of view
(21-23). The incidence of HCC caused by NAFLD is increasing worldwide, and particularly in
developed countries (24—-26). Between 500,000 and 900,000 new cases of HCC are estimated in the
United States as a result of the high prevalence of metabolic syndrome and NAFLD (27) and the
incidence of NAFLD-associated HCC is expected to increase by 122% between 2016 and 2030 (28).
In NAFLD, the reported HCC incidence is very heterogeneous, ranging from 0.25% to 7.6% (29).
Moreover, HCC is known to develop in the absence of cirrhosis in a not negligible proportion of
patients with NAFLD (30,31).

Although the link between cigarette smoking and HCC occurrence was historically conflicting, recent

evidence support the existence of an association (32,33). Infection with human immunodeficiency
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virus (HIV) appears to be a co-factor in the development of HCC, increasing the risk in patients with
chronic viral hepatitis (34). As far as protective factors are concerned, several epidemiological
studies demonstrate an inverse association between coffee consumption and liver cancer risk (35).
Available antiviral therapies decrease but do not eliminate the risk of HCC. In patients with chronic
hepatitis B, interferon, nucleotide and nucleoside analogues favorably reduce HCC incidence (36—
38), with a further decline after the first 5 years of entecavir and tenofovir disoproxil fumarate
therapy (39,40). In patients with HCV infection who achieve a sustained virological response (SVR)
with interferon-based treatment regimens compared to those not having response, the risk of HCC
is reduced from 6.2% to 1.5% (41). The protective effect of SVR has also been reported among
patients treated with Direct-acting Antiviral Agents (DAAs) (42—45). Nevertheless, patients receiving
DAAs typically have more advanced fibrosis than those who were treated with interferon-based
regimens (46) and, as far as we know, cirrhotic patients at baseline should continue to be surveilled

for HCC occurrence after viral eradication (47).

SURVEILLANCE

Surveillance efficacy

Cancer surveillance aims at reducing disease-specific mortality through a diagnosis at early stages
that, in turn, increases the opportunity to deliver curative treatments. Benefits of surveillance have
been demonstrated in two randomized controlled trials (RCT) conducted in China among HBV
infected patients (48,49). Surveillance with liver ultrasound (US) and AFP every 6 months, despite
the suboptimal adherence to the surveillance program (55%), was able to reduce HCC-related
mortality compared to no surveillance (49). However, these results cannot be generalized to
patients undergoing surveillance in Western countries, who mostly have cirrhosis from HCV, alcohol

and/or NAFLD. Cirrhotic patients are older, have more comorbidities and a higher competing risk of
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liver-related mortality compared to patients with chronic HBV. Moreover, abdominal US may have
lower sensitivity in patients with a cirrhotic liver and in obese patients (the prevalent population at
risk of HCC in the West). Finally, cirrhotics have fewer curative options than patients with chronic
hepatitis (the presence of portal hypertension often precludes liver resection). No RCT evaluated
the effect of HCC surveillance in patients with cirrhosis. Nevertheless, several population and non-
population based cohorts and cost-effectiveness analyses reinforce the benefits of regular
surveillance (50-57). A metanalysis of 47 studies (including 15,158 patients with cirrhosis)
demonstrated that surveillance was associated with early tumor detection (odds ratio [OR] 2.08,
95% Cl 1.80-2.37), curative treatment receipt (OR 2.24, 95% Cl 1.99-2.52) and improved survival (OR
1.90, 95% Cl 1.67-2.17; 3-year survival rate of 50.8% in surveillance group vs. 27.9% in patients
diagnosed symptomatically or incidentally) (58). These studies are heterogeneous as far as etiology
of underlying liver disease, stage ad surveillance protocols. Moreover, almost all suffer from
methodological biases, such as lead-time bias (apparent improvement of survival due to anticipated
diagnosis) and length time bias (over-representation of slow-growing tumors in surveillance
groups). However, despite all these limitations, the overall consistency in the results from the
available cohort studies suggests that surveillance is likely beneficial in cirrhotic patients. The
definitive proof of the surveillance benefit could be obtained from an RCT, but randomized data for
surveillance vs. no surveillance are not likely to be forthcoming, because patients and their clinicians
strongly prefers surveillance. One study underscores these difficulties, showing that 204/205
patients (99.5%) declined to assume the risk of being randomly assigned to no surveillance group
(59). Therefore, international societies continue to rely on observational data to develop
recommendation for HCC surveillance.

Target populations
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Surveillance is strongly recommended in patients with cirrhosis, irrespective of its etiology (Table
1). In fact, cost-effectiveness studies indicate that an HCC incidence of 1.5%/year or greater
warrants surveillance in cirrhotics (60—-62). However, surveillance is not cost-effective in patients
with advanced liver impairment (Child-Pugh class C) or decompensation in Child-Pugh class B (large
ascites, hepato-renal syndrome, jaundice), because no effective HCC therapies are available when
liver transplantation is not an option (50). By contrast, surveillance should be offered to cirrhotic
patients awaiting liver transplantation because the detection of HCC could modify both priority on

the waiting list and transplantability.

Table 1. Recommendation for HCC surveillance (modified from EASL Clinical Practice Guidelines: management of
hepatocellular carcinoma (63))

Cirrhotic patients, Child-Pugh stage A and B

Cirrhotic patients, Child-Pugh C awaiting liver transplantation

Non-cirrhotic HBV patients at intermediate or high risk of HCC* (according to PAGE-B' classes for Caucasian

subjects, respectively 10-17 and 218 score points)

Non-cirrhotic F3 patients, regardless of etiology may be considered for surveillance based on an individual risk

assessment
* Patients at low HCC risk left untreated for HBV and without regular six months surveillance must be reassessed at least yearly to
verify progression of HCC risk.
T PAGE-B (Platelet, Age, Gender, hepatitis B) score is based on decade of age (16-29 = 0, 30-39=2, 40-49=4, 50-59=6, 60-69=8,
>70=10), gender (M=6, F=0) and platelet count (>200,000/ pL = 0, 100,000-199,999/uL = 1, <100,000/uL = 2): a total sum of <9 is
considered at low risk of HCC (almost 0% HCC at five years) a score of 10-17 at intermediate risk (3% incidence HCC at five years) and
>18 is at high risk (17% HCC at five years) (64)

Some patients who have liver disease without cirrhosis should also be enrolled in surveillance
programs, such as patients with chronic HBV infection. These patients have an HCC risk higher than
the general population but lower compared to HBV-related cirrhotics. Caucasian HBV patients could
be stratified into three different at-risk groups (low, intermediate and high) according to the PAGE-
B classification (64). Patients in the low HCC risk class (PAGE-B score < 9) seldom develop HCC up to
10 years after starting NUC (39,64), and therefore do not require surveillance. Various other scoring
systems are available to quantify HCC risk in HBV patients, but none are universally accepted

because of suboptimal validation across geographical regions (37). The European Association for
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the Study of the Liver (EASL) endorses the PAGE-B score for risk prediction and consequent
surveillance recommendations in patients with chronic HBV infection (63).

Patients with chronic HCV infection and advanced fibrosis, defined by the Metavir system as a score
of F3 or higher (on a scale from FO to F4, whit higher scores indicating more severe fibrosis), are also
at significant risk of developing HCC (65). Indeed, patients with advanced fibrosis are at risk of being
understaged and the transition from advanced fibrosis to cirrhosis cannot be accurately defined in
most instances. This leads international societies to recommend surveillance in these patients (63).
In patients with advanced fibrosis, SVR achieved with DAAs decreases but do not eliminate the risk
of HCC (41,43,44). A recent study including more than 8700 HCV-cirrhotic patients followed after a
successful treatment with DAAs demonstrated that the annual risk of HCC was 1.8% (significantly
lower than the 2-8% reported for previous cohorts, but still higher than the 1.5%/year threshold
that should warrant surveillance) (42). Although there is consensus that these patients deserve
surveillance, it is uncertain whether HCC risk will sufficiently decrease over time, so that HCC
surveillance could be discontinued. A recent study with a median follow-up of 3.7 years suggests
that the risk may remain high enough in the intermediate term to require ongoing HCC surveillance
(47).

Although cirrhosis appears to be the main risk factor for HCC in NAFLD, carcinogenesis may occur in
these patients even in the absence of advanced fibrosis/cirrhosis (66,67). Recently, it has been
claimed that 20% of NAFLD patients with HCC had no evidence of cirrhosis based on a detailed
medical record review (68). Other studies have reported an even higher proportion of NAFLD-
related HCC cases (10-75%) that developed in the absence of cirrhosis (69). However, the actual risk
of HCC in NAFLD non-cirrhotic patients is unknown and probably very low. Therefore, in the absence
of cirrhosis surveillance is not recommended, until tools to identify high-risk patients will be

developed in future studies.
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Surveillance tests

Tests that can be used in HCC surveillance include imaging and serological examinations. Liver US
has been long regarded as the standard surveillance test for HCC and it is one of the most frequently
used. Advantages of US relies on the absence of risks, non-invasiveness, good acceptance by
patients, moderate cost and ability to early detect the onset of other complications of cirrhosis (e.g.,
portal vein thrombosis or subclinical ascites). Nonetheless, detection of HCC in a context of a
nodular cirrhotic liver is particularly challenging, because the coarse pattern at US may mask the
presence of small tumors. In one of the randomized trials evaluating surveillance in patients with
HBV infection, the sensitivity of US was 84% for any stage HCC and 63% for early-stage HCC (70). As
expected, the diagnostic performance of US decreases in patients with cirrhosis. A metanalysis of
cohort studies in cirrhotics reported a pooled sensitivity and specificity for the detection of any stage
HCC of 84% (95% Cl 76-92%) and 91% (95% ClI 86-94%), respectively. The pooled sensitivity of US
dropped to 47% (95% Cl 33-61%) for the detection of early-stage HCC (71).

Based on data available for HCC diagnosis, cross-sectional imaging modalities, such as computed
tomography (CT) and magnetic resonance imaging (MRI), may have high accuracy. However, very
few studies investigated CT and MRI-based surveillance (72,73). Despite having satisfactory
sensitivities, CT and MRI appear to be not cost-effective, also because of the considerable rates of
false positive results that trigger further investigations (72). Moreover, radiation risk due to
repeated exposure to CT scan, the high cost of MRI and the need for contrast injection make their
use in long term surveillance debatable. In the setting of the waiting list for liver transplantation
these circumstances are overcome, and CT/MRI may be alternative to US for surveillance.

The most widely serum biomarker used in surveillance is AFP, with a level of 20 ng/mL being the
most commonly used cut-off to trigger further examinations in clinical practice. Notably, AFP has

been mainly tested in diagnostic rather than surveillance setting, and this is relevant because its
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usefulness in surveillance cannot be extrapolated form its performance as diagnostic test. A
metanalysis of 5 studies evaluating AFP at the cut-off of 20 ng/mL in cirrhotic patients demonstrated
sensitivities ranging from 41% to 65% and specificities from 80% to 94% for HCC at any stage (74).
Sensitivity of AFP for early-stage HCC were even lower (32-49%). Reasons for the suboptimal
performance of AFP as a serological surveillance test are twofold. Firstly, fluctuating levels of AFP in
patients with cirrhosis may reflect HCC development, but also flares of HBV/HCV infections or
exacerbations of the underlying liver disease (75). Secondly, only a small proportion of tumors (10-
20%) have abnormal AFP serum levels in early-stage (76—-78).

Although AFP is insufficiently accurate when used alone, its addition to US has been proposed as a
means of increasing the sensitivity of surveillance, particularly with regard to early tumor detection.
When combined with US, AFP is able to provide additional detection of early HCC only in 6-8% of
cases not previously identified by imaging (79). However, a very recent metanalysis found that US
with AFP had a significantly higher sensitivity than US alone (relative risk 1.23, 95% Cl 1.08-1.41)
(71). The pooled sensitivities with and without AFP for early HCC detection were 63% (95% Cl 48-
75%) and 45% (95% Cl 30-62%), respectively (p=0.002).

Although the hope is that better imaging and serologic tests will be available in the future, these
new strategies will require extensive evaluation before routine adoption in clinical practice. In the
meantime, we will continue to depend on liver US-based surveillance, with or without AFP, and
efforts should be made in maximizing US quality and surveillance utilization.

Surveillance interval

The ideal interval of surveillance should be dictated by the rate of tumor growth (tumor volume
doubling time) and tumor incidence in the target population. Based on the available knowledge of

tumor volume doubling time (80), a 6 months interval appears to be a reasonable choice. This is
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confirmed also by studies showing that longer intervals were associated with worse survival (56),
while a tighter schedule did not translate in any clinical benefit (55).

Although the European Association for the Study of the Liver (EASL), the American Association for
the Study of Liver Disease (AASLD) and the Asian Pacific Association for the Study of the Liver
(APASL) recommend the adoption of a 6-months interval in all patients (63,81,82), Japanese
guidelines suggest to shorten the surveillance interval to 3-months in patients at “extremely-high
risk” of developing HCC (i.e., HBV and HCV-related cirrhotics) (83). However, this proposal does not

rely on experimental results.

DIAGNOSIS

In patients with cirrhosis, HCC could be diagnosed with the use of contrast-enhanced imaging
techniques (Figure 1). Imaging-based diagnosis relies on the peculiar vascular derangement
occurring during hepatic carcinogenesis (84) and the high pre-test probability of HCC in the setting
of cirrhosis (85—-88). During the malignant transformation of hepatocytes, a shift occurs in
vascularization: benign lesions (e.g., regenerative and dysplastic nodules) are supplied by branches
of the portal system, whereas malignant nodules receive blood from the hepatic artery (84). The
typical hallmark of HCC is the combination of hypervascularity in the late arterial phase (defined as
arterial phase hyperenhancement [APHE]) and wash-out in portal venous and/or delayed phases. In
cirrhotic patients with nodules larger than 1 cm in diameter, this pattern has a sensitivity of 66-82%

and a specificity higher than 90% for HCC diagnosis (89).
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Figure 1. Diagnostic algorithm for a liver nodule in a patient with cirrhosis (adapted from the EASL guidelines (63)).
*Using extracellular MR contrast agents or gadobenate dimeglumine. **Using the following diagnostic criteria: arterial
phase hyperenhancement (APHE) and washout on the portal venous phase. ***Using the following diagnostic criteria:
arterial phase hyperenhancement (APHE) and mild washout after 60 s. ****Lesion <1 cm stable for 12 months (three
controls after four months) can be shifted back to regular six months surveillance. *****Qptional for center-based
programs.

The Liver Imaging Reporting and Data System (LI-RADS) uses APHE together with non-peripheral
washout, presence of enhancing capsule and threshold growth to classify hepatic nodules on the
basis of the likelihood of being HCC (90). Although this system allows the standardization of the
reporting and data collection of imaging techniques, it is not universally accepted in diagnosis of
HCC (63). In fact, some imaging features not related to tumor enhancement, such as the presence
of tumor capsule or tumor growth over time, have not been prospectively validated. Moreover, L2,
L3 and L4 LI-RADS classes might be helpful to stratify the risk of HCC in individual nodules
(corresponding respectively to low, intermediate or high probability of HCC), but none of these

classes rule out the presence of HCC (91).
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In most studies, there was a trend toward higher sensitivity of MRI compared to CT, with specificity
ranging between 85% and 100% (92). Results vary according to HCC size, with MRI performing better
than CT particularly in small lesions (93). A metanalysis of forty studies demonstrated that in tumors
smaller than 20 mm sensitivity is 48% and 62% for CT and MRI respectively vs. 92% and 95%
respectively in HCC equal or larger than 20 mm (93). However, a very recent prospective multicenter
study demonstrated that CT and MRI were comparable in the diagnosis of HCC, with a slight
decrease in specificity for small nodules with both techniques. Sensitivity and specificity were 72.3%
and 89.4% for MRl and 71.6% and 93.6% for CT in lesions between 20-30 mm, respectively (94). In
lesions between 10-20 mm in size, sensitivity and specificity were 70.6% and 83.2% for MRI and
67.9% and 76.8% for CT, respectively (94).

Contrast-enhanced ultrasound (CEUS) is also used to characterize liver nodules in expert centers.
The pattern of global APHE followed by washout at CEUS is not specific for HCC and occurs in about
50% of mass-forming cholangiocarcinomas in cirrhosis, thus leading to a risk of misdiagnosis of
about 1% of nodules (95,96). However, in the vast majority of cholangiocarcinomas, the onset of
washout takes place earlier than 60 seconds after contrast injection and the intensity of washout is
more marked than in HCC (97-102). This has led to a refinement in the definition of the typical
hallmark for HCC at CEUS: APHE followed by late (>60s) and mild-degree washout (103,104). A very
recent large retrospective study in more than 1,000 lesions in cirrhotics showed that this new
definition has a positive predictive value for HCC of almost 99%, and a positive likelihood ratio of
15.5, with no cases of misdiagnosis with intrahepatic cholangiocarcinoma (105). Furthermore, in a
recent prospective multicenter study, in the 10-20 mm nodules CEUS had the highest specificity
compared to CT and MRI (92.9%, 76.8% and 83.2%, respectively) (94). This high specificity (with only
a slight drop in sensitivity) is also maintained after a first inconclusive CT or MRI for the 10-20 mm

nodules, and for the 20-30 mm nodules (94). However, when CEUS is compared with either CT or
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MRI, its sensitivity is significantly lower, especially in 10-20 mm nodules because of a lower
detection rate of washout. Despite its accuracy in diagnosing HCC, CEUS is not a panoramic
technique because the arterial phase is too short to allow adequate exploration of the entire liver.
Therefore, it can be useful in characterizing one or few nodules visible at baseline US, particularly
when both CT and MRI are contraindicated or are inconclusive for HCC diagnosis (106), but it is not
recommended as first-line imaging technique in terms of cost-effectiveness, because CT or MRI will
be needed for staging.

In patients with HCC developing in a non-cirrhotic liver, imaging features are not different from
those found in cirrhotic patients. Nevertheless, the pre-test probability of having HCC and specificity
of the imaging hallmark (APHE followed by washout in portal venous and/or delayed phases) is
lower than in cirrhosis, because alternative diagnosis (e.g., hepatocellular adenoma, hypervascular
metastasis) are more common. Therefore, the diagnosis of HCC in non-cirrhotic patients requires
liver biopsy (63). Establishing a histologic diagnosis in patients with small nodules can be
challenging, but combining immunostaining markers (glypican 3, heat shock protein 70, and

glutamine synthetase) increase diagnostic accuracy (107).

STAGING AND PROGNOSTIC SYSTEMS

Compared to other tumors, HCC is peculiar since it usually arises in the context of liver cirrhosis that
affects patient survival and complicates clinical management. Not only tumor burden and
aggressiveness, but also residual liver function and general health status affect prognosis of patients
with HCC (108). Number and size of liver nodules, vascular invasion and extrahepatic spread define
tumor burden. AFP, which could be considered a surrogate marker of cancer aggressiveness, has
been included in some prognostic scores. Liver function is usually evaluated through the inclusion

of multiparametric liver function scores such as Child-Pugh score (109), Model of End-stage Liver
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Disease (MELD) (110) or albumin-bilirubin (ALBI) score (111). The Eastern-Cooperative Oncology
Group (ECOG) performance status (112) or the Karnofsky index (113) are used to describe the
general health status of the patient.

Over the last decades, several prognostic scores and staging systems have been proposed to
estimate the prognosis of HCC patients. These staging systems/prognostic scores can be classified
in three main categories according to the methodology by which they were created (108):

1. Prognostic score, derived from real cohort populations;

2. Staging systems, derived from literature review made by experts;

3. Combined prognostic systems, based on literature data but weighted in real populations, and
with the possibility to be used both as prognostic scores and as staging systems for treatment
selection.

Prognostic scores

The most important data-based prognostic scores are described in Table 2. The four main one are
represented by the Okuda staging (114), the CLIP score (115), the JIS score (116) and the MESH score
(117).

Table 2. Main HCC prognostic scores and their variables.

Score Year n° PS Liver HCC HCC AFP | Vascular Metastasis Other
patients function = number size invasion

Okuda (114) 1984 600 No Ascites No Yes No No No /
Albumin
Bilirubin

CLIP (115) 1998 435 No CPS Yes Yes Yes Yes No /

GRETCH (118) 1999 761 Karnofsky | Bilirubin No No Yes Yes No ALP

CUPI (119) 2002 926 Symptoms | Ascites Yes Yes Yes Yes Yes ALP
Bilirubin

JIS (116) 2003 Review No CPS Yes Yes No Yes Yes /

Tokyo (120) 2005 403 No Albumin Yes Yes No No No /
Bilirubin

TIS (121) 2010 2030 No CPS TV TTV Yes No No /

MESIAH (122) 2012 477 No MELD Yes Yes Yes Yes Yes Age
Albumin

MESH (117) 2016 3182 ECOG CPS Yes Yes Yes Yes Yes ALP

AFP: alpha fetoprotein; ALP: phosphatase alkaline; CLIP: Cancer of the Liver Italian Program; CPS: Child Pugh Score; GRETCH: GRoupe
d’Etude et de Traitement du Carcinome Hépatocellulaire; MELD: Mayo End stage Liver Disease; MESH: Model to Estimate Survival
for HCC; MESIAH: Model to Estimate Survival in Ambulatory HCC; JIS Japanese Integrated Staging; PVT: Portal Vein Thrombosis; TIS:
Taipei Integrated Scoring System.
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The Okuda staging, developed in 1984, represents the first attempt to stage HCC combining tumor
burden parameters (< or >50% liver involvement) with liver function variables (albumin, bilirubin,
presence of ascites), acknowledging the contribution of cirrhosis in determining the prognosis of
patients (114). Despite its historical importance, nowadays the Okuda staging has essentially been
abandoned due to its classification of tumor burden, that makes this score not useful in modern
clinical practice since the majority of HCCs are diagnosed before they involve more than 50% of liver
volume.

The CLIP score was developed through a retrospective cohort study, it was externally validated and
it has been considered a valuable prognostic score (115). However, the CLIP score does not consider
the patient clinical status and it is not sensitive in stratifying early-stage HCCs, amenable to
potentially curative therapies. Therefore, also this score is not used in clinical practice.

Japanese authors proposed the JIS score (116), that combine Japanese TNM and Child-Pugh
classifications. This score lacks a strong external validation in Western Countries and it is used
mostly in Japan.

The MESH score was recently proposed using data of 3182 prospectively enrolled patients (117).
This score (ranging from 0 to 6 points) combines Milan criteria, presence of vascular invasion and
metastases, Child-Pugh score, performance status and laboratory parameters (AFP, alkaline
phosphatase). MESH score was externally validated in European/North American countries (123).
Like all other prognostic scores, this system does not provide treatment recommendations.
Staging systems

TNM and Barcelona Clinic Liver Cancer (BCLC) staging systems are the main examples of evidence-

based systems. Recently, also the CNLC staging system (124-126) has been proposed.
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As for other cancers, TNM is only based on tumor pathological features (127), and it does not
consider residual liver function and patients general health conditions for the stratification of
patients. Therefore, it is not useful in prognostic estimation of patients with HCC.

The BCLC classification, proposed for the first time in 1999 (128), was the first system combining
tumor burden with liver function and patient health status assessment. It classifies patients in five
subgroups (0, A, B, C and D), and for each group a specific treatment is recommended (Figure 2).
This classification can be considered as an evidence-based system, as it was generated analyzing
data from randomized controlled studies evaluating a specific treatment versus placebo in patients
with comparable tumor characteristics and liver function. The BCLC system has been endorsed by
the American Association for the Study of Liver Diseases (AASLD), the American Gastroenterology
Association (AGA), the European Association for the Study of Liver (EASL) and the European
Association for research and Treatment of Cancer (EORTC), and it is currently the recommended
staging system.

However, the BCLC system suffers from the fact that it was not created and weighted in “real-world”
HCC populations, and as a result its performance in prognostic prediction is generally lower than
that of data-based prognostic scores (129,130). In addition, some potential limits of the BCLC system
that could affect its prognostic power are (108): 1) the absence of a size cut-off for monofocal HCC
in the early stage; 2) the high heterogeneity of intermediate and advanced stage; 3) the absence of
a distinction between intra- and extra-hepatic vascular tumor invasion; 4) the absence of a
prognostic biomarker; 5) the excessive prognostic weight given to performance status 1 (which per
se makes the tumor as advanced); 6) the poor prognostic stratification of liver dysfunction degree
(i.e., a simple distinction between Child-Pugh C and Child-Pugh A-B classes is proposed in the original

BCLC scheme).
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Very recently, the last updated version of the BCLC staging system (2022 update) has been published
(Figure 2) (131). Major changes from previous versions concern liver function evaluation, which
should be refined using also MELD and ALBI in addition to Child-Pugh class, and the introduction of
AFP as a prognostic parameter. In addition, treatment recommendation has been updated

according to advancements in knowledge.
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Figure 2. Barcelona Clinic Liver Cancer (BCLC) staging and treatment strategy in 2022 (131)

The main advantage of staging systems, such as BCLC, is that they offer a potential linkage between
HCC stage and treatment. In fact, in the BCLC system a therapeutic choice is recommended for every
stage (treatment decision is determined by the stage of the disease). Even though the BCLC system
is very appealing for clinicians due to its simplicity, it has been accused of “rigidity” (i.e., for every
stage or substage only one treatment is generally recommended) and this limits its utility in real-life
clinical scenarios (81,132). Indeed, in real-life clinical practice poor adherence to BCLC algorithm has
been demonstrated (133). Moreover, the trust in BCLC therapeutic indications has been challenged

by several studies which demonstrated that patients undergoing treatments with potentially higher
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efficiency compared to the BCLC standard of care exhibited better outcomes compared to those
treated according to the BCLC algorithm (133,134,143-145,135-142).

In the attempt of increase the plasticity of the “stage hierarchy” approach, the concept of
“treatment stage migration” was introduced in the last European guidelines (63). This is defined as
a therapeutic choice by which a treatment theoretically recommended for a different stage is
selected as best first-line treatment option. Usually, it is applied with a left-to-right direction (i.e.,
offering the treatment option recommended for the subsequent more advanced tumor stage rather
than that forecasted for that specific stage). However, in highly selected patients, a right-to-left
migration strategy (i.e., a therapy recommended for earlier stages) could be prescribed.
Nevertheless, “treatment stage migration” represents an adjustment for narrowing the gap that
separates the real-world clinical requirements from the rigid therapeutic decisions. Moreover, it
maintains a “stage-dictated” rather than a “patient-tailored” vision of HCC management.
Combined staging systems

The Hong Kong Liver Cancer (HKLC) (146) and the ITA.LI.CA (147) prognostic systems are the two
main combined prognostic systems.

The HKLC prognostic system was developed in 2014, in a cohort of predominantly HBV-infected HCC
patients (146). Based on literature review, the variables included in the score were performance
status, Child-Pugh score, tumor burden (according to Milano criteria), intra- and extra-hepatic
vascular invasion or metastases. Subsequently, these variables were weighted in a real-life
population in order to give to each of them a prognostic power. The HKLC system can be used both
as prognostic score and as staging system, to help treatment selection. Compared to BCLC, it has
better ability to stratify patients in intermediated and advanced stage HCC, who can therefore
benefit of more aggressive treatments than those recommended by the BCLC system. Nevertheless,

HKLC system has not a solid external validation in non-Asian populations.
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The ITA.LI.CA prognostic score (147), created in 2016 through a multicenter retrospective analysis,
is a prognostic model able to predict efficiently the outcome of patients with HCC. It includes
variables related to tumor burden, liver functional reserves and other patient-related variables. It
resembles BCLC classification regarding the stratification of tumor characteristics in different stages,
but provides a better definition of intermediate stage (based on literature evidence (146,148)),
which has been divided in three subgroups. A size cut-off (5 cm) was introduced for monofocal
tumors in order to distinguish between stage A and B1. Moreover, intra- and extra-hepatic vascular
invasion were identified as separate entities, also considering that HCC with intra-hepatic vascular
invasion is amenable to treatment with curative intent (140,149). Patient functional status was
evaluated with the Child-Pugh score and the ECOG performance status. Lastly, AFP was included as
a marker of cancer aggressiveness able to provide important prognostic informations.

The ITA.LI.CA prognostic score was created attributing points to each variable, in order to capture
their different impact in determining prognosis and correctly weight their prognostic influence
(Table 3). The lowest score (0 points) corresponds to the best prognosis, while the highest (13

points) is associated with the worst outcome.

Table 3. ITA.LI.CA prognostic score

Score 0 1 2 3 4 5
Tumor staging 0 A B1 B2 B3 C
Diameter (cm) <2 <3 2-5 <5 >5 >5 <5 >5 Any Any
n° nodules 1 2-3 1 2-3 1 2-3 >3 >3 Any Any
Vascular invasion or No No No No No No No No Intrahep Extrahep
metastases

Functional score

CPS 5 6 7 8 9 10-15

ECOG-PS 0 1 2 - 3-4

AFP (ng/mL) <1000 - >1000

AFP, alpha-fetoprotein; CPS, Child-Pugh score; ECOG-PS, Eastern Cooperative Oncology Group performance status

In the original study (147), the prognostic score was internally and externally validated in a large

Taiwanese cohort. More recently, another study externally validated the ITA.LI.CA score in a large
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independent multicenter cohort including 1508 patients (150). Not only the ITA.LI.CA prognostic
score was shown to perform better than other scores at the time of first patient evaluation
(108,147,150), but also in restaging patients at the time of HCC recurrence before treatment
decisions (151). Moreover, the ITA.LI.CA prognostic score can also be converted in the simple
ITA.LI.CA staging system to assist treatment allocation (152) (Table 4). As an alternative to the “stage
hierarchy” concept, this innovative staging system proposes therapeutic options for each stage
based on the so called “therapeutic hierarchy” philosophy (153). “Therapeutic hierarchy” implies
complete or partial independence of the treatment choice from the tumor stage, and recommends
a hierarchical use of a scale of therapies developed according to the survival benefit observed in
clinical practice. In other words, in each patient, independently of tumor stage, the therapy with the

highest survival benefit should be always offered firstly, whenever feasible.

Table 4. ITA.LI.CA simplified staging for treatment allocation.

Stages 0 A Bl B2 B3 C D
Tumor staging 0 A B1 B2 B3 C 0-C
Diameter (cm) <2 <3 2-5 <5 >5 >5 <5 >5 Any Any Any
n° nodules 1 2-3 1 2-3 1 2-3 >3 >3 Any Any Any
Vascular invasion No No No No No No No No | Intrahep Extrahep Any
or metastases

Functional score* <2 >2

* Functional score: <2=CPS AB and PST 0 or CPS < 7 and PST < 2; >2 CPS 8-9 and PST 1-2, CPS C or PST > 2. CPS, Child-Pugh score;
ECOG, Eastern Cooperative Oncology Group; ITA.LI.CA, Italian Liver Cancer; PST, performance status

A lot of comparative studies have been conducted in order to evaluate the best prognostic system
in patients with HCC (108). Nevertheless, it is rather difficult to identify a system that could be
universally accepted as the best prognostic scheme for all HCC patients. This is mainly because the
prognostic accuracy of a staging system relies on several different variables, including time period,
the geographical location of the study, numbers and type of patient population, modality of
comparison and type of HCC treatment mainly adopted in the analyzed population. Indeed,

therapeutic management greatly affect the stratification power of a prognostic score, so that the
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best staging system for HCC patients undergoing liver resection may not be the same showing the
best performances in patients managed with palliative therapies or best supportive care. In order
to obtain an accurate prognostic estimation after that the treatment decision is taken, specific
prognostic scores for each treatment should be used (151). Whatever the best prognostic system,
all have a suboptimal performance in prognosis prediction, suggesting that substantial
improvements are needed (108). Probably, the inclusion of biomarkers measuring cancer biological
aggressiveness is the keystone that will allow to reach an optimal estimation of HCC patients

survival.

TREATMENT

Surgical therapies

Surgery (liver resection [LR] and liver transplantation [LT]) is the mainstay of HCC treatment, leading
to the best survival outcomes compared to all the other available therapies.

The ideal candidates for liver resection are patients with solitary tumors (BCLC stage 0 or A), in
whom the performance status is good, liver function is well preserved, and there is no clinically
significant portal hypertension (144). For these patients, resection is associated with a survival
above 60% at 5 years, with low post-operative mortality (<3%). Nevertheless, about 70% of patients
have tumor recurrence at 5 years (154).

Even though these patients remain the optimal candidates for surgical resection, in the last few
years surgical technical advancements, better pre-resection imaging planning and intensive post-
resection management, allowed the use of LR in patients exceeding these criteria in experienced
centers. This is particularly important in the light of the vast amount of evidence demonstrating that
patients approached with LR in intermediate-advanced stages achieved better survival results that

those managed with the standard of care treatment (i.e., transarterial chemoembolization or
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systemic therapy) (137-140,145,149,153,155). Even in patients with portal vein tumor invasion
(particularly if intra-hepatic and segmentary) both Oriental (138,139) and Western series (156—158)
demonstrated that LR can offer a longer survival outcome compared to non-surgical treatments.
Indeed, in real-life clinical practice, LR is widely applied also beyond the criteria established by
guidelines (BCLC 0-A), as demonstrated by a large multicenter surgical series showing that >70% of
patients underwent LR beyond the BCLC guideline (144).

In patient selection for LR, at least three variables should be considered, measured and combined:
the residual liver function, the presence of portal hypertension and the extent of hepatectomy and
surgical invasiveness. In addition, as for any other surgical intervention, also patients’ general
conditions, performance status and comorbidities should be evaluated before LR.

Considering the high rate of tumor recurrence (70% at 5 years), several strategies to prevent
recurrence have been tested (159-161). However, no adjuvant therapies demonstrated to reduce
recurrence. In particular, a recent randomized controlled trial (STORM trial) evaluating sorafenib vs.
placebo as adjuvant therapy after LR or ablation failed to demonstrated any positive effect (162).
HCC is generally the only accepted indication for solid organ transplantation in cancer. In addition
to removing the tumor, LT has the advantage to cure the underlying liver disease. Approximately
30-35% of the waiting list population in Europe have HCC in cirrhosis, and this is the fastest growing
indication for LT worldwide (163). Milan criteria (single tumor <5 cm or <3 tumors <3 cm in size,
without vascular invasion), developed in 1996 (164), still represent the benchmark in the selection
for LT of patients with HCC and the basis for comparison with other suggested criteria. The expected
5-year survival rate of patients meeting these criteria is 65-80%, and a survival advantage is
maintained compared to patients beyond these boundaries (165).

Over time, several proposals of extending the selection criteria have been made with the goal of

maintaining an acceptable risk of HCC recurrence and survival. Indeed, even if survival benefit of LT
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as compared to alternative therapies has been demonstrated regardless of tumor burden (provided
that macroscopic vascular invasion and extrahepatic spread are absent) (166), in the selection of
the optimal candidate patients with HCC not only transplant benefit, but also transplant utility (i.e.,
the selection of patients with low post-LT recurrence risk) should be considered (167). Traditionally,
selection criteria rely only on the evaluation of size and number of tumors (164). More modern
criteria based on size/number alone, such as UCSF criteria (single nodule <6.5 cm or 2—3 nodules
<4.5 cm and total tumor diameter <8 cm) (168,169) and Up-to-7 criteria (HCC having the number 7
as the sum of the diameter (cm) of the largest tumor and the number of tumor) (170), even though
expanding the boundaries of transplantability, have demonstrated comparable survival results.
Since serum biomarkers, considered both as static and dynamic variables, may provide accurate
information on tumor biology and thus on post-transplant recurrence risk, their evaluation has been
included in the more recently developed pre-transplant prognostic models. Among these selection
criteria, total tumor volume (TTV) + AFP (TTV <115 cm?® and AFP <400 ng/mL) (171,172) and the AFP-
French model (point system based on tumor size, number and AFP cut-off levels at 100 ng/mL and
1,000 ng/mL) (173) have been externally validated. The recently proposed metroticket 2.0 model
consider AFP as a continuous variable, and its variations along with tumor morphology can be used
as an accurate predictor of tumor-related death after liver transplantation (174).

Although expanded selection criteria have claimed no significant differences compared to the
Milano criteria in terms of post-LT survival, increasing experience demonstrates a concept that is
nowadays widely accepted: the further outside the Milano criteria, the greater the risk of recurrence
(168-170,174). In considering the expansion of criteria for LT, a minimum survival threshold must
be reached to justify expansion, while not harming non-HCC patients on the waiting list (175).
Interestingly, for patients with tumor burden beyond the Milano criteria, successful downstaging to

within these boundaries is associated with a rate of HCC recurrence and survival comparable to
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those meeting Milano criteria without downstaging (176). Thus far, considering that patients who
progress despite locoregional therapies exhibit worse post-LT outcomes (177-179), the strategy to
consider tumor burden with assessment of response to locoregional therapies as a marker of
favorable tumor biology has gained broader acceptance as an additional risk stratification tool
(180,181). Arecent randomized controlled trial demonstrated that, in patients with HCC beyond the
Milano criteria, after successful downstaging liver transplantation improved tumor event-free
survival and overall survival (OS) compared to non-transplantation therapies (182).

Local ablation

Several methods for chemical or thermal tumor destruction have been developed in the last
decades (183). The seminal ablation technique is percutaneous ethanol injection (PEI), which
induces coagulative necrosis of the lesion. Subsequently, thermal ablative therapies emerged. These
can be classified as either hyper-thermic treatments (radiofrequency, microwave and laser ablation)
or cryoablation. Most of these procedures are performed percutaneously, but in some instances
ablation during laparoscopy is recommended.

Thermal ablation with radiofrequency (RFA) is the standard of care in patients with very-early and
early HCCs (BCLC 0 and A), who are not candidates for surgery (63,81). Heat produces coagulative
necrosis of the tumor and creates a “safety-ring” of necrosis in the surrounding liver tissue, which
might eliminate small undetected satellites. RFA, as first-line therapy for early HCC, achieved a 5-
year OS and recurrence-free survival (RFS) of 67.9% and 25.9%, respectively (184). Similarly, a
metanalysis demonstrated a 3-year OS of 76% in patients with single HCCs <3cm, with a recurrence-
free rate of 46% (185). Considered that the extent of tumor necrosis is negatively correlated with
tumor size, the only independent predictive factor of local tumor progression, which is
approximately 30% at 3 years, is tumor size with a clear threshold at 2 cm in diameter (184,186—

189). Indeed, compared with resection, ablation has fewer complications, but provides worse local
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control for largest tumors. On the contrary, for small tumors (<2 cm) RFA demonstrated to be at
least equal to surgical treatment (185,190), competing with resection as recommended option for
frontline treatment in these patients. Selected patients with tumors larger than 3 cm, oligo-nodular
multiple (>3 nodules <3 cm) tumors or advanced compensated liver failure (Child-Pugh B not
clinically decompensated) can be reasonably treated with RFA on an individual basis. Although these
treatments provide good results, they are unable to achieve response rates and outcomes
comparable to those observed in small HCC.

Microwave ablation (MWA) showed promising results in local tumor control and survival, but the
majority of the studies are small and retrospective. MWA might have some advantages compared
to RFA, such as being its efficacy less affected by vessels located in the proximity of the tumor.
However, recent metanalysis indicate a similar efficacy between the two percutaneous techniques,
with one study showing a possible advantage of MWA in larger tumors (191,192). Laser ablation
and cryoablation have also been proposed for local ablation in HCC, but at present only few studies
evaluated their efficacy compared to RFA (193-195).

Many studies reported on the efficacy and tolerability of different techniques of external beam
radiotherapy (196), but no well conducted prospective trial is currently available to consider
radiotherapy a proven option in HCC management.

Transarterial therapies

Transarterial chemoembolization (TACE) is the most widely used primary treatment for
unresectable HCC (133,197). According to guidelines, it is the recommended first-line therapy for
intermediate stage HCC (63), but it is also widely used outside this specific setting, representing a
major part of the daily clinical practice in patients with HCC worldwide (133,198). Indeed, in real-
life, approximately 40% of TACE are performed in either early or, more rarely, advanced HCC (199—-

203).
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The rationale behind TACE relies in the intense arterial neo-angiogenetic activity of HCC during its
progression. The intra-arterial infusion of a cytotoxic drug followed by the embolization of the
tumor-feeding blood vessels will result in a strong cytotoxic and ischemic effect. The damage is
targeted to the tumor, which tends to become entirely fed by arterial blood flow, while adjacent
non-tumoral liver tissue is generally protected from TACE receiving the majority of inflow from
portal system.

The best candidates for TACE are patients with uni- or pauci-nodular disease without vascular
invasion or metastases, who are asymptomatic and have a Child-Pugh score <B7. In those selected
patients, modern series reported a median survival of 40-50 months (199-201,204). General
contraindications to TACE are severe hepatic decompensation (Child-Pugh C and Child-Pugh B
decompensated cirrhosis), compromised performance status (ECOG-PS >2), tumor liver occupation
>50% and macrovascular invasion of the main portal branches or the main portal vein (197,205,206).
The conventional TACE procedure involves the intra-arterial delivery of chemotherapeutic drug
emulsioned with Lipiodol (an oily contrast medium), followed by vascular occlusion achieved with
particle embolization. The most commonly used drugs used during conventional TACE, either alone
or in combination, are doxorubicin or epirubicin, cisplatin or miriplatin (207). Two randomized
controlled trials (206,208) and a metanalysis which included positive and negative studies (209)
demonstrated the survival benefits with TACE as compared to best supportive care. Recently, a
systematic review and metanalysis including 101 studies (with a total of 10,108 patients) showed
an objective response rate of 52.5% (95% Cl 43.6-61.5), and an OS of 70.3% at one year, 51.8% at
two years, 40.4% at three years, and 32.4% at five years with a median OS of 19.4 months (95% Cl
16.2-22.6) (207). Moreover, the mortality associated with TACE was below 1%, with most deaths
due to liver failure. This underscores the importance of an adequate patient selection for this

therapy and the fact that decompensated cirrhosis is a contraindication to TACE.
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Among strategies to improve antitumoral activity and clinical benefits of the treatment, TACE with
drug eluting beads (DEB-TACE) has been developed. In this technique embolic microspheres that
have the ability to sequester chemotherapeutic agents and release them in a controlled mode over
a one-week period are used. Although the use of doxorubicin-carrying microspheres has shown
more selective and sustained drug delivery and permanent embolization (210), conventional TACE
and DEB-TACE demonstrated equivalent results in terms of survival and tumor response (211-213).
As far as the safety is concerned, the PRECISION V study demonstrated some advantages of DEB-
TACE in terms of toxicity and radiologic tumor response, particularly in fragile subgroups such as
Child-Pugh B patients, performance status >0, bilobar or recurrent tumors (211). Another
randomized controlled trial demonstrated that the incidence and severity of adverse events was
similar between the two techniques, except for post-procedural pain, which was more frequent and
severe after conventional TACE (212). By contrast, a retrospective study showed that biliary injuries,
intrahepatic bilioma and global hepatic damage was significantly higher following DEB-TACE,
especially in patients with advanced cirrhosis (214). At present, there is insufficient evidence to
recommend one TACE technique over another and the choice is left to the operator. Whatever the
technique chosen, the treatment should be super-selective in order to increase treatment efficacy
and minimize the ischemic insult to non-tumoral tissue.

Regarding treatment schedule, there are still no solid data to suggest that TACE performed at
regular intervals irrespective of tumor response is more or less effective at improving patient
survival compared to on demand TACE. However, the repetition of TACE according to an aggressive
schedule (e.g., every two months) might induce liver function impairment in a high percentage of
patients, who are in most instances cirrhotics (215). Therefore, the policy to repeat TACE regardless
of the outcome of the first session has been substantially abandoned, and nowadays the

recommendation is to retreat with TACE only when residual viable HCC is documented by imaging.
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Deciding whether retreating a patient or interrupting TACE is complex, and in recent years several
scores have been proposed to guide clinicians in this choice (216-218). Certainly, treatment with
TACE should be stopped when substantial necrosis is not achieved after two session or when
subsequent treatment fails to induce marked necrosis at sites that have progressed after an initial
tumor response (63). In addition, TACE should not be repeated upon “untreatable progression”
defined as either major progression (extensive liver involvement, macrovascular invasion,
extrahepatic spread) or minor intrahepatic progression associated with impaired liver function and
performance status.

The local hypoxia and ischemic necrosis achieved by TACE result in an activation of neoangiogenesis.
This leads to the evaluation of antiangiogenetic agents in combination with TACE. Unfortunately,
neither sorafenib (which inhibits the vascular endothelial growth factor receptors [VEGFR]) nor
brivanib (an inhibitor of VEGFR2 and the fibroblast growth factor receptor) demonstrated to be able
to improve survival in TACE-treated patients (204,219,220).

Selective internal radiation therapy (SIRT), or radioembolization, is another transarterial treatment
that consists in the infusion of microspheres containing yttrium-90 (Y90) (221). Because of the
minimally embolic effect of Y90 microspheres, SIRT can be safely used in patient with portal vein
thrombosis (221). Studies reporting on long-term outcome after SIRT showed a median survival of
16.9-17.2 months in patients with intermediate stage HCC and 10-12 months in patients at advanced
stages with portal vein invasion (222-225). Objective response rates range from 35% to 50%
(222,223,225). Around 20% of patients present liver-related toxicity and 3% treatment-related
death (223).

No phase 3 RCTs have compared SIRT and TACE with respect to survival, but several retrospective
studies indicated that SIRT induces less toxicity (possibly because the better selection of patients),

provides significantly longer time to progression, and maintains higher quality of life, although it
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does not prolong survival (226—228). One of the mor common indication of SIRT is the treatment of
locally advanced HCC and some trials have compared this therapy with sorafenib. The SARAH trial
(229) and SIRveNIB trial (230) were designed for superiority of SIRT over sorafenib. In both studies,
tumor response rate was significantly higher with SIRT, although this finding did not translate into
longer survival. The added value of SIRT in patients treated with sorafenib was evaluated in the
palliative cohort of the SORAMIC trial (231) in which patients were randomized to receive SIRT +
sorafenib vs. sorafenib alone. Even this trial failed in its primary endpoint, not demonstrating an
improvement of OS with the addition of SIRT to sorafenib. Considered these results, at present the
survival benefit of SIRT compared to sorafenib in advanced HCC is still not proved.

Systemic therapies

HCC is recognized as among the most chemo-resistant tumor types, and until 2007 no systemic drug
was recommended for patients with advanced tumors. In 2007, sorafenib, a multi-targeted tyrosine
kinase inhibitor (TKI) became the first systemic agent to demonstrate a survival benefit. In the
pivotal SHARP trial, survival increased from 7.9 months with placebo to 10.7 months with sorafenib
(HR, 0.69; 95% Cl 0.55-0.87; p = 0.00058), representing a 31% decrease in the relative risk of death
(232). The safety and efficacy of sorafenib was then confirmed in the Asia-Pacific population, with a
similar magnitude of survival benefit (median OS 6.9 months with sorafenib vs. 4.2 with placebo)
(233). Sorafenib is well tolerated, and the most common grade 3 drug-related adverse events
observed in the SHARP trial were diarrhea and hand-foot skin reaction, which occurred in 8-9% and
8-16% of patients, respectively (232). As a result, sorafenib received the approval from regulatory
agencies in 2007 for the frontline treatment of HCC patients.

Most agents and other treatment approaches subsequently tested in phase 3 trials failed to improve
on or parallel the efficacy of sorafenib as first-line treatment. They also did not increased survival,

as compared with placebo, in second-line. These agents and treatments include erlotinib (234),
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brivanib (235,236), sunitinib (237), linifanib (238), everolimus (239), pegylated arginine deiminase
(ADI-PEG20) (240), hepatic arterial infusion chemotherapy (241), and FOLFOX (fluorouracil,
leucovorin [folinic acid] and oxaliplatin) (242) as well as tivantinib in patients with overexpression
of MET (243). Lack of effectiveness, toxicity in the context of cirrhosis and inadequate patient
selection have been proposed as reasons for these failures.

Sorafenib remained the only effective option for frontline therapy until the TKI lenvatinib
demonstrated its effectiveness in the non-inferiority REFLECT trial (244). This open label trial
randomized patients to continuous treatment with sorafenib (400 mg bid) or a weight-adjusted dose
of lenvatinib (8 mg/day if <60 kg or 12 mg/day if >60kg). No differences in OS between lenvatinib
and sorafenib were demonstrated. However, lenvatinib therapy resulted in a slightly longer OS (13.6
months vs. 12.3 months), a significantly longer progression-free survival (PFS) (HR = 0.64; 95% ClI
0.55-0.76) and a significantly higher objective response rate (OR = 5.01; 95%Cl: 3.59-7.01). In
addition, despite the fact that lenvatinib-treated patients were more likely to discontinue treatment
due to adverse events, their median duration of treatment was longer (5.7 months vs. 3.7 months)
(244). Grade 3 or 4 adverse events with lenvatinib included hypertension (in 23% of patients vs. 14%
receiving sorafenib), decreased weight (8% vs. 3%) and palmar-plantar erythrodysesthesia (3% vs.
11%).

In recent years, substantial progress has been made also in second-line therapies. For patients that
progress or do not tolerate sorafenib (and eventually other systemic therapies), regorafenib (245),
cabozantinib (246), and ramucirumab (247), a monoclonal antibody that inhibits ligand activation
of VEGFR2, demonstrated to prolong OS compared to placebo.

RESORCE was a double-blind phase 3 trial randomizing patients with documented radiological
progression after sorafenib in a 2:1 ratio to receive regorafenib (160 mg/day for the first 3 weeks of

a 4 weeks cycle) or placebo (245). In this trial, patients who discontinued sorafenib for intolerance
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were not included. Regorafenib resulted in a longer median OS (10.6 vs. 7.8 months), and decreased
the risk of death by 37% compared to placebo. Grade 3 or 4 treatment-related adverse events were
experienced by 46% of patients, and 10% discontinued the therapy because of adverse events.
Overall response rate was 7% and median duration of response was 3.5 months. Following these
results, regorafenib was the first drug approved by regulatory agencies for the treatment of
advanced HCC in second-line.

CELESTIAL was a double-blind phase 3 trial that randomized patients who discontinue sorafenib for
intolerance or progression in a 2:1 ratio to cabozantinib (60 mg/day) or placebo (246). Eligible
patients had received prior sorafenib and had disease progression after at least 1 and up to 2
systemic treatments for HCC. Cabozantinib resulted in a longer median OS compared to placebo
(10.2 vs. 8.0 months in the entire cohort and 11.3 vs. 7.2 months in second-line patients), with 68%
of patients experiencing grade 3 or 4 adverse events (mostly hypertension and palmar-plantar
erythrodysesthesia) and 16% of patients discontinuing therapy for adverse events.

REACH-2 is a double-blind phase 3 trial that randomized patients in a 2:1 ratio to ramucirumab (8
mg/kg every 2 weeks) or placebo (247). Based on a post-hoc analysis of a previous trial that
suggested efficacy in patients with high AFP level (248), in this study only patients with AFP 2400
ng/mL and sorafenib as the only prior systemic therapy (discontinued because of intolerance or
tumor progression) were enrolled. Ramucirumab improved survival over placebo (8.5 vs. 7.3
months), with 35% of patients experiencing serious adverse events of any causality and 11%
discontinuing therapy for treatment-related adverse events.

Very recently, several studies evaluating the role of immunotherapy in HCC have been conducted
and more are currently ongoing. Immune-checkpoint inhibitors (ICls) are designed to target
programmed cell death protein-1 (PD-1)/programmed death-ligand 1 (PD-L1) or cytotoxic T-

lymphocyte- associated antigen 4 (CTLA-4), all fundamental negative regulators of T cell function
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(249). These drugs act through the stimulation of an effective antitumor immune response, allowing
immune system to recognize and destroy cancer cells. Following positive results of phase 2 clinical
trials (Checkmate 040 (250) and Keynote 224 (251)), the Food and Drug Administration granted
conditional approval the PD-1 inhibitors nivolumab and pembrolizumab in second-line after
sorafenib. Unfortunately, a recent phase 3 study in sorafenib-experienced patients failed to show
that pembrolizumab is superior to placebo in terms of OS (with a HR of 0.78; 95% Cl 0.61-0.99)
(252). No phase 3 data on nivolumab in second-line are available at this time, but the OS of
nivolumab treated patients in first-line was not significantly longer compared to those receiving
sorafenib in the Checkmate 459 phase 3 trial (HR of 0.85; 95% CI 0.72-1.02) (253).

A significant step forward in the management of advanced HCC and a robust proof of the
effectiveness of immunotherapy has been achieved very recently, following the positive results of
the IMbravel50 trial (254). More than 10 years after sorafenib approval, the combination of
atezolizumab (anti-PD-L1) and bevacizumab (anti-vascular endothelial growth factor (VEGF)
monoclonal antibody) proved to be superior over sorafenib in first line. IMbravel50 was an open
label phase 3 trial that randomized patients in a 2:1 ratio to either the combination of a flat dose of
atezolizumab (1,200 mg) plus a weight-based dose of bevacizumab (15 mg/kg) given every 3 weeks
or the standard dose of sorafenib (400 mg bid). This study confirmed that atezolizumab +
bevacizumab combination was superior to sorafenib in prolonging both OS (HR of 0.58, 95% Cl 0.42-
0.79) and PFS (HR of 0.59, 95% Cl1 0.47-0.76) (254). The combination also resulted in a more frequent
(27.3% vs. 11.9%) and more durable (duration >6 months in 87.6% vs. 59.1%) objective remission,
and a longer time until deterioration of health-related quality of life (median time 11.2 vs. 3.6
months) despite an increased number of patients with serious adverse events (38.0% vs. 38.8%) and
adverse events leading to discontinuation of any agent (15.5% vs. 10.3%). The trial was interrupted

at the first interim analysis after a short follow-up (8.6 months), when median OS was not reached
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in patients treated with atezolizumab + bevacizumab. After a longer follow-up, a median OS of 19.2
months in the combination group compared to 13 months in the sorafenib arm was demonstrated
(255). In addition, network metanalyses showed that the combination of atezolizumab +
bevacizumab is superior also over lenvatinib and nivolumab (256,257).

Very recently tremelimumab + durvalumab (HYMALAYA phase 3 trial) was announced to provide a
statistically significant survival benefit versus sorafenib in first-line (258). This adds another option
for first line treatment.

The landscape of the systemic therapies for HCC is rapidly evolving, and in recent years we have
witnessed a significant expansion of treatment possibilities. Sorafenib has been for more than 10
years the standard treatment for advanced HCC and the comparator for other drugs. Following the
groundbreaking results of the IMbrave150 trial, there has been a change in the treatment sequence
and the combination of atezolizumab + bevacizumab has now become the standard of care frontline
therapy (259). Nevertheless, there is a major need to evaluate if the available second-line
alternatives maintain their effectiveness in patients initially receiving this treatment. Moreover, it
needs to be evaluated if sorafenib and lenvatinib should be considered as “de facto” second-line
options or if their effectiveness could be modified after atezolizumab + bevacizumab (131,259). No
robust information is available, but several ongoing trials may clarify some current uncertainties,
increase the first-line alternatives and/or change the current sequential treatment schedule

(131,259).
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ABSTRACT

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer related death worldwide.
Diagnostic, prognostic and predictive biomarkers are urgently needed in order to improve patient
survival. Indeed, the most widely used biomarkers, such as alpha-fetoprotein (AFP), have limited
accuracy as both diagnostic and prognostic test. Liver biopsy provides an insight on the biology of
the tumor, but it is an invasive procedure, not routinely used, and not representative of the whole
neoplasia due to the demonstrated intra-tumoral heterogeneity. In recent years, liquid biopsy,
defined as the molecular analysis of cancer by-products, released by the tumor in the bloodstream,
emerged as an appealing source of new biomarkers. Several studies focused on evaluating
extracellular vesicles, circulating tumor cells, cell-free DNA and non-coding RNA as novel reliable
biomarkers. In this review, we aimed to provide a comprehensive overview on the most relevant
available evidences on novel circulating biomarkers for early diagnosis, prognostic stratification and
therapeutic monitoring. Liquid biopsy seems to be a very promising instrument and, in the near
future, some of these new non-invasive tools will probably change the clinical management of HCC

patients.
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INTRODUCTION

According to the International Agency for Research on Cancer, in 2018 primary liver tumors ranked
as the sixth most common cancer and the fourth leading cause of cancer-related death worldwide
(1). These figures are predicted to increase in the coming decades and it is estimated that more than
1 million people will die duo to liver cancer in 2030 (2). Hepatocellular carcinoma (HCC) account for
85% of all primary hepatic malignancies. The majority of HCC cases occur in patients with underlying
liver diseases, mainly due to chronic hepatitis B or C virus (HBV and HCV) infections, alcohol abuse,
aflatoxin exposure or non-alcoholic liver disease (NAFLD) (3). Despite the recommendation of all
available guidelines to apply a regular surveillance in patients at risk, HCC is often diagnosed in
advanced stages when curative therapies are no longer feasible. As a consequence, despite the
remarkable progresses in therapy, the prognosis of HCC patients remains dismal, with a 5-years
survival rate ranging around 20% (4).

Currently, according to guidelines, liver biopsy has a limited role in the management of HCC patients.
This is due to the fact that, in patients with liver cirrhosis, a non-invasive diagnosis in the presence
of typical imaging features (hypervascularity in the arterial phase and wash-out in portal venous
and/or delayed phases) has high specificity. On the other hand, biopsy is indicated for patients
without cirrhosis or for cirrhotics with lesions not showing the peculiar and specific radiologic
appearance (5). In most cases liver biopsy, which is associated with a small but still present risk of
bleeding and tumor seeding, is unnecessary. Nevertheless, the debate on a more widespread use
of liver biopsy is still open (6), with the expansion in recent years of therapeutic possibilities and in
consideration of the identification of molecular markers of susceptibility to available systemic
treatments, in an attempt of tailoring first and subsequent lines of therapy (7). However, a high
degree of spatial and temporal heterogeneity is present in HCC. Some somatic mutations occur early

during tumorigenesis and propagate in many clones, whereas later mutations are present only in
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some clones (spatial heterogeneity) (8). Moreover, different therapies select rare mutants and
treatment-resistant clones, leading to the development of several genetic backgrounds at different
times (temporal heterogeneity) (9,10). Therefore, a single biopsy is unlikely to represent the entire
biology of the tumor, thus limiting the utility of tissue sampling beyond in confirming the diagnosis
(11).

The European Association for the Study of the Liver (EASL) recognizes as an urgent unmet need the
identification of reliable biomarkers, for risk stratification and early HCC detection, prediction of
prognosis and of response to therapy (in particular to systemic treatments) (5). Despite its
unsatisfactory performance in early diagnosis and prognostication (12-16), alpha-fetoprotein (AFP)
is still the most widely used biomarker in the clinical management of patients with HCC. Other
protein biomarkers, such as des-y-carboxyprothrombin (17), glypican-3 (18), osteopontin (19), Golgi
protein-73 (20) and squamous cell carcinoma antigen (21-23) have been evaluated, with erratic
results. In the spectrum of circulating molecules derived from the primary tumor (“HCC circulome”),
other biomarkers emerged as appealing tools in overcoming the limitations of conventional
biomarkers and of tissue biopsy in diagnosis and prognosis. Liquid biopsy is defined as the molecular
analysis of circulating cancer by-products, such as extracellular vesicles (EVs), circulating tumor cells
(CTCs) and circulating tumor nucleic acids (Figure 1). In recent years, large evidence has been
published, paving the way for the use of liquid biopsy as a source of reliable biomarkers for early
tumor detection, prognostic stratification, disease monitoring and evaluation of response to
treatment. Considering that these non-invasive biomarkers will probably revolutionize the
management of patients with HCC in the near future, with this review we aimed to provide a

comprehensive overview of the most relevant available data on the role of liquid biopsy in HCC.
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CANCER BY-PRODUCTS AND RELATIVE ITEMS OF INTEREST
1. Circulating nucleic acids

e Cell-free DNA

- Evaluation of total amount and integrity

- Mutational analysis

- Epigenetic modifications (methylation profiling)

¢ Cell-free non-coding RNA

- Long non-coding RNAs

- microRNAs

2. Extracellular Vesiscles

* Typing (exosomes, microparticles)

® Quantification
* Composition (DNA, RNA, proteins)

3. Circulating tumor cells

* Enumeration
* Phenotyping

Figure 1. Liquid biopsy is the molecular analysis of cancer by-products released in the bloodstream. Novel potential
biomarkers are represented by circulating nucleic acids, extracellular vesicles (EVs), and circulating tumor cells (CTCs).
(Adapted from Labgaa et al. (24))

CIRCULATING NUCLEIC ACIDS

Circulating nucleic acids, released in the bloodstream through active secretion or following
apoptosis, necrosis or lysis of tumor cells and circulating tumor cells, can be subgrouped in “cell-
free DNA” (cfDNA) and “cell-free RNA” (cfRNA). cfDNA can be found in circulation as short
nucleosome-associated fragments or long fragments incapsulated in EVs, while cfRNA is usually
detected in association with proteins, proteolipid complexes and EVs due to its relative instability
(25).

The analysis of circulating nucleic acids represents a very promising liquid biopsy strategy for getting
informations on liver tumor. Beyond the utility in risk prediction, early detection and monitoring
treatment response, cfDNA and cfRNA are optimal candidates for tumor molecular profiling. Unlike
tumor biopsy, their ability to mirror tumor heterogeneity represents a powerful tool to identify
point mutations, aberrant methylation and chromosomal aberrations conferring drug resistance
and guiding molecular target therapy (26).

Cell-free DNA
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The original discovery of cfDNA from sera of healthy individuals dates back to 1948. Following the
demonstration of high serum concentration of cfDNA in patients with gastrointestinal cancers (27),
its potential role as tumor marker emerged when KRAS mutations were identified in cfDNA from
patients with colorectal and pancreatic cancers (28—30). From this starting point, a large number of
studies has been conducted focusing on the utility of cfDNA analysis also in HCC (Table 1).

Cell-free DNA amount and integrity

The easiest way to use circulating DNA as a biomarker is through the evaluation of its total amount,
since a high level of cfDNA in blood reflect cancer growth and tumor burden (31-38). In 2006, lizuka
et al. (31) demonstrated that cfDNA was able to identify HCC in a cohort of HCV positive patients
with a sensitivity of 69.2% and a specificity of 93.3% (AUC=0.90), both higher than those of AFP.
These early results are in line with previous data from our research group: the total amount of cfDNA
achieved a sensitivity of 91%, a specificity of 43% and an AUC of 0.69 in discriminating HCC from
chronic liver disease (CLD) and cirrhotic patients (34). Since cfDNA is not specific for liver cancer,
several studies reported an increased diagnostic accuracy when its determination was combined
with other biomarkers (i.e. AFP) (32,33,38). cfDNA have an average size of ~180 base pairs and its
fragmentation is a nonrandom process, since liver cfDNA has been found to end at specific genomic
coordinates (39). Interestingly, shorter cfDNA was found in HCC patients compared to non-cancer
patients, probably reflecting that not only apoptosis, but also necrosis of tumor cells contributes to
the pool of circulating DNA (40,41). Some researchers demonstrated that the evaluation of length
and integrity of cfDNA achieved a diagnostic accuracy comparable to that of AFP (36,42). The
measure of cfDNA total amount or integrity may also be useful as prognostic biomarker. In their
seminal study, Tokuhisa et al. (43) demonstrated that higher levels of cfDNA after liver resection in
patients with HCV-related HCC were associated with an increased risk of metastases (adjusted

hazard ratio [HR]=4.5, 95% Cl 1.3-14.9) and poorer overall survival (OS) (adjusted HR=3.4, 95% Cl
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1.5-7.6). Several other subsequent studies confirmed that patients with high levels of cfDNA had a
worse prognosis after different treatments (liver transplantation, liver resection and sorafenib)
(34,44,45). Moreover, a poorer OS was also demonstrated in patients with decreased cfDNA
integrity (adjusted HR=1.86, 95% Cl 1.20-2.88) in the study by El-Shazly et al. (36).

When dealing with cfDNA amount as a cancer biomarker, it should be noted that the circulating
DNA does not derive only from tumor cells. More precisely, the fraction of cfDNA directly
attributable to the presence of cancer is named circulating tumor DNA (ctDNA) (46). Although
patients with cancer have higher cfDNA levels compared to healthy subjects, ctDNA represent a
small proportion of the total amount and its level depend on disease burden, stage, cellular turnover
and treatment response (47). Moreover, high quantities of cfDNA are not cancer specific being also
elevated in inflammatory and autoimmune diseases (cirrhosis, chronic hepatitis, systemic lupus
erythematous and rheumatoid arthritis), in pregnancy and after physical exercise (27,47). This low
specificity may scale back the role of whole cfDNA quantification as diagnostic biomarkers.
Nevertheless, a remarkable study demonstrated that the cell and tissue of origin of cfDNA could be
inferred by the analysis of the position of nucleosomes (48). Snyder et al. demonstrated that since
nucleosomes, the basic unit of chromatin, are placed in different positions depending on the cell
type, nucleosome footprint in cfDNA could be useful to determine the relative contribution of
cancer cells to the total circulating DNA pool (48).

Mutations

The majority of studies on cfDNA focused on mutational analysis and epigenetic characteristics, such
as its methylation signature. HCC, when compared to other solid tumors, has a lower mutational
burden (49). The main driver somatic mutations affect telomere integrity (TERT promoter, 44%), cell
cycle (TP53, 31%) and WNT signaling (CTNNB1, 27%) (50). Less commonly AXIN1, ARID1A, ARID2,

BAP1, RB1 and KEAP1 are mutated (5-10%) (50). In addition, genetic alterations may be present,
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including broad chromosome gains and losses with high-level DNA amplifications of chromosomes
6p21 and 11q13, loci corresponding to VEGFA and CCND1/FGF19 respectively (49). A relevant
proportion of the mutations found in HCC biopsies is also detectable in cfDNA (43-83%) (45,51).
According to Howell et al. (52), all the mutations found in the plasma cfDNA matched with tissue
mutations, while only 71% of mutations on tumor tissue were found in circulating DNA. When
dealing with mutational analysis of cfDNA, we must keep in mind that mutations are more easily
identified in advanced disease. In a recent study, at least one mutation in cfDNA was found in almost
all (6/7) patients with a tumor =5 cm or with metastases, while only 9% of mutations were detected
in the cfDNA of patients with smaller, not metastatic HCC (53). Others reported that, in 48 patients,
at least one type of mutation among TP53 (c.747G>T), CTNNB1 (c.121A>G, ¢.133T>C) or TERT (c.1-
124C>T) was documented in 56.3% of patients; only 22.2% of patients had matched mutations in
HCC tissue, while none of these mutations was found in non-tumoral liver tissue or in peripheral
mononuclear cells (54). In parallel to what found in HCC tissue, TP53 is the most commonly mutated
gene in cfDNA (55). In particular, TP53 ¢.747G>T (p.R249S) mutation appear to be highly specific,
since Cohen et al. (56) found it in approximately 20% of HCC blood samples and, conversely, in only
3-4% of pancreatic and stomach cancer samples and in none of more than 800 healthy controls.
Although confirming a very high specificity (100%), another study showed a very poor sensitivity
(7.6%) for the analysis of TP53 R249S mutation alone in cfDNA (57). In order to overcome this
limitation, the accuracy of TP53 mutation in association with other mutations in a diagnostic panel
was evaluated (58-60). Qu et al. demonstrated that a score including several cfDNA mutations
(TP53, TERT, CTNNB1 and AXIN1, and HBV integrations), in combination with protein biomarkers
(AFP and DCP), age and gender efficiently identified early-stage HCC in a high-risk HBsAg-
seropositive population (60). Sensitivity and specificity, 85% and 93% in the training cohort, were

even better in the validation cohort (100% and 94%, respectively) (60). Moreover, the positivity of
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TP53 R249S mutation in cfDNA proved to be useful also as prognostic biomarker in a large study
involving 895 HCC patients, being a predictor of poorer OS and shorter progression-free survival
(PFS) in patients with or without liver resection (61).

The human telomerase reverse transcriptase (TERT) gene encodes for the catalytic subunit of
telomerase, which acts together with multiple molecules to maintain telomere homeostasis and
chromosomal integrity (62). The mutations found in TERT promoter lead to TERT reactivation and
cell immortalization. Male patients with HCV and/or alcoholic related cirrhosis have a higher
prevalence of TERT promoter mutations both in tumor tissue and in cfDNA (63), providing the
rationale for TERT promoter mutations analysis in cfDNA for early detection in some populations at
risk of developing HCC. In addition, presence of TERT promoter mutation in ¢cfDNA has been
associated with poor prognosis after different treatments (58,63—65).

Methylation/epigenetics

Changes in DNA methylation, particularly in the CpG islands of tumor suppressor genes, have been
demonstrated to be pivotal in HCC development (66). Analysis of the methylation pattern of cfDNA
may have a value as diagnostic and prognostic biomarker, and might reveal information about
tumor size, risk of metastatic spread and recurrence (67). Alterations in DNA methylation patterns
in HCC tumor tissue after liver resection have been described for many genes. In particular,
hypermethylation was found in p15, CDKN2A (encoding for p16), glutathione S-transferase (GSTP1),
Ras association domain family 1A (RASSF1A), APC, SOCS1, SOCS3, TIMP3, blood vessel epicardial
substance (BVES), and Homeobox A9 (HOXA9) genes, while hypomethylation in long interspersed
element-1 (LINE-1) repetitive sequence (67-73). However, only a proportion of cfDNA carried the
same methylation patterns: hypermethylation of GSTP1 and RASSF1A was found in 50% and in 70-
93% of cases respectively, while hypomethylation of LINE-1 in approximately 67% of cases (71,72).

Nevertheless, a large number of studies investigated the diagnostic accuracy of the methylation
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patterns in several different genes, demonstrating a diagnostic accuracy comparable or even
superior to that of AFP. A very high diagnostic accuracy could be obtained with methylation scores,
which combine methylation pattern in different genes. Wen et al. (74) demonstrated that a
methylation score derived from the analysis of more than 10 genes achieve a sensitivity of 94% and
a specificity of 89%. Lu et al. (75) obtained an AUC of 0.87 analyzing the methylation of APC, COX2,
RASSF1A and miR-203, compared to an AUC of 0.56 for AFP. In another study, the methylation of
RASSF1A, BVES and HOXA9 achieved a 73.5% sensitivity and a 91.1%, specificity, with an AUC of 0.83
(70). A very high diagnostic accuracy in distinguish HCC patients from cirrhotics
(sensitivity/specificity 95%/86%, AUC=0.93) was reported by Kiesel et al. for a score composed by
the analysis of HOXA1, EMX1, ECE1, AKO55957, PFKP and CLEC11A methylation in a discovery, phase
| pilot and phase Il clinical validation cohort study (76). Cai et al. developed and validated a non-
invasive diagnostic model based on Genome-wide mapping of 5-hydroxymethylcytosines in cfDNA
achieving an AUC of 0.85 in distinguish early HCC from CLD, thus outperforming AFP (AUC=0.69)
(77). The methylation analysis of cfDNA demonstrated to be useful also in predicting prognosis.
RASSF1A methylation was positively correlated with tumor size, while LINE-1 hypomethylation was
associated with HCC progression and patients’ survival. The combination of these two genes
methylation status was able to predict tumor recurrence after liver resection (71). The role of LINE-
1 hypomethylation in predicting poor prognosis was also confirmed by other researchers (78,79).

In a very interesting recent study including 1098 HCC patients and 835 controls, the authors
constructed a diagnostic model with 10 methylation markers in cfDNA, achieving a sensitivity of
85.7% and a specificity of 94.3% in the training cohort (560 normal samples and 715 HCC) (80). In
the validation cohort (275 normal samples and 383 HCC) the model demonstrated a sensitivity of
83.3% and a specificity of 90.5%, thereby differentiating HCC patients from normal controls with an

AUC of 0.966 (80). In the same study, the prognostic score, which was based on the evaluation of

68



the methylation profile of 8 different genes, was associated with higher mortality both in the
training (HR=2.41, 95% Cl 1.90-3.03) and in the validation cohort (HR=1.55, 95% Cl 1.25-1.92) (80).
In the chapter of epigenetic biomarkers, also nucleosomes and extracellular histones are emerging.
Nucleosomes, beyond being fundamental for genome compaction in the nucleus, may regulate
genes expression through their composition and post-translational modifications (81). Their
circulating levels are increased in stroke, trauma and sepsis (82). In addition, circulating nucleosome
demonstrated a remarkable diagnostic and prognostic performance in several human malignancies,
including pancreatic (83), lung (84), colorectal (85) and breast cancers (86). Moreover, circulating
histones have been demonstrated to be key mediators of lethal sepsis (87) and liver inflammatory
injury (88). Some studies demonstrated an involvement of macro histone variants (in particular
macroH2A1) in modulating HCC progression and stem cell differentiation (89,90). There is still poor
evidence about circulating nucleosomes and cell-free histones/histone complexes as liquid biopsy
biomarkers in HCC. Nevertheless, some interesting results have been achieved in obesity and
metabolic dysfunction-associated fatty liver disease (MAFLD), both risk factors for HCC
development. A strong correlation between fatty liver index (a predictor of MAFLD based on BMI,
waist circumference, triglycerides and GGT) and high levels of circulating nucleosomes have been
found in obese patients with MAFLD (91). Moreover, a circulating histone signature (depletion of
histone variants macroH2A1.1 and macroH2A1.2, individually or in complex with H2B) identified the
severity of steatosis in subjects with lean MAFLD (92). These encouraging results, together with the
simple methodology of the determination (ELISA), could pave the way to the evaluation of
circulating nucleosomes and cell-free histones/histone complexes as diagnostic and prognostic
biomarkers in HCC.

Overall, a large body of evidence has been produced supporting the great potential of cfDNA as

diagnostic and prognostic biomarker in HCC. However, it should be considered that current data
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largely derive from proof-of-concept retrospective studies, lacking adequate controls (not always
including patients at risk of developing HCC, i.e. cirrhotics) and including only a minority of cases
with early-stage HCC, which would be candidates for curative treatment options. Moreover, an
additional concern regards the lack of standardized protocols for pre-analytical sample preparation,
purification and analysis. Although the use of cfDNA as a liquid biopsy currently presents several
limitations in the early detection of HCC, due to the very low amount of cfDNA in the early stages,
these approaches may probably dramatically change HCC surveillance. Indeed, a study published
more than 10 years ago demonstrated that aberrant methylation of cfDNA fragments was detected

up to 9 years before the diagnosis achieved with standard methodology (93).
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Table 1. Studies on cell-free DNA (cfDNA) as biomarker in HCC patients.

Study
cfDNA amount or integrity
lizuka et al, 2006 (31)

Ren et al, 2006 (35)

El-Shazly et al, 2010 (36)

Huang et al, 2012 (32)

Piciocchi et al, 2013 (34)

Chen et al, 2013 (33)

Huang et al, 2016 (42)

Marchio et al, 2018 (37)

Yan et al, 2018 (38)

Mutations
Igetei et al, 2008 (57)

cfDNA property

Total amount

Total amount and
chromosome 8p allelic
imbalance (D85258 or
D8S264)

Total amount and integrity

Total amount

Total amount

Total amount

ctDNA integrity

Total amount, TP53 R249S
mutation by digital droplet
PCR

Total amount

TP53 R249S mutation

Number of patients

52 HCC
30 CLD (HCV)
16 healthy subjects

79 HCC
20 LC
20 healthy subjects

25 HCV-related HCC
25 CLD (HCV)

15 healthy subjects
72 HCC

37 LCor CLD

41 healthy subjects
66 HCC

35LC

41 CLD (HCV)

39 HCC

45 healthy subjects

53 HCC

15 benign liver
diseases

22 healthy subjects
149 HCC

164 CLD

49 healthy

24 HCC

62 CLD (HBV)

85 HCC
77 healthy subjects

Diagnosis
Comparator

AFP (cut-off 10.2
ng/mL)

DCP (cut-off 29.5
ng/mL)

AFP (cut-off 20
ng/mL)

AFP (cut-off 20
ng/mL)

NR

AFP (cut-off 14
ng/mL)

NR

AFP (cut-off 20
ng/mL)

AFP (cut-off 10
ng/mL)
AFP (cut-off 80.5

ng/mL)

AFP (cut-off 400
ng/mL)

Main findings (sensitivity/specificity, AUC)

AFP: 69.2%/72.7% (0.79)
DCP: 73.1%/75% (0.73)
cfDNA: 69.2%/93.3% (0.90); p<0.05 vs. both AFP and DCP

Total amount of cfDNA: HCC vs. healthy subjects: 52%/95%; 0.80
Allelic imbalance at D85258 in the plasma of 62% of patients
Allelic imbalance at D85264 in the plasma of 60% of patients
High cfDNA concentration + allelic imbalance abnormal in 8/24 patients with low
AFP

HCC vs. CLD

cfDNA amount: 72%/68%, 0.57

cfDNA integrity: 88%/92%, 0.75

HCC vs. healthy subjects: 90.3%/90.2%; 0.949

HCC vs. CLD: 59.7%/78.4%; 0.705

cfDNA + AFP (HCC vs. healthy subjects): 95.1%/94.4%; 0.974
HCC vs. LC+CLD:

cfDNA: 91%/43%; 0.69

AFP: 45%/83%; 0.64

CtDNA: 56.4%/95.6%; 0.742

AFP: 53.8%/91.1%

cfDNA + AFP: 71.8%/86.7% (p<0.05 vs. ctDNA + AFP + AFU group)
cfDNA + AFP + AFU: 89.7%/64.4% (p<0.05 vs. ctDNA + AFP)
cfDNA integrity: 43.4%/100%; 0.705

AFP: 50.9%/100%; 0.605

cfDNA integrity + AFP: 79.2%/100%

cfDNA amount: AUC = 0.585

AFP: AUC = 0.805

Proportion of droplets with TP53 R249S: AUC = 0.827 (p>0.05 vs. AFP)
cfDNA amount: 62.5%/93.6%; 0.82

AFP: 47.8%/93.2%; 0.67

cfDNA + AFP + age: 87%/100%; 0.98

Sensitivity/specificity: 7.6%/100%
Patients with HCC and AFP measurements: 16.7% overall, 20% without increased
AFP (p>0.05)
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Xu et al, 2015 (94)

Liao et al, 2016 (58)

An et al, 2019 (95)

Cai et al, 2019 (96)

Qu et al, 2019 (60)

Xiong et al, 2019 (59)

Methylation/epigenetics
Chu et al, 2004 (97)

Yeo et al, 2005 (98)

Chan et al, 2008 (99)

lizuka et al, 2011 (100)

Sun et al, 2013 (101)

72

Copy number variation:
gainin 1qg, 7q and 19q; loss
in 1p, 99 and 14q

TERT, CTNNB1 or TP53
mutations

ctDNA mutations (139
somatic mutations)

Fraction of single
nucleotide or copy number
variants

HCCscreen: mutations in
ctDNA (HVB integrations,
TP53, CTNNB1, AXIN1 and
TERT promoter), AFP, DCP,
age and sex

Mutations in TP53, ARID1A,
FLCN, SETD2, PTEN, BUB1B,
CTNNB1, JAK1, AXIN1,
EPS15 or CACNA2D4

p16 methylation
RASSF1A methylation

RASSF1A methylation

SPINT2 and SRD5A2
methylation

TFPI2 methylation

31 HCC
8 LCor CLD

41 HCC

10 healthy subjects
26 HCC

10 LC

10 CLD

34 HCC

Training: 65 HCC, 70
CLD

Validation: 24 HCC,
307 CLD

37 HCC
6 healthy subjects

46 HCC

23 LC

40 HCC

10 healthy subjects
63 HCC

63 CLD (HBV)

50 healthy subjects
Training cohort: 108
HCC, 56 CLD
Validation cohort:112
HCC, 146 CLD

43 HCC
24 CLD (HBV)
26 healthy subjects

AFP (cut-off 10
ng/mL)

AFP (cut-off 20
ng/mL)
NR

NR

None

AFP (cut-off 400
ng/mL)

AFP (cut-off 20
ng/mL)
AFP (cut-off 20
ng/mL)
AFP (cut-off 20
ng/mL)

AFP (cut-off 20
ng/mL)

DCP (cut-off 40
mAU/mL)

AFP (cut-off 400
ug/L)

Copy number variation score:

All HCCs: 83.9%/100% (AUC = 0.95)

HCCs <5 cm: 68.8%/100%

Low AFP: 7/10 positive

Sensitivity 23% and 13% in high vs. low AFP group, respectively (p=0.70)
Specificity 90%

cfDNA: AUC = 0.917

Mutation number: AUC = 0.876

cfDNA (cfDNA concentration times variant allele frequency): AUC = 0.871
Maximal variant allele frequency: AUC = 0.802

AFP: AUC=0.783

cfDNA: sensitivity, 100%

AFP: sensitivity, 56%

AFP-L3: sensitivity, 50%

DCP: sensitivity, 82%

Training cohort (AFP or US positive suspected individuals): 85%/93%, 0.928
Validation cohort (AFP and US negative individuals): 24/331 patients tested
positive and eventually 4/24 develop HCC. None of the negative patients develop

HCC. Sensitivity/specificity: 100%/94%

cfDNA mutations overall: 65%/100%, 0.92
AFP negative: 73%/100%, 0.96
AFP positive: 53%/100%, 0.86

Overall cohort (sensitivity/specificity): 48%/83%

Normal AFP (sensitivity): 44%

Overall (sensitivity/specificity): 43%/100%

Low AFP (sensitivity): 36%

RASSF1A methylation detected in:

93% HCC (50% among normal AFP); 58% CLD; 8% healthy subjects

Methylation of SPINT2 and SRD5A2 + AFP + DCP (sensitivity/specificity):
82.4%/82.1% (training cohort); 73.2%/87.7% (validation cohort)

AUC = 0.72 for 25 cm HCC and 0.89 for >5 cm HCC

AFP alone (sensitivity/specificity): 57.4%/85.7% (training cohort)

DCP alone (sensitivity/specificity): 60.2%/89.3% (training cohort)

TFPI2 methylation (sensitivity/specificity):

HCC vs. healthy: 46.5%/80.8%

HCC vs. CLD: 46.5%/83.3%

AFP alone (sensitivity): 54%

TFPI2 + AFP (sensitivity): 61%



Han et al, 2014 (102)

Huang et al, 2014 (103)

Jietal, 2014 (104)

Kuo et al, 2014 (105)

Li et al, 2014 (106)

Kanekiyo et al, 2015 (107)

Wen et al, 2015 (74)

Dou et al, 2016 (108)

Hu et al, 2017 (109)

TGR5 promoter
methylation

INK4A promoter
methylation

MT1M and MT1G
methylation

HOXA9 methylation

IGFBP7 promoter
methylation

RASSF1A, CCND2, CFTR,
SPINT2, SRD5A2 and/or
BASP1 methylation

Methylation score: RGS10,
ST8SIA6, RUNX2, VIM,
CACNA1C, TBX2, SOX9
5’end), NEDDAL intron),
ALX3, ZNF683 (3’ end),
KCNQ4 (i), ERG, PTPN18
(intron), SYN2, LINC00682
(3’ end), CPLX1 (intron),
FLI42709, UBD (3’ end),
SNX10 (3’ end), TRPS1
(intron)

CDH1, DNMT3b or ESR1
promoter methylation

UBE2Q1 hypomethylation

160 HCC
88 CLD (HBV)
45 healthy subjects

66 HCC
43 CLD

121 HCC
37 CLD (HBV)
31 healthy subjects

40 HCC

34 healthy subjects
136 HCC

46 CLD (HBV)

35 healthy subjects
125 HCC (HCV)

36 HCC
17 CLD
38 healthy subjects

183 HCC

47 LC

126 CLD (HBV)

50 healthy subjects

80 HCC
40LC
40 CLD (HBV)

AFP (cut-off 20, 200
and 400 ng/mL)

AFP (cut-off 200
ng/mL)

AFP (cut-off 20
ng/mL)

AFP (cut-off 10
ng/mL)
AFP (cut-off 20
ng/mL)

AFP (cut-off 20
ng/mL)
DCP (cut-off 40
ng/mL)
AFP (cut-off 20
ng/mL)

NR

AFP (cut-off 20, 200
and 400 ng/mL)

TGR5 methylation frequency: HCC 48%, CLD 14% and healthy subjects 4%

HCC vs. CLD (sensitivity/specificity)

TGRS alone: 48.1%/86.4%

TGRS methylation + AFP (200 ng/mL): 68.1%/78.4%
AFP (200 ng/mL): 30.6%/92.1%

INK4A methylation: sensitivity, 74.2%

AFP: sensitivity, 45.5%

INK4A methylation + AFP: sensitivity, 80.3% (p<0.05 vs. AFP)
MT1M or MT1G methylation:

HCC vs. CLD: 90.0%/81.1%, 0.86

HCC vs. healthy: 90.9%/83.9%, AUC=NR

AFP alone: HCC vs. CLD: 56.0%/62.1%

HOXA9: 73.3%/97.1%, 0.835

HOXA9 or AFP: 94.6%/97.1%

IGFBP7: 65%/83%, 0.740

AFP: 57%/52%, 0.618

IGFBP7 + AFP: 85%/41% (p<0.05 vs. AFP)

Serum methylation score:

Positive in 41% high vs. 48% low AFP

Positive in 42% high vs. 46% low DCP (p>0.05 for both)

Two cfDNA methylation scores, either score positive (sensitivity/specificity):

Training set: 93%/91%

Validation set: 100%/80%

Combined cohort: 94%/89%

Sensitivity 100% in patients with low AFP (n=10)

Methylation frequency:

HCC: CDH1 31%, DNMT3b 41%, ESR1 31%

CLD: <10% for all 3 genes

Healthy subjects: 0%

HCC vs. CLD

Methylation of any gene (AUC): 0.75; AFP (AUC): 0.63
HCC vs. LC

Methylation of any gene (AUC): 0.73; AFP (AUC): 0.62
UBE2Q1 methylation: 66.3%/57.5%, 0.619

AFP alone: 53.8%/87.5%, 0.668

UBE2Q1 methylation + AFP: 53.8%/87.5%, 0.760
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Lu et al, 2017 (75)

Xu et al, 2017 (80)

Dong et al, 2017 (70)

Oussalah et al, 2018 (110)

Kisiel et al, 2019 (76)

Cai et al, 2019 (77)

Study
cfDNA amount/integrity
Ren et al, 2006 (35)

Tokuhisa et al, 2007 (43)

El-Shazly et al, 2010 (36)

74

Methylation score: APC,
COX2, RASSF1A and miR-
203

Methylation score:
cg10428836, cg26668608,
€g25754195, cg05205842,
cg11606215, cg24067911,
€g18196829, cg23211949,
cg17213048, cg25459300
RASSF1A, APC, BVES,
TIMP3, GSTP1, HOXA9
methylation

SEPT9 methylation

Methylation score: HOXA1,
EMX1, ECE1, AKO55957,
PFKP, CLEC11A

5-hmC modifications in
ctDNA

cfDNA property
Total amount and
chromosome 8p allelic

imbalance (D85258 or
D8S264)

Total amount

Total amount, integrity

20 healthy subjects
203 HCC

104 CLD

50 healthy subjects
1098 HCC

835 healthy subjects

98 HCC

75 LC

90 CLD (HBV)

80 healthy subjects
Derivation cohort:
51 HCC

135 CLD

Validation cohort:
47 HCC

56 CLD

116 HCC

80 CLD

98 healthy subjects
1204 HCC

392 LCor CLD

958 healthy subjects

HCC patients

N=79

AFP (cut-off 20
ng/mL)

AFP (cut-off 25
ng/mL)

AFP (cut-off 20
ng/mL)

NR

AFP (cut-off 10
ng/mL)

AFP (cut-off 20
ng/mL)

Prognosis
Stage /Treatment

TNM stage
1+1/1141V: 62%/38%
Treatment: NR

TNM stage
1/1I/IN+1V:
46%/44%/10%
Treatment: LR
TNM stage
VAIVALIVANE
12%/32%/48%/8%
Treatment: NR

In HBV-related HCC:

Methylation score: 84.1%/83.0%, 0.87
AFP: 50.9%/62.1%, 0.56

Training set: 85.7%/94.3%, 0.97
Validation set: 83.3%/90.5%, 0.94
AFP, AUC 0.82 (p<0.05 vs. cfDNA)

HCC vs. CLD
RASSF1A, BVES and HOXA9 methylation: 73.5%/91.1%, 0.834
RASSF1A, BVES and HOXA9 methylation + AFP: 83.7%/78.9%, 0.852

Derivation cohort:

SEPT9 methylation: 94.1%/84.4%, 0.94

Validation cohort:

SEPT9 methylation: 85.1%/87.9%, 0.93

AFP alone (AUC): 0.85 (p=0.002 vs. SEPT9 methylation)

HCC vs. LC: 95%/86%, AUC 0.93 (no improvement with addition of AFP)

HCC vs. healthy: 95%/95%

Sensitivity based on cancer stage: 75% (BCLC stage 0), 93% (A/B), 100% (C/D)
Early-stage HCC vs. CLD (AUC):

5-hmC based score: 0.873 (training cohort) and 0.846 (validation cohort)
AFP: 0.793 (training cohort) and 0.692 (validation cohort)

Main findings

Better 3-years DFS associated with low cfDNA (p=0.008), allelic imbalance at
D8S258 (p=0.004), allelic imbalance at D85264 (p=0.01).

Better 3-years OS associated with low cfDNA (p<0.0001) and allelic imbalance at
D85258 (p=0.02).

Al at D8S258 + higher cfDNA associated with better 3-year DFS (p<0.0001) and 3-
year OS (p<0.0001).

High cfDNA associated with:

Poorer OS: HR=3.4 (1.5-7.6) adjusted for tumor size

Higher recurrence in distant organs: HR=4.5 (1.3-14.9) adjusted for tumor grade
Similar DFS (p=0.19)

0S:

cfDNA amount: adjusted HR=0.54 (0.20-1.60)

cfDNA integrity: adjusted HR=1.86 (1.20-2.88)



Piciocchi et al, 2013 (34)

Ono et al, 2015 (45)

Park et al, 2018 (111)

Oh et al, 2019 (44)

Mutations
Liao et al, 2016 (58)

Jiao et al, 2018 (63)

An et al, 2019 (95)

Cai et al, 2019 (96)

Oversoe et al, 2020 (64)

Total amount

Total amount

Total amount

Total amount, genomic
instability and VEGFA
amplification

TERT, CTNNB1 or TP53
mutations

TERT mutations

Any mutation

Fraction of single

nucleotide or copy number

variants

TERT promoter mutations

N =66
N =46
N =55
N =151
N =41
N =218
N =26
N =34
N =95

Stage: 59% Milan in
Treatment: NR

Stage: T1/T2/T3/T4
24%/39%/33%/4%
(all NO/MO)
Treatment: LR or LT

TNM stage
VAIVALIVANE
23%/23%/27%/27%
Treatment:
radiotherapy

BCLC stage B/C:
3.3%/96.7%
Treatment:
sorafenib

Stage: 42% >5 cm,
27% multiple
tumors, 61%
vascular invasion
Treatment: LR
TNM stage
1/1I1/IN+1V:
41.3%/23.4%/35.3%
Treatment: NR
TNM stage I/11+l11
Treatment: LR

Stage: NR
Treatment: LR

BCLC stage
A/B/C/D:
9%/5%/74%/12%
Treatment: variable

Patients with high cfDNA levels showed a significantly shorter OS (24 vs. 37
months; p=0.03). cfDNA was also an independent predictor of survival (HR= NR;
p=0.02)

Presence of cfDNA associated with:

Increased recurrence (p=0.01)

Increased extrahepatic metastases (p=0.04)

Similar OS (p=0.07)

Increased risk of microscopic vascular invasion: adjusted HR=6.10 (1.11-33.33)
Higher post-RT cfDNA levels associated with:

Similar OS (p=0.15)

Similar PFS (p=0.26)

Increased hepatic failure: adjusted HR=2.41 (1.06-5.46)

Decreased local control: adjusted HR=1.96 (0.57-6.81)

Higher amount of cfDNA associated with:

Shorter TTP: HR=1.17 (1-20-2.44), adjusted for AFP

Shorter OS: HR=3.50 (2.36-5.20), adjusted for AFP and MVI

Genomic instability associated with:

Shorter TTP: HR=2.09 (1.46-3.00), adjusted for AFP

Shorter OS: HR=3.35 (2.24-5.01), adjusted for AFP and MVI

Presence of mutations associated with:
Lower recurrence-free survival (p<0.001); unadjusted analysis only. This was
confirmed also in patients with vascular invasion (p=0.003).

Decreased OS in patients with TERT mutations (p=0.006), but not significant
association (p=0.19) after adjustment for tumor stage.

In patients with HCC on LC, trend toward significance after adjustment for tumor
stage (p=0.051)

Presence of cfDNA post-resection associated with shorter DFS (8.3 months vs.
unreached; HR=7.66, p<0.0001).

Improved DFS in patients with high vs. low clearance rate (17.5 vs. 6.7 months;
HR=3.16, p=0.02).

Portal vein tumor thrombosis was the other independent prognostic factor.
Presence of mutated cfDNA postoperatively:

Decrease relapse-free survival (p<0.0001)

Decrease OS (p<0.0001)

Combination of cfDNA and DCP further increased predictive power

TERT promoter mutation associated with:

Higher mortality: adjusted HR=2.16 (1.20-3.88).

No difference in survival when the analysis was restricted to sorafenib treated
patients.
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Hirai et al, 2020 (65)

Shen et al, 2020 (61)

Kim et al, 2020 (112)

von Felden et al, 2020
(113)

Methylation/epigenetics
Tangkijvanich et al, 2007
(78)

Huang et al, 2011 (114)

Kanekiyo et al, 2015 (107)

Liu et al, 2017 (71)

Xu et al, 2017 (80)

76

TERT promoter mutations

TP53 R249S mutation

Total amount and MLH1
single-nucleotide variant

PI3K/mTOR pathway
mutations

LINE-1 hypomethylation

APC or RASSF1A
methylation

RASSF1A, CCND2, CFTR,
SPINT2, SRD5A2 and/or
BASP1 methylation
LINE-1 hypomethylation
and RASSF1A promoter
hypermethylation

Methylation of 8 genes:
SH3PXD2A, Cl1lorf9,
PPFIA1, chromosome

17:78, SERPINB5, NOTCH3,

GRHL2, and TMEM8B

N =130

N =895

N =107

N =125

N =1049
680 in validation set
39 in training set

TNM stage IlI+I11/1V:
41%/59%
Treatment:
systemic therapy
(66%), TACE (34%)
TNM stage
1+1/1141V: 67%/33%
(cohort 2)
Treatment: with
(cohort 2) or
without (cohort 3)
LR

BCLC stage
0+A/B+C+D:
48%/52%
Treatment: variable
BCLC stage B/C:
30%/70%
Treatment: CPl or
TKI

CLIP score 0-2/3-5:
48%/52%
Treatment: NR
TNM stage
1+1/114IV: 24%/76%
Treatment: NR
TNM stage
1+1/1141V: 46%/54%
Treatment: LR
Stage: 47% 25 cm
(reported only in 49
patients), 16%
portal vein
thrombosis, 15%
lymph node
metastases
Treatment: LR

TNM stage
VAIVALIVANE
16%/16%/52%/12%
Treatment: NR

Presence of TERT promoter mutations associated with:

Poorer OS: adjusted HR=1.94 (1.18-3.24)

The worse survival was demonstrated even considering patients treated with
systemic therapy and TACE separately

TP53 R249S mutation associated with:

Cohort 2

Poorer OS: adjusted HR=1.79 (1.27-2.52)

Poorer PFS: adjusted HR=1.74 (1.24-2.45)

Cohort 3

Poorer OS: adjusted HR=1.63 (1.30-2.06)

Poorer PFS: adjusted HR=2.03 (1.60-2.59)

Patients with low cfDNA + MLH1 wild-type had the longest OS, while patients with
high cfDNA + MLH1 mutated had the shortest OS.

Mutations in PI3K/mTOR pathway associated with:
Poorer PFS (adjusted p=0.01) in TKI treated patients
No association with outcome following CPI

LINE-1 hypomethylation associated with poorer OS: adjusted HR=1.74 (1.09-2.79)

RASSF1A methylation: adjusted HR=3.26 (1.48-7.21)
APC methylation: poorer OS on univariate analysis, but p=n.s. after adjustment

Methylation of >3 genes:

Decreased OS: adjusted HR=2.18 (p<0.001)

Decreased DFS: adjusted HR=4.20 (p<0.001)

LINE-1 hypomethylation associated with:

Higher DFS (unadjusted p=0.002) and OS (unadjusted p=0.01)

RASSF1A hypermethylation no associated with DFS (p=0.41) and OS (p=0.83)
LINE-1 hypomethylation + RASSF1A hypermethylation associated with:
Shorter DFS (p=0.0001) and OS (p=0.05).

LINE-1 hypomethylation independently associated with poor OS (p=0.045)

High risk prognostic score associated with poorer OS:
Training set: adjusted HR=2.41 (1.90-3.03)
Validation set: adjusted HR=1.55 (1.25-1.92)



Yeh et al, 2017 (79) LINE-1 hypomethylation N=172 BCLC stage LINE-1 hypomethylation was associated with:
0+A/B+C: 36%/64% | Shorter OS: adjusted HR=1.77 (1.12-2.79)
Treatment: NR

Lietal, 2018 (115) IGFBP7 promoter N =155 TNM stage Methylation of IGFBP7 associated with:
methylation I+1I/N1+1V: 63%/37% | Increased recurrence: adjusted HR=4.99 (1.51-16.47)
Treatment: LR Poorer OS: adjusted HR=3.86 (2.07-7.20)
Chen et al, 2020 (116) CTCFL hypomethylation N =43 (+ 347 HCC Stage: 63% size <5 CTCFL hypomethylation associated with:
from TCGA Atlas) cm, 91% single Higher risk of postoperative recurrence (p=0.03)
tumor, 5% Poorer OS (p=0.006)
metastases

Treatment: NR
Abbreviations: AFP, alpha-fetoprotein; AFU, a-L-fucosidase; AUC, area under the curve; BCLC, Barcelona Clinic Liver Cancer; CLD, chronic liver disease; CPI, checkpoint inhibitors; CT, computed
tomography; DCP, des-y-carboxyprothrombin; DFS, disease-free survival; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; LC, liver cirrhosis; LR, liver
resection; MVI, macroscopic vascular invasion; NR, not reported; OS, overall survival; PFS, progression-free survival; RFA, radiofrequency ablation; TACE, transarterial chemoembilization; TARE,
transarterial radioembolization; TCGA, The Cancer Genome Atlas; TKI, tyrosine kinase inhibitors; TNM stage, tumor, nodes, metastases stage; TTP, time to progression; 5-hmC, 2-
hydroxymethylcytosine.
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Cell-free non-coding RNA

Long and short species of RNA are present in the cell-free non-coding RNA group, both with an
extensive involvement in gene expression regulation. The RNA molecules with a length of >200 base
pairs are classified as long non-coding RNAs (IncRNAs), several of which are involved in cancer
progression. HULC, MEG3, HOTAIR, HOTTIP, MALAT-1 and MVIH are deregulated in HCC, and may
be useful as biomarkers (117,118,127,128,119-126). IncRNA-CTBP, in a panel with other RNA-based
biomarkers, showed high sensitivity and specificity in differentiating HCC from cirrhosis and healthy
controls (129). Circulating levels of LINC00152, XLOC014172 and RP11-160H22.5 were able to
distinguish HCC patients from cirrhotics, chronic hepatis and healthy subjects, with very high
accuracy when combined with AFP (AUC of 0.986 for HCC vs. chronic hepatitis and 0.985 for HCC vs.
healthy controls) (130). IncRNAs may also be useful as prognostic biomarkers, since they have been
shown to predict recurrence after liver transplantation, development of metastases, recurrence-
free and overall survival (122-126,128).

Among short non-coding RNAs, which are generally ~28 base pairs long, microRNAs (miRNAs) are
the most extensively studied biomarkers in HCC in recent years, with a role in the diagnosis and in
prognosis prediction. miRNAs generally bind to 3’UTR of the target mRNA resulting in down-
regulation of gene expression through translational repression and/or mRNA degradation. More
than 70 miRNAs have already been proposed as candidate biomarkers (25). Table 2 summarizes the
most relevant studies on miRNAs as HCC biomarkers.

In the diagnostic setting, highly expressed miRNAs (miR-21, miR-199 and miR-122) seem to be the
most promising for the diagnosis of HCC when considered individually, due to their elevated
specificity (131). For instance, Tomimaru et al. (132) demonstrated that miR-21 yielded an AUC of
0.773 with 61.1% sensitivity and 83.3% specificity in differentiating HCC from chronic hepatitis, and

an AUC of 0.953 with 87.3% sensitivity and 92.0% specificity in differentiating HCC from healthy
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volunteers (in both cases superior to AFP). However, in the long run the diagnostic power of a single
miRNA turned out to be limited and various panels consisting of more than one circulating miRNA
have been evaluated. Lin et al. (133) demonstrated that a seven miRNAs classifier (miR-29a, miR-
29c¢, miR-133a, miR-143, miR-145, miR-192, and miR-505) had a greater AUC compared to AFP in
identifying small size and early-stage HCC, detecting also AFP-negative tumors. Another panel
consisting of miR-122, miR-192, miR-21, miR-223, miR-26a, miR-27a and miR-801 was able to
distinguish with high accuracy between HCC and healthy controls (AUC=0.941), chronic hepatitis B
(AUC=0.842) and liver cirrhosis (AUC=0.884) (134). Interestingly enough, in a recent study the
determination of eight miRNAs showed a sensitivity of 97.7% and a specificity of 94.7% in identifying
the presence of HCC among patients at risk, with almost all cancers (98%) diagnosed in early stages
(135).

Moreover, circulating miRNAs have a prognostic and predictive significance. Low levels of circulating
miR-1, miR-122, miR-26a, miR-29a and miR-223-3p and high levels of miR-155, miR-96 and miR-193-
5p were associated with poor prognosis (136—141). In a recent study, the whole miRNome profile
was evaluated in 116 patients with HCC and six miRNAs were identified as prognostic factors; in
particular, low levels of miR-424-5p and miR-101-3p and high levels of miR-128, miR-139-5p, miR-
382-5p and miR-410 were associated with lower survival rates (142). After surgical resection, miR-
224 and miR-500 levels decreased (143,144), miR-148a was up-regulated (145), and increased levels
of serum miR-1246 could predict early tumor recurrence (<12 months) (146). High expression of
miR-122 as well as low levels of miR-26a and miR-29a have been found to be poor prognostic marker
in patients undergoing radiofrequency ablation (138,147) and some authors found that miRNAs
evaluation could predict response to TACE (148,149) or sorafenib (150,151). Recently, a study

evaluating plasma samples from participants to the registrative trial of regorafenib (RESORCE)
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identified 9 plasma miRNAs (miR-30a, miR-122, miR-125b, miR-200a, miR-374b, miR-15b, miR-107,

miR-320 and miR-645) whose levels were significantly associated with OS (152).
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Table 2. Studies on use of microRNAs (miRNAs) as biomarkers in HCC.

Diagnosis
Study Type of miRNA Number of patients Comparator Main findings (sensitivity/specificity, AUC)
Zhou et al, 2011 (134) miRNA panel: miR-122, miR- | Training phase: 204 AFP (cut-off 400 Training cohort: 68.6%/90.1%, 0.864
192, miR-21, miR-223, miR- HCC, 60 LC, 75 CLD ng/mL) Validation cohort: 81.8%/83.5%, 0.888

26a, miR-27a and miR-801 (HBV), healthy subjects AUC according to BCLC stage: 0 =0.888, A =0.888, B=0.901, and C = 0.881
68 In AFP <400 ng/mL: 77.7%/84.5%, 0.879
Validation phase: 196 In AFP 2400 ng/mL: 87.7%/83.5%, 0.910
HCC, 56 LC, 72 CLD HCC vs. healthy subjects: 83.2%/93.9%, 0.941
(HBV), 66 healthy HCC vs. CLD: 79.1%/76.4%, 0.842

subjects HCC vs. LC: 75%/91.1%, 0.884
Tomimaru et al, 2012 (132)  miR-21 126 HCC AFP (cut-off 19 HCC vs. CLD:
30 CLD ng/mL in HCC vs. miR-21: 61.1%/83.3%, 0.773

50 healthy subjects CLD and 6 ng/mLin AFP: 59.5%/83.3%, 0.743

HCC vs. healthy miR-21 + AFP: 81%/76.7%, 0.823

subjects) HCC vs. healthy subjects:

miR-21: 87.3%/92%, 0.953

AFP: 77.8%/96%, 0.882

miR-21 + AFP: 92.9%/90%, 0.971

Validation cohort 1:

miRNA classifier: 74.5%/88.9%, 0.817

AFP: 56.9%/84.9%, 0.709 (p<0.05 vs. miRNA classifier)
Validation cohort 2:

miRNA classifier: 85.7%/91.1%, 0.884

AFP: 59.2%/100%, 0.796 (p<0.05 vs. miRNA classifier)
miRNA classifier vs. AFP (AUC):

Small HCC: 0.833 vs. 0.727 (p<0.05)

Early-stage HCC: 0.824 vs. 0.754 (p<0.05)

miRNA classifier in AFP negative patients (AUC): 0.825

Lin et al, 2015 (133) miRNA classifier: miR-29a, Training cohort: 108 AFP (cut-off 20
miR-29¢, miR-133a, miR- HCC, 47 LC, 51 CLD ng/mL)
143, miR-145, miR-192, and (HBV), 51 healthy
miR-505 subjects
Validation cohort: 2020
HCC, 181 CLD + LC, 108

healthy subjects

El-Tawdi et al, 2016 (129) IncRNA-CTBP +miR-16-2 + 78 HCC NR HCC vs. CLD + healthy subjects: 79.5%/100%, 0.938
miR-21-5p + LAMP2 36 CLD (HCV)
44 healthy subjects
Amr et al, 2016 (153) miR-21 and miR-199a 23 HCC AFP miR-21: 100%/81.2%, 0.943
17 CLD miR-199a: 54.5%/100%, 0.856
AFP: 100%/69.2%, 0.832
Okajima et al, 2016 (143) miR-224 87 HCC AFP (cut-off 20 93.1%/80.0%, 0.908
55 healthy subjects ng/mL) Early-stage HCC (TNM stage I) vs. healthy subjects: AUC=0.0899
DCP (cut-off 40 miR-224 in the detection of tumor <18 mm (sensitivity, AUC):
mAU/mL) First cohort: 80%, 0.802 (DCP 45%, 0.741; AFP 50%, 0.475)
Second cohort: 63.6%, 0.731 (DCP 50%, 0.595; AFP 20%, 0.726)
Zhuang et al, 2016 (154) miR-21, miR-26a and miR- 52 HCC AFP (cut-off NR) HCC vs. healthy subjects:
101 42 CLD miR-21 + miR-26a + miR-101: 88.2%/58.5%, 0.803
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43 healthy subjects miR-21 + miR-26a + miR-101 + AFP: 87%/78%, 0.914
HCC vs. CLD:
miR-26a + miR-101: 70.6%/80.2%, 0.822
miR-26a + miR-101 + AFP: 72.5%/86.7%, 0.854

Zekri et al, 2016 (155) Several miRNAs 192 HCC AFP (cut-off NR) HCC vs. healthy subjects:
96 LC miR-122 + miR-885-5p + miR-29b + AFP: AUC =1
96 CLD (HCV) HCC vs. LC:
95 healthy subjects miR-122 + miR-885-5p + miR-221 + miR-22 + AFP: AUC = 0.982
HCC vs. CLD:
miR-22 + miR-199a-3p + AFP: AUC = 0.988
Shi et al, 2017 (156) miR-106b 25 HCC NR Patients with HCC had higher serum miR-106b levels.
310 non-HCC 90%/66.7% (0.855)
Guo et al, 2017 (157) miR-21 175 HCC AFP (cut-off 16.42 HCC vs. LC:
64 CLD (HBV) ng/mL) miR-21: 80.8%/72.9%, 0.814
78 LC AFP: 70.4%/71.5%, 0.686
136 healthy subjects HCC vs. CLD:

miR-21: 76.9%/85.7%, 0.789
AFP: 59.3%/69.7%, 0.634
Zhang et al, 2017 (158) miRNA panel: miR-92-3p, 115 HCC AFP (cut-off NR) miR-3126-5p: AUC = 0.881
miR-107 and miR-3126-5p 40 healthy subjects miR-107: AUC = 0.730
miR-92a-3p: AUC=0.705
miRNA panel: AUC = 0.969 vs. AFP: AUC=0.848
miRNA panel + AFP: AUC = 0.994

Mosbhiri et al, 2018 (159) miR-106b-3p, miR-101-3p 62 HCC NR HCC vs. healthy subjects: 100%/100%, 1.00
and miR-1246 41 1LC HCC vs. LC: 100%/92.9%, 0.99s
25 healthy subjects
An et al, 2018 (160) miR-375, miR-10a, miR-122 84 HCC NR miR-375: AUC=0.918
and miR-423 84 normal controls miR-10a: AUC =0.838

miR-122: AUC = 0.871
miR-423: AUC =0.898
miR-375, miR-10a, miR-122 and miR-423: AUC = 0.995

Han et al, 2019 (145) miR-148a 155 HCC AFP (cut-off NR) HCC vs. healthy subjects: 97.9%/92.9%, 0.980
96 LC HCC vs. LC:
95 healthy subjects AFP: 88.4%/84.4%, 0.941
miR-148a: 89.6%/89%, 0.919 (in patients with low AFP: 90.6%/92.6%, 0.949)
Weis et al, 2019 (161) miR-122-5p, miR-486-5p and = 20 HCC AFP (cut-off 20 miR-122 + miR-486 + miR-142: 80%/95%, 0.94
miR-142-3p 20LC ng/mL) AFP: 25%/90%, 0.64 (p=0.06 vs. miRNA panel)
20 CLD miR-122 + miR-486 + miR-142 + AFP: 0.94
Yamamoto et al, 2020 8 miRNA panel: miR-320b, 353 HCC AFP (cut-off 10 HCC vs. healthy subjects: 97.7%/98.4%, 1.00
(135) miR-663a, miR-4448, miR- 93 LC ng/mL) HCC vs. CLD + LC: 97.7%/94.7%, 0.99
4651, 46 CLD DCP (cut-off 40 In TNM stage |, the 8 miRNAs panel: 100%/94.7%, 1.00

1033 healthy subjects mAU/mL)

82



Study
Koberle et al, 2013 (136)

Xu et al, 2015 (162)

Cho et al, 2015 (163)

Okajima et al, 2016 (143)

Cho et al, 2017 (138)

Fornari et al, 2017 (150)

Nishida et al, 2017 (151)

Kim et al, 2018 (149)

Chuma et a, 2019 (146)

miR-4749-5p, miR-6724-5p,
miR-6877-5p, and miR-6885-
5p

Type of miRNA
miR-1 and miR-122

miR-122

miR-122

miR-224
miR-21, miR-26a and miR-

29a

miR-221

miR-181a-5p and miR-339-
5p

miR-21, miR-26a and miR-
29a-3p

miR-1246

HCC patients
N =195

N =122

N =120

N =120

N =90 (50 in training
set and 43 in validation
set)

N =198

N=121

Prognosis
Stage /Treatment
BCLC stage
A/B/C/D:
24%/39%/30%/7%
Treatment: LR 9%,
ABL+IAT 53%, SOR
24%, LT 11%
Stage: NR
Treatment: NR
TNM stage
+I/11+1V:
73.3%/26.7%
Treatment: LR
52.5%, ABL 47.5%
TNM stage I/1I-IV:
71%/29%
Treatment: LR
TNM stage
+I/11+1V:
73.3%/26.7%
Treatment: LR
52.5%, ABL 47.5%

Stage: advanced
HCC without
extrahepatic
metastases
Treatment:
sorafenib

BCLC stage A/B/C:
15%/28.3%/56.6%
Treatment:
sorafenib

BCLC stage: A-B/C-
D: 73.2%/26.8%
Treatment: TACE

BCLC stage 0/A/B:
27.3%/67.8%/5%

Main findings

At univariate analysis, longer survival in:

High miR-1 group: HR = 0.44 (0.23-0.83)

High miR-122 group: HR = 0.49 (0.25-0.96)

High miR-1 was an independent predictor of better OS: adjusted HR = 0.45
(0.24-0.86)

High miR-122 associated with longer OS: adjusted HR = 0.26 (0.14-0.47)

miR-122 levels were not associated with OS in the entire cohort and in LR
patients.

In ABL patients, high miR-122 associated with shorter OS: adjusted HR = 2.67
(1.12-6.35).

miR-224 was significantly reduced in post-LR samples (p=0.006).

Tumor >2 ¢cm, advanced stage and presence of recurrences correlated with high
levels of miR-224 (p=0.0005, 0.04 and 0.003, respectively).

Poorer DFS was demonstrated for:

Low miR-26a levels: adjusted HR = 1.72 (1.04-2.83)

Low miR-29a levels: adjusted HR = 1.75 (1.04-2.94)

Shorter LT-free survival was demonstrated for:

Low miR-26a: adjusted HR = 3.41 (1.32-8.82)

Low miR-29a: adjusted HR = 2.75 (1.10-6.85)

Both in training and in validation cohorts:

Higher pre-treatment miR-221 levels in non-responders vs. responders.

After 2 months of treatment: increase of miR-221 in responders; non-significant
decrease in non-responders.

miR-181a-5p independently predicted DC: adjusted HR = 0.14 (0.01-0.66).
High miR-181a-5p was associated with longer OS: adjusted HR = 0.27 (0.07-
0.82).

High miR-21, high miR-26a and low miR-29a-3p levels associated with overall
TACE refractoriness (no after adjustment for confounders).

miRNA combination panel (high miR-21 and miR-26a and low miR-29a-3p)
independently predict early TACE refractoriness: adjusted HR = 2.32 (1.08-4.99).
miR-1246 levels higher in patients with early tumor recurrence.

High levels of miR1246 associated with:
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Ali et al, 2019 (148)

Ning et al, 2019 (139)

Jin et al, 2019 (164)

Han et al, 2019 (145)

Teufel et al, 2019 (152)

Loosen et al, 2020 (140)

Pratedrat et al, 2020 (141)

miR-133b, miR-26a, miR-107
and miR-106

miR-155, miR-96 and miR-
99a

miR-128, miR-139-5p, miR-
382-5p, miR-410, miR-424-
5p and miR-101-3p
miR-148a

miR-30a, miR-122, miR-
125b, miR-200a, miR-374b,
miR-15b, miR-107, miR-320
and miR-645

miR-193a-5p

miR-223-3p

N=51

N =30

N =116

N =155

N =243

Treatment: LR

Stage: single tumor
57%
Treatment: TACE

TNM stage
1+1/11141V: 40%/60%
Treatment: LR

Stage: multifocal
29%

Treatment: NR
Stage: metastases
30%

Treatment: TACE or
ABL

BCLC stage A/B/C:
<1%/14%/86% (in
RESORCE trial)
Treatment:
regorafenib

TNM stage T1-2/T3-
4:75%/25%
Treatment: LR
19.5%, LT 80.5%
BCLC stage 0-A/B/C-
D:
30%/34.3%/35.7%
Treatment: NR

Early tumor recurrence: adjusted HR = 3.42 (1.33-8.82)

Shorter DFS (p<0.001)

Shorter OS (p<0.001); adjusted HR = 2.78 (1.53-5.07)

Baseline miR-106b, miR-107 and miR-133b elevated in TACE-responders; miR-
26a in non-responders (all p<0.001).

Prediction of TACE response (sensitivity/specificity, AUC):

miR-26a: 100%/100%, 1.00 in CR vs. NR; 94%/83%, 0.958 in CR vs. PR
miR-133b: 100%/94%, 0.997 in CR vs. NR; 93%/88%, 0.919 in CR vs. PR;
94%/83%, 0.935 in PR vs. NR

miR-26a + miR-133 (AUC): 1.00 in CR vs. NR; 0.997 in PR vs. NR; 0.919 in CR vs.
PR; 0.998 in CR+PR vs. NR

Decreased OS in patients with:

High miR-155 levels (p=0.004)

High miR-96 levels (p=0.02)

miR-99a levels were not significantly associated with OS.

Higher expression of miR-128, miR-139-5p, miR-382-5p and miR-410 and lower
levels of miR-424-5p and miR-101-3p associated with worse prognosis.

miR-148a increased significantly after treatment (p<0.0001).

Increased miR-30a, miR-122, miR-125b, miR-200a, and MIR374B, decreased
miR-15b, miR-107, and miR-320b, and absence of

miR-645 predictive of survival benefit.

miR-15b, miR-320b, and miR-200a were prognostic for OS (p<0.05)

High levels of miR-193a-5p independently associated with poorer OS: adjusted
HR =3.71 (1.35-10.16)

High levels of miR-223-3p independently associated with poorer OS: adjusted
HR = 6.61 (2.36-18.55)

Abbreviations: ABL, ablation; AFP, alpha-fetoprotein; AUC, area under the curve; BCLC, Barcelona Clinic Liver Cancer; CLD, chronic liver disease; CR, complete response; DC, disease control; DCP,
des-y-carboxyprothrombin; DFS, disease-free survival; HCC, hepatocellular carcinoma; HR, hazard ratio; IAT, intrarterial therapies; LC, liver cirrhosis; LR, liver resection; LT, liver transplantation;
miRNA, microRNA; NR, not reported; OS, overall survival; PR, partial response; SOR, sorafenib; TACE, trans-arterial chemoembolization.
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EXTRACELLULAR VESICLES

Extracellular vesicles (EVs) are small membrane vesicles released by cells in extracellular
environment in normal physiology and in pathological conditions (165). EVs transport a variety of
bioactive molecules, including mRNA, miRNAs, proteins and lipids, that can be transferred among
cells both in the environment in which they are released, as well as at distant sites, regulating
various cell responses (165,166). Considered their ability of altering intracellular pathways (167—
170), cancer cells can use EVs to take advantage in proliferation (171).

EVs are generally classified in small (exosomes) and large EVs (ectosomes, also called microparticles
(MPs) or microvesicles) (172). Although small and large EVs may be distinguished by some of the
expressed markers, such as CD63, HSP70, CD9, CD81 and integrins (173,174), the border between
these two entities is not sharp (25). The growing number of studies providing evidence for a key
pathophysiological role of EVs in various aspects of liver diseases and the fact that EVs are released
in the systemic circulation, where they are remarkably stable, provide the background to consider
their assessment and quantification in blood as a novel form of liquid liver biopsy (66). Several
studies demonstrated a potential role of EVs as biomarkers in HCC patients (Table 3).

First reports showed that HCC patients had a higher level of circulating EVs compared to controls
(175) and the determination of total amount of EVs provided slightly better sensitivity and specificity
compared to alpha-fetoprotein (AFP) in HCC diagnosis (176). A specific form of large EVs expressing
surface AnnexinV, EpCAM, ASGPR1 and CD133 was identified by Julich-Haertel et al. (177) as a
marker able to distinguish HCC and cholangiocarcinoma from other cancer types, cancer-free
cirrhotic patients and healthy subjects. Sensitivity, positive predictive value and area under the
curve (AUC) in the distinction between HCC and cirrhosis were 80%, 73% and 0.744, respectively

(177).
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Going beyond the simple determination of the total amount of EVs, the researchers subsequently
focused on analyzing their content. Arbelaiz et al. (178) demonstrated that galectin-3-binding
protein (LG3BP) and polymeric immune receptor (PIGR) had higher diagnostic accuracy (AUC of
0.904 and 0.837, respectively) compared to AFP (AUC=0.802). Other promising molecules are
exosomal AFP and GPC3 mRNA (179), hnRNPH1 mRNA (180) and long non-coding RNAs (IncRNAs)
(181-184). In particular, Xu et al. (182) obtained AUCs of 0.894 and 0.885 in derivation and
validation cohorts, respectively, with the combination of two IncRNAs (ENSG00000258332.1 and
LINC00635). In another study, a machine learning based score (“HCC classifier”) with 8 IncRNAs
markers showed very promising AUCs (0.953 in training cohort, 0.983 in validation cohort and 0.963
in testing cohort) (183). Several other researchers focused their attention on exosomal miRNAs
(185-189). Some studies found similar diagnostic accuracies for AFP and EVs miRNAs (185,187),
while others demonstrated the superiority of the latter (186,188).

A lower number of studies investigating EVs in the prognostic field are available, and most of them
focused on the evaluation of exosomal miRNAs, in particular after surgical therapies (liver resection
or liver transplantation) (189-195). The only miRNA included in more than one study was miR-21,
and its high levels have been repetitively associated with increased risk of disease progression and
poorer survival (194,196,197). Other studies demonstrated that low levels of exosomal miR-718,
miR-125b, miR-638 and miR-320a (189-191,193) and high exosomal miR-665 and miR-10b
(192,194) were associated with worse prognosis.

EVs and their content are promising candidate biomarkers in patients with HCC for diagnosis and
prognosis prediction. Nevertheless, additional larger prospective studies should be conducted to

definitely establish their role as liquid biopsy.
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Table 3. Studies on extracellular vesicles (EVs) as biomarkers in HCC patients.

Diagnosis
Study EVs property Number of patients Comparator Main findings (sensitivity/specificity, AUC)
Wang et al, 2013 (176) Total amount 55 HCC; AFP (cut-off 20 Sensitivity/specificity: 88.9%/62.6% for EVs and 85.7%/40.0% for AFP

40 LC; ng/mL) TNM stage | vs. cirrhosis: AUC = 0.83 (p<0.01 vs. AFP)
21 healthy subjects TNM stage Il vs. cirrhosis: AUC = 0.94 (p<0.01 vs. AFP)
Cheng et al, 2015 (175) Total amount 12 HCG; NR EVs concentration higher in HCC patients vs. healthy controls or cirrhotics. No
11 CLD; differences in EVs concentration based on AFP levels.
6 healthy subjects
Julich-Haertel et al, 2017 | Tumor-associated MPs Explorative study: 22 NR Explorative study. HCC vs. controls
(177) HCC, 26 CCA, 5 LC, 18 AnnexinV +, EpCAM + taMPs: 81.8%/66.7%, 0.833

IH, 53 CLD, 18 controls.
Validation study: 86
HCC, 38 CCA, 49 LC, 10
NSCLC, 19 CRC, 26 IH,
173 CLD, 58 controls.

AnnexinV +, EpCAM +, CD147 + taMPs: 72.7%/82.3%, 0.739

Validation study. HCC vs. controls

AnnexinV +, EpCAM + taMPs: 76.5%/63.3%, 0.769

AnnexinV +, EpCAM +, CD133 + taMPs: 69.8%/41.4%, 0.626

AnnexinV +, EpCAM +, ASGPR1 +, CD133 + taMPs: 80.0%/50.0%, 0.744
Validation study. Cirrhosis vs. HCC

AnnexinV +, EpCAM +, ASGPR1 + taMPs: 81.4%/46.9%, 0.732

Arbelaiz et al, 2017 EV proteins (LG3BP and 29 HCC; AFP HCC vs. controls
(178) PIGR) 43 CCA; LG3BP: 96.6%/71.8%, 0.904

30 PSG; PIGR: 82.8%/71.8%, 0.837

32 healthy subjects AFP: 82.1%/64.0%, 0.802
Abd El Gwad et al, 2018 IncRNA-RP11-513115.6, 60 HCC; NR 96.7%/95.0% for INcRNA-RP11-513115.6
(181) miR-1262 and RAB11A 42 CLD; 95.0%/80.0% for miR-1262

18 healthy subjects 75.0%/73.3% for RAB11A mRNA

100.0%/76.7% for INcRNA-RP11-513115.6 + miR-1262 + AFP
Pu et al, 2018 (185) miR-21-5p and miR-144- 24 HCC; NR miR-21-5p: AUC = 0.442
3p 16 CLD; miR-144-3p: AUC = 0.747

Wang et al, 2018 (179)

Wang et al, 2018 (186)

AFP and GPC3 mRNA

miR-122, miR-148a and
miR-1246

17 healthy subjects

40 HCCG;
38 healthy subjects

68 HCC;

53 LG;

50 CLD;

64 healthy subjects

AFP (cut-off 20
ng/mL)

AFP

miR-144.3p/miR-21-5p ratio: AUC = 0.780

AFP: AUC = 0.626

EV AFP mRNA: AUC = 0.947
EV GPC3 mRNA: AUC=0.979

AFP protein: AUC = 0.936

AFP and GPC3 mRNA: AUC = 0.995
Cirrhosis vs. HCC (all stages). AUC:

miR-122: AUC = 0.816
miR-148a: AUC = 0.891
miR-1246: AUC = 0.785
AFP: AUC=0.712

miR-122 + miR-148a + AFP: AUC = 0.931
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Xu et al, 2018 (182)

Xu et al, 2018 (180)

Zhang et al, 2019 (187)

Li et al, 2019 (183)

Lu et al, 2020 (184)

Sorop et al, 2020 (188)

Hao et al, 2020 (189)

Study

88

IncRNAs
(ENSG00000258332.1
and LINC00635)

hnRNPH1 mRNA

miR-212

IncRNAs

IncRNAs:
ENSG00000248932.1
ENST00000440688.1
ENST00000457302.2
miR-21-5p and miR-92a-
3p

miR-320a

EVs property

60 HCC (+55in
validation cohort);
85 LC;

96 CLD (+60 in
validation cohort);

60 healthy subjects (+60

in validation cohort)

88 HCC;

67 LG;

68 CLD;

68 healthy subjects

78 HCC;

95 LG;

58 CLD;

70 healthy subjects

71 HCC;
37 CLD;
94 healthy subjects

200 HCCG;
200 CLD;
200 healthy controls

48 HCC;

38 LG;

20 healthy subjects
104 HCC;

55 CLD;

50 healthy subjects

Number of patients

AFP (cut-off 20
ug/L)

AFP (cut-off 20
ng/mL)

NR

AFP (cut-off 10
ng/mL)

NR

AFP

NR

Prognosis
Stage
/Treatment

HCC vs. CLD

First cohort:

ENSG00000258332.1: 71.6%/83.4%, 0.719
LINC00635: 76.2%/77.7%, 0.750

AFP: 54.7%/75.3%, 0.666

All 3 markers: 83.6%/87.7%, 0.894
Second cohort:

ENSG00000258332.1: 73.5%/80.5%, 0.718
LINC00635: 79.6%/75.2%, 0.731

AFP: 52.5%/74.1%, 0.634

All 3 markers: 84.5%/85.3%, 0.885

HCC vs. CLD

hnRNPH1 mRNA: 85.2%/76.5%, 0.865
AFP: 69.3%/87.9%, 0.785

hnRNPH1 + AFP: 87.5%/84.8%, 0.891

HCC vs. cirrhosis

hnRNPH1 mRNA: 86.4%/54.0%, 0.647
AFP: 46.6%/88.3%, 0.674

hnRNPH1 + AFP: 50.3%/91.0%, 0.749
HBV-related HCC vs. healthy subjects
miR-212: 70.0%/95.0%, 0.89

AFP: 0.85

Non-HBV-related HCC vs. healthy subjects
miR-212: 89.0%/62.0%, 0.79

AFP: 0.84

Support vector machine model (HCC classifier with 8 markers)

Training cohort: 84%/94%, 0.953
Validation cohort: 89%/91%, 0.983
Testing cohort: 85%/95%, 0.963

Three IncRNAs: AUC = 0.96/0.53 in training/validation cohorts
Three IncRNAs + AFP: AUC = 0.97/0.87 in training/validation cohorts

AFP alone: AUC=0.72

miR-21-5p + miR-92a-3p + AFP: AUC = 0.85 (p<0.05 vs. AFP)

HCC vs. healthy subjects: 77.9%/80.0%, 0.86
HCC vs. CLD: 76.1%/81.8%, 0.83

Main findings



Sugimachi et al, 2015 miR-718 and miR-1246 N =66 (6 in exploratory | Stage: 34% Recurrence post-LT: 6/42 in the low and 0/11 in the high miR-718 groups (p=n.s.).

(190) and 59 in validation beyond Milan Patients with tumor diameter >3 cm: greater recurrence with high miR-718 (p=0.0002).
analysis) criteria No association with recurrence for miR-1246
Treatment: LT
Liu et al, 2017 (191) miR-125b N=128 TNM stage I/II-ll:  Low miR-125b associated with:
37.5%/62.5% Lower time-to-recurrence: HR=0.14 (0.08-0.27); p<0.001
Treatment: LR Poorer OS: HR=0.33 (0.18-0.62); p<0.001
Qu et al, 2017 (192) miR-665 N=30 TNM stage I-1I/Ill- | Patients with high miR-665 showed lower OS (p<0.05; HR not reported)

IV: 20%/80%
Treatment: LR

Shi et al, 2018 (193) miR-638 N=126 TNM stage Low miR-638 levels associated with:
1+I/11+1V: Poorer OS (adjusted HR=2.80, 1.24-4.31; p=0.01)
53%/47%
Treatment: LR
Suehiro et al, 2018 (196) = miR-122 and miR-21 N =75 (57 with LC) Stage: NR miR-21 and miR-122 not associated with survival in the entire cohort.

Treatment: TACE  In LC group, high miR-122 ratio (after/before TACE) associated with poorer OS: adjusted
HR=2.72 (1.04-8.02); p=0.04

Abd El Gwad et al, 2018 = RAB11A mRNA N =60 BCLC stage early: | Low levels of RAB11A mRNA are associated with longer recurrence-free survival:
(181) 90% adjusted HR=0.36 (0.15-0.88), p=0.03
Treatment: NR
Lee et al, 2019 (197) miR-21 and IncRNA-ATB N=79 TNM stage I-1I/Ill- | High miR-21 and IncRNA-ATB independent predictors of mortality (HR=2.87 and 2.17,
IV:40.5%/59.5% respectively; all p<0.05).
Treatment: 10 High miR-21 and IncRNA-ATB independent predictors of disease progression (HR=2.53

LR, 5 LT, 24 ABL, and 2.55, respectively; all p<0.05).
9 TACE, 17 SOR

and 14 BSC

Tian et al, 2019 (194) miR-21 and miR-10b N=124 Stage: 79% Poorer disease-free survival with:
monofocal, 35% High miR-21: adjusted HR=2.45 (1.25-4.78); p=0.009
<3 cm High miR-10b: adjusted HR=2.55 (1.30-4.99); p=0.006
Treatment: LR

Hao et al, 2020 (189) miR-320a N =104 TNM stage: Low miR-320a associated with poorer OS and DFS.
37.5%/62.5% Low miR-320a independent predictor of mortality: adjusted HR=2.97 (1.56-4.63);
Treatment: LR p=0.008
(+/- adjuvant
chemotherapy)

Luo et al, 2020 (195) circAKT3 N=124 TNM stage I-1I/Ill- | Patients with high circAKT3 have:
IV: 44%/37% Higher tumor recurrence rates (HR 3.14, 1.29-6.21; p=0.01)
Treatment LT/LR: = Higher mortality (HR 1.89, 1.04-3.01; p=0.048)
19/81%

Abbreviations: AFP, alpha-fetoprotein; AUC, area under the curve; BCLC, Barcelona Clinic Liver Cancer; CCA, cholangiocarcinoma; CLD, chronic liver disease; CRC, colorectal carcinoma; DFS,
disease-free survival; EVs, extracellular vesicles; HCC, hepatocellular carcinoma; HR, hazard ratio; IH, inguinal hernia; LC, liver cirrhosis; IncRNA, long non-coding RNA; LR, liver resection; LT, liver
transplantation; miR, microRNA; MPs, microparticles; NSCLC, non-small cell lung carcinoma; NR, not reported; OS, overall survival; PSC, primary sclerosing cholangitis; TACE, transarterial
chemoembolization; taMPs, tumor-associated microparticles; TNM stage, tumor, nodes, metastases stage.
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CIRCULATING TUMOR CELLS

Metastatization is a complex and largely unknown process requiring the ability for cancer cells to
escape from primary tumor, survive in the circulation and then settle in a new organ. Circulating
tumor cells (CTCs) are key players in cancer dissemination. Considering that CTCs are present in the
order of one per billion of blood cells in patients with metastatic disease, there have been some
initial obstacles in their study (198). Nevertheless, technical and methodological advances in the last
years led to a significant expansion of publications aimed at investigating their role as candidate
biomarkers (Table 4).

Platforms for the detection of CTCs are based on their known biological and physical properties, and
can grossly be divided in immunoaffinity-based and biophysical property-based enrichment (199).
Immunoaffinity-based CTCs enrichment techniques use antibodies against cell surface markers
bounded to the device or a magnetic substance. The enrichment can be positive when CTCs are
captured with antibodies against tumor specific antigens expressed on CTC surface, or negative
when hematopoietic cells in the background are depleted by using antibodies against CD45 (200).
The CellSearch™ system (Veridex) captures CTCs using an immunomagnetic separation system with
antibodies against EpCAM and cytokeratin coated onto ferrofluid beads and has been approved by
the US Food and Drug Administration for use in patients with breast, prostate and colorectal cancers
(201,202). Other developed detection systems include CTC-Chip™ (203), CTC-iChip™ (204) and
NanoVelcro™ (205). These methods rely on tumor expression of the target proteins and their role
is limited for cancers that do not typically express them. Only about one third of CTCs in HCC are
positive for EpCAM and cytokeratin (206,207), and even if CellSearch™ became the most popular
detection system, it could be of limited application in HCC. Moreover, given that epithelial markers
such as EpCAM are often downregulated or lost during epithelial-to-mesenchymal transition (EMT)

(208), CTC with EMT phenotype which have strong metastatic potential could not be detected by
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positive enrichment methods that target epithelial markers. Therefore, strategies targeting stem
cell markers (CD133), mesenchymal markers (vimentin) and cancer specific antigens (such as HER2,
PSMA, ASGPR, Hepar 1 and carbamoyl phosphate synthetase 1) have been developed (209,210).
The biophysical methods to isolate CTCs rely on their typical features such as large size, mechanical
plasticity and dielectric mobility properties, employing centrifugation and filters or flow devices with
channels of varying size or nature. Although the advantage of avoiding the challenges of targeting
numerous tumor specific epitopes, these methods may be less cancer-specific.

As far as the diagnostic value of CTCs analysis is considered, published studies showed that CTCs
may have a role in differentiating HCC from controls. A major concern when dealing with CTCs
analysis as diagnostic biomarker is the fact that, since their levels correlate with tumor burden (211),
the sensitivity in early-stage disease may be too low. Nevertheless, Guo et al. (212) in a large study
investigating a CTC-derived PCR score (quantifying the expression of cancer-related genes in blood),
demonstrated a sensitivity of 72.5%, a specificity of 95% and an AUC of 0.88 (compared with 57%,
90% and 0.77 of AFP at a cut-off of 20 ng/mL). In addition, this score performed well also in patients
with early-stage HCC (AUC of 0.92 in BCLC stage 0 and 0.86 in BCLC stage A).

CTCs evaluation combined with AFP provided incremental performance with respect to AFP alone
in identifying HCC patients. In a study, the AUC in the discrimination of CLD and HCC patients was
0.67 for AFP (cut-off 400 ng/mL), 0.77 for CTCs (detected with CanPatrol™) and 0.82 for the
combination of both (213). Guo et al. reported that CTCs, defined by the expression of EpCAM
MRNA, had a sensitivity of 42.6% and an AUC of 0.70 in discriminating HCC from CLD and healthy
controls, while AFP (cut-off 400 ng/mL) demonstrated a lower sensitivity (39.5%; AUC not reported);
the combination of CTCs and AFP increased sensitivity to 73% and the AUC to 0.86 (214).
Considering that CTCs are extremely rare in the circulation and that their number tends to be

proportional to tumor volume, which make their detection in early-stage disease challenging (211),
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they are probably more useful for prognostication rather than for early diagnosis. Indeed, several
evidences emerged linking CTCs enumeration with prognosis of HCC patients. A landmark study in
2004 demonstrated that the presence and number of CTCs, identified and enumerated based on
their morphology, were associated with shorter survival (215). Subsequent studies using
CellSearch™ showed that the detection of EpCAM positive CTCs was associated with an higher
tumor recurrence rate after liver resection (216) and with a worse prognosis (217,218). The
independent prognostic value of CTCs amount was confirmed even with other CTCs enrichment
technologies, such as ImageStream flow cytometry, which uses a panel of markers and generates
high resolution images of isolated CTCs (207,219). Beyond simple enumeration, other reports have
investigated the prognostic impact of subgroups of CTCs, divided according to cell surface markers,
RNA expression or genomic aberrations. The identification of CTCs with cancer stem cell-like or
mesenchymal surface markers is useful to predict tumor recurrence (220-223). Other studies
demonstrated that CTCs with detectable AFP mRNA were associated with higher risk of metastatic
dissemination (224), whereas CTCs with aneuploid chromosome 8 predicted shorter survival in
patients treated with surgical resection (225). The interesting study by Ha et al. (226) introduced
the concept of ACTC, which is defined as the variation in CTCs enumeration after surgery, and is an
independent factor of lower survival and recurrence after hepatectomy.

Cancer cell dissemination seems to be promoted by treatment, in particular surgical therapies. Liver
manipulation is associated with a release of CTCs (227) and the anterior as compared to the
conventional surgical approach is associated with a lower release of CTCs as well as better survival
(228). In liver transplantation for HCC, five steps to minimize CTCs dissemination and thereby reduce
the risk of recurrence have been described (229). This approach in transplantation assumes even
more importance as an association between CTCs detection and recurrence after transplantation

has been demonstrated (230,231). Overall, data consistently reported that the number of CTCs is a
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surrogate of poor prognosis, predicting higher recurrence and lower survival. A recent metanalysis
and data from experimental models led to the same conclusions (232,233).

Considered that CTCs detection methods are costly and time consuming, the application of CTCs
enumeration in clinical practice requires a clear advantage to be established. Probably, this is an
unrealistic goal and therefore phenotypic characterization of CTCs may be more useful, since tissue-
based biomarkers that could be of help in treatment choice and monitoring are currently lacking.
Moreover, it is clear from several studies that CTCs are a heterogeneous population and that they
may reflect tumoral heterogeneity better than a tissue biopsy (199,207). The CTC pERK/pAkt
phenotype has recently been reported to predict sensitivity to sorafenib (234), while the presence
of CTCs positive for PD-L1 is associated with response to checkpoint inhibitors (235). Considered
that result, it could be imagined that phenotyped CTCs will be useful surrogates for guiding
enrichment trials with molecular targeted therapies. Moreover, methods for collecting living CTCs
from HCC patients and culture them into three-dimensions spheroid-like structures have also been
developed, with the possibility to bring personalized medicine to a new level. In this scenario, Zhang
et al. (236) explored individual sensitivity to sorafenib and oxaliplatin after collecting and culturing
CTCs, and the evaluation of multiple therapeutic candidates in patients’ CTC-derived xenografts may
become a future reality (66).

Even if the use of CTCs analyses as biomarkers in guiding clinical decisions has huge potential,
perhaps the most innovative and relevant contribution of CTC studies will be in advancing our
understanding of the biology of metastatic disease as well as the development of treatment
strategies. The analysis of CTCs at a molecular level, facilitated by the advancements in sequencing
technologies, may lead to the identification of new mutations responsible for tumor metastatization
and resistance to drugs (237). Moreover, other insights in metastatic spread have been achieved

analyzing the spatial distribution of CTCs in the bloodstream. An interesting study analyzed and
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compared CTCs collected in HCC patients from different vessels (peripheral veins and arteries, portal
vein and hepatic veins). The greatest number of CTCs was demonstrated in hepatic veins, with a
dramatic reduction in peripheral vessels after passage through the lungs. Moreover, there was a
phenotypic heterogeneity in CTCs isolated from different sites, being predominantly epithelial into
the hepatic vein and EMT-transformed when isolated in peripheral vessels (238). The CTC burden
and the presence of CTC clusters in both hepatic and peripheral veins predicted lung and liver
metastases.

Although the rapid evolution in technologies supporting CTCs detection, isolation and
characterization and the very promising results in the studies so far published, the clinical
application of CTCs as biomarkers is hindered by the different methodologies applied by single
researchers. Indeed, few studies have been reproduced by more than one research group. Before
the incorporation of CTCs evaluation in trials and clinical practice, standardized protocols with

reproducible results, currently lacking in HCC, are needed.
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Table 4. Studies on use of circulating tumor cells (CTCs) as biomarkers in HCC patients.

Study
Yao et al, 2005 (239)

Guo et al, 2007 (240)

Xu et al, 2011 (241)

Liu et al, 2013 (222)

Sun et al, 2013 (216)

Bahnassy et al, 2014 (242)

Fang et al, 2014 (243)

Guo et al, 2014 (214)*

Kelley et al, 2015 (206)

Zhou et al, 2016 (244)

Kalinich et al, 2017 (245)

CTCs definition

CDA45 (-) EpCAM (+) then
AFP mRNA

CDA45 (-) and EpCAM (+),

then AFP mRNA
ASGPR (+)

CD45 (-) and ICAM-1 (+)

CellSearch™

CDA45 (-) and either CK19,
CD90 or CD133 (+)

CellSearch™

CellSearch™ and
quantitative PCR for EpCAM
in CD45 (-) cells

CellSearch™

CD45 (-) EpCAM-mRNA (+)

PCR assay: AFP, AHSG, ALB,
APOH, FABP1, FGB, FGG,
GPC3, RBP and TF

Number of patients
49 HCC

36 CLD or LC

18 healthy subjects
44 HCC

7 healthy subjects
85 HCC

37 CLD or benign liver
diseases

20 healthy subjects
60 HCC

123 HCC
5CLD
10 healthy subjects

70 HCC
30 CLD (HCV)
33 healthy subjects

42 HCC

10 CLD

10 healthy subjects
122 HCC

25 CLD or LC (HBV)
24 benign tumors
71 healthy subjects
20 HCC

10 CLD

49 HCC

63 HCC
31CLD
26 healthy subjects

Diagnosis
Comparator
AFP (cut-off 20
ng/mL)

AFP (20 ng/mL)
AFP (cut-off 20 or

100 ng/mL)

AFP (cut-off 20
ng/mL)

AFP (cut-off 400
ng/mL)

AFP ratio
(undefined)

AFP (cut-off 40
ng/mL)

AFP (cut-off NR)

AFP (400 ng/mL)

AFP (cut-off 400
ng/mL)

AFP (cut-off 100
ng/mL)

Main findings (sensitivity/specificity, AUC)

AFP mRNA (sensitivity/specificity): 72.1%/66.7%

Low AFP: sensitivity, 75%

High AFP: sensitivity, 71% (p>0.05)

AFP mRNA (sensitivity): 72.7%; 50% in patients with AFP <20 ng/mL and 86.7% in
patients with AFP >1000 ng/mL (p<0.05)

CTCs (sensitivity/specificity): 81%/100%

No significant differences in CTCs level according to AFP values

High levels of CTCs in 83.3% of AFP + and 16.7% of AFP negative patients (p=0.14)

>2 CTCs/7.5 mL:

Overall (sensitivity/specificity): 41.5%/100%

High AFP: sensitivity, 54.7%

Low AFP: sensitivity, 31.4% (p=0.009)

CTCs have poorer performances compared to AFP. HCC vs. CLD:
AFP ratio: 95.7%/90.5%, 0.99

CK19 (+) CTCs: 87.1%/82.5%

CD90 (+) CTCs: 81%/89.6%

CD133 (+) CTCs: 40%/6.3%

CTCs (sensitivity/specificity): 74%/100%

Sensitivity 89% among patients with high AFP and 61% among those with low AFP
(p=0.08)

HCC vs. other groups:

EpCAM-mRNA (+) CTCs: 42.6%/96.7%, 0.70

EpCAM-mRNA (+) CTCs + AFP: 73%/93.4%, 0.86

CTC detection in 7 of 20 (35%) HCC patients and 0 of 9 CLD (p=0.04).
AFP2400 ng/mL: sensitivity 70%
AFP<400 ng/mL: sensitivity 10% (p=0.008)

Any CTCs (sensitivity):

Overall: 34.6%

Low vs. high AFP: 28.2% vs. 60% (p=0.06)

PCR score +: 9 of 16 (56%) untreated HCC patients, 1 of 31 (3%) CLD and 2 of 26
(7.6%) healthy subjects.

15 patients with both PCR score and AFP available: 4 (27%) PCR score +, 1

(7%) AFP +, 5 (33%) PCR score + and AFP +.

6 patients within Milan criteria: 2 (33%) PCR score + and 0 (0%) AFP +.
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Bhan et al, 2018 (246)

Guo et al, 2018 (212)*

Xue et al, 2018 (247)

Yin et al, 2018 (248)

Cheng et al, 2019 (213)

Study
Vona et al, 2004 (215)

Fan et al, 2011 (220)

96

CD45 (-) and
hydrodynamics, followed
by HCC score based on
gene expression

CTC detection panel: PCR
for EpCAM, CD133, CD90
and CK19

CellSearch™ and iFISH
(either CD45 (-) CK (+) DAPI
(+) and hybridization signal
for CEP8 >2 or CD45 (-) CK
(-) DAPI (+) and
hybridization signal for
CEPS >2)

CanPatrol™

CanPatrol™

CTCs definition
Size (diameter>25 pum)

CD45 (-) CD9O0 (+) CD44 (+)

54 HCC
39 CLD
10 healthy subjects

Training and validation
cohorts:

395 HCC

301 CLD and LC (HBV)
210 healthy subjects

30 HCC
10 healthy subjects

80 HCC
10 healthy subjects

113 HCC
57 benign liver lesions

HCC patients
N =44

AFP (cut-off 20
ng/mL)

AFP (cut-off 20
ng/mL)

AFP (400 1U/mL)

AFP (cut-off 20
ng/mL)

AFP (cut-off 400
ug/L)

Prognosis
Stage /Treatment
Stage: 39%
multinodular, 39%
tumor <3 cm, 45%
PVT, no EHS
Treatment: NR
TNM stage
1/0/1/1v:
5%/34%/34%/27%

HCC score outperformed AFP in identifying HCC vs. CLD (sensitivity/specificity):
HCC score: 85%/95%
AFP: 55%/100%

Validation cohort (sensitivity/specificity, AUC):

HCC vs. other groups:

CTC detection panel: 72.5%/95%, 0.88

AFP: 57%/90%, 0.77

CTC detection panel + AFP: 76%/95%, 0.89

Early-stage HCC vs. other groups:

CTC detection panel: 71.8%/95%, 0.87

AFP: 53.4%/90%, 0.74

CTC detection panel + AFP: 80.9%/87%, 0.88

AUC in different stages: 0.92 (BCLC 0), 0.86 (BCLC A), 0.91 (BCLC B), 0.86 (BCLC C)
In AFP negative patients: 77.7%/95%, 0.89

CTCs measured by CellSearch™ (sensitivity/specificity): 26.7%/100%
CTCs measured by iFISH (sensitivity/specificity): 70/100%

Low AFP: sensitivity, 90%

High sensitivity, 30% (p=0.002)

Overall cohort (sensitivity/specificity):

Any CTCs: 77.5%/100%

Twist (+) CTCs: 67.5%/100%

Low AFP: sensitivity, 35.3% or 17.7% for any CTCs or Twist (+) CTCs, respectively
(p<0.001)

High AFP: sensitivity, 88.9% or 71.8%for any CTCs or Twist (+) CTCs, respectively
(p<0.001)

CTCs outperformed and provided incremental benefit to AFP.

AFP: 44.3%/89.5%, 0.67

Total CTCs (23): 62%/89.5%, 0.77

Total CTCs or AFP: AUC = 0.82

Main findings
Patients with CTCs/circulating tumor microemboli had poorer OS (p=0.01)
No significant association with survival in multivariate analysis.

CTCs predicted recurrence (sensitivity/specificity): 65.9%/80.5%
CTCs (>0.01%) independently associated with poorer:
Median recurrence-free survival (6.0 vs. >46.5 months)



Liu et al, 2013 (222)

Nel et al, 2013 (249)

Sun et al, 2013 (216)

Cheng et al, 2013 (221)

Schulze et al, 2013 (217)

Guo et al, 2014 (214)

Nel et al, 2014 (250)

Li et al, 2016 (234)

Ogle et al, 2016 (207)

Zhou et al, 2016 (244)

CD45 (-) ICAM-1 (+)

CTCs: CD45 (-), DAPI (+),
EpCAM (+), ASGPR1 (+)
Mesenchymal: either N-
cadherin (+) or vimentin (+)
Epithelial: pan-CK (+)
Mixed: CK (+) and either N-
cadherin (+) or vimentin (+)
CellSearch™

Magnetic cell sorting and
PCR for Lin28B

CellSearch™

CellSearch™ and
quantitative PCR for EpCAM
in CD45 (-) cells

CD45 (-), EpCAM (+), DAPI
(+), pan-CK (+) and IGFBP1
MRNA (+)

Density-based, CD45 (-),
pan-CK (+) and either
pAkt1/2/3 or pERK1/2 (+)
CDA45 (-), morphology, size

EpCAM mRNA (+)

N =123

N =96

N =299

N =109

Treatment: LR

Stage: tumor size
>5.cm 72%,
multifocal 12%
Treatment: LR
Stage: NR
Treatment: various
(SIRT in 45%)

BCLC stage 0-A/B-
C: 82%/18%
Treatment: LR
BCLC stage A/B-C:
55%/45%
Treatment: LR

BCLC stage A/B/C:
15%/53%/32%
Treatment: NR
Stage: NR
Treatment: LR 53%,
TACE 25%, RT 22%

TNM stage II/IlI/IV:
28%/48%/24%
Treatment: SIRT
Stage: advanced
Treatment:
sorafenib

BCLC stage
A/B/C/D:
16%/7%/73%/4%
Treatment: LT 6%,
LR 4%, ABL 10%,
IAT 39%, sorafenib
13%, BSC 28%
BCLC stage 0-A/B-
C: 90%/10%
Treatment: LR

2-years recurrence-free survival (22.7% vs. 64.2%)

2-year OS (58.5% vs. 94.1%) (p<0.001 for all)

High proportion of ICAM-1 (+) CTCs associated with:

Poorer DFS: adjusted HR = 7.15 (2.99-17.05)

No independent association with OS: adjusted HR = 2.28 (0.95-7.82)

Vimentin (+)/CK (+) ratio >0.5 associated with a longer TTP: 1 vs 15 months (p=0.03)
N-cadherin (+)/CK (+) ratio <0.1 associated with a shorter TTP: 1 vs 15 months
(p=0.03)

Presence of CTCs (>2/7.5 mL) before surgery associated with:
Increased risk of recurrence: adjusted HR = 5.20 (2.65-10.21)

Lin28B positive CTCs associated with:

Decreased RFS: adjusted HR = 2.25 (1.01-4.99)

Early recurrence (< 1 year): adjusted HR = 2.65 (1.02-6.86); also true in earlier
stages

Detection of CTCs was associated with lower OS at the Kaplan-Meier analysis
(p=0.02)

EpCAM mRNA (+) CTCs associated with worse outcomes

Surgery: shorter TTR; adjusted HR = 2.9 (1.6-5.3)

TACE: shorter PFS; unadjusted HR = 3.8 (1.4-10)

RT: shorter PFS; unadjusted HR =5.1 (1.4-18.5)

Low expression of IGFBP1 mRNA in CTCs discriminate progression from disease
control (sensitivity 80%, specificity 80%, AUC = 0.8).

Low IGFBP1 mRNA in CTCs correlated with shorter TTP (p=0.04)

High proportion of pERK (+) pAkt (-) CTCs associated with longer PFS: adjusted HR =
9.39 (3.24-27.19)

Presence of CTCs (>1/4 mL) at any time (N=69):
Shorter OS: adjusted HR = 2.34 (1.015.43)
Shorter TTP (p=0.006)

Presence of CTCs post-treatment (N=29):
Shorter OS: adjusted HR = 6.16 (1.71-22.33)
Shorter TTP (p=0.002)

High EpCAM mRNA (+) CTCs associated with increased risk of recurrence: adjusted
HR = 6.69 (1.94-22.88)
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von Felden et al, 2017
(218)

Guo et al, 2018 (212)

Qi et al, 2018 (223)

Sun et al, 2018 (238)

Wang et al, 2018 (251)

Yu et al, 2018 (227)

Ye et al, 2018 (252)
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CellSearch™ N =57

CTC detection panel: PCR N =395
for EpCAM, CD133, CD90

and CK19

Can Patrol™ N=112
CellSearch™ N=73
CanPatrol™ N =62
CellSearch™ N=139
CanPatrol™ N=42

BCLC stage A/B:
92%/8%
Treatment: LR
Training:

BCLC stage 0-A:
66%

Treatment: LR 98%,
TACE 2%
Validation:

BCLC stage 0-A:
48%

Treatment: LR 67%,
TACE 33%

BCLC stage
0/A/B/C:
10%/39%/21%/30%
Treatment: LR

BCLC stage 0-A/B-
C: 77%/23%
Treatment: LR

BCLC stage 0-A/B-
C:37%/63%
Treatment: LR

BCLC stage
0+A/B+C: 40%/60%
Treatment: LR

BCLC stage A-B/C-
D: 81%/19%
Treatment: LR

CTCs status was independently associated with increased risk of recurrence:
adjusted HR = 3.1 (1.0-9.4)

CTC detection panel was associated with shorter TTR:

Training cohort: adjusted HR = 2.69 (1.62-4.48)

Validation cohort: adjusted HR = 3.13 (1.36-7.19)

Association remained significant in patients with negative AFP and with early-stage
(BCLC 0-A) tumor

CTCs associated with HCC recurrence:

CTC count: adjusted HR = 1.02 (1.01-1.04)

Mesenchymal CTC percentage: adjusted HR = 1.02 (1.01-1.03)

Mesenchymal > epithelial CTC percentage: adjusted HR = 1.00 (0.99-1.02)
Mesenchymal = epithelial CTC percentage, mesenchymal < epithelial CTC
percentage, epithelial CTC percentage not associated with recurrence at univariate
analysis.

Presence of CTCs in different vascular sites.

Association with intrahepatic recurrence:

Peripheral veins: adjusted HR = 0.77 (0.14-5.19)

Peripheral arteries: adjusted HR = 2.54 (0.87-7.42)

Peripheral veins CTCs with clusters: adjusted HR = 3.48 (1.40-8.61)

Association with lung metastasis:

Hepatic vein CTCs: adjusted HR = 0.59 (0.04-9.54)

Intrahepatic inferior vena cava CTCs: adjusted HR = 0.67 (0.10-4.40)

Hepatic vein CTCs with clusters: adjusted HR = 42.2 (3.73-477.8)

Association with early recurrence:

Total CTCs: unadjusted HR = 2.95 (1.18-7.35); NS after adjustment
Mesenchymal CTCs: unadjusted HR = 4.74 (2.04-11.01); adjusted HR = 3.45 (1.39-
8.56)

Mixed CTCs: unadjusted HR = 2.94 (1.31-6.59); NS after adjustment

4 categories: 1) persistently (+); 2) preoperatively (+) but postoperatively (-); 3)
preoperatively (-) but postoperatively (+); 4) persistently (-).

For a 1-point increase in category:

DFS: adjusted HR = 0.53 (0.41-0.68)

OS: adjusted HR = 0.48 (0.36-0.66)

Pre-operative CTC count not associated with OS and PFS

Post-operative CTC count (>5):

Poorer PFS: adjusted HR = 6.89 (1.64-29.0)

No independent association with OS: adjusted HR = 15.65 (0.80-304.64)



Wang et al, 2018 (225)

Court et al, 2018 (253)

Shen et al, 2018 (254)

Ha et al, 2019 (226)

Hamaoka et al, 2019
(255)

Wu et al, 2019 (256)

Chen et al, 2020 (230)

Zhou et al, 2020 (257)

Winograd et al, 2020
(235)

SE-iFISH

NanoVelcro™

CellSearch™

Tapered slit platform
(detection based on size
and morphology)

Glypican-3 (+)

CDA45 (-) and abnormal
chromosome 8
amplification by FISH
CD45 (-) and imFISH

Size and deformability

CD45 (-), DAPI (+), CK (+),
PD-L1 (+)

N =105

N =155

N =137

Stage: NR
Treatment: NR
BCLC stage
A/B/C/D:
18%/28%/43%/11%
Treatment: ABL,
TACE, SIRT,
systemic therapy,
BSC

BCLC stage A-B/C:
56%/44%
Treatment: TACE
BCLC stage O/A:
19%/81%
Treatment: LR

Stage: median
tumor number 1
and median size 25
mm

Treatment: LR
BCLC stage A/B/C:
38%/14%/48%
Treatment: TACE
TNM stage
VALVALIVANE
8%/32%/58%2%
Treatment: LT
BCLC stage 0-A/B-
C:57%/43%
Treatment: LR

BCLC stage
A/B/C/D:
25%/25%/41%/8%
Treatment: various;
checkpoint
inhibitors 14.3%

Increase of post-operative CTC count:
Poorer PFS: adjusted HR = 39.58 (4.22-371.64)

Detection of small CTCs with triploid chromosome 8 showed shorter DFS (p=0.007);

HR not reported

Total CTCs were associated with:

Shorter TTR in patients with early stage: univariate HR = 9.7 (2.08-45.19); no
significant association in multivariate.

Shorter PFS in patients with advanced disease: univariate HR = 2.09 (1.11-3.96);
multivariate HR =2.09 (1.11-3.96)

Vimentin (+) CTCs independently associated with:

Poorer OS: adjusted HR = 2.21 (1.38-3.56)

Poorer PFS in patients with advanced disease: adjusted HR = 2.16 (1.33-4.42)
Trend toward fast TTR in patients with early stage: adjusted HR = 2.45 (0.91-6.57)
CTC count independently predicted OS:

High vs. low level group: adjusted HR = 2.82 (1.22-6.53)

Intermediate vs. low group: adjusted HR = 1.30 (0.63-2.69)

Presence of pre- and post-operative CTCs not associated with recurrence.
Positive ACTC (increase of CTC after surgery):

Shorter RFS: adjusted HR = 2.28 (1.06-4.90)

No associations with OS

CTCs associated with:

Higher risk of microscopic portal vein invasion: adjusted OR = 14.6 (3.3-106.0)
Shorter DFS (p=0.02)

Shorter OS (p=0.047)

Presence of pre-TACE CTCs associated with poorer OS: adjusted HR = 2.84 (1.41-
5.73)

CTCs detection was associated with recurrence post-LT: adjusted HR = 5.41 (1.13-
25.87)

Presence of CTCs:

Independently associated with microvascular invasion: adjusted HR = 1.76 (1.34-
2.30)

Shorter OS (19.2 months vs. not reached; p=0.005)

Detection of CTCs expressing PD-L1:

Associated with poorer OS (24 PD-L1 (+) CTCs): adjusted HR = 3.22 (1.33-7.79)
Predicted response to checkpoint inhibitors
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Wang et al, 2020 (258) CellSearch™ N =344 BCLC stage 0-A/B- After propensity score matching, in CTC positive patients adjuvant TACE provide

C:73.8%/26.2% benefits in:
Treatment: LR £ TTR (45.8 vs. 9.8 months, p<0.001)
adjuvant TACE OS (not reached vs. 36.4 months; p<0.001)
Wang et al, 2020 (231) ChimeraX ®-i120 platform N =193 Stage: Milan-in 60% | Post-operative CTC count 21 independently associated with tumor recurrence:
Treatment: LT adjusted HR = 2.67 (1.50-4.74)

* Cohort of Guo et al, 2014 (214) and Guo et al, 2018 (212) may overlap.

Abbreviations: AFP, alpha-fetoprotein; ABL, ablation; AUC, area under the curve; BCLC, Barcelona Clinic Liver Cancer; BSC, best supportive care; DC, disease control; DFS, disease-free survival; EHS,
extrahepatic spread; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; IAT, intra-arterial therapies; LR, liver resection; LT, liver transplantation; OS,
overall survival; OR, odds ratio; NS, not significant; NR, not reported; PFS, progression-free survival; PVT, portal vein thrombosis; RFS, recurrence-free survival; RT, radiotherapy; SIRT, selective
internal radiation therapy;TACE, transarterial chemoembolization; TTP, time to progression; TTR, time to recurrence.
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CONCLUSIONS AND FUTURE PERSPECTIVES

The identification of reliable non-invasive biomarkers that could allow a personalized management
of HCC patients has become a key priority in the last years. Circulating markers that can integrate
or eventually replace percutaneous liver biopsy, overcoming its limitations, are crucial. In addition,
HCC detection at early-stages, when it is susceptible to potentially curative treatments, and
prediction of response to therapy are critical to improve patient survival. Although fewer data are
available for HCC compared to other malignancies, numerous recent publications demonstrated
very interesting and promising results regarding liquid biopsy role in diagnosis, prognosis and
prediction of response to treatment. cfDNA, cfRNA, EVs and CTCs emerged as attractive liquid
biopsy candidates because they fulfil many of the major characteristics of an ideal biomarker. To
date, the approach closest to the introduction in clinical practice, after the necessary large and
prospective studies, is cfDNA methylation profiling for early detection of HCC in patients at risk.
Mutational profiling of cfDNA and CTCs analyses are dependent on tumor burden and therefore
likely more useful in intermediate or advanced settings as prognostic and predictive tools. Even
tough fewer data are currently available, the analysis of EVs could provide biomarkers at every HCC
stage and has the advantage to provide functional information (e.g., interactions between cancer
cells and tumor microenvironment or distant cells).

Although the large amount of encouraging data collected in recent years predict a bright future for
liquid biopsy in HCC, its widespread clinical application is yet not on the horizon. The majority of
data supporting its utility derives from proof-of-concept studies, mainly retrospective, and not
validated by different researchers. The main limitation that hinders the routine application of liquid
biopsy is the lack of standardization, absence of accepted standard operating procedures and the
lack of comparability between existing approaches (47). The standardization of pre-analytical,

analytical and post-analytical variables should be addressed. Considering for instance cfDNA
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analysis, the avoidance of white blood cells (WBC) lysis during blood collection and processing is
important to prevent dilution of tumor circulating fragments with non-tumoral DNA (pre-analytical
phase). Moreover, transportation, processing and storage temperature are also critical, impacting
on WBC stability and cfDNA degradation. Since cfDNA has a short half-life and there are time-
dependent changes of DNA in blood collection tubes (because of the degradation from DNase
activity), plasma should be isolated within an hour from collection (analytical phase). Considered
the relevance of these and others variables on the final results, the standardization of
methodological protocols is an essential step to take in order to integrate liquid biopsy in the
everyday clinical practice.

With the aim of identifying clinically useful diagnostic biomarkers, studies should include as controls
only patients at risk of developing HCC (i.e., cirrhotics or high risk chronic hepatitis patients), who
represent the ideal target for surveillance (5). This is not trivial, also considering that it could make
more difficult the identification of specific diagnostic biomarkers. In fact, chronic hepatitis and
cirrhosis are pre-cancerous conditions in which some of the molecular modifications found in overt
HCC are already in place. For instance, during the progression of liver damage the pattern of DNA
methylation changes over time in multiple hepatic cell types, and the release of methylated cfDNA
from dying hepatocytes has been demonstrated to be a useful approach to evaluate fibrosis grade
(259,260). In order to have a chance of being introduced in clinical practice, liquid biopsy biomarkers
should be specific enough to distinguish early-stage HCC from simple cirrhosis, a condition in which
the molecular pathways leading to cancer may be already at least in part activated. In addition,
when tumor burden is low, highly sensitive tests are necessary to overcome the limitation posed by
the small amount of circulating cancer by-products. Even though these new liquid biopsy strategies
represent very promising tools, another not negligible consideration should be done about their

costs. While currently used biomarkers (AFP) are measured with unexpensive and simple methods,
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EVs isolation and analysis, cfDNA mutational profiling and epigenetic analysis, and CTCs enrichment
methods require devoted personnel and are all costly and time consuming. Nevertheless, such
limitations will likely be overcome by advances in technology that will make these determinations
easier and accessible to most laboratories.

Once these new generation reliable biomarkers will be developed and validated, the final step will
be to determine the optimal way to integrate them in the clinical management of patients with HCC.
The replacement of currently used tools in the management of HCC patients by liquid biopsy
biomarkers is unrealistic, but they will likely be integrated in the process providing a stronger
predictive power. An interesting approach in surveillance, which remains to be evaluated in ad hoc
studies, could be the combined evaluation of liquid biopsy biomarkers with the currently used
periodic liver ultrasonography. Given the possibility of minimally invasive repeated sampling, liquid
biopsies can enable real-time monitoring of disease during therapy and could supplement imaging
informations to provide a more careful assessment of the tumor. Hopefully, in the future, the
analysis of circulating HCC by-products will also allow personalized molecular targeted therapy. In
order to achieve these important goals, not only prospective observational trials should be
conducted, to correlate liquid biopsy biomarkers with clinical outcome, but also interventional

studies, in which cfDNA, EVs and CTCs analysis will prompt therapeutic decisions, are necessary.
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AIMS OF THE THESIS

The primary aim of the thesis was to investigate some molecules as circulating prognostic
biomarkers in patients with hepatocellular carcinoma (HCC). In particular, were evaluated as
biomarkers:

- Squamous Cell Carcinoma Antigen (SCCA)-IgM, evaluating gender-related differences in its
prognostic role;

- Angiogenesis molecules, namely HIF-1a and VEGF;

- microRNAs (miRNAs), with particular attention to miR-21 and miR-122;

- Prostaglandin E, (PGE:), investigating also the activation of the monoacylglycerol lipase
(MAGL)/cyclooxygenase 2 (COX-2)/PGE; pathway in HCC patients as compared to cirrhotics;

- Inflammatory-based scores, namely platelets-to-lymphocytes ratio (PLR) and neutrophils-to-
lymphocytes ratio (NLR).

All these biomarkers, with the exception of inflammatory-based scores which were investigated in
HCC patients regardless of treatment received, were studied in patients treated with transarterial
chemoembolization. For the evaluation of each biomarker a correspondent project was designed
and the results are here reported in the form of five original articles. Moreover, a study regarding
changes of miR-21 and HIF-1a circulating levels in chronic liver disease and HCC, and the correlation
of the miRNA with liver fibrosis and liver function laboratory tests was included.

After studying prognostic biomarkers, some clinical factors associated with prognosis of HCC
patients (surveillance of at-risk patients, tumor staging and treatment) were evaluated. In particular,
in the second part of the thesis, were investigated:

- surveillance as determinant of long-term survival in non-transplanted HCC patients;

- the comparison between 3- and 6-months surveillance in viral cirrhotic patients in terms of tumor

stage at diagnosis, possibility of potentially curative treatments and survival benefit;
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- the appropriate staging and treatment for large monofocal HCC;

- temporal trends and survival outcome of patients treated with transarterial chemoembolization;
- capecitabine efficacy and safety in advanced HCC patients.

Even in the case of these secondary aims, for each topic a specific study was designed and is here

presented.
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ABSTRACT

Aims. SCCA-IgM is a useful but not completely satisfactory biomarker of hepatocellular carcinoma
(HCC). Considered its gender-specific behavior in pre-clinical models, we investigated gender-
related differences of SCCA-IgM as a prognostic marker in HCC.

Patients & methods. 208 prospectively recruited patients treated with transarterial
chemoembolization in a single tertiary care hospital were retrospectively evaluated. Correlations
between SCCA-IgM levels, clinical characteristics and survival were assessed according to gender.
Results. In advanced disease, SCCA-IgM was higher in males and lower in females. Levels below 130
AU/mL predicted a significantly longer survival in males (p=0.007) and a shorter one in females
(p=0.01).

Conclusions. In predicting prognosis of HCC patients, the interpretation of SCCA-IgM should

consider gender as a relevant variable.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the 5° most frequent malignancy in men and the 9° in women,
with approximately 597,000 and 245,000 new cases/year, respectively (1). It is a major cause of
death in cirrhotics and, in 2015, it became the leading indication for liver transplantation in the
United States (2). HCC is more frequent in males, with a male-to-female ratio for age-standardized
incidence rate of 2.5 (3).

Alpha-fetoprotein (AFP) is the serological biomarker most frequently used in clinical practice. Its
prognostic role was confirmed in patients in the waiting list for liver transplantation (4) and in
predicting response in patients undergoing loco-regional treatments (5). However, AFP has a limited
usefulness in defining the patient’s prognosis at an individual level (6).

In 2004 Squamous Cell Carcinoma Antigen (SCCA), a member of serine-protease inhibitors (serpins),
was found to be expressed in HCC (7). SCCA overexpression is an early event in
hepatocarcinogenesis, being detectable not only in overt HCC, but also in pre-neoplastic lesions
(dysplastic nodules) (8). Despite a correlation between serologic levels of SCCA and expression in
neoplastic tissue being absent (9,10), SCCA proved to be a useful marker when determined in serum
of HCC patients, in particular when assessed as an immune-complex with immunoglobulin M (IgM)
(11-13). Indeed, the diagnostic accuracy of serum biomarkers in HCC proved to be higher when
determined as immune-complexes (AFP-IgM and SCCA-IgM) (14,15). An increase over time of SCCA-
IgM levels in cirrhotics has been shown to herald the development of HCC (16,17). It is also
suggested that serpin hyperexpression is a marker of poor prognosis, despite studies in the
literature not being conclusive. High levels of the marker in tumor tissues of surgically treated
patients are associated with a lower recurrence-free survival (18), and SCCA-IgM proved to be useful
in predicting the response to treatment, progression-free and overall survival (OS) in HCC patients

treated with loco-regional and systemic therapies (19,20).
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Biomarkers are of particular interest in HCC and last version of European guidelines (21) identified
the development of new reliable markers in predictive and prognostic setting as an unmet need. To
date, there is no biomarker confirmed as useful in all HCC patients, probably because the many
clinical characteristics involved (underlying liver disease and neoplastic variables). In the precision
medicine era, not only the treatments, but also the diagnostic and predictive tools, should be
tailored on patient’s characteristics. Stimulated by the pre-clinical data showing a different
biological behavior of serpins according to gender at a molecular level (22), we hypothesized that
SCCA-IgM might have different role according to gender, particularly regarding its ability in
prognostic prediction. In HCC, no studies investigating the gender differences of this marker from
the clinical point of view have been published. We therefore aimed to evaluate any gender-related
differences in SCCA-IgM levels in HCC considering a relatively homogeneous group of patients
treated with transarterial chemoembolization (TACE), in particular regarding its prognostic role, and

in comparison with AFP, the routine HCC biomarker.

PATIENTS AND METHODS

We retrospectively evaluated prospectively collected serum samples from 208 consecutive HCC
patients treated with TACE at the Gastroenterology Unit of Padova University Hospital (from January
2010 to December 2018). Patients provided informed consent to participate in this study, that was
approved by the Padova Hospital Ethic Committee (Protocol n® 46093).

The diagnosis of HCC was defined according to the available European guidelines (21,23), using non-
invasive radiological criteria as appropriate (24). A blood sample was collected immediately before
TACE (to) for every patient and in 149 of the 208 patients (72%) a second sample was obtained four
weeks after treatment (t1), at the same time of an abdomen computed tomography (or magnetic

resonance) performed to evaluate its efficacy. The following parameters were recorded: gender,
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age, etiology of the liver disease, presence of clinically relevant portal hypertension (defined either
as splenomegaly, varices, ascites on imaging or platelet count < 100,000/mL), Child-Pugh class,
MELD (Model for End Stage Liver Disease) and MELD-Na (MELD sodium) scores. Also, number and
diameter of liver nodules, presence of portal vein thrombosis (PVT) and extra-hepatic spread (EHS),
Eastern Cooperative Oncology Group performance status (ECOG-PS), BCLC (Barcelona Clinic Liver
Cancer) stage, ITA.LI.CA (lItalian Liver Cancer) prognostic score (25), type of TACE (conventional TACE
or c-TACE, Drug Eluting Beads TACE or DEB-TACE), previous and subsequent treatments, AFP levels
before TACE and at the time of control imaging were assessed. mRECIST (modified Response
Evaluation Criteria In Solid Tumors) criteria (26) were used to evaluate response to treatment. OS
was calculated from the study entry to death for any reason and time to progression (TTP) from the
study entry to progression of the disease after therapy. Survival data were censored on 1° June
20109.

After TACE, 156 patients (75%) overall and 110 patients (73.8%) of the 149 patients with the marker
sampled in two timepoints were re-treated (no one in the first month following TACE). Of the latter
subgroup, after a mean time of 7.5 months from the first TACE, 17 (15.4%) were resected or ablated,
73 (66.4%) underwent another TACE and 20 (18.2%) started sorafenib.

To evaluate the association between any variation of the marker levels and response to
treatment/survival, ASSCA-IgM (delta SCCA-IgM) was arbitrarily defined as positive or negative if
there was an increase/decrease of the marker levels after TACE >25% with respect to the baseline
level; the marker was considered otherwise stable. AAFP (delta AFP) was similarly defined.
SCCA-IgM assay

SCCA-IgM levels were determined in serum using a commercial ELISA Kit (Hepa-IC, Xeptagen,

Xeptagen SpA, Marghera, Venice, Italy) according to the manufacturer’s instructions. Arbitrary units
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(AU)/mL were used to express the SCCA-IgM immune complexes amount, with a calibrator as
reference. More details regarding the SCCA-IgM assay have been previously described (19).
Statistical analysis

Quantitative data were summarized with median and interquartile range (IQR), while categorical
data with absolute and relative frequency. Mann-Whitney or Wilcoxon matched-pairs signed rank
tests and Kruskal-Wallis test were used to compare quantitative variables, as appropriate. For
comparing categorical data, y? test or Fischer’s exact test were used. The SCCA-IgM prognostic cut-
off was fixed at the level of 130 AU/mL, as already validated in literature (19). Survival curves were
estimated with the Kaplan-Meier method and compared by using the log-rank test. Univariate and
multivariate Cox analyses were used to identify predictors of survival, inserting in the multivariate
model only the variables with a statistically significant association with survival at univariate
analysis. A p-value <0.05 (two-tail) was considered significant. All the statistical analyses were
carried out with IBM SPSS Statistics (Version 25.0. Armonk, NY: IBM Corp.) and GraphPad Prism

version 8.3.1 (GraphPad Software, La Jolla, California, USA).

RESULTS

Baseline characteristics (Table 1)

Of the 208 patients enrolled in the study, 166 (80%) were males and 42 (20%) females. Beyond
sample size difference, males differed significantly from females for age, etiology, MELD/MELD-Na,
number of nodules, presence of metastases and AFP levels. Moreover, females had an earlier stage

according to the BCLC (0/A in 76% vs. 50% in males).

Table 1. Baseline patients’ characteristics

*

Total population Males Females p
208 (100) 166 (80) 42 (20)
Age (years) 70 (63-76) 69 (63-74) 74 (70-79) 0.0002
Cirrhosis 200 (96) 159 (96) 41 (98) 0.58
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Viral etiology 127 (61) 92 (56) 35 (83) 0.0009
CRPH 149 (72) 120 (72) 29 (68) 0.68
Child-Pugh class A 170 (82) 133 (80) 37 (88) 0.23
MELD score 8 (7-10) 9 (8-11) 8 (7-10) 0.005
MELD-Na score 10 (9-12) 10 (9-12) 9(7-11) 0.002
Number of liver nodules 2 (1-4) 3(1-4) 2 (1-3) 0.01
Diameter of the largest nodule (cm) 2.5(1.6-4.0) 2.5(1.8-4.0) 2.5(1.3-4.0) 0.78
PVT 6 (3) 6 (4) 0 (0) 0.60
EHS 4(2) 1(0.6) 3(7) 0.03
ECOG-PS 0 198 (95) 158 (95) 40 (97) 0.99
AFP (ng/mL) <20 106 (51) 91 (55) 15 (36) 0.04

20-200 58 (28) 43 (26) 15 (36)

>200 44 (21) 32 (19) 12 (28)
BCLC stage 0 31(15) 23 (14) 8(19) 0.01

A 83 (40) 59 (36) 24 (57)

B 79 (38) 72 (43) 7(17)

C 15 (7) 12 (7) 3(7)
ITA.LI.CA 0-1 65 (31) 46 (28) 19 (46) 0.17
prognostic score  2-3 79 (38) 65 (39) 14 (33)

4-5 56 (27) 48 (29) 8(19)

>5 8 (4) 7 (4) 1(2)
Type of TACE c-TACE 85 (41) 68 (41) 17 (40) 0.99

DEB-TACE 123 (59) 98 (59) 25 (60)
Radiological CR 77 (37) 65 (39) 12 (28.5) 0.53
response PR 58 (28) 46 (28) 12 (28.5)
(mRECIST) SD 25(12) 18 (11) 7(17)

PD 48 (23) 37 (22) 11 (26)
Pre-TACE treatments 146 (70) 119 (72) 27 (64) 0.35
Post-TACE treatments 156 (75) 126 (76) 30(71) 0.55

Continuous variables are expressed as median and interquartile range; categorical variables are expressed as absolute and relative
frequencies.

* Mann-Whitney test, c2 test and Fischer’s exact test, as appropriate.

Abbreviations: CRPH = clinically relevant portal hypertension; MELD = Model of End stage Liver Disease; MELD-Na = Model of End
stage Liver Disease-Sodium; PVT = portal vein thrombosis; EHS = extra-hepatic spread; ECOG-PS = Eastern Cooperative Oncology
Group performance status; AFP = alpha-fetoprotein; BCLC = Barcelona Clinic Liver Cancer; ITALICA = Italian Liver Cancer; TACE =
transarterial chemoembolization; c-TACE = conventional transarterial chemoembolization, DEB-TACE = Drug Eluting Beads
transarterial chemoembolization; mRECIST = modified Response Evaluation Criteria In Solid Tumor; CR = complete response; PR =
partial response; SD = stable disease; PD = progressive disease.

Levels of SCCA-IgM according to clinical and tumoral characteristics

Overall, SCCA-IgM levels were associated with etiology of liver disease and with MELD score.
Patients with a viral etiology had higher levels of the marker (median 173.0 AU/mL [117.3 — 356.4]
vs. 125.0 AU/mL [79.4 — 181.4]; p<0.0001). Patients with MELD <9 (median value of MELD) had a
median level of SCCA-IgM of 138.0 AU/mL (76.1-262.0) vs. 171.3 AU/mL (111.8 — 302.8) in patients
with MELD >9 (p=0.03). There was a clear trend towards higher levels of SCCA-IgM in patients with
smaller nodules (146.4 AU/mL in patients with nodules <5 cm vs. 106.9 AU/mL in >5 cm; p=0.06)
and earlier BCLC stages (155.1 AU/mL in BCLC 0-A vs. 143.8 AU/mL in BCLC B-C; p=0.06). No
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association of SCCA-IgM levels with all the remaining characteristics was recorded including
patients’ gender, since males and females did not differ for SCCA-IgM serum levels.

The associations with etiology and MELD were maintained in males but not in females (178.5 AU/mL
in viral vs. 127.3 AU/mL in non-viral male patients, p=0.0003; 138.0 AU/mL in MELD <9 vs. 180.8
AU/mL in MELD >9, p=0.02). Moreover, males with an ITA.LI.CA prognostic score <3 points had
significantly lower SCCA-IgM levels: 138.0 AU/mL vs. 184.6 AU/mL (p=0.028) (Figure 1A). In contrast,
females with ITA.LI.CA prognostic score <3 had higher levels of SCCA-IgM, despite the difference not

being statistically significant (186.6 AU/mL vs. 113.7 AU/mL; p=0.086) (Figure 1B).
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Figure 1. Box and whiskers plots showing differential levels of SCCA-IgM in males and females according to Italian Liver
Cancer (ITA.LI.CA) prognostic score (the box indicate the upper and lower quartile, with a line at median; whiskers
indicate the 10°-90° percentile range). Males with an ITA.LI.CA prognostic score < 3 points had significantly lower SCCA-
IgM levels (138.0 AU/mL vs. 184.6 AU/mL; p=0.028) (Figure 1A). Females with lower ITA.LI.CA prognostic score (< 3) had
higher levels of SCCA-IgM, despite the difference not being statistically significant (186.6 AU/mL vs. 113.7 AU/mL;

p=0.086) (Figure 1B).

Evaluation of radiological response to TACE

SCCA-IgM levels before (to) and after TACE (t1) did not differ significantly and there was no
association between the levels of SCCA-IgM before TACE and radiological response. Patients with
complete (CR) or partial response (PR) had median SCCA-IgM levels of 142.4 AU/mL (95.3 — 269.7),
as high as those with stable (SD) or progressive disease (PD) (142.4 AU/mL[97.0 — 238.0]). The same
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was true for SCCA-IgM levels post-TACE. Subgrouping patients according to gender, no association
between radiological response and SCCA-IgM levels (before and after TACE) or as ASCCA-IgM was
detected.

By contrast, AFP levels before and after TACE differed significantly: median AFP at to was 18.0 ng/mL
(5.7-90.7) vs. 14.2 ng/mL (4.9 — 59.0) at t1 (p=0.005). AFP levels measured before or after TACE
were not associated with radiological response, in overall study population and in females; however,
in males the median level of AFP after TACE was 9.6 ng/mL (3.9 — 50.5) for patients with CR+PR and
19.3 ng/mL (7.2 — 190.2) for patients with SD+PD (p=0.048).

Patients with negative or stable AAFP had more frequently a CR or PR compared to patients with
positive AAFP ( x2=7.9; p=0.005), but this association was confirmed only in males (3%=6.0; p=0.01)

(Table 2).

Table 2. Association between DAFP (delta AFP) and radiological response in the overall population, in males and in
females.

Overall population

CR + PR SD +PD
AAFP negative/stable 85 34 v2=79
AAFP positive 9 13 p = 0.005

Males

CR + PR SD +PD
AAFP negative/stable 67 27 x?=6.0
AAFP positive 8 11 p=0.01

Females

CR + PR SD +PD
AAFP negative/stable 18 7 y2=1.8
AAFP positive 1 2 p=0.18

AFP after TACE (and consequently AAFP) was available only for 141 patients.
Abbreviations: AAFP= delta alpha-fetoprotein; CR = complete response; PR = partial response; SD = stable disease; PD = progressive
disease.

Survival analysis
The median OS of the entire population was 19.9 months (95% ClI 10.5 — 37.2), with a 5-year survival
rate of 8.7%. Females had higher median OS compared to males (37.4 vs. 22.9 months), despite the

difference not being statistically significant (p=0.2).
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At the cut-off chosen (130 AU/mL) (19), SCCA-IgM was not able to distinguish between short and
long-term survivors in the entire population, as patients with SCCA-IgM <130 AU/mL had a median
OS of 26.6 months while patients with SCCA-IgM 2130 AU/mL of 22.6 months (p=0.21). However,
SCCA-IgM predicted prognosis differently according to gender: in males, high levels of the marker
were significantly associated with worse prognosis, meanwhile in females, high levels of SCCA-IgM
were significantly associated with better survival. Males with SCCA-IgM <130 AU/mL had a median
OS of 35.7 months vs. 20.8 months in those with SCCA-IgM >130 AU/mL (p=0.007) (Figure 2A).
Conversely, females with SCCA-IgM levels <130 AU/mL had a median OS of 15.7 months compared

to 36.4 months of those with SCCA-IgM levels 2130 AU/mL (p=0.01) (Figure 2B).

A Males B Females

— SCCA-IgM < 130 AU/mL
== SCCA-IgM = 130 AU/mL

— SCCA-IgM < 130 AU/mL
== SCCA-IgM = 130 AU/mL

50

Probability of Survival
Probability of Survival

0 T T T 4 T 1
0 20 40 60 80 100
Time (months)

Time (months)

Figure 2. Kaplan-Meier curves for overall survival in males and females according to SCCA-IgM levels. In males, patients
with SCCA-IgM < 130 AU/mL have better survival compared to those with SCCA-IgM = 130 AU/mL (Figure 2A). In females,
patients with SCCA-IgM < 130 AU/mL have shorter survival compared to those with SCCA-IgM > 130 AU/mL (Figure 2B).

At a cut-off of 200 ng/mL, AFP proved to be useful in predicting patient prognosis: those with AFP
levels below the cut-off had a median OS of 29.2 months, compared to 15.7 months of patients
with AFP levels above the cut-off (p=0.0003). This was confirmed in males (29.2 months with AFP
<200 ng/mL vs. 15.5 months in AFP 2200 ng/mL; p=0.0003) but not in females, despite a clear
trend being observed (33.6 months with AFP <200 ng/mL vs. 20.7 months in AFP =200 ng/mL;
p=0.46). Also AAFP predicted prognosis, since patients with negative or stable AAFP had a median

OS of 27.3 months vs. 13.1 months of patients with positive AAFP (p=0.001) (Figure 3A). The
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predictive capacity of AAFP was maintained considering males and females separately (Figure 3B

and 3C).
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Figure 3. Kaplan-Meier curves for overall survival in the entire population, in males and in females according to AAFP
(delta AFP). In the overall population, patients with AAFP negative or stable had better survival than patients with AAFP
positive (Figure 3A). In males, patients with AAFP negative or stable had better survival than those with AAFP positive
(Figure 3B). In females, patients with AAFP negative or stable had better survival compared to those with AAFP positive
(Figure 3C).

Combining the two markers together, a significant gradient in survival was shown: patients with
levels of both markers below the respective cut-offs (SCCA-IgM <130 AU/mL and AFP <200 ng/mL)

had the highest survival (35.7 months), while patients with levels of both markers above the cut-

offs showed the lowest (15.5 months) (p=0.0004) (Figure 4).
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Figure 4. Kaplan-Meier curves showing overall survival of patients divided according to the combined SCCA-IgM and AFP
levels. Patients with SCCA-IgM < 130 AU/mL and AFP < 200 ng/mL had a median OS of 35.7 months; patients with SCCA-
IgM = 130 AU/mL and AFP < 200 ng/mL had a median OS of 24.7 months; patients with SCCA-IgM < 130 AU/mL and AFP
> 200 ng/mL had a median OS of 20.1 months; patients with SCCA-IgM = 130 AU/mL and AFP > 200 ng/mL had a median
OS of 15.5 months (p=0.0004).

SCCA-IgM measured at to did not predict TTP overall, but its opposite behavior according to gender
was maintained, despite the difference not being statistically significant: better TTP was shown in
males with SCCA-IgM levels <130 AU/mL (6.6 vs. 5.2 months; p=0.74) and in females with SCCA-IgM
levels above the cut-off (5.2 vs. 1.2 months; p=0.39). AFP was able to predict TTP in the overall

population and in males, but not in females (data not shown).

Univariate and multivariate analysis

In the entire population of patients enrolled in the study, parameters associated with OS at
univariate analysis are shown in Table 3. The independent predictors of survival at the Cox
multivariate analysis were: radiological response (p=0.02), Child-Pugh class (p=0.03), MELD
(p=0.01), ITA.LI.CA prognostic score (p=0.02) and additional treatments after TACE (p<0.0001).
Parameters associated with OS at univariate analysis in males and females are shown in Table 4.
Independent predictors of overall survival were: radiological response (p=0.02), Child-Pugh class
(p=0.03), MELD (p=0.001), ITA.LI.CA prognostic score (p=0.008) and treatments post-TACE

(p<0.0001) in males and AAFP (p=0.01) in females.
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Table 3. Cox univariate and multivariate analysis for the predictors of overall survival in the overall population.

Sex, Male vs. Female

Age, < 65 vs. > 65 (years)

c-TACE vs. DEB-TACE

SCCA-IgM, < 130 vs. 2 130 AU/mL
ASCCA-IgM, Neg/Stable vs. Pos
AFP, < 200 vs. = 200 ng/mL
AAFP, Neg/Stable vs. Pos
Radiological response, CR+PR vs.
SD+PD

Cirrhosis, Yes vs. No

Etiology, Viral vs. Not viral
CRPH, Yes vs. No

Child-Pugh, A vs. B

MELD score, <9 vs. >9
MELD-Na score, < 10vs. > 10

N° of nodules, <3 vs. >3
Diameter, <5vs>5cm

PVT, Yes vs. No

EHS, Yes vs. No

ECOG-PS,0vs. 1

BCLC stage, 0+A vs. B+C
ITA.LI.CA score, <3vs. >3
Post-TACE treatment, Yes vs. No

Univariate analysis

HR (95% Cl)
1.01 (0.67 — 1.53)
0.83 (0.57 - 1.19)
1.05 (0.74 — 1.48)
1.24 (0.89 — 1.73)
1.13 (0.47 — 2.93)
2.06 (1.38 — 3.06)
2.44 (1.42 — 4.20)
1.99 ( )

1.42-2.79

0.48 (0.00 — 5.84)
0.89 (0.63 — 1.24)
1.02 (0.70 — 1.48)
3.24 (2.18 - 4.81)
1.93 (1.37-2.71)
1.74 (1.24 — 2.46)
1.10 (0.77 — 1.58)
1.93 (1.21-3.10)
0.37 (0.16 — 0.86)
0.32 (0.99 - 1.01)
3.04 (1.31-7.03)
1.51 (1.09 — 2.10)
2.29 (1.61-3.26)
3.39 (2.26 - 5.10)

p
0.95

0.31
0.78
0.21
0.23
0.0003
0.001
<0.0001

0.22
0.48
0.93
<0.0001
<0.0001
0.001
0.59
0.006
0.02
0.05
0.01
0.01
<0.0001
<0.0001

Multivariate analysis

HR (95% Cl)

1.38 (0.76 — 2.49)
1.70 (0.79 — 3.63)
2.43 (1.39 - 4.25)

2.17 (1.08 — 4.39)
3.19 (1.61-6.31)
1.50 (0.75 — 3.02)

0.74 (0.34 - 1.62)
0.39 (0.12 - 1.19)

1.95 (0.71—5.37)
0.59 (0.27 — 1.28)

4.49 (1.73 - 11.64)

4.28 (2.20-8.32)

p

0.29
0.17
0.02

0.03
0.001
0.26

0.45
0.09

0.19
0.18
0.002
<0.0001

Abbreviations: HR = hazard ratio; Cl = confidence interval; c-TACE = conventional transarterial chemoembolization; DEB-TACE = Drug
Eluting Beads transarterial chemoembolization; SCCA-IgM = Squamous Cell Carcinoma Antigen; DSCCA-IgM = delta SCCA-IgM; AFP =
alpha-fetoprotein; DAFP = delta AFP; CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease;
CRPH = clinically relevant portal hypertension; MELD = Model of End stage Liver Disease; MELD-Na = Model for End Stage Liver
Disease — Sodium; PVT = portal vein thrombosis; EHS = extra-hepatic spread; ECOG-PS = Eastern Cooperative Oncology Group
performance status; BCLC = Barcelona Clinic Liver Cancer; ITA.LI.CA = Italian Liver Cancer; ITA.LI.CA = Italian Liver Cancer.

Table 4. Cox univariate and multivariate analysis for predictors of overall survival in males and females.

SCCA-IgM, < 130 vs. 2 130 AU/mL
AFP, < 200 vs. = 200 ng/mL
AAFP, Neg./Stable vs. Positive
Radiological response, CR+PR vs.
SD+PD

Child-Pugh, A vs. B

MELD score, <9 vs. >9

MELD-Na score, < 10vs. > 10
Diameter, <5vs>5cm

PVT, No vs. Yes

ECOG-PS,0vs. 1

BCLC stage, 0+A vs. B+C

ITA.LI.CA score, <3vs. >3
Post-TACE treatments, Yes vs. No

SCCA-IgM, < 130 vs. 2 130 AU/mL

Males

Univariate analysis

HR (95% Cl)
1.67 (1.15 - 2.44)
2.24 (1.43 — 3.49)
2.04 (1.11-3.76)
2.14 (1.47 - 3.12)

3.34(2.17 - 5.15)
2.0 (1.36—2.93)
1.90 (1.29 — 2.79)
1.82 (1.09 — 3.03)
0.38 (0.17 — 0.88)
2.93 (1.26 — 6.84)
1.55 (1.07 — 2.24)
2.62 (1.75-3.91)
3.48 (2.21 - 5.49)

Females

p
0.007

0.0003
0.02
<0.0001

<0.0001
<0.0001
0.001
0.02
0.02
0.01
0.02
<0.0001
<0.0001

Univariate analysis

HR (95% Cl)
0.27 (0.12 - 0.61)

p
0.02

Multivariate analysis

HR (95% Cl)
1.33 (0.63 - 2.81)
1.28 (0.64 — 2.55)
1.28 (0.55 — 2.98)
2.72 (1.47 - 5.05)
2.20 (0.99 — 4.87)
2.92 (1.35-6.30)

1.93 (0.92 — 4.07)
0.81(0.33 - 2.0)
0.40 (0.13 — 1.29)
1.92 (0.69 — 5.37)
0.55 (0.24 — 1.28)
4.03 (1.43 - 11.35)
4.71 (2.16 - 10.28)

p
0.46

0.49
0.58
0.01

0.52
0.007
0.83
0.65
0.13
0.22
0.17
0.008
<0.0001

Multivariate analysis

HR (95% Cl)
0.85 (0.19 — 3.77)

p
0.84
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AAFP, Neg./Stable vs. Positive 12.55 (2.71 - 58.25) 0.001 44.4 (4.59 —429.35) 0.01

Diameter, < 5vs >5cm 3.84 (1.02 — 14.49) 0.047 0.02 (0—9.75) 0.98
EHS, Yes vs. No 0.23 (0.06 —0.87) 0.03 0(0-0.17) 0.96
Post-TACE treatments, Yes vs. No 3.18 (1.28 - 7.92) 0.01 3.01 (0.64 —14.06) 0.16

Abbreviations: HR = hazard ratio; Cl = confidence interval; SCCA-IgM = Squamous Cell Carcinoma Antigen; AFP = alpha-fetoprotein;
DAFP = delta AFP; CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease; MELD = Model for
End Stage Liver Disease; MELD-Na = Model for End Stage Liver Disease — Sodium; PVT = portal vein thrombosis; ECOG-PS = Eastern
Cooperative Oncology Group performance status; BCLC = Barcelona Clinic Liver Cancer; ITA.LI.CA = Italian Liver Cancer; TACE =
transarterial chemoembolization; EHS = extra-hepatic spread.

DISCUSSION

No biomarker is completely satisfactory in the management of HCC and AFP, although still being the
most widely used, is not efficient enough to be recommended in the management of HCC patients
(21,27). TACE is classified as a “palliative” therapy, but it is the most widely adopted treatment in
HCC management (21). According to guidelines, TACE is the recommended therapy in BCLC stage B
patients (21,28), but it proved to be useful also in other settings, such as bridge to liver
transplantation (29,30).

Several studies demonstrated the expression of serpins in HCC (7,8). Tumor growth, inhibition of
apoptosis and epithelial to mesenchymal transition are promoted by these molecules, leading to
cancer development and progression (31). SCCA overexpression is an early event in
hepatocarcinogenesis: its expression progressively increase from cirrhosis to dysplastic nodules and
HCC (8). In cirrhotics, the increase in serum serpin levels heralds HCC development (16,17) and
several studies demonstrated their usefulness as biomarkers in HCC (11-14). SCCA overexpression
seems to be associated with poor prognosis in HCC patients (18). Moreover, serum SCCA-IgM levels
predicted response to treatment and prognosis after loco-regional and systemic therapies (19,20).
However, the studies published so far on the prognostic role of serpins are not completely
conclusive.

There are some reports in the literature suggesting a potential differential role of serpins according
to gender in animal models. Mice transgenic for SERPINB3 have a greater survival compared to wild-

type, with male transgenic mice surviving longer than females. Moreover, the biologic mechanisms

134



underlying this differential survival are also gender-specific, since male animals are characterized by
an up-regulation of mTOR, while females by a down-regulation of p53 (22). The authors speculated
on a role of sex hormones in modulating the serpin’s ability to up or down-regulate specific genetic
pathways. A different behavior of the marker according to the patients’ gender in HCC, modulated
by the sex hormones, is an intriguing hypothesis, but at the moment there are no studies specifically
addressing this point. In addition, to the best of our knowledge, currently there are no clinical data
on the differential ability of SCCA in predicting HCC patient prognosis according to gender.

There is a continuous search for reliable biomarkers in HCC, not only in the diagnostic setting, but
also in predicting response to treatment and prognosis. The concept of “liquid biopsy” has recently
emerged as an important tool to detect HCC, monitor response to treatment and predict survival
(32). Moreover, in recent years several others technologies have been developed and implemented
for the detection of new biomarkers. Among these innovative approaches, multi-omics analysis, in
particular when combined with artificial intelligence tools, seems to be very promising (33,34).
These approaches are of paramount importance in personalized medicine, allowing individualized
patients profiling and eventually personalization of care (35,36). With the background on SCCA-IgM
role as biomarker in mind and in the light of the need of moving more and more toward a
personalized approach in HCC management, we evaluated if the intriguing pre-clinical findings on a
different behavior of serpins at a molecular level (22) could be translated in a clinical application.
Therefore, we aimed to investigate if the interpretation of serum SCCA-IgM in HCC patients treated
with TACE, the most widely used treatment in HCC, should be personalized according to gender.
Female sex has been suggested to be a favorable prognostic factor in HCC (37). Whether real
biological differences exist or whether females had a higher compliance to diagnostic and
therapeutic process (e.g., in surveillance) is still debatable. In this study, females were significantly

older than males, but achieved a longer median OS (despite not statistically significant). Regarding
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age, there are data indeed showing that treatments for HCC are equally effective in old and young
patients, and the survival is not affected by age (38). Therefore, despite the older age of females
could be perceived as a confounding, we believe that this difference has not biased our results on
survival predictors between males and females. Moreover, the gender-related inverse behavior of
SCCA-IgM is not influenced by the age in the two subgroups. Females had more frequently a viral
etiology, a better-preserved liver function (better MELD and MELD-Na) and less advanced tumors,
with lower number of liver nodules and an earlier BCLC stage. Overall, SCCA-IgM levels were higher
in patients with viral etiology. Studies already published suggested a correlation between serpins
expression and viral liver disease, in particular when HCV-related (15,39), an association consistent
with a direct viral role in modulating serpins expression. Moreover, our data documented a trend
towards higher levels of SCCA-IgM in patients with smaller nodules and earlier BCLC stages, as
already reported (9).

In our study, SCCA-IgM levels were not able to predict response to treatment, with no difference
between the CR+PR and the SD+PD groups, both at to and t1, and also the changes in the marker
levels after TACE (ASSCA-IgM) did not correlate with radiological response. By contrast, AFP was
more useful in predicting radiological response, with a significant drop of the levels four weeks after
the procedure. Specifically, patients with a decrease or a stability of the marker after TACE had more
frequently a complete or a partial response to TACE compared to patients with a positive AAFP. On
these bases, SCCA-IgM seems not to be useful in predicting radiological response after TACE. Our
findings are not completely in agreement with previous reports suggesting a correlation between a
SCCA-IgM reduction after TACE and a radiological response (CR+PR) (19,20).

We did not even confirm previous data showing a role of SCCA-IgM in predicting prognosis of HCC
patients treated with TACE (19), with no correlation between SCCA-IgM levels and OS. On the

contrary, patients with higher levels of AFP had a significantly shorter survival, even though it was
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not an independent predictor of survival at the Cox multivariate analysis. AAFP was also associated
with survival: patients with a decrease or stability of the marker had longer OS compared to patients
with an increasing AFP.

Males and females did not differ in SCCA-IgM levels. As in the overall population, SCCA-IgM levels
were higher in males with viral etiology, in those with MELD >9 and in ITA.LI.CA prognostic score >3.
The ITA.LI.CA prognostic score is a recently developed prognostic system that includes tumor
staging, Child-Pugh score, ECOG-PS and AFP (25). It shows strong ability in predicting individual
survival and it has a better discriminating ability compared to the BCLC staging system. In our study,
the ITA.LI.CA prognostic score confirmed to be an independent predictor of prognosis. A gender-
related difference in the levels of SCCA-IgM emerged in relation to the ITA.LI.CA score: among
patients with an advanced ITA.LI.CA score, males had significantly higher levels of SCCA-IgM while
females had lower levels of the marker, indirectly confirming the ability of serpins in predicting
prognosis differently in males and in females.

Males with SD or PD had significantly higher levels of AFP at t; and AAFP correlated with radiological
response. Moreover, AAFP was able to predict prognosis both in males and in females: patients with
a decrease or a stability of the marker after TACE had a longer survival compared to patients with
an increase.

SCCA-IgM levels proved to be a prognostic predictor in males and in females considered separately,
and the marker showed an opposite behavior according to gender. Males with higher serpin levels
had significantly shorter survival, the opposite was true for females. These findings are difficult to
explain without knowing exactly the molecular pathway in which serpins are involved and their
different regulation in males and females. We could speculate on an involvement of sex hormones
in this differential correlation with survival: different hormones may regulate serpins expression

differently and probably more aggressive tumors, in the two genders, regulated these molecules
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and activate their pathways in an opposite way. It must be kept in mind that we measured serpin
levels in serum and we cannot be sure that what we detect in the circulating blood reflects exactly
what is going on in the neoplastic tissue. Two considerations must be done. Firstly, in the studies
published so far, no correlation between tissue expression and serum levels of these molecules was
detected (9,10). This is due to the fact that SCCA is not actively secreted by the neoplastic cells, but
it is released passively as a consequence of cell lysis (40). Secondly, being SCCA-IgM measured in
serum in the form of an immunocomplex, its levels are not only function of serpin expression but
also of individual immune response.

SCCA-IgM was not able to predict TTP neither in males nor in females, but the opposite behavior of
the marker seemed to be confirmed: longer median TTP was shown in males with SCCA-IgM <130
AU/mL and in females with SCCA-IgM 2130 AU/mL (despite these differences not being statistically
significant).

Our study has several limitations, the principal being the larger sample size in males compared to
females (80% vs. 20%) that might have introduced unintentional biases. However, the difference in
size of the two groups reflects the epidemiology of HCC in our area. Moreover, despite this study
being retrospective in nature, patients were collected consecutively and prospectively, and this

could have reduced the selection bias.

CONCLUSIONS

In conclusion, SCCA-IgM proved to be useful in predicting prognosis of HCC patients treated with
transarterial chemoembolization. In recent years individualized patients profiling and personalized
medicine have become increasingly important in the management of HCC patients. Despite not
confirming its role in the entire population of patients, we demonstrated a gender-specific role of

SCCA-IgM in predicting prognosis. It seems to accurately predict prognosis differently in males and
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in females, with a better survival for males with lower levels and for females with higher levels of
the marker. In addition, the same gender-specific differential effects was observed for the ITA.LI.CA
score, with higher levels in males with advanced and in females with early disease and, as a trend,
for TTP. In accordance with the dictates of precision medicine, SCCA-IgM has not the same value as
prognostic biomarker in males and females and should be interpreted in an opposite way. Despite
additional confirmation studies specifically focused on the point are needed, our findings could
contribute to improve the management of HCC patients, identifying more precisely their expected

survival.

FUTURE PERSPECTIVE

As pointed out in the recently updated EASL guidelines (21), in the future, research should focus on
the development of biomarkers for surveillance and prediction of patients prognosis. SCCA-IgM is a
useful biomarker in HCC but probably its role is not the same in every clinical situation. We believe
that gender of the patient is a relevant variable that has to be considered in the clinical application
of this biomarker and in the near future other studies will enable to elucidate the different role of
serpins in males and females, the mechanisms underlying this different behavior and the precise
setting of applicability of SCCA-IgM as marker, as for precision medicine. Moreover, in performing
the task of the search of new biomarkers for a personalized and “patient-tailored” HCC
management, liquid biopsy and recently developed technologies, such as multi-omics analysis, will

certainly help.
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CHAPTER 6

HIF-1a and VEGF as prognostic biomarkers in
hepatocellular carcinoma patients treated with
transarterial chemoembolization
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ABSTRACT

Background. Neoangiogenesis plays a pivotal role in the development and progression of
hepatocellular carcinoma (HCC), and its activation caused by transarterial chemoembolization
(TACE) has been called into question in explaining the low effectiveness of this treatment. In this
study, we aimed at evaluating Vascular Endothelial Growth Factor (VEGF) and Hypoxia-Inducible
Factor-1lo (HIF-1a) as biomarkers in HCC patients treated with TACE.

Methods. Blood samples from the 163 patients included in this retrospective study were collected
before TACE (to) and four weeks after treatment, at the time of the control imaging (t1). VEGF levels
were measured in 149 patients, while HIF-1a. levels were assessed in 96 patients.

Results. Compared to to, statistically significant higher levels of VEGF after TACE were demonstrated
(264.0 [78.7-450.8] vs. 278.6 [95.0-576.6] pg/mL; p<0.0001), while HIF-1o. was not increased.
Responders to TACE had significantly lower levels of VEGF than non-responders both at to (200.0
[58.9-415.8] vs. 406.6 [181.4-558.6] pg/mL; p=0.006) and at t1 (257.3 [68.5-528.6] vs. 425.9 [245.2-
808.3] pg/mL; p=0.003), and in both groups there was an increase in VEGF compared to the levels
measured before treatment (p=0.001 and p=0.005, respectively). In addition, VEGF correlated with
tumor burden (higher in patients with multifocal tumors and in intermediate stage). VEGF was not
associated with survival, while HIF-1la below the identified cut-off predicted better prognosis
(median OS 28.0 months [95% Cl 19.7-36.3] vs. 17.0 months [95% Cl 11.1-22.9]; p=0.01) and it was
identified as an independent prognostic parameter at the Cox multivariate analysis.

Conclusions. VEGF and HIF-1a can be considered useful prognostic biomarkers in HCC patients
treated with TACE. VEGF is associated with tumor burden and higher levels are predictive of poor

response to treatment, while HIF-1a levels turned out to be a valuable prognostic parameter.
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INTRODUCTION

Angiogenesis, one of the hallmarks of cancer (1), plays a pivotal role in the development and
progression of hepatocellular carcinoma (HCC) (2,3). HCC displays an intense neoangiogenic activity
during its growth and a peculiar vascular derangement occurs during hepatic carcinogenesis, since
the tumor tends to be almost entirely fed by arterial inflow, unlike the surrounding parenchyma
that receives the majority of blood supply through the portal system (4).

However, liver tumors display marked vascular abnormalities. Aberrant microvasculature typically
may seem “arterialized” (tight vessels covered by smooth muscle cells) and/or “capillarized”
(capillaries without fenestration and with laminin basement membrane deposition) (2). As a
consequence of the abnormal blood flow, although being a highly angiogenic cancer, HCC is
characterized by hypoxia (2). Hypoxia may promote tumor growth and progression, and resistance
to therapies (5). Indeed, it has been demonstrated that the overactivation of angiogenesis in HCC is
associated with worse prognosis. A transcriptomic signature of five genes involved in the
angiogenetic process (ANGPT2, NETO2, ESM1, NR4A1, DLL4) was found to accurately identify rapidly
growing tumors and was associated with shorter survival (6). In addition, several studies
demonstrated that overexpression of Vascular Endothelial Growth Factor (VEGF) and its
transcription factor Hypoxia-Inducible Factor (HIF)-1a, the two key mediators of angiogenesis, is a
negative prognostic factor, particularly in patients treated with surgery and systemic therapies (7—
18).

The release of angiogenic factors, prompted by ischemia caused by embolization, is among the
reasons advocated to justify the high risk of recurrence after transarterial chemoembolization
(TACE) (3,19). This treatment relies its activity on both local intra-arterial administration of a
chemotherapeutic agent and embolization of tumor feeding arteries. Ischemia, hypoxia and

necrosis caused by embolization are able to stimulate neo-angiogenesis. However, due to structural

145



and functional defects, newly formed tumor blood vessels may further aggravate hypoxia and
thereby form a vicious cycle leading to tumor recurrence and metastasis (20). Consequently, it may
be hypothesized that HIF-1o. and VEGF could represent valuable biomarkers in the identification of
patients with poor response to TACE and shorter overall survival (OS). Some studies already
suggested that high VEGF levels are associated with less effective treatment and poorer prognosis
(21,22), while few data are available for circulating HIF-1a in this setting. In this study we aimed to
evaluate, in a group of HCC patients treated with TACE, the prognostic accuracy, the ability to
predict response to treatment and the correlation with tumoral and clinical parameters of the two

most important molecules involved in angiogenesis, HIF-1a and VEGF.

MATERIALS AND METHODS

Blood samples consecutively collected from 163 patients with HCC admitted to the
Gastroenterology Unit of Padova University Hospital for TACE treatment from January 2010 to
December 2018 were evaluated. Each subject provided written informed consent to participate to
the study, which was conducted in accordance to the Declaration of Helsinki and was approved by
the Ethics Committee of the Padova University Hospital.

Presence of HCC was defined according to guidelines available at the time of the diagnosis (23,24).
HCC was histologically confirmed in 53 patients (32.5%), while in the remaining cases the diagnosis
was based on the typical features at imaging (computed tomography [CT] or magnetic resonance
imaging [MRI]) (24).

TACE was performed, after super selective catheterization of the tumor-feeding artery, either
administering a mixture of chemotherapeutic drug and Lipiodol followed by embolization
(conventional TACE) or drug-eluting beads loaded with doxorubicin (DEB-TACE). In all patients, two

blood samples were collected: the firstimmediately before TACE procedure (to) and the second after
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four weeks, at the time of the control imaging (abdomen CT scan or MRI) routinely performed to
evaluate the efficacy of treatment (t1).

The following clinical and tumoral parameters were recorded: sex, age, etiology of the underlying
liver disease, main serological parameters (total bilirubin, INR, aloumin and AFP, this latter both at
to and at t1) and Child-Pugh class. In addition, tumor characteristics such as number and size of liver
nodules, evaluated before TACE with dynamic CT or MRI, were recorded. Patients were staged
according to the Barcelona Clinic Liver Cancer (BCLC) system (24). Tumors were classified as poorly
or highly vascularized, by an expert Radiologist at the time of the contrast enhanced imaging before
TACE and during angiography. The efficacy of DEB-TACE was evaluated with dynamic CT or MRI
performed four weeks after the treatment and the modified Response Evaluation Criteria In Solid
Tumors (mRECIST) were used to classify the radiological response in complete (CR), partial (PR),
stable disease (SD), or progressive disease (PD) (25). Adverse events to TACE were also registered.
HIF-1a and VEGF assay

Ten millilitres of venous blood were collected from each patient, 5 mL of which were used for serum
separation. Samples were preserved at - 20 °C till the assay of biochemical markers.

VEGF (pg/mL) and HIF-1a (ng/mL) were determined on serum by using specific ELISA kits (Human
VEGF-A Platinum ELISA, Affymetrix eBioscience; ELISA kit for HIF-1a, Cloud-Clone Corp.). Levels of
VEGF-A were determined in 149 patients, while 96 patients had HIF-1a levels measured.
Statistical analysis

Quantitative variables were reported as median and interquartile range (IQR), while categorical
variables as absolute frequency and percentage. Mann-Whitney test, Wilcoxon matched-pairs
signed rank test, chi-square test or Fischer’s exact test were used in the comparison between
groups, as appropriate. The Spearman correlation coefficient was calculated in order to establish

correlations between quantitative variables.
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Survivals were expressed as median and 95% confidence interval (Cl). Overall survival (OS) was
calculated from the date of TACE to the date of death for any reason, last follow-up evaluation, or
data censoring (1°t June 2019). The prognostic cut-off of the markers was established using the ROC
curve method, taking as threshold value the one with maximal sensitivity and specificity (Youden J
test). Survival curves were estimated with the Kaplan-Meier method and the difference between
curves was assessed by the log-rank test. Multivariate Cox analysis was used to identify independent
prognostic predictors, including in the model only variables significantly or borderline (p<0.1)
associated with survival at univariate analysis. The p value (two-tail) was considered statistically
significant when <0.05. IBM SPSS Statistics (Version 25.0, IBM Corp. Armonk, NY, USA) and GraphPad
Prism (version 8.3.1, GraphPad Software, La Jolla, CA, USA) were used for all the calculations in this

study.

RESULTS

Baseline characteristics

Baseline characteristics are showed in Table 1. Patients were predominantly males (79.8%), with a
median age of 69 years (IQR, 63-75). The majority of patients had a virus-related liver disease (HBV
or HCV in 54.6% of patients, HBV/HCV + other causes in 4.3% of patients). Liver function was
preserved (Child-Pugh class A) in 79.8% of patients. Tumors were mostly multifocal (71.2%) and
approximately half of the patients (53.4%) had a major liver lesion larger than 3 cm. In half of the
cases (51.5%), TACE was performed in patients with intermediate stage tumors. Remaining patients
were treated with TACE in very early/early stages, and no cases of advanced tumors were present
in this cohort.

TACE (c-TACE in 47.2% and DEB-TACE in 52.8%) proved to be an effective treatment with a disease

control rate (CR + PR + SD) of 93.9% (153 patients) and an objective response rate (CR+PR) of 78.0%
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(127 patients). In addition, it was also a safe procedure with adverse events in 19.6% of cases, in
most instances mild and easily manageable (post-embolic syndrome in 9.8% and abdominal pain in
6.8%). Liver abscess, pancreatitis and liver decompensation were rarely registered (0.6% in each
case).

Table 1. Baseline characteristics

Variables Study population (n=163)
Sex - males 130(79.8)
Age 69 (63-75)
Etiology

Viral 89 (54.6)
Not viral 67 (41.1)
Viral + other 7 (4.3)
Child-Pugh class A 130(79.8)
Multifocal tumors 116 (71.2)
Size (cm)

<3 76 (46.6)
3-5 53 (32.5)
>5 34 (20.9)
AFP (ng/mL) 15.0 (5.5-65.2)
Vascularization grade

Low 84 (51.5)
High 79 (48.5)
BCLC stage

0-A 79 (48.5)
B 84 (51.5)
Previously treated with TACE 93 (57.1)
Type of TACE

c-TACE 77 (47.2)
DEB-TACE 86 (52.8)
Radiological response (mRECIST)

CR 49 (30.1)
PR 78 (47.9)
SD 26 (15.9)
PD 10(6.1)
Adverse events

No 131 (80.4)
Post-embolic syndrome 16 (9.8)
Abdominal pain 11 (6.8)
Cholecystitis 2(1.2)
Liver abscess 1(0.6)
Pancreatitis 1(0.6)
Liver decompensation 1(0.6)

Data are presented either as median and interquartile range or number and percentage.

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; c-TACE, conventional transarterial chemoembolization;
DEB-TACE, drug-eluting beads transarterial chemoembolization; mRECIST, modified Response Criteria In Solid Tumors; CR, completer
response; PR, partial response; SD, stable disease; PD, progressive disease.

VEGF and HIF-1a levels
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Significantly higher levels of VEGF were demonstrated at t1 (278.6 pg/mL, IQR 95.0-576.6) compared
to to (264 pg/mL, IQR 78.7-450.8; p<0.0001) (Figure 1a). On the contrary, no statistically significant
differences were found between HIF-1a levels at to and t1 (0.25 ng/mL [IQR 0.11-0.49] vs. 0.23
ng/mL [IQR 0.12-0.38]; p=0.37) (Figure 1b).

A positive correlation was demonstrated between HIF-1a. and VEGF levels at to (r=0.47, 95% Cl 0.28-
0.62; p<0.0001) and at t; (r=0.43, 95% Cl 0.23-0.58; p<0.0001) (Figure 2a and 2b). In addition, VEGF
levels at to were positively correlated with t; levels (r=0.86, 95% Cl 0.80-0.89; p<0.0001) and HIF-1a
levels at to were positively correlated with HIF-1a levels at t1 (r=0.75, 95% ClI 0.64-0.83; p<0.0001)
(Figure 2c and 2d).

No statistically significant differences in VEGF levels were demonstrated at to and at t; in patients
naive to TACE compared to experienced patients (p=0.11 and p=0.73, respectively). The lack of
difference between these two groups of patients was also confirmed for HIF-1a in the two time

points (p=0.17 and p=0.70, respectively).
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Figure 1. Comparison of VEGF and HIF-1a. levels before (to) and after (t1) TACE. (a) VEGF levels were significantly higher
after TACE compared to the levels measured before the treatment. (b) No significant differences were demonstrated in
HIF-1a levels before and after TACE.
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Figure 2. Correlations between VEGF and HIF-1a levels. VEGF levels were positively correlated with HIF-1a levels at to
(a) and at t; (b). VEGF levels at to and t1 (c), and HIF-1a levels at to and t; (d) were also positively correlated.

The objective response rate after TACE was 78.0% (127 patients). VEGF levels were associated with
radiological response, as patients with SD and PD showed higher levels of the marker (Figure 3a). At
to, patients without radiological response to TACE had significantly higher levels of VEGF (406.6
pg/mL, IQR 181.4-558.6) compared to patients with CR or PR (200.0 pg/mL, IQR 58.9-415.8;
p=0.006). The same result was obtained when VEGF levels were considered at t1, with SD or PD
patients having a significantly higher levels of the marker compared to responders to treatment
(425.9 pg/mL[IQR 245.2-808.3] vs. 257.3 pg/mL [IQR 68.5-528.6]; p=0.003). Both in responders and
in non-responders, there was an increase in VEGF compared to the levels measured before
treatment (p=0.001 and p=0.005, respectively), with a slightly higher relative increase in patients
with CR and PR (Figure 3a). In responders, HIF-1a. levels decreased after TACE, although this
difference not being statistically significant (0.27 ng/mL [IQR 0.12-0.47] vs. 0.23 ng/mL [IQR 0.12-

0.38]; p=0.30). By contrast, HIF-1a. levels increased after the treatment in non-responders, but also
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in this case the difference is not statistically significant (0.19 ng/mL [IQR 0.09-0.67] vs. 0.26 ng/mL

[IQR 0.11-0.42]; p=0.95) (Figure 3b).
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Figure 3. VEGF (a) and HIF-1a. (b) levels in responders (CR+PR) and non-responders (SD+PD) at to and t;.

With the ROC curve method, the prognostic cut-off for VEGF able to maximizing sensitivity and
specificity was identified at a value of 177 pg/mL. The probability of being refractory to TACE was
higher in patients with VEGF levels above this cut-off (21.2% vs. 78.8%; p=0.009) (Table 2). The same
was demonstrated considering VEGF levels after TACE, with a cut-off of 102 pg/mL (established with
the ROC curve method). Even in this case, the probability having SD or PD after TACE was higher in
patients with the marker above the cut-off (6.1% vs. 93.9%; p=0.003).

Both VEGF and HIF-1a at to were higher in patients with an adverse event after TACE compared with
patients with no adverse events (p<0.0001 and p=0.002, respectively). Also at t1 the two markers

were higher in patients with adverse events (p<0.0001 for VEGF and p=0.0008 for HIF-1a.).

Table 2. Radiological response to TACE according to VEGF levels.
VEGF t, (n=149)

<177 pg/mL >177 pg/mL p
CR+PR 55 (47.4) 61 (52.6) 0.009
SD+PD 7(21.2) 26 (78.8)
VEGF t; (n=149)
<102 pg/mL >102 pg/mL p
CR+PR 37 (31.9) 79 (68.1) 0.003
SD+PD 2(6.1) 31(93.9)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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VEGF levels at to were associated with the number of liver lesions (Figure 4a), with higher values in
multifocal (303.0 pg/mL, IQR 91.-557.8) compared to monofocal HCC (116.6 pg/mL, IQR 18.7-295.0;
p<0.0001), but not with tumor size (Figure 4b). Intermediate stage tumors had higher levels of VEGF
compared to very early and early stage (308.0 pg/mL [IQR 104.0-586.9] vs. 185.1 pg/mL [IQR 46.7-
328.3], respectively; p=0.006) (Figure 4c). Although patients with highly vascularized tumors had
higher levels of VEGF (297.9 pg/mL, IQR 86.3-472.4) than patients with a low vascularization grade
(203.0, IQR 74.6-418.7), the difference was not statistically significant (p=0.12) (Figure 4d). VEGF
levels were not different according to the other variables considered (sex, age, etiology, Child-Pugh
class). None of the variables considered showed a correlation with HIF-1ow (Figure 4e-h).
Nevertheless, despite not statistically significant, HIF-1la levels were higher in patients with

multifocal tumors, with lesion 2 3 cm in diameter and in BCLC B patients.
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Figure 4. Differential levels of VEGF and HIF-1a according to tumor characteristics. Patients with multifocal tumors had
significantly higher levels of VEGF compared to patients with monofocal HCC (a), as patients with intermediate stage
(BCLC B) compared to patients with earlier stages (c). No significant differences were registered according to size of liver
lesions (b) and vascularization grade (d). HIF-1a levels were not significantly different according to tumor number,
diameter, stage and vascularization grade (e, f, g and h).
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Survival analysis

The median OS in the whole patient population was 25.0 months (95% Cl 20.6-29.4), with a 3-year
survival rate of 33.2%.

According to the cut-off established with the ROC curve method (177 pg/mL), VEGF was not
associated with survival. The median OS for patients with VEGF <177 pg/mL was 24.0 months (95%
Cl 18.9-29.1) compared to 23.0 months (95% ClI 15.1-30.9) in patients with VEGF 2177 pg/mL
(p=0.34) (Figure 5a). On the contrary, HIF-1a at to at the identified cut-off of 0.49 ng/mL proved to
be a useful prognostic predictor. Patients with levels of HIF-1o below the cut-off had a statistically
significant longer OS compared to patients with marker levels above the cut-off (median OS 28.0

months [95% Cl 19.7-36.3] vs. 17.0 months [95% ClI 11.1-22.9], respectively; p=0.01) (Figure 5b).

— HIF-1a < 0.49 ng/mL
--- HIF-1a = 0.49 ng/mL

— VEGF < 177 pg/mL
--- VEGF = 177 pg/mL

Probability of Survival
Probability of Survival

T T
0 50 100 150 0 20 40 60
Months Months

Figure 5. Kaplan-Meier survival curves according to the level of VEGF and HIF-1a. (@) No statistically significant
differences in survival were demonstrated between patients with levels of VEGF below and above the cut-off (177
pg/mL). (b) Patients with levels of HIF-1a below the identified cut-off (0.49 ng/mL) demonstrated significantly longer
survival.

The univariate analysis demonstrated that, beyond high HIF-1a level, factors associated with an
increased mortality risk were Child-Pugh class B (HR=2.28, 95% Cl 1.46-3.56), multifocality (HR=1.60,
95% Cl 1.03-2.46), larger tumors (HR=1.73 [95% Cl 1.13-2.66] for 3-5 cm nodules and HR=1.66 [95%
Cl 1.03-2.67] for >5 cm nodules), BCLC-B stage (HR=2.02, 95% Cl 1.35-3.03) and high vascularization

grade (HR=1.50, 95% ClI 1.02-2.21). There were no differences in survival related to type of TACE (c-
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TACE vs. DEB-TACE). After adjustment for confounders, HIF-1a. was singled out at multivariate Cox

analysis as an independent prognostic factor (HR=2.03, 95% Cl 1.05-3.94), together with Child-Pugh

class (HR=2.97, 95% Cl 1.55-5.68) and BCLC stage (HR=1.98, 95% Cl 1.04-3.77) (Table 3).

Table 3. Univariate and multivariate Cox models for factors independently associated with survival.

Variable

Sex

Male

Female

Age (years)
Etiology

Viral

Not viral

Viral + other
Child-Pugh class
A

B
Multifocality
Monofocal
Multifocal
Diameter (cm)
<3cm

3-5cm

>5cm

BCLC stage
0-A

B

AFP (ng/mL)
<200

>200
Vascularization
Low

High

Type of TACE
c-TACE
DEB-TACE

Univariate analysis
HR (95% ClI)

Ref
0.80 (0.49-1.27)
1.01 (0.99-1.03)

Ref
0.97 (0.66-1.42)
1.28 (0.55-2.95)

Ref
2.28 (1.46-3.56)

Ref
1.60 (1.03-2.46)

Ref
1.73 (1.13-2.66)
1.66 (1.03-2.67)

Ref
2.02 (1.35-3.03)

Ref
1.19 (0.70-2.03)

Ref
1.50 (1.02-2.21)

Ref
0.86 (0.59-1.27)

Radiological response (mRECIST)

CR+PR

SD+PD

VEGF (pg/mL)
<177

2177

HIF-1a (ng/mL)
<0.49

20.49

Ref
1.07 (0.70-1.64)

Ref
0.83 (0.57-1.22)

Ref
2.13(1.17-3.86)

0.33
0.21

0.87
0.57

0.0003

0.03

0.01
0.04

0.001

0.53

0.04

0.45

0.76

0.35

0.01

Multivariate analysis

HR (95% Cl)

Ref
2.97 (1.55-5.68)

Ref

1.98 (1.04-3.77)

Ref
0.97 (0.49-1.90)

Ref
2.03 (1.05-3.94)

a) not included in the multivariate model in order to avoid collinearity with BCLC stage.
Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; c-TACE, conventional transarterial chemoembolization;
DEB-TACE, drug-eluting beads transarterial chemoembolization; mRECIST, modified Response Criteria In Solid Tumors; CR, completer
response; PR, partial response; SD, stable disease; PD, progressive disease; VEGF, vascular endothelial growth factor; HIF-1a, hypoxia

inducible factor 1a.

p

0.92

0.04
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DISCUSSION

Angiogenesis is of fundamental importance in the development and progression of HCC (2,3).
Considering their key role in the angiogenic process, VEGF and HIF-1a. have been evaluated as
potential prognostic biomarkers, and several studies in the literature demonstrate their usefulness
in patients managed with different treatments, including TACE (7-18,22,26). In this study, we
provide further evidence on the usefulness of these biomarkers in stratifying prognosis of HCC
patients treated with TACE.

Firstly, a statistically significant increase of VEGF levels was observed after TACE compared to the
levels measured before treatment. By contrast, no statistically significant differences were
demonstrated between tp and t; levels of HIF-1a.. Some previous studies investigated the dynamic
changes of these two molecules in serum of patients treated with TACE, showing different results.
Jia et al. (26) found that the day after TACE both markers reach their peak value and then decline
one week after the procedure, although remaining significantly higher than before TACE. According
to the paper of Li et al. (27), VEGF levels increase significantly the day after treatment and then
decrease gradually on the third and seventh day post-TACE. Other studies report a slower increase
in the VEGF levels after TACE (28,29). The challenge in many of these studies, including ours, is to
measure dynamic changes of HIF-1a. and VEGF values in serum following TACE, as these biomarkers
are evanescent (19). This may contribute to explain the absence of differences between HIF-1a
before TACE and the same marker measured one month after TACE-induced ischemia. However,
similarly to previous studies (22,26), we confirmed the sustained increase over time of VEGF after
TACE, and the increase of this latter without a correspondent variation in HIF-1a. levels after TACE

was an unexpected finding, considering that the two molecules are related at a molecular level in
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the stimulation of angiogenesis (HIF-1a is a transcription factor of VEGF) (3). Indeed, a strong
positive correlation between these two molecules has been demonstrated also in this study.
Another interesting finding was that, although the relative increase of VEGF in non-responders was
lower compared to responders to treatment, patients who achieved a complete or a partial
response had significantly lower levels of VEGF both before and after TACE. This result, confirming
previous studies (21), seems to suggest that treatment is less effective in patients with more
activated neoangiogenic process, and supports other reports in the literature showing that
increased VEGF levels has an important role in the development of collateral blood vessels
nourishing the surviving residual tumor tissue (30). The results achieved with HIF-1a also confirm
this hypothesis. Although not demonstrating a statistically significant difference between to and t1
levels both in responders and non-responders, a decrease in the level of this transcription factor in
responders and an increase in non-responders was found. Considered that patients with lower
levels of VEGF were more likely to have a radiological response (CR + PR), this marker could be
considered as a useful predictor of the response to TACE.

VEGF circulating levels were higher in patients with multifocal tumors and in BCLC B stage, while no
differences were demonstrated according to tumor size and vascularization grade. As far as HIF-1a
was evaluated in association with tumor burden, no statistically significant differences were found.
Nevertheless, multifocality, larger nodule size and intermediate stage has higher levels of the
marker. These results suggest that angiogenesis is particularly activated in tumors with more
aggressive biology, and this was further confirmed by the association of neoangiogenic molecules
with survival. Differently from what has been previously demonstrated in patients treated with TACE
(21,22), the prognostic role of VEGF was not confirmed in this study. Nevertheless, HIF-1a levels
above the identified cut-off were predictive of poorer survival and this variable maintained its

independent prognostic role at the Cox multivariate analysis. HIF-1la. expression has been
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repeatedly associated with prognosis of HCC patients, and a metanalysis demonstrated that its
overexpression correlated with poor OS and disease-free survival (17). However, all these studies
considered the tissue expression of HIF-1o. and, in the majority of cases, evaluated its ability to
predict prognosis after liver resection (7,8,11-17). Our results demonstrated that, also when
evaluated as a circulating marker in patients treated with TACE, HIF-1a might provide valuable
prognostic informations.

Among the limitations of this study, the most relevant one is its retrospective design that might
have introduced unintended biases. Moreover, this study included both patients who were naive to
the treatment, at their first TACE, and patients who had already undergone a number of procedures.
This could have introduced a selection bias, but no difference in the baseline levels of any of the
markers considered between naive and experienced patients was observed. Therefore, we can
consider that, if any difference between naive and experienced patients exists, this is minimal.

In conclusion, in this study we confirmed that TACE-induced ischemia is able to activate
neoangiogenesis signalling pathways, as demonstrated by the increase of VEGF after treatment.
Both VEGF and HIF-1a could be considered useful circulating prognostic biomarkers in patients with
HCC treated with TACE. In particular, VEGF levels are increased in patients with greater tumor
burden (intermediate stage multifocal tumor) and could be useful for predicting response to TACE,
since patients with higher levels are more frequently non-responders to treatment. Moreover, HIF-
la was an accurate predictor of patient survival. With the aim of refining patient prognosis, the
evaluation of these biomarkers could be useful, but additional studies, possibly prospective, are

needed to confirm these encouraging results.
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ABSTRACT

Background: MicroRNAs (miRNAs) have been proposed as biomarkers in hepatocellular carcinoma
(HCC). We aim at evaluating miR-21 and miR-122 in HCC patients treated with drug-eluting beads
transarterial chemoembolization (DEB-TACE) as prognostic biomarkers and investigating their
correlation with hypoxia inducible factor-1a (HIF-1a) serum levels.

Methods: In this retrospective study, 12 healthy subjects, 28 cirrhotics, and 54 HCC patients (tested
before and four weeks after DEB-TACE) were included. Whole blood miR-21 and miR-122 levels
were measured by quantitative real time (qRT)-PCR, while serum HIF-1la was assessed by an
enzyme-linked immunosorbent assay (ELISA) test.

Results: The highest level of miR-21 was found in cirrhotics, while HCC patients had the highest level
of miR-122 (which was even higher in “viral” HCC, p=0.006). miR-21 ratio (after/before DEB-TACE)
and miR-122 below their respective cut-offs identified patients with longer progression-free survival
(p=0.0002 and p=0.02, respectively). The combined assessment of alpha-fetoprotein and miR-21
ratio, both independent prognostic predictors, identified early progressors among patients with
complete or partial radiological response. miR-21 levels positively correlated with HIF-1a before
(p=0.045) and after DEB-TACE (p=0.035).

Conclusions: miR-21 ratio and miR-122 are useful prognostic markers after DEB-TACE. miR-21

correlates with HIF-1a and probably has a role in modulating angiogenesis in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most relevant cause of cancer-related death
worldwide (1). Among all the biomarkers proposed for HCC, only alpha-fetoprotein (AFP) has a
worldwide clinical application, despite not being completely satisfactory (2). As a consequence,
there is a continuous search for new reliable biomarkers for the management of HCC patients, in
particular in the predictive and prognostic settings.

MicroRNAs (miRNAs) are small non-coding single-stranded RNAs (=22 nucleotides long), extensively
involved in the regulation of gene expression. In carcinogenesis, they act on major tumor-related
genes, either as oncogenes or as onco-suppressors (3). Data on their role as biomarkers in HCC have
been produced especially by Oriental authors in non-Caucasian populations and, in particular, miR-
21 and miR-122 seem to be very promising. miR-21 is an onco-miRNA, detectable at high levels in
tissue (4-6) and serum (7-9) of HCC patients. High levels of miR-21 after liver resection are
predictive of disease-progression (6) and poor prognosis (5,7) while, in patients treated with loco-
regional therapies, its role as a prognostic predictor is less clear (10-12). miR-122, on the other
hand, the most abundant liver-specific miRNA (13), acts as a tumor-suppressor reducing cancer cell
proliferation, promoting apoptosis, and modulating drug resistance, invasion and metastasis (14).
Despite its down-regulation in HCC cells, miR-122 levels have been reported to be elevated in the
serum of HCC patients compared to healthy controls (15,16), while its potential role in predicting
HCC prognosis is still debatable.

Neoangiogenesis is one of the most important molecular pathways involved in HCC progression.
miR-21 proved to be a regulator of angiogenesis in prostate, lung, and colorectal cancers,
modulating hypoxia inducible factor-1a (HIF-1a) and vascular endothelial growth factor (VEGF) (17—
19). miR-122, as recently demonstrated, targets HIF-1a in diet-induced steatohepatitis (20), with

some data suggesting an interplay between the two molecules also in HCC (21). Moreover, a very
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recent paper found a role of miR-122 in enhancing liver ischemia tolerance in a murine model of
hepatic ischemia-reperfusion injury through its induction by HIF-1a (22).

In this study, we aimed at comparing the levels of circulating miR-21 and miR-122 in healthy
subjects, cirrhotics, and HCC patients and at evaluating the role of these miRNAs as predictors of
progression-free survival (PFS) in a group of Caucasian HCC patients treated with drug-eluting beads
transarterial chemoembolization (DEB-TACE). Moreover, we assessed the correlation of miR-21 and
miR-122 with the circulating transcription factor HIF-1a before and after the treatment, which is

able to profoundly stimulate angiogenesis by the induction of tumor ischemia (23).

MATERIALS AND METHODS

Patients

In this study, blood samples from 12 healthy volunteers, 28 cirrhotics, and 54 HCC patients
consecutively collected between July 2019 and April 2020, were retrospectively evaluated. Each
subject provided written informed consent to participate to the study, which was conducted in
accordance to the Declaration of Helsinki and was approved by the Ethics Committee of the Padova
University Hospital (protocol code 46093, 12 August 2016).

Blood samples from cirrhotics were obtained in the outpatient’s clinic of the Gastroenterology Unit
of the Padova University Hospital from patients with chronic liver disease fulfilling the following
criteria: International Normalized Ratio (INR) >1.2, White Blood Cell <4.4 x 10°/L, Platelets <150 x
10°/L (at least two out of three), and abdomen ultrasonography (US) showing findings compatible
with cirrhosis. All cirrhotic patients were regularly surveilled for the development of HCC with US
every six months, and the presence of HCC was ruled out with dynamic computed tomography (CT)

or magnetic resonance imaging (MRI) at the time of study entry.

164



HCC patients included in the study, diagnosed according to guidelines (24,25), were admitted to
Gastroenterology Unit of Padova University Hospital for treatment (DEB-TACE). In all patients,
chemoembolization was performed using doxorubicin-loaded drug-eluting beads after super
selective catheterization of the tumor feeding artery. In this subgroup, two blood samples were
collected: the firstimmediately before DEB-TACE (to) and the second four weeks after the procedure
(t1), at the time of the control imaging performed in order to evaluate the efficacy of treatment.
The following clinical and tumor-related variables were recorded: sex, age, etiology, presence of
clinically relevant portal hypertension (CRPH), main serological parameters (total bilirubin, INR,
creatinine, albumin and AFP, the latter both at to and at t1 in patients with HCC), Child-Pugh class,
Model for End-Stage Liver Disease (MELD) score and Eastern Cooperative Oncology Group
performance status (ECOG-PS). CRPH was defined as presence of splenomegaly, esophageal varices
or ascites, and platelets count <100 x 10°/L (26). In HCC patients, number and size of liver nodules,
presence of macrovascular invasion (MVI) and/or extrahepatic spread (EHS), evaluated before DEB-
TACE with dynamic CT or MRI, were recorded. Patients were staged according to the Barcelona
Clinic Liver Cancer (BCLC) system. The efficacy of DEB-TACE was evaluated with dynamic CT or MRI
performed four weeks after the treatment and the Modified Response Evaluation Criteria In Solid
Tumors (mRECIST) (27) were used to classify the radiological response in complete (CR), partial (PR),
stable disease (SD), or progressive disease (PD).

RNA Isolation and miRNAs Analysis

Ten milliliters of venous blood were collected from each patient: 5 mL of whole blood were used for
RNA extraction, and the other 5 mL for serum and plasma separation. Samples were preserved at
-80 °C till the assays.

Whole blood samples were used for the determination of miRNAs. Total RNA was extracted from

200 pL of whole blood using the Quick-RNA™ Whole Blood extraction kit (Zymo Research, Irvine,
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CA, USA). Extraction efficiency was checked through adding synthetic oligonucleotides (UniSp2,
UniSp4, UniSp5) at recommended concentrations. Reverse transcription for cDNA synthesis was
performed using the miRCURY LNA RT kit (Qiagen, GmbH, Hilden, Germany) according to the
manufacturer’s instructions. Reverse transcription efficiency was checked through adding synthetic
oligonucleotides (UniSp6). The expression of miRNAs was evaluated by quantitative real time (qRT)-
PCR analysis (miRCURY LNA miRNA PCR Assays and PCR Panels, Qiagen, GmbH, Hilden, Germany),
according to the manufacturer’s instructions, on a PRISM 7900HT system (Applied Biosystems,
Foster City, CA, USA) with miR-93, miR-103a, miR-425 as internal reference controls for
normalization (levels of these control miRNAs are shown in Supplementary Table 1). Each miRNA
assay was replicated twice. The relative expression of each miRNA was calculated using the 2725¢
(fold-change [fc]) method, using healthy subjects as the reference group for the normalization.
HIF-1a Assay

A commercial ELISA kit (Cloud-Clone Corp., Katy, TX, USA) was used to determine HIF-1a in the
serum samples from cirrhotics and HCC, according to the manufacturer’s instructions. The amount
of HIF-1a (ng/mL) was derived by interpolation of samples absorbance on the calibration curves
plotted with calibrators. Briefly, plates precoated with an antibody specific to HIF-1la were
incubated with 100 pL of serum. HIF-1a was revealed by the addition of Detection Reagent A and B
at 450 nm.

Statistical Analysis

Quantitative variables were reported as median and interquartile range (IQR), while categorical
variables as absolute frequency and percentage. Mann—-Whitney and Wilcoxon matched-pairs
signed rank tests were used to compare quantitative variables. The comparison between categorical
data were performed with x? or Fischer’s exact tests. The correlations between continuous variables

were established calculating the non-parametric Spearman coefficient.
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PFS was calculated from the date of DEB-TACE to tumor progression or death, with data censored
on 1% February 2021, and it was expressed as median and IQR. In the definition of the prognostic
role of miRNAs, not only their values measured before DEB-TACE (to), but also miR-21 and miR-122
ratios, defined as the ratio between t1 and to levels, were considered as potential biomarkers. The
prognostic cut-offs of the markers (miR-21, miR-122 and their ratios; HIF-1a; AFP) were established
using the receiver operating characteristic (ROC) curve method, taking as threshold the value with
maximal sensitivity and specificity (Youden J test). The Kaplan—Meier method and the log-rank test
were used to estimate and compare survival curves. The independent predictors of prognosis were
assessed with the Cox multivariate regression analysis, including in the model only the variables
significantly or borderline (p < 0.10) associated with PFS in the univariate test. A p-value (two-tails)
<0.05 was considered as significant in this study. IBM SPSS Statistics (Version 25.0, IBM Corp.
Armonk, NY, USA) and GraphPad Prism (version 8.3.1, GraphPad Software, La Jolla, CA, USA) were

used for all the calculations in this study.

RESULTS

Baseline Characteristics

Baseline characteristics of cirrhotics and HCC patients included in the study are shown in Table 1.
Cirrhotics and HCC patients were predominantly males, with similar age. Cirrhotics had mostly an
alcohol-related liver disease, while HCV was the most frequent etiology in HCC patients (p=0.07).
Compared to HCC group, cirrhotics had more frequently CRPH (92.9% vs. 60.4%; p=0.002) and a
worse residual liver function (Child-Pugh A in 46.4% vs. 87.0%, p=0.0002; and median MELD of 13
[IQR, 10-19] vs. 8 [7-11], p<0.0001).

In HCC patients, the median number of liver nodules was 2 (1-4) with a median size of 2.2 cm (1.8—

3.6). The majority of patients were classified in BCLC stages A (46.3%) and B (37.0%), and 79.6% of
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patients had been previously treated, mostly with a combination of curative and intra-arterial
therapies. The disease control rate after DEB-TACE was 81.5% (CR in 44.5%, PR in 29.6% and SD in

7.4% of patients).

Table 1. Baseline characteristics of cirrhotic and HCC patients.

Variable Cirrhotics HCC ¢}
(n=28) (n =54)

Males—n (%) 20 (71.4) 44 (81.5) 0.40
Age (years) 63.5(49.3-72.0)  67.0 (61.8-76.0) 0.13
Cirrhosis—n (%) 28 (100) 48 (88.9) 0.09
Etiology—n HBV 3(10.7) 6(11.1) 0.07
(%) HCV 4(14.3) 20(37.1)

Alcohol 16 (57.1) 16 (29.6)

Other 5(17.9) 12 (22.2)
CRPH—N (%) 26 (92.9) 33 (60.4) 0.002
Child-Pugh A—n (%) 13 (46.4) 47 (87.0) 0.0002
MELD score 13 (10-19) 8 (7-11) <0.0001
Bilirubin (umol/L) 23.5(13.4-68.6)  15.0 (10.0-20.0) 0.006
Albumin (g/dL) 3.5 (2.9-4.0) 4.0 (3.5-4.3) 0.007
INR 1.32(1.15-1.60) 1.12 (1.09-1.21) 0.0003
Number of nodules 2 (1-4)
Diameter (cm) 2.2 (1.8-3.6)
MVI and/or EHS—n (%) 4(7.5)
BCLC stage—n | O/A 30 (55.6)
(%) B/C 24 (44.4)
Previous LR/ABL 13 (24.0)
treatments—n = TACE 9(16.7)
(%) ABL/LR + TACE 21 (38.9)

No 11 (20.4)
Radiological CR 24 (44.5%)
response PR 16 (29.6%)

SD 4 (7.4%)

PD 10 (18.5%)

 Mann—-Whitney test, X2 test and Fischer’s exact test, as appropriate.

Continuous data are expressed as median (interquartile range), while categorical data are presented as absolute frequency
(percentage).

Abbreviations: HCC, hepatocellular carcinoma; CRPH, clinically relevant portal hypertension; MELD, Model of End Stage Liver Disease;
MELD-Na, Model of End Stage Liver Disease—Sodium; INR, international normalized ratio; PLT, platelets; MVI, macrovascular invasion;
EHS, extrahepatic spread; BCLC, Barcelona Clinic Liver Cancer; ABL, ablation; LR, liver resection; TACE, transarterial
chemoembolization; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Levels of Circulating MiRNAs
Cirrhotic patients had a median level of miR-21 of 1.72 fc (1.13-2.54), significantly higher compared

to healthy volunteers (1.03 fc [0.74-1.15]; p=0.009) and HCC patients (1.28 fc [0.78-1.88]; p=0.047).
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In HCC, a statistically significant drop of miR-21 after DEB-TACE was observed (1.02 fc [0.69-1.66];
p=0.03), returning to levels comparable to those of healthy individuals (p=0.76) (Figure 1a).
miR-122 showed a progressive increase from 1.22 fc (0.39-2.17) in controls to 1.63 fc (0.51-2.99)
in cirrhotics and 2.34 fc (1.36-4.5) in HCC patients. It was significantly higher in HCC patients
compared to controls (p=0.02) and cirrhotics (p=0.04). After TACE a further increase in miR-122 was
observed, despite not statistically significant (3.41 fc [1.25-7.72]; p=0.48) (Figure 1b).

In HCC patients, no association between circulating levels of miR-21 and any of the characteristics
evaluated (sex, age, etiology, Child-Pugh class, MELD, tumor burden, BCLC stage) was observed,
while miR-122 levels were associated only with etiology, being significantly higher in patients with
a virus-related liver disease (HCV or HBV) compared to patients with alternative etiologies (2.91 fc
[1.62-9.82] and 1.76 fc [0.86-2.86], respectively; p=0.006) (Figure 2). No differences in miR-122
levels were found between HBV and HCV patients (2.82 fc [1.74-11.2] vs. 2.79 fc [1.37-9.77],
respectively; p=0.64).

AFP in cirrhotics (3.2 ng/mL [2.3—6.95]) was significantly lower than in HCC at to (6.85 ng/mL [3.05—

17.23]; p=0.009) and at t; (6.1 ng/mL [3.2-26.7]; p=0.003).
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Figure 1. Histograms showing circulating levels of miR-21 and miR-122 in controls, cirrhotics, HCC patients at to and t1
(representing median with error bar showing the third quartile). (a) The median of miR-21 circulating levels is 1.03 fc
[0.74-1.15] in controls, 1.72 fc [1.13-2.54] in cirrhotics, and 1.28 fc [0.78—1.88] in patients with HCC at to. There is a
significant difference in the circulating level between controls and cirrhotics (p = 0.009) and between cirrhotics and HCC
patients (p = 0.047). In HCC, the miR-21 levels at to are significantly higher than those measured at t; (1.02 fc [0.69—
1.66]; p = 0.03); (b) the median of miR-122 circulating levels is 1.22 fc [0.39-2.17] in controls, 1.63 fc [0.51-2.99] in
cirrhotics, and 2.34 fc [1.36-4.51] in HCC patients at to. There is a statistically significant difference in the levels of the
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miRNA comparing HCC patients with controls (p = 0.02) and cirrhotics (p = 0.04). In HCC patients, no significant
differences are present in to and t; levels of miR-122. * p < 0.05; ** p <0.01
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Figure 2. Histograms showing circulating levels of miR-122 according to the etiology of the underlying liver disease
(representing median with error bar showing the third quartile). Patients with viral HCC had statistically significantly
higher levels of circulating miR-122 compared to patients with alternative etiologies (p = 0.006). The median of miR-122
circulating levels in patients with viral etiology is 2.91 fc [1.62—-9.82], a value statistically significant higher compared to
the level registered in patients with alternative etiologies (1.76 fc [0.86-2.86]; p = 0.006). ** p < 0.01

Survival Analysis

HCC patients had a median follow-up of 11.8 months (7.3-16.7) and all except 7 patients were alive
at the end of the study. The median PFS was 3.9 months (1.4-8.3).

The ROC curves used to identify the cut-off for miR-21, miR-21 ratio, miR-122, and miR-122 ratio
are showed in Supplementary Figure 1. miR-21 quantified before DEB-TACE, at the threshold
identified with the ROC curve method (0.73 fc), was not able to discriminate patients according to
their PFS (p=0.17). However, patients with miR-21 ratio below its cut-off (1.64 fc) had a statistically
significantly longer PFS compared to those with levels above 1.64 fc (median PFS 5.6 months [1.2—
10.2] vs 1.4 months [1.1-2.7]; p=0.0002) (Figure 3a).

Unlike miR-21, miR-122 levels measured at to were predictive of PFS: patients with miR-122 below
the cut-off (10.22 fc) had a median PFS of 5.6 months (1.4-9.7), significantly longer than the 2.5
months (1.8-3.2) obtained in the comparator group (p=0.02) (Figure 3b). No statistically significant

differences in PFS were demonstrated with respect to miR-122 ratio at the cut-off of 0.87 fc, despite
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the longer PFS in patients with levels of the marker below the cut-off (5.8 months vs. 3.3 months,
respectively; p=0.9).

At the cut-off established with the ROC curve method and the Youden J test (7.5 ng/mL,
Supplementary Figure 2), AFP levels at to proved to be predictive of PFS, which was 6.6 months (2.7-
13.3) in patients with values <7.5 ng/mL and 2.6 months (1.2-4.8) in the other group (p=0.01). By

contrast, HIF-1a at to (cut-off of 0.53 ng/mL, Supplementary Figure 3) was not useful in predicting
PFS (p=0.26).

— miR-21 ratio < 1.64 fc
== miR-21 ratio > 1.64 fc

— miR-122510.22 fc

== miR-122 > 10.22 fc
754

log-rank p = 0.0002 log-rank p = 0.02

504

254

Progression-free survival (%)
Progression-free survival (%)
g

T T T 1 T T T 1
o 5 10 15 20 0 5 10 15 20
Time (months) Time (months)

Figure 3. Kaplan—Meier curves for the PFS according to miR-21 ratio and miR-122 levels: (a) Patients with miR-21 ratio
<1.64 fc have a significantly better PFS compared to patients with miR-21 ratio >1.64 fc (5.6 months [1.2-10.2] vs. 1.4
months [0.2-2.7]; p = 0.0002); (b) patients with miR-122 <10.22 fc have a statistically significant higher PFS compared
to patients with miR-122 levels >10.22 fc (5.6 months [1.4-9.7] and 2.5 months [0.7-3.2]; p = 0.02).

Univariate and Multivariate Analysis

miR-21 ratio, miR-122, AFP, radiological response, number of nodules, tumor size, presence of
CRPH, and BCLC stage were associated with PFS at the univariate analysis. In the multivariate model,
AFP (hazard ratio [HR] 4.31, 95% Cl 1.66-11.20), miR-21 ratio (HR 8.61, 95% CI 2.03-36.47), and
radiological response (HR 10.44, 95% CI 2.74-39.79) were singled out as independent predictors of
PFS (Table 2).

Considering these results, we also evaluated whether the combined evaluation of miR-21 ratio and
AFP was able to sub-stratify patients with a “favorable” radiological response (CR and PR) according
to their PFS. We found a statistically significantly longer PFS in patients with both markers below

their respective cut-offs (miR-21 ratio <1.64 fc and AFP <7.5 ng/mL) compared to those with at least
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one marker positive (8.3 months [6.4—16.4] and 3.3 months [2.5-6.0], respectively; p=0.001) (Figure
43a). In the subset of patients with CR and PR, the determination of both biomarkers provided an
advantage compared to the use of AFP alone, considering that patients with AFP <7.5 ng/mL had a
longer but not statistically significant different PFS compared to those with AFP above the cut-off

(median PFS of 7.2 months [4.1-13.3] vs. 4.1 months [2.6-9.7], respectively; p=0.12) (Figure 4b).

Table 2. Univariate and multivariate Cox analysis for factors independently associated with PFS.

Variables Univariate Analysis Multivariate Analysis
HR (95% Cl) p aHR (95% Cl) p
AFP (ng/mL) <7.5 Ref - Ref -
>7.5 2.52 (1.37-4.66) 0.003 4.31 (1.66-11.20) 0.003
miR-21 ratio (2724¢) | <1.64 Ref - Ref -
>1.64 495 (1.93- 0.001 8.61 (2.03-36.47) 0.003
12.65)
miR-122 (2-24ct) <10.22 Ref - Ref -
>10.22 2.98 (1.10-8.09) @ 0.03 2.11 (0.46-9.78) 0.3
Radiological CR/PR Ref - Ref -
response SD/PD 6.37 (2.91- <0.000 @ 10.44 (2.74- 0.001
13.95) 1 39.79)
Number of nodules | <3 Ref - Ref -
>3 2.30(1.24-4.25) 0.008  0.51(0.12-2.16) 0.4
Diameter (cm) <5 Ref - Ref -
>5 2.23(0.97-5.16) 0.06 1.78 (0.47-6.78) 0.4
CRPH No Ref - Ref -
Yes 1.71(0.92-3.17)  0.09 0.56 (0.23-1.35) 0.2
BCLC stage 0/A Ref - Ref -
B/C 2.54 (1.36-4.74) 0.003 3.50(0.77-15.96) 0.1

Abbreviations: HR, hazard ratio; Cl; confidence interval; aHR, adjusted hazard ratio; Ref, reference; AFP, alpha-fetoprotein; CR,
complete response, PR, partial response; SD, stable disease, PD, progressive disease; CRPH, clinically relevant portal hypertension;
BCLC, Barcelona Clinic Liver Cancer.
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Figure 4. Kaplan—Meier curves for the PFS in patients with favorable radiological response (CR and PR). (a) Survival
curves according to the combined evaluation of miR-21 ratio and AFP levels. Patients with both markers below their
respective cut-offs achieved a statistically significant longer PFS compared to patients with at least one marker above
its prognostic cut-off (8.3 months [6.4-16.4] in patients with miR-21 ratio <1.64 fc and AFP <7.5 ng/mL vs. 3.3 months
[2.5-6.0] in the comparator group; p = 0.001); (b) survival curves of AFP alone in patients with CR and PR. Despite
demonstrating a longer median PFS, patients with AFP <7.5 ng/mL had not a statistically significant higher survival
compared to patients with AFP <7.5 ng/mL (7.2 months [4.1-13.3] vs. 4.1 months [2.6-9.7], respectively; p = 0.12).
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Correlation between MicroRNAs and HIF-1a

HIF-1a levels were significantly higher in cirrhotics (0.43 ng/mL [0.32—-0.54]) than in HCC patients,
both before (0.23 ng/mL [0.12-0.49]; p=0.02) and after DEB-TACE (0.23 ng/mL [0.12-0.46];
p=0.009). In HCC patients miR-21, but not miR-122, was positively correlated with HIF-1a both at to
(r=0.34, 95% Cl 0.00-0.61; p=0.045) and at t1 (r = 0.35, 95% ClI 0.02-0.61; p=0.035) (Figure 5). In

cirrhotics no correlations were found between miRNAs and HIF-1a.
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Figure 5. Correlations between the circulating levels of miR-21, miR-122 and HIF-1a in HCC patients. miR-21 was
positively correlated with HIF-1a before (a) and after DEB-TACE (b). No statistically significant correlations were found
between miR-122 and HIF-1a, both before (c) and after DEB-TACE (d).

DISCUSSION

The recently updated European guidelines on HCC management identified as an unmet need the
development of useful prognostic and predictive biomarkers (25). Several studies evaluated miR-21
and miR-122 role in promoting HCC development and progression (14,28-33), and, despite the

amount of publications about their potential role as biomarkers, data are not conclusive. In
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particular, there are conflicting results regarding their prognostic role and the precise clinical and
therapeutic setting in which they could be useful is not completely clear (34,35). The majority of
data on these miRNAs as biomarkers in HCC come from studies on eastern populations, quite
different from the western ones in terms of etiology and severity of liver disease (36). With this in
mind, we assessed the prognostic efficiency of miR-21 and miR-122 in a group of Caucasian HCC
patients treated with DEB-TACE. Unlike the majority of reports published, in this study circulating
miRNAs were measured in whole blood samples rather than in serum or in plasma. The rationale
behind this choice is that recently, in pancreatic, ovarian, lung, and gallbladder cancers, miRNAs
evaluated in whole blood samples proved to be more accurate (37). Among the advantages on using
whole blood samples, there are a higher miRNA yield and fewer errors than when using serum or
plasma samples (37).

In our cohort, miR-21 levels were higher in cirrhotics than in controls and in HCC patients, without
differences between the latter two. In HCC, miR-21 levels are reported to be higher in comparison
to heathy subjects (9,38), but things become less clear when HCC and chronic liver disease are
compared. Guo et al. (38) reported higher levels of miR-21 in HCC patients with respect to both
chronic hepatitis B and liver cirrhosis patients; in contrast Pu et al. (9) and Xu et al. (15) concluded
that miR-21 expression was higher in chronic hepatitis B patients than in HCC patients. In our study,
as already reported after TACE (11), miR-21 levels showed a statistically significant decline, returning
to levels comparable to those found in controls, confirming its pro-oncogenic role.

We detected higher levels of miR-122 in HCC patients compared to healthy controls, in line with
what is already known (15,39), and compared with cirrhotics. On the latter point the published
studies are again not concordant: besides studies reporting higher miR-122 in HBV-infected patients
compared to HCC (15,39), others claimed no significant differences (16,40) or even higher levels in

HCC patients (8). Considering its role as tumor-suppressor and its down-regulation in HCC tissue
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compared with adjacent benign liver (14,28,33), the finding of higher circulating miR-122 in HCC
patients is not easy to explain. miR-122 levels might reflect liver injury more than the presence of
the tumor itself. Indeed, some studies correlated hepatic inflammation and cell death in patients
with HBV and HCV chronic hepatitis with serum miR-122 levels (41,42). The mild increase of miR-
122 after DEB-TACE found in our study might be explained speculating that its levels at t1 do not
reflect the effectiveness of treatment, but instead the concomitant liver injury. The lack of a
statistical significance in this difference is probably due to the long temporal interval between the
treatment and the evaluation of miRNA in our experimental setting, with a shorter time more likely
resulting in larger differences. Nevertheless, it should be underlined that lower levels of miR-122
seven days after TACE have been reported, in contrast with our results (11).

miR-122 levels were higher in patients with HCC developed on a virus-related liver disease. This was
not an unexpected finding, considering that miR-122 is involved in HBV genes expression (43) and it
has a role in stimulating HCV replication (44). This association with HBV/HCV etiology was not
confirmed in cirrhotic patients, probably because of the small number of patients in this group, who
had an alcohol-related liver disease in the majority of cases.

The prognostic role of miR-21 has been extensively studied after surgery (5-8), but in patients
undergoing loco-regional treatments data are not conclusive. High plasma miR-21 levels were not
found to be associated with survival after TACE from some authors (10,11), while others found an
association only at univariate analysis (12). Here, we confirmed that miR-21 is not a predictor of PFS
when evaluated at to, but when the marker is considered as the ratio before and after treatment, in
a dynamic way, it could be predictive of PFS, with Kaplan—Meier curves showing an impressive
divergence.

The accuracy of miR-122 as a prognostic marker has not been clearly established. In patients treated

with liver resection high serum levels of miR-122 appeared to correlate with longer survival (45),
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while the opposite was true for patients treated with radiofrequency ablation (46). In other authors’
experience, miR-122 had no prognostic role in general (8) or, specifically, in TACE-treated patients
(47). In our study, miR-122 was useful in predicting prognosis when evaluated at to, as the patients
with lower levels had a significantly longer PFS (again with an important divergence of Kaplan—Meier
curves). Conversely, no significant association with PFS was demonstrated for miR-122 ratio, despite
the fact that patients with lower values showed a slightly, not statistically significant, longer median
survival.

For both miR-21 and miR-122, our results are in contrast to those published by Suehiro et al. (11),
who identified only miR-122 ratio as a prognostic marker (longer survival in patients with higher
ratio levels). Despite similar experimental designs, the two studies are not completely comparable:
in the Suehiro et al. study the second sample was obtained 7 days after TACE, miRNAs levels were
measured in extracellular vesicles, patients were treated with conventional and not DEB-TACE, and
different internal reference controls were used for normalization.

At the Cox multivariate analysis, radiologic response, miR-21 ratio, and AFP levels were identified as
independent predictors of PFS, in this order in terms of HR. In other words, miR-21 ratio had a higher
impact than AFP levels. We also wondered whether assessing miR-21 ratio and AFP in combination
could be useful to stratify patients with CR/PR according to their PFS and we found that the
subgroup of patients with both miR-21 ratio and AFP below their respective cut-offs had significantly
longer PFS than patients with at least one marker above the cut-off. Moreover, in this sub-group of
patients with favorable radiological response, the combined determination of AFP and miR-21 ratio
provided a better stratification according to PFS compared to AFP alone. In fact, we found no
statistically significant difference between patients with AFP below and above the cut-off of 7.5
ng/mL. These results strengthen the role of miR-21 ratio in identifying the subgroup of patients with

early progressing HCC.
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Among the several molecular pathways in which they are involved, miRNAs play a role in modulating
neoangiogenesis in human cancers. In prostate, lung, and colorectal cancers, miR-21 regulates the
expression of HIF-1a and VEGF (17-19), but this association was not confirmed in human HCC tissue
(4). Moreover, HIF-1a proved to be a miR-122 target in diet-induced steatohepatitis (20) and in a
mouse model of HCC (21). A very recent paper provided more insights about the interplay between
miR-122 and hypoxia-induced pathways in a murine model of ischemia-reperfusion injury (22). With
this in mind, we evaluated the correlation between miR-21, miR-122, and HIF-1a in our group of
patients treated with DEB-TACE, a treatment that induces liver ischemia and, in turn, overexpression
of hypoxia-related genes. A positive mild correlation between miR-21 and HIF-1a in HCC patients
both before and after the treatment was found, while no significant associations were found with
miR-122. To the best of our knowledge, our study is the first to link miR-21 with HIF-1a in human
HCC treated with DEB-TACE. The correlation found does not necessarily imply the causality of the
relationship, but our results are consistent with the hypothesis of a miR-21 involvement in
regulating the angiogenic pathway also in HCC, as already demonstrated for other malignancies (17—
19), and paves the way for additional studies aimed at demonstrating this assumption.

Among the limitations of our study, the most important one is its retrospective nature that might
have introduced unintentional biases. However, these biases are mitigated by the fact that patients
were consecutively collected. The relatively small sample size (especially looking to cirrhotic
patients), and the baseline differences between HCC and cirrhotics (particularly in residual liver
function), could have prevented us to reach more definite conclusions in the comparison of miRNAs
levels between groups.

There are many differences between our results and those reported in other publications. The
comparison of different studies on miRNAs is difficult because a homogeneous methodological

protocol in miRNA evaluation has not yet been reached. In particular, the differences between
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studies are related to the endless list of confounders that includes samples size and selection, type
of biologic samples used for the miRNAs assay (plasma, serum, exosomes, whole blood), RNA
extraction procedures, internal controls, control groups for data normalization, methodology to
express miRNA levels. Moreover, the majority of data in literature derives from eastern countries in
which the leading cause of HCC and chronic liver disease is HBV infection, and with a larger share of
tumors developing on a non-cirrhotic background (36). In western countries, by contrast, the vast
majority of HCC patients had an underlying cirrhosis, the most frequent etiologies being HCV
infection and alcohol.

We selected PFS as end-point because overall survival, the ideal end-point in oncology, was not
evaluable considering the very short follow-up of patients enrolled. It must be kept in mind however
that PFS could be considered a suitable surrogate of overall survival, particularly in diseases in which

multiple lines of active treatment are available, such as HCC (48).

CONCLUSIONS

In conclusion, according to our results, miR-21 ratio and miR-122 predict PFS after TACE and propose
themselves as useful prognostic markers. In particular, miR-21 ratio is associated to PFS at univariate
and multivariate analysis and identifies (together with AFP) early progressors among the patients
achieving a radiological response to treatment. In addition, a correlation between circulating HIF-
la and miR-21 expression was found, suggesting a possible role of the latter in modulating
angiogenesis also in HCC, as it does in other type of tumors. Additional studies, possibly prospective,
and the development of widely shared methodological protocols are necessary before the

introduction of miRNAs quantification in clinical practice, but our results look quite promising.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Levels of miRNAs (miR-93, miR-103a, miR-425) used as internal reference controls for
normalization in our study.

miR-93 miR-103a miR-425
Healthy subjects 13.60 £ 0.56 ct 13.37+£0.62 ct 16.12 £ 0.77 ct
Cirrhotics 13.89+1.41 ct 13.72+1.47 ct 16.14 +1.32 ct

HCC pre-TACE
HCC post-TACE

14.79+1.91 ct
15.11+2.11 ct

14.67 £2.02 ct
15.06 £2.30 ct

16.78 £ 1.52 ct
17.12 +1.63 ct

Note: miRNA levels, expressed as threshold cycles (ct), are reported in the table as mean + standard deviation (SD).

a b
miR-21 miR-21 ratio
1.64 fc
Sens: 100%
1007 1007 Spec: 31.8%
0.73 fc Youden J test: 31.8
Sens: 88%
Spec: 32%
80 Youden J test: 20 804
) S
> 60 > 60
2 =
¥ ¥
S 401 S 401
w (%)
20 204
AUC =0.57 (95% Cl 0.41-0.73); p=0.37 AUC = 0.63 (95% Cl 0.45-0.80); p=0.16
0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity (%) 100% - Specificity (%)
c : d : .
miR-122 miR-122 ratio
10.22 fc
1007 Spec. 20% 100,
Youden J test: 20
80 804
0.87 fc
— —~ Sens: 50%
X X Spec: 71.4%
b 604 'Ep 604 Youden J test: 21.4
2 S
[ 2
S 401 g 40
n n
204 20
| AUC = 0.54 (95% C1 0.39-0.71); p=0.62 AUC =0.50 (95% CI 0.32-0.69); p=0.99
T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100

100% - Specificity (%)

100% - Specificity (%)

Supplementary Figure 1. ROC curves used to identify the cut-off for miR-21 (a), miR-21 ratio (b), miR-122 (c) and miR-

122 ratio

(d).

179



180

Sensitivity (%)

100~

AFP

7.5 ng/mL
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Supplementary Figure 2. ROC curve for the identification of AFP cut-off.
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Supplementary Figure 3. ROC curve for the identification of HIF-1a cut-off.
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CHAPTER 8

Circulating microRNA-21 and HIF-1a in chronic
liver diseases and hepatocellular carcinoma

Filippo Pelizzaro
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ABSTRACT

Background. MicroRNA-21 (miR-21) has been reported to be elevated in hepatocellular carcinoma
(HCC) patients, but the available studies reached discordant conclusions. Therefore, we aimed to
evaluate miR-21 levels in patients with chronic liver disease and HCC, and to assess its correlation
with the severity of liver fibrosis and liver function laboratory tests. Moreover, considering the
correlation between HIF-1o and miR-21, we assessed in the same groups the level of HIF-1a.
Methods. In this study, 84 subjects were included (16 healthy volunteers, 11 patients with
NAFLD/NASH, 19 patients with chronic hepatitis C [CHC], 20 cirrhotics and 18 HCC). Serum level of
miR-21 was measured with quantitative real time (qRT)-PCR, while HIF-1o. was measured with ELISA.
Results. Compared to healthy subjects, NAFLD/NASH and CHC patients, a significantly higher level
of miR-21 was detected in cirrhotics (2.13-fold, IQR 1.15-2.93) and in HCC patients (1.67-fold, IQR
1.17-2.10), without statistically significant differences between these two groups. Similar trends
were demonstrated for HIF-1co.. Considering together patients from all groups, a positive correlation
was found between miR-21 and HIF-1a (r = 0.39, 95% Cl 0.16-0.59; p=0.001). miR-21 was positively
correlated with liver stiffness measured at transient elastography (r = 0.44, 95% Cl 0.10-0.68;
p=0.01), and FO-F1 patients showed lower levels of the marker compared to F2-F3 (p=0.03) and F4
patients (p=0.0009). In addition, miR-21 proved to be an independent predictor of F4 fibrosis. In
chronic hepatitis and cirrhotic patients, miR-21 was correlated with AST (r = 0.40; p=0.001), ALP (r =
0.36; p=0.005), albumin (r =-0.42; p=0.0008) and INR (r = 0.39; p=0.002).

Conclusions. miR-21 is a useful marker in identifying the progression of liver damage, but it seems
not accurate in diagnosis of HCC considering the similar level in cirrhotics compared to patients with
cancer. It correlates with liver fibrosis, hepatic necroinflammatory activity and liver function
parameters, and it could be useful in providing information on different aspects of chronic liver

diseases.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common solid malignancies worldwide, and it
ranks third in mortality among cancers (1). The majority of HCCs develops in a fibrotic or already
cirrhotic liver, which are the result of chronic inflammation caused by hepatitis B (HBV) or hepatitis
C virus (HCV), as well as non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis
(NASH) (2).

MlcroRNAs (miRNAs) are small non-coding RNA molecules (19-24 nucleotides long), extensively
involved in the regulation of gene expression. They bind to partially complementary recognition
sequences of target mRNAs and play a role in regulating almost all main cellular pathways (3).
Altered expression of miRNAs has been associated with liver metabolism dysregulation, liver injury,
liver fibrosis and tumor development (4). In particular, upregulation of serum and hepatic
microRNA-21 (miR-21) has been reported in several liver diseases, thus attracting intense interest
(5). miR-21 was found to be upregulated in patients infected with HBV (6,7), and some studies
suggest that HCV is able to increase expression of this miRNA in hepatocyte cell lines and primary
human hepatocytes (8). Hepatic miR-21 expression was reported to be significantly increased in
patients with NAFLD/NASH (9-11), as well as patients with alcoholic liver disease (12). Patients with
acute liver failure have high serum level of miR-21, which is even higher in patients with
spontaneous recovery compared to non-recovered patients (13). Moreover, miR-21 promotes HCC
proliferation and is one of the most overexpressed miRNAs in liver cancer (14,15). The levels of this
onco-miRNA detected in serum have been reported to be significantly elevated in patients with HCC
(16,17), and therefore it has been suggested as diagnostic biomarker (18). Nevertheless, the results
of different studies comparing miR-21 circulating level in HCC and chronic liver diseases are
discordant. In addition, different controls groups were used and none of these studies reported the

differential levels of this marker in various stages of liver disease (17,19-23).
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In this study we aimed to comprehensively evaluate the differential miR-21 circulating level in HCC
and chronic liver disease, and its correlation with the severity of liver fibrosis and liver function
laboratory tests. Moreover, based on previous results showing a potential role of miR-21 in
modulating angiogenesis in human cancers including HCC (24-27), we assessed in the same groups

also the levels of HIF-1a..

PATIENTS AND METHODS

Study groups

In this study, blood samples from 16 healthy volunteers, 11 patients with NAFLD/NASH, 19 patients
with chronic hepatitis C (CHC), 20 cirrhotics and 18 HCC patients collected between January 2019
and June 2021, were retrospectively evaluated.

Blood samples from patients with NAFLD/NASH, CHC and liver cirrhosis were obtained from patients
managed at the outpatient clinic of the Gastroenterology Unit of the Padova University Hospital. In
the NAFLD/NASH group, patients with metabolic liver disease diagnosed according to the
recommendations of the European guidelines were included (28). The CHC group consisted of non-
cirrhotic patients with chronic HCV infection waiting for treatment with Direct Acting Antivirals
(DAAs). Patients were diagnosed with cirrhosis, and consequently included in the relative group,
when fulfilling the following criteria: International Normalized Ratio (INR) >1.2, White Blood Cell
count <4.4 x 10%/L, Platelets <150 x 10°/L (at least two of three) and abdomen ultrasonography (US)
showing findings compatible with cirrhosis. All cirrhotic patients were regularly surveilled for the
development of HCC with US every six months, and the presence of HCC was ruled out with dynamic
computed tomography (CT) or magnetic resonance imaging (MRI) at the time of study entry. HCC
patients included in the study were admitted to Gastroenterology Unit of Padova University Hospital

for treatment (DEB-TACE). Diagnosis of HCC was achieved with the typical features at dynamic CT
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or MRI (enhancement in the arterial phase and washout in delayed phases), according to European
guidelines (29). In this subgroup, the blood samples were collected immediately before TACE.

The following clinical and tumor-related variables were recorded: sex, age, etiology, comorbidities,
presence of clinically relevant portal hypertension (CRPH), main serological parameters (aspartate
aminotransferase [AST], alanine aminotransferase [ALT], gamma-glutamyl transpeptidase [gGT],
alkaline phosphatase [ALP], total bilirubin, international normalized ratio [INR], albumin and alpha-
fetoprotein [AFP]), Child-Pugh class and Model for End-Stage Liver Disease (MELD). CRPH was
defined as presence of splenomegaly, esophageal varices or ascites, and platelets count <100 x 10°/L
(30). In NAFLD/NASH and in CHC groups also liver stiffness measured with transient elastography
was collected, while this data was available only in 7 cirrhotic patients. Genotype and HCV-RNA were
registered for patients with CHC. In HCC patients, number and size of liver nodules, presence of
macrovascular invasion (MVI) and/or extrahepatic spread (EHS), evaluated with dynamic CT or MRI,
were recorded. Patients were staged according to the Barcelona Clinic Liver Cancer (BCLC) system.
The efficacy of TACE was evaluated with dynamic CT or MRI performed four weeks after the
treatment and the Modified Response Evaluation Criteria In Solid Tumors (mRECIST) were used to
classify the radiological response in complete (CR), partial (PR), stable disease (SD) or progressive
disease (PD) (31).

RNA isolation and miRNAs analysis

From 10 milliliters of venous blood, 5 mL were used for serum and plasma separation. Samples were
preserved at — 80 °C till the assays of biochemical markers.

Plasma samples were used for the determination of miRNAs. Total RNA was extracted from 200 pL
of plasma using the miRneasy Serum/Plasm Advanced kit (Qiagen, GmbH, Hilden, Germany).
Extraction efficiency was checked through adding synthetic oligonucleotides (UniSp2, UniSp4,

UniSp5) at recommended concentrations. Reverse transcription for cDNA synthesis was performed
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using the miRCURY LNA RT kit (Qiagen, GmbH, Hilden, Germany) according to the manufacturer’s
instructions. Reverse transcription efficiency was checked through adding synthetic
oligonucleotides (UniSp6). The expression of miRNAs was evaluated by quantitative Real Time (qRT)-
PCR analysis (miRCURY LNA miRNA PCR Assays and PCR Panels, Qiagen, GmbH, Hilden, Germany),
according to the manufacturer’s instructions, on a PRISM 7900HT system (Applied Biosystems,
Foster City, California, USA) with miR-93, miR-103a, miR-425 as internal reference controls for
normalization. To assess hemolysis, 2 miRNAs were used: miR-451, which is expressed in red blood
cells, and miR-23a, which is relatively stable in serum and plasma but not affected by hemolysis. The
ratio between these 2 miRNAs correlated with the degree of hemolysis. Samples with ratios above
7.0 have an increased risk of being affected by hemolysis, as opposed to samples with lower ratios.
Therefore, samples with ratios above 7.0 were excluded from the analysis.

The relative expression of each miRNA was calculated using the 22A¢t (fold-change, fc) method,
using healthy subjects as the reference group for the normalization.

HIF-1o assay

A commercial ELISA kit (Cloud-Clone Corp., Katy, Texas, USA) was used to determine HIF-1a in the
serum samples from cirrhotics and HCC, according to manufacturer’s instructions. The amount of
HIF-1a. (ng/mL) was derived by interpolation of samples absorbance on the calibration curves
plotted with calibrators. Briefly, plates precoated with an antibody specific to HIF-la were
incubated with 100 pL of serum. HIF-1a was revealed by the addition of Detection Reagent A and B
at 450 nm.

Statistical analysis

Quantitative variables were reported as median and interquartile range (IQR), while categorical
variables as absolute frequency and percentage. Kruskal-Wallis and Mann-Whitney tests were used

to compare quantitative variables. The comparison between categorical data was performed with
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chi-square or Fischer’s exact tests. The correlations between continuous variables were established
calculating the non-parametric Spearman coefficient.

In order to identify independent predictors F4 fibrosis, a multivariate logistic regression was
performed including in the model only variables significantly or borderline (p<0.1) associated with
fibrosis stage at the univariate analysis.

A p-value (two-tails) <0.05 was considered as significant in this study. IBM SPSS Statistics (Version
25.0. Armonk, NY: IBM Corp.) and GraphPad Prism version 8.3.1 (GraphPad Software, La Jolla,

California, USA) were used for all the calculations.

RESULTS

Baseline characteristics

Baseline characteristics of patients included in the study are shown in Table 1.

A significantly higher proportion of male patients was present in cirrhotics and HCC groups. Healthy
volunteers were significantly younger compared to NAFLD/NASH, CHC, cirrhosis and HCC groups.
CHC had a significantly lower liver stiffness compared to NAFLD/NASH, while as expected cirrhotics
had markedly higher stiffness (although this data was available only in 7/20 [35%] patients).
Compared to NAFLD/NASH, cirrhotics and HCC patients demonstrated significantly lower levels of
white blood cells (WBC) and platelets, but higher levels of bilirubin and INR. Cirrhotic patients
showed significantly lower albumin compared to NAFLD/NASH, while HCC patients had higher AFP
levels (despite the low clinical significance considering that the median AFP level in HCC patients
was 4.9 ng/mL [IQR 2.8-11.6]).

No statistically significant differences in liver function (Child-Pugh class and MELD score) were
registered between cirrhotics and HCC patients. These latter showed a median number of 3 nodules

(IQR 1-4) with a median diameter of 2.0 cm (IQR 1.8-3.6). The majority of HCC patients had a BCLC
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stage A or B tumor (7 patients in both groups). Seven patients (38.9%) had a CR to TACE, while 6

(33.3%) had a PR.

Table 1. Baseline characteristics of the study populations.

Clinical variables
Sex- male
Age (years)
Liver biopsy
Etiology

HBV

HCV
NAFLD/NASH
Alcohol

HCV genotype
1b

Liver stiffness
(kPa)

WBC (x10%/L)
Hb (g/dL)

PLT (x10%L)
AST (U/L)

ALT (U/L)
gGT (U/L)
ALP (U/L)
Bilirubin
(umol/L)

INR

Albumin

AFP (ng/mL)
CRPH
Child-Pugh class
A

B

C

MELD

Controls
(n=16)

4(25.0)
50 (39-59)

Tumor-related variables

Number of
nodules
Diameter (cm)
MVI and/or EHS
BCLC stage

0

A

B

C

Radiological response (mRECIST)

CR
PR
SD
PD
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NAFLD/NASH
(n=11)

5 (45.5)
66 (56-73) *
5 (45.5)

0(0)
0(0)
11 (100.0)
0(0)

6.8 (5.3-8.4)

7.88 (6.03-9.50)
14.2 (12.8-14.9)
226 (188-282)
27 (22-41)
32 (23-59)
68 (27-172)
97 (76-108)

8.7 (7.3-12-3)

1.04 (1.00-1.07)
4.1(3.8-4.5)
2.2 (1.7-3.5)

CHC
(n=19)

7(33.3)
61 (47-72) *
4(19.0)

0(0)

19 (100.0)*
0(0)*
0(0)

11 (57.9)

5.3(4.7-6.7) *

5.36 (4.50-7.50) *
14.6 (13.9-15.6)
214 (157-258)
39 (28-61) *
45 (25-99)

30 (15-84)

78 (62-101)

10.5 (7.6-16.7)

1.02 (0.98-1.07)
4.3 (4.1-4.5)
3.6 (2.0-5.3)

Cirrhosis
(n=20)

12 (66.7) *
68 (58-72) *
0(0)*

2 (10.0)
5 (25.0)
4(20.0)
9 (45.0) *

26.4 (21.1-43.5)
ta
5.46 (3.51-7.13) *
11.8 (8.7-13.3) *
126 (67-195) *
48 (24-76)
19 (15-49)
81 (32-162)
107 (82-149)

22.0 (8.7-37.6)

1.27 (1.13-1.43)*
3.5(2.9-4.1) *
3.7 (2.3-7.8)
17 (85.0)

10 (50.0)
6 (30.0)
4(20.0)

11 (10-19)

HCC
(n=18)

14 (77.8)*
66 (62-75) '
2 (11.1)

0(0)
7(38.9) *
3(16.7)¢
8 (44.4) *

b

5.49 (3.45-6.33) *
13.3 (12.1-15.1)
135 (73-177)
39 (28-49)

29 (24-44)

72 (52-156)
93 (86-118)

15.0 (11.3-32.8) *

1.12 (1.09-1.32) *
4.1(3.2-4.5)
4.9 (2.8-11.6) *
10 (55.6) *

14 (77.8)
4(22.2)
0(0)
10 (8-14)

3(1-4)

2.0 (1.8-3.6)
2 (11.1)

2 (11.1)
7 (38.9)
7 (38.9)
2 (11.1)
7 (38.9)
6 (33.3)
2 (11.1)
3(16.7)



a) Data on liver stiffness was available only in 7 cirrhotic patients

b) Data on liver stiffness was not available for patients with HCC

Reference groups for comparisons: controls for sex and age; NAFLD/NASH for liver biopsy, liver stiffness, etiology, WBC, Hb, PLT, AST,
ALT, gGT, ALP, bilirubin, INR, albumin, and AFP; cirrhotics for CRPH, Child-Pugh and MELD.

* p<0.05 and >0.01; # p<0.01 and 20.001; t p<0.001 and >0.0001; # p<0.0001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; CHC, chronic hepatitis C, HCC,
hepatocellular carcinoma; HBV, hepatitis B virus, HCV, hepatitis C virus; WBC, white blood cells; Hb, hemoglobin; PLT, platelets; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; gGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; INR,
international normalized ratio; AFP, alpha-fetoprotein; CRPH, clinically relevant portal hypertension; MELD, Model for End-Stage
Liver Disease; MVI, macrovascular invasion; BCLC, Barcelona Clinic Liver Cancer; mRECIST, modified Response Evaluation Criteria In
Solid Tumors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Levels of circulating miR-21 and HIF-1a

miR-21 levels were significantly different between groups (Kruskall-Wallis p<0.0001). Median values
of miR-21 were 1.07-fc (IQR 0.84-1.25) in controls, 0.77-fc (IQR 0.60-1.15) in NAFLD/NASH patients
and 1.01-fc (IQR 0.78-1.50) in CHC patients. Cirrhotics (2.13-fold, IQR 1.15-2.93) had significantly
higher levels of miR-21 compared to controls (p=0.002), NAFLD/NASH (p=0.001) and CHC (p=0.005).
In HCC, the levels of miR-21 decreased to 1.67-fold (IQR 1.17-2.10) but remained significantly higher
compared to controls (p=0.001), compared to NASH (p=0.001) and compared to CHC patients
(p=0.03). There was no statistically significant difference in miR-21 level between cirrhotics and HCC
patients (p=0.23) (Figure 1a).

Similar figures were found for variation of HIF-1a in different phases of chronic liver disease
(Kruskall-Wallis p=0.0008). The median value in controls was 0.12 ng/mL (IQR 0.07-0.17). Compared
to these latter, no significant differences were demonstrated in NAFLD/NASH group (median 0.07
ng/mL, IQR 0.05-0.19; p=0.56) and CHC group (median 0.14 ng/mL, IQR 0.06-0.38; p=0.73).
Cirrhotics (0.29 ng/mL, IQR 0.18-0.55) had a statistically significant higher level of circulating HIF-1a.
compared to controls (p=0.007), NAFLD/NASH (p=0.001) and CHC (p=0.01). Compared to controls,
HCC patients showed higher levels of the marker (0.28 ng/mL, IQR 0.18-0.50; p=0.009). A statistical
significance difference was maintained when HCC patients were compared to NAFLD/NASH
(p=0.001) and to CHC patients (p=0.04). There was no statistically significant difference in HIF-1a

between cirrhotics and HCC patients (p=0.77) (Figure 1b).
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In all the groups, no significant correlations between miR-21 and HIF-1a. were demonstrated.
Nevertheless, when patients from all groups were considered together, a statistically significant

positive correlation was found (r = 0.39, 95% Cl 0.16-0.59; p=0.001) (Figure 2).
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Figure 1. Box and whisker plots showing circulating levels of miR-21 (a) and HIF-1a (b) in controls, NAFLD/NASH, CHC
patients, cirrhotics and HCC patients. Cirrhotics and HCC patients had significantly higher levels of miR21 and HIF-1a
compared to controls. (** p<0.01 and 20.001)

r=0.39 (95% Cl1 0.16-0.59); p = 0.001

1.5

1.0

HIF-1a (ng/mL)

miR-21 (2"2AC)

Figure 2. Correlations between miR-21 and HIF-1q levels.

Correlation between miR-21 and clinical parameters
Hypothesizing that miR-21 serum levels might be related to liver fibrosis, we investigated the

correlation between levels of this miRNA and liver stiffness measured at transient elastography,
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finding a positive correlation (r = 0.44, 95% Cl 0.10-0.68; p=0.01) (Figure 3a). Moreover, this
association was confirmed when patients were divided according to the fibrosis score (Figure 4a).
Patients with FO-F1 fibrosis had a median value of miR-21 of 0.90-fc (IQR 0.73-1.26), which was
significantly lower than that of F2-F3 patients (1.65-fc, IQR 1.23-2.07; p=0.03) and F4 patients (1.65-
fc, IQR 1.23-2.07; p=0.0009). No significant differences were demonstrated between F2-F3 patients
and F4 patients.

While no significant correlation was demonstrated between liver stiffness and HIF-1a. levels (Figure
3b), a progressive increase of the marker was shown when patients were divided according to the
fibrosis score (Figure 4b). HIF-1a levels were higher in F2-F3 compared to FO-F1 patients, although
not reaching the statistical significance (median 0.19 ng/mL [IQR 0.02-0.43] vs. 0.12 ng/mL [IQR
0.06-0.29], respectively; p=0.85). F4 patients had a significantly higher level of HIF-1a compared to
FO-F1 patients (0.28 ng/mL, IQR 0.18-0.55; p=0.002). Similarly to miR-21, no statistically significant

difference was demonstrated between F2-F3 and F4 patients (p=0.24).

r=0.44 (95% C1 0.10-0.68); p = 0.01 r=0.19 (95% Cl -0.18 - 0.50); p=0.30
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Figure 3. Correlation between miR-21 (a) and HIF-1a levels (b) and liver stiffness.
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Figure 4. Levels of miR-21 (a) and HIF-1a (b) according to liver fibrosis measured at transient elastography. Compared
to FO-F1 patients, miR-21 levels were significantly higher in F2-F3 and in F4 patients (a), while HIF-1a was higher in F4
patients (b). (* p<0.05 and 20.01; ** p<0.01 and >0.001; *** p<0.001 and >0.0001)

In patients with chronic hepatitis, cirrhosis and HCC, miR-21 levels correlated positively with AST (r
=0.40, 95% Cl 0.16-0.60; p=0.001) and ALP (r = 0.36, 95% Cl 0.11-0.57; p=0.005), but not with ALT
(r=0.14,95% Cl -0.12-0.38; p=0.29), gGT (r = 0.08, 95% Cl -0.18-0.33; p=0.54) and bilirubin (r = 0.21,
95% Cl -0.05-0.44; p=0.10). In addition, miR-21 levels were negatively correlated with albumin (r = -
0.42,95% Cl -0.62 - -0.18; p=0.0008) and positively correlated with INR (r = 0.39, 95% Cl 0.15-0.59;
p=0.002) (Figure 5). A significantly higher level of miR-21 was demonstrated in patients with
abnormal AST (1.89-fc, IQR 1.42-2.39) compared to patients with no abnormalities (1.03-fc, IQR
0.76-1.66; p=0.0004). On the contrary, no statistically significant differences were demonstrated
between patients with abnormal vs. normal ALT (1.52-fc [IQR 1.01-2.19] vs. 1.18-fc [0.78-2.00],
respectively; p=0.28) (Supplementary Figure 1). Similar results in correlations were observed in a
sensitivity analysis with the exclusion of HCC patients (Supplementary Figure 2).

In the analysis restricted to patients with chronic hepatitis (either NAFLD/NASH or CHC), miR-21
levels positively correlated with both AST (r=0.52, 95% CI 0.17-0.75; p=0.005) and ALT (r=0.45, 95%
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Cl 0.08-0.71; p=0.02), while the correlation with ALP became non-significant even though a

borderline p-value was obtained (r = 0.34, 95% Cl -0.06 — 0.64; p=0.08) (Figure 6). Moreover, in the

CHC group, miR-21 was positively correlated with HCV-RNA levels (r = 0.41, 95% ClI 0.14-0.63;

p=0.003).
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Figure 5. Correlations between miR-21 levels and AST (a), ALT (b), gGT (c), ALP (d), bilirubin (e), albumin (f) and INR (g)
in chronic hepatitis, cirrhotics and HCC patients. A positive correlation was demonstrated between miR-21 levels and
AST, ALP and INR, while a negative correlation was shown with albumin.
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Figure 6. Correlations between miR-21 levels and AST (a), ALT (b), gGT (c), ALP (d), bilirubin (e) and HCV-RNA (f) in
chronic hepatitis patients. A positive correlation was demonstrated between miR-21 levels and AST, ALT and HCV-RNA

levels (in patients with CHC).
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In order to evaluate if miR-21 levels could be a predictor of severe fibrosis (F4) we performed a
multivariate logistic regression analysis, including variables associated with F4 fibrosis at the
univariate analysis (Table 2). miR-21 turned out to be the only independent predictor of severe

fibrosis (OR=5.77, 95% Cl 1.04-32.03).

Table 2. Univariate and multivariate logistic regression analysis of factors associated with F4 fibrosis.

Variable Univariate analysis Multivariate analysis
OR (95% ClI) p OR (95% Cl) p

Sex 2.25(0.71-7.14) 0.17

Age 1.03 (0.98-1.08) 0.28

Albumin 0.05 (0.01-0.33) 0.002 0.91 (0.05-16.21) 0.95
Bilirubin 1.08 (1.01-1.16) 0.04 1.16 (0.97-1.39) 0.09
logAST 2.15(0.28-16.44) 0.46

logALT 0.08 (0.01-0.71) 0.02 0.01 (0.00-1.27) 0.06
logGGT 3.13 (0.73-13.52) 0.13

logALP 17.04 (0.57-506.86) 0.10

miR-21 4.40 (1.62-11.95) 0.004 5.77 (1.04-32.03) 0.04

Abbreviations: logAST, logarithm of aspartate aminotransferase; logALT, logarithm of alanine aminotransferase; logGGT, logarithm
of gamma-glutamyl transpeptidase; logALP, logarithm of alkaline phosphatase.

DISCUSSION

Several data demonstrated that miR-21, one of the most overexpressed miRNAs in liver cancer,
promotes HCC development and progression (14,15). Some studies found a significant elevation of
miR-21 serum levels in patients with HCC (17), therefore proposing its determination as a valuable
tool for diagnosis (18). Nevertheless, available studies used different control groups (healthy
subjects, patients with viral chronic hepatitis or cirrhotics) (17,19-23) and not conclusive data are
available regarding the changes of this miRNA in different phases of liver disease. Bihrer et al.
demonstrated that, compared to healthy subjects, miR-21 was elevated in HCC patients, but the
latter had similar levels compared to cancer-free CHC patients (21). Tomimaru et al. showed
significantly higher levels of miR-21 in HCC patients with chronic hepatitis, but in this study were
not included patients with cirrhosis (17). Other more recent studies conducted in China, where HBV

is the leading etiology of chronic liver disease and HCC, compared miR-21 levels between HCC
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patients and chronic hepatitis B patients reaching opposite results: Guo et al. found higher miR-21
levels in HCC patients (22), while Pu et al. and Xu et al. reported the highest level in patients with
chronic hepatitis (20,23). As far as miR-21 levels in NAFLD are concerned, the results in the
comparison with controls varied depending on the studies (32,33).

We report here that miR-21 levels were higher in patients with HCC compared to healthy subjects
and patients with chronic liver diseases (either NAFLD/NASH of CHC). However, the highest values
of miR-21 were found in cirrhotics and no statistically significant differences were demonstrated
between this group and patients with cancer. Similarly to our previous results (27), HCC patients
had lower levels of miR-21 compared to cirrhotics, even though in this study the difference was not
statistically significant, possibly due to the small number of patients included. Moreover, patients
with NAFLD/NASH and CHC showed no differences in the levels of miR-21 compared to controls.
According to our results, miR-21 is significantly overexpressed in advanced liver disease and in HCC.
The overexpression of this onco-miRNA seems to be a very early event in liver carcinogenesis, with
this marker fully expressed in cirrhosis which is the common pre-cancerous stage that eventually
leads to the development of HCC. Consequently, miR-21 appears not to be a useful diagnostic
biomarker for cancer detection, at least in Western countries where the great majority of HCCs arise
from a cirrhotic background. More importantly, the adoption of miR-21 as a diagnostic tool appears
to be hindered by the lack of standard operating procedures and uniform method for normalizing
the miRNA level (5).

In this study, also HIF-1a. was found at higher level in cirrhotic and HCC patients compared to
controls, NAFLD/NASH and CHC patients. Even though HIF-1a was higher in cirrhotics compared to
HCC, no statistically significant differences between these two groups were demonstrated. Similarly
to what we found in our previous study (27), a statistically significant positive correlation was found

between miR-21 and HIF-1a when all patients were considered together. This suggests a role of HIF-

199



la in modulating angiogenesis, as already demonstrated in other conditions (24-26). However,
when the groups of patients were considered separately, the existence of a correlation was not
confirmed, probably as a result of the limited number of patients for each group.

A relevant finding of this study is the association of miR-21 with liver fibrosis measured at transient
elastography. miR-21 has been linked to fibrosis in the lung (34), heart (35), and it has already been
demonstrated that the level of this miRNA correlates with hepatic fibrosis (36). A close link between
miR-21 and hepatic fibrosis is supported by the finding that transforming growth factor 3 (TGF-B), a
critical mediator of hepatic fibrogenesis (37,38), promotes the expression of miR-21 (39), and that
miR-21 decreases the expression of SMAD7 (36), a negative regulator of TGF-3 signaling (38). In this
study, we confirmed a significant correlation between levels of miR-21 and liver stiffness. Moreover,
when patients were divided according to their fibrosis score (from FO to F4), a progressive increase
of miR-21 was demonstrated. miR-21 revealed also to be an independent predictor of F4 fibrosis at
the multivariate logistic regression analysis, and this further confirms the central role of this miRNA
in the progression of liver damage. Indeed, there is clear evidence for a close relation between miR-
21 and hepatic fibrosis. The hepatic level of miR-21 appears to correlate with the stage of liver
fibrosis (36) and it is strongly expressed not only in tumor cells, but also in tumors associated
fibroblast (40). As far as circulating levels are concerned, a previous study showed that, although
not reaching the statistical significance, F4 patients had higher levels of serum miR-21 compared to
previous stages (41).

Several correlations between miR-21 and liver function laboratory tests were showed in this study.
Similarly to the results obtained by Bihrer et al. (21), we found that miR-21 levels positively
correlated with AST, ALP and albumin, and negatively correlated with INR in patients with chronic
hepatitis, cirrhosis and HCC. A sensitivity analysis performed excluding patients with liver cancer,

confirmed this result. Moreover, when only patients with chronic hepatitis were considered, miR-
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21 levels correlated with parameters of necroinflammatory activity (AST and ALT). In patients with
CHC, miR-21 was positively correlated with HCV-RNA levels, and this is in agreement with previous
data showing that miR-21 expression in liver tissue was associated with viral load (36).

The results of this study suggest that miR-21 concentration might be a useful parameter to
differentiate patients with mild vs. moderate to severe liver fibrosis. In addition, also considering
previous findings on the correlation between miR-21 serum levels and histologic activity index (HAI)
score (21), this miRNA could discriminate patients with minimal vs. mils-severe necroinflammation
in the liver, and with preserved vs. impaired liver function, which are of clinical relevance.

Despite its strengths (i.e., the analysis of groups of patients with different phases of liver damage),
this study has also some limitations, the most important of which is its retrospective nature. In
addition to potentially introducing unintended bias, this study design prevented us from collecting
some data relevant for the analyses (for instance, liver stiffness at transient elastography was known
only in 7 cirrhotic patients). Furthermore, the limited number of patients for each group likely
prevented us from achieving more robust results.

In conclusion, we showed that miR-21 in a suitable marker in identifying the progression of liver
damage, with highest levels found in cirrhosis and HCC patients compared to healthy subjects and
patients with chronic liver disease. Since no differences in miR-21 levels were observed between
cirrhotics and HCC patients, the evaluation of this biomarker seems not to be useful in diagnosing
HCC (at least in Western countries, where the vast majority of cancers arises from a cirrhotic
background). HIF-1a, when all patients were considered together, confirmed to be associated with
miR-21, suggesting once more the role of this miRNA in modulating angiogenesis. Consistently with
previous findings, miR-21 correlated with fibrosis, hepatic necroinflammatory activity and liver
function parameters, and it could be a very useful marker in providing information on different

aspects of chronic liver diseases.
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Supplementary Figure 1. Levels of miR-21 in patients with normal and abnormal AST (a) and ALT (b). Patients with
elevated AST had significantly higher levels of miR-21 (a). (*** p<0.001 and 20.0001; ns, non-significant)
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Supplementary Figure 2. Correlations between miR-21 levels and AST (a), ALT (b), gGT (c), ALP (d), bilirubin (e),
albumin (f) and INR (g) in chronic hepatitis and cirrhotic patients. A positive correlation was demonstrated between
miR-21 levels and AST, ALP and INR, while a negative correlation was shown with albumin.
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ABSTRACT

Purpose. We aimed to explore the activation of Monoacylglycerol lipase (MAGL)/Cyclooxygenase-2
(COX-2)/Prostaglandin E; (PGEy) axis in hepatocellular carcinoma (HCC), evaluating circulating PGE;
as prognostic biomarker in HCC patients.

Methods. PGE; levels were measured in blood samples from 24 cirrhotics and 34 HCC patients
consecutively collected between January 2016 and December 2017. In a subgroup of patients, tissue
expression of MAGL mRNA and immunohistochemistry for MAGL and COX-2 were obtained.
Results. Despite tumor tissues showing overexpression of MAGL mRNA and higher levels of both
MAGL and COX-2 at immunohistochemistry, PGE; levels were not significantly different in HCC and
cirrhotics. HCC patients with circulating PGE; levels >14 pg/mL had a significantly shorter overall
survival (19.4 vs. 49.9 months; p=0.03), the finding being confirmed by the multivariate analysis (HR
3.37 [95% Cl 1.00 — 11.60]; p=0.05).

Conclusion. The MAGL/COX-2/PGE2 axis is activated in HCC, and circulating PGE; proved to be a

potential prognostic biomarker.
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INTRODUCTION

Hepatocellular carcinoma (HCC) develops almost invariably on a chronic liver disease characterized
by persistent inflammation (1) and several evidences suggest that prostaglandins are involved in its
pathogenesis (2). Monoacylglycerol lipase (MAGL) is the major source of pro-inflammatory
prostaglandins in the liver (3). In addition to its role in lipid metabolism (hydrolysis of
monoacylglycerols in glycerol and fatty acids (4)), MAGL acts as a pivotal enzyme in the
endocannabinoid system converting 2-arachidonoylglycerol (2-AG) into arachidonic acid (AA).
Although most of AA comes from MAGL activity, other enzymes such as fatty acids amide hydrolase
(FAAH) are involved in its production (5). AA, in turn, is converted in prostaglandin E; (PGE;), which
is the most abundant prostaglandin in HCC, by cyclooxygenase-2 (COX-2) (6,7).

In different pre-clinical models, MAGL proved to have a role in the pathogenesis of different liver
diseases, including Non-Alcoholic Fatty-Liver Disease and primary sclerosing cholangitis (PSC) (3,8-
10). In mice models, MAGL deletion has been associated with reduced liver inflammation and
resistance to fibrosis (3). Moreover, its inhibition slows down fibrosis progression and reduce liver
injury caused by ischemia/reperfusion (3,8). MAGL knock-out prevent liver steatosis in mice fed with
a high-fat diet promoting lipid storage in adipose tissue and malabsorption of fatty acids (9) and is
involved in the development of cholestasis and cholangitis (10). The upregulation of MAGL in HCC
cells promotes tumor growth, cell proliferation and invasiveness, enhancing epithelial-to-
mesenchymal transition (11,12), and some evidences demonstrate that its overexpression is
associated with worse prognosis (12). Similarly, the down-regulation of COX-2 expression or
treatment with celecoxib, a selective COX-2 inhibitor, reduce tumor cell proliferation and induce cell
cycle arrest (13,14). Also COX-2 overexpression could predict shorter survival (14,15). PGE;, the
main product of MAGL/COX-2 axis, is involved in cell proliferation, inhibition of apoptosis, with

consequent tumor growth, and enhancement of invasion and migration (16-22). The central role of
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MAGL, COX-2 and PGE; in the pathogenesis of HCC is an additional demonstration of the relevance
of the inflammatory milieu in tumor development and progression.

In HCC, a tumor still characterized by a dismal prognosis, there is a continuous search for new
reliable biomarkers, in particular in the predictive and prognostic setting. Several molecules have
been investigated as potential HCC marker (23,24), but to the best of our knowledge, no data are
currently available on the determination of circulating PGE; as a HCC biomarker. Therefore, in this
study we aimed not only to confirm the activation of the MAGL/COX-2/PGE; pathway in HCC, but

also to investigate serum PGE; as potential prognostic biomarker.

PATIENTS AND METHODS

Blood samples of 34 HCC patients consecutively admitted to the Gastroenterology Unit of Padova
University Hospital for trans-arterial chemoembolization (TACE) and 24 cirrhotics were collected
between January 2016 and December 2017 and retrospectively analyzed. In HCC patients the blood
sample was collected immediately before TACE. Dynamic computed tomography (CT), magnetic
resonance (MRI) or liver biopsy were used, at the time of the study entry, to diagnose the tumor in
HCC patients (according to European guidelines (25)) or rule it out in cirrhotics.

Standard demographic, clinical and tumor variables (number/size of lesions, presence of
macrovascular invasion and extra-hepatic spread) were recorded. The Barcelona Clinic Liver Cancer
(BCLC) system was used for tumor staging.

Patients provided written informed consent for the participation to this study, which was conducted
in accordance to the Declaration of Helsinki and approved by the local Ethics Committee (approval
number 3312/A0/14).

PGE; quantification
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A commercial ELISA kit (Cusabio, Texas, USA) was used to determine PGE; in serum samples,
according to manufacturer’s instructions. The amount of PGE; (pg/mL) was derived by interpolation
of samples absorbance on the calibration curves. Plates precoated with a PGE; specific antibody

were incubated with 50 pL of serum. PGE; was revealed by the Detection Reagent A/B at 450 nm.

MAGL mRNA quantification and immunohistochemistry for MAGL, COX-2 and FAAH
Formalin-fixed, paraffin-embedded tissue samples from 10 HCC patients (29.4%) and in 10 cirrhotics
(41.7%), who subsequently underwent liver transplantation for end-stage liver disease, were
analyzed.

RecoverAll™ Total Nucleic Acid Isolation Kit and SuperScript™ VILO™ cDNA Synthesis Kit (Invitrogen,
California, USA) were used for total RNA extraction and reverse transcription for cDNA synthesis,
respectively. The expression of MAGL mRNA was evaluated by quantitative Real Time PCR (EXPRESS
SYBR™ GreenER™ qPCR Supermix, Universal Kit; Invitrogen, California, USA), according to the
manufacturer’s instructions, on a PRISM 7900HT system (Applied Biosystems, Foster City, California,
USA) with B-actin as internal reference. The relative expression of MAGL mRNA was calculated
using the 224% method (fold-change).

Immunohistochemistry for MAGL and FAAH was performed using Anti-MGLL and Anti-FAAH
antibodies (ATLAS Antibodies, Stockholm, Sweden), while COX-2 expression was analyzed with the
COX-2/Cyclooxygenase 2/PTGS2 Polyclonal ANTIBODY Kit (PROTEINTECH, Manchester, UK),
according to manufacturer’s instructions. The expression of MAGL and FAAH was reported as H-
score, a semi-quantitative score based on positive percentage and intensity of staining, graded as
weak (1+), moderate (2+) or strong (3+). The H-score was calculated as follows: (1+)% x 1 + (2+)% x
2 +(3+)% x 3. Due to the very low percentage of cells positive for COX-2, tissue slices were classified
as negative, if no positivity for COX-2 was detected, or otherwise positive.

Statistical analysis
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Median (interquartile range [IQR]) and absolute frequency (percentage) were used to report
quantitative and categorical variables, respectively. Mann-Whitney, ¥ and Fischer’s exact tests
were used in the comparisons, as appropriate. Correlations were established calculating the
Spearman coefficient.

Overall survival (OS) (median and 95% confidence interval [Cl]), was calculated from the date of
TACE to death, drop-out or data censoring (30" April 2020). The value of PGE> with maximal
sensitivity and specificity (Receiver Operating Characteristics curve) was selected as prognostic cut-
off. Kaplan-Meier method and log-rank test were used to estimate and compare survival curves.
The independent prognostic variables were identified with a Cox multivariate analysis, inserting in
the model only survival predictors (p<0.1) at univariate analysis.

A p-value <0.05 was considered as significant and IBM SPSS Statistics (Version 25.0. Armonk, NY:

IBM Corp.) was used for all the calculations.

RESULTS

PGE; circulating levels

Baseline characteristics of included patients are shown in Table 1.

There were no statistically significant differences in PGE; levels between HCC and cirrhotics (30.3
[22.3-39.6] and 20.4 [12.0-47.8] pg/mL; p=0.73) (Figure 1a), possibly depending to the wide
variability of the results in cirrhotics.

In HCC, significantly higher PGE; levels were found in males (32.9 [23.3-42.7] vs. 3.3 [1.2-5.5] pg/mL;
p<0.0001), and in patients younger than 65 years (37.6 [22.9-51.3] vs. 26.5 [15.2-35.5] pg/mL;
p=0.046), without differences according to etiology and severity of liver disease (Child-Pugh class
and MELD). PGE; was positively correlated with number of liver lesions (r=0.50, 95% ClI 0.19-0.72;
p=0.002) but not with their diameter (r=0.08, 95% Cl -0.28-0.41; p=0.66), and was higher in patients

with multifocal tumors (35.8 [23.6-49.6] vs. 22.5 [4.8-27.85] pg/mL; p=0.002). Patients with BCLC O-
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A stage had significantly lower PGE; circulating levels than those with BCLC B-C stage (22.7 [6.9-
30.3] vs. 36.2 [32.4-51.5] pg/mL; p=0.006. (Figure 1b-f)

In cirrhotics, there was a trend to higher levels of PGE; in males compared to females (39.6 [16.1-
53.0] vs. 10.2 [4.2-33.3] pg/mL; p=0.07).

In the subgroup of 10 patients with available tumor histology, the two patients with Edmondson’s

grading G3 showed higher PGE; levels compared to G1-2 patients (51.1 pg /mL [49.6-52.6] vs. 30.2

pg/mL [22.5-40.0], respectively; no statistical comparison was performed since only 2 patients

with grading G3 were included in our population). In the five patients with microvascular tumor

invasion PGE; circulating levels were similar to those of patients without vascular invasion (35.3

pg/mL [19.9-52.6] and 37.8 pg/mL [23.6-49.4], respectively; p=0.84).

Table 1. Baseline characteristics of cirrhotics and HCC patients.

Variable Cirrhotics HCC p?
n=24 n=34
Males/Females 19/5 (79.2/20.8) 30/4 (88.2/11.8) 0.47
Age (years) 63 (49-70) 67 (61-75) 0.04
Viral etiology 6 (25.0) 21 (61.8) 0.008
CRPH 21 (87.5) 17 (50.0) 0.005
Bilirubin (umol/L) 32.8(10.2-69.0) 13.7 (9.0-21.8) 0.02
INR 1.42 (1.13-1.79) 1.15 (1.08-1.25) 0.002
Albumin (mg/dL) 3.3(2.9-3.8) 3.5(3.2-3.8) 0.60
Creatinine (umol/L) 88 (69-112) 78 (67-87) 0.07
CRP (mg/L) 10.4 (5.1-17.9) 2.9 (1.7-4-1) <0.0001
AFP (ng/mL) 2.4 (1.9-4.0) 20.7 (4.7-70-4) <0.0001
Platelets (x 10%/L) 100 (69-149) 102 (69-139) 0.95
Child-Pugh A 11 (45.8) 29 (85.3) 0.001
B 7 (29.2) 5(14.7)
C 6 (25.0) -
MELD 13 (8-21) 9 (8-10) 0.002
Number of nodules - 2 (1-4) -
Diameter (cm) - 2.0(1.5-3.9) -
MVI or EHS - 2 (5.9) -
ECOG-PS O 34 (100)
BCLC 0-A - 19 (55.9) -
B-C 15 (44.1)

a) Mann-Whitney test, Fischer’s exact test or 2 test, as appropriate.
Categorical variables are presents as absolute frequency and percentage, while continuous variables as median and interquartile

range.

Abbreviations: CRPH, clinically relevant portal hypertension; INR, International Normalized Ratio; CRP, C-reactive protein; AFP,
alpha-fetoprotein; MELD, Model for End-Stage Liver Disease; MVI, macrovascular invasion; EHS, extra-hepatic spread; BCLC,
Barcelona Clinic Liver Cancer.
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Figure 1. Circulating PGE, levels according to demographic, clinical and oncologic characteristics. Levels of circulating
PGE; in cirrhotics and HCC patients are not significantly different (a). In patients with tumor, higher levels of PGE, were
found in males (b) and in patients younger than 65 years (c). Patients with multifocal tumor had significantly higher
levels of PGE; (d), and the marker was positively correlated with number of neoplastic liver lesions (e). Moreover,
patients with BCLC B-C stages had higher levels of circulating PGE; compared to BCLC 0-A patients (f). (In the figure,
boxes represent median and interquartile range, while whiskers represent 10" and 90" percentiles)

MAGL, COX-2 and FAAH tissue analysis (Figure 2)

HCC patients had a statistically significant higher relative expression of MAGL mRNA compared to
cirrhotics (1.55-fold [0.23-6.05] vs. 0.0-fold [0.0-0.08]; p=0.002). Notably, in almost all cirrhotics
(80%) no MAGL mRNA could be identified. At the immunohistochemistry, HCC patients had a
significantly higher MAGL H-score compared to cirrhotics (275.0 [IQR, 227.5-290.0] vs. 185.0 [IQR,
150.0-202.5], respectively; p<0.0001), but a comparable expression of FAAH (100.0 [IQR 18.8-120.0]
in HCC patients vs. 85.0 [IQR 32.5-112.5] in cirrhotics; p=0.87). COX-2 also was preferentially

expressed in HCC patients: 7 were positive for COX-2 compared to only 3 cirrhotics (y%=3.2; p=0.07).
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Figure 2. MAGL and COX-2 expression is increased in HCC patients compared to cirrhotics, while FAAH expression is
similar in the two groups. MAGL mRNA relative expression (a) and MAGL H-score at immunohistochemistry (b) were
significantly higher in HCC compared to cirrhotic patients; FAAH H-score was not significantly different between
cirrhotics and HCC patients (c) (line at median and whiskers representing interquartile range). At the
immunohistochemical evaluation, in HCC samples MAGL staining is stronger (d) and COX-2 expression is more frequent
(e) compared to cirrhotic liver samples, while no differences between the two groups was demonstrated for FAAH

staining (magnification 10x)

Survival analysis

The prognostic cut-off for circulating PGE, was identified at 14 pg/mL. Using this threshold, the
marker stratified the patients according to survival. Median OS was 49.9 months (95% Cl 32.1-59.7)
in patients with PGE; <14 pg/mL and 19.4 months (95% Cl| 10.0-28.7) in the comparator group
(p=0.03) (Figure 3). Moreover, PGE, proved to be an independent predictor of survival at the

multivariate analysis (HR 3.37 [95% Cl 1.00 — 11.60]; p=0.05) (Table 2).

213



100 —

L — PGE2 =14 pg/mL
= Y —- PGE2 >14 pg/mL
S |
< 75 1
© |
= -

E \
=1
3 501 - —
= Y
g T ey | k p=0.03
CI>) 254 -_._.._I 0g-rank p=u.
(@) =
"3
0 T T 1
0 20 40 60

Months

Figure 3. Kaplan-Meier survival curves according to the levels of PGE,. Patients with PGE, <14 pg/mL had an overall
survival significantly longer compared to patients with marker levels above the cut-off (p=0.03).

Table 2. Univariate and multivariate Cox regression analyses for independent predictors of survival.

Variable Univariate analysis Multivariate analysis
HR (95% ClI) p HR (95% Cl) p
PGE; (pg/mL) <14 Ref - Ref -
>14 3.57 (1.04-12.24) 0.04 3.37 (1.00-11.60) 0.05
Sex Females Ref - Ref -
Males 3.62 (0.84-15.58) 0.08 1.44 (0.13-15.98) 0.77
Age (years) <65 Ref -
> 65 2.01 (0.85-4.78) 0.12
Etiology Not viral Ref -
Viral 0.87 (0.38-2.01) 0.75
CRPH No Ref -
Yes 1.45 (0.65-3.23) 0.36
Child-Pugh A Ref - Ref -
B 3.05 (1.10-8.45) 0.03 2.11 (0.68-6.54) 0.19
MELD 1.28 (1.04-1.58) 0.02 1.26 (1.03-1.53) 0.02
Multifocality No Ref -
Yes 1.86 (0.77-4.50) 0.17
Diameter (cm) <3 Ref -
>3 1.01 (0.44-2.27) 0.97
BCLC stage 0/A Ref - Ref -
B/C 2.13(0.95-4.78) 0.07 1.31(0.51-3.33) 0.57
AFP (ng/mL) <200 Ref -
> 200 1.10(0.41-2.97) 0.85
Radiological response CR+PR+SD Ref -
PD 0.84 (0.33-2.12) 0.84
Post-TACE treatments No Ref - Ref -
Yes 0.45 (0.19-1.09) 0.08 0.58 (0.22-1.56) 0.28

Abbreviations: HR, hazard ratio; Ref, reference group; PGE2, prostaglandin E,; CRPH, clinically relevant portal hypertension; MELD,
Model for End-Stage Liver Disease; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; TACE, transarterial
chemoembolization.

DISCUSSION
An amount of data has been produced on the involvement of MAGL and its metabolites in the

development and progression of liver diseases. In pre-clinical studies, MAGL inhibition proved to be
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beneficial in slowing down liver fibrosis progression (3), in reducing ischemia/reperfusion injury (8),
in preventing liver steatosis (9) and in protecting against biliary fibrosis and inflammation in
sclerosing cholangitis models (10). In addition, it has been recently demonstrated that MAGL and
its metabolites are able to modulate gut-liver axis: the activation of nuclear receptors (PPARq,
PPARy and RXRa) by arachidonic acid leads to a decrease intestinal inflammation and PGE; levels,
and triggers protective mechanisms against cholestatic liver disease progression (10). In addition,
several studies demonstrated an involvement of the MAGL/COX-2/PGE; pathway in the
pathogenesis of HCC (12-14,16-20), and high MAGL and COX-2 levels seem to predict poorer
prognosis (12,14,15). However, to the best of our knowledge, there is a substantial lack of data in
the literature on the role of PGE;, the final product of this metabolic pathway, as circulating
biomarker. In this study, we found that PGE> may represent a promising prognostic marker, since it
is able to differentiate HCC patients according to their prognosis. Patients with higher circulating
prostaglandin showed a worse prognosis compared to those with lower levels.

Zang S et al. evaluated tissue PGE; levels, demonstrating higher levels of prostaglandin in HCC
compared to peritumoral and normal liver tissue (7), but in our experience circulating PGE; levels
were not significantly different between HCC and cirrhotic patients. Prostaglandins level in serum
reflect not only liver specific, but also systemic inflammation. Cirrhosis has been recognized as a
systemic inflammatory multiorgan disease, with systemic inflammation playing a central role in the
development of decompensation and organ dysfunction in liver disease (26). Indeed, in cirrhosis,
inflammatory markers (such as white blood cell count, activated circulating neutrophils and
monocytes, plasma C-reactive protein, pro-inflammatory cytokines, markers of macrophage
activation) are often increased (27). This could contribute to explain our findings since, in our cohort,
cirrhotics were found to be more frequently decompensated than HCC patients (with higher rates

of CRPH, more frequent Child-Pugh class B-C and higher MELD score). Since systemic inflammation
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is associated with decompensation of liver disease, the lack of statistical difference between
cirrhotics and HCC patients could be attributed to the more pronounced systemic inflammation in
the former. This is also confirmed by the significantly higher levels of CRP in cirrhotics. Nevertheless,
we observed a higher expression of MAGL and COX-2 in neoplastic tissue, confirming the
importance of the activation of this inflammatory pathway in HCC (12), and PGE; levels, despite not
significantly different, were almost 50% higher, as a median, in HCC patients than in cirrhotics.
Since MAGL is not the only enzyme responsible for providing the precursors for prostaglandin
synthesis with the degradation of 2-AG, we also evaluated the expression of FAAH in cirrhotics and
HCC patients. We found comparable expression levels in the two groups, demonstrating that
although the amount of circulating PGE; level is not only the result of MAGL activity, the
overexpression of this enzyme in neoplastic tissue is responsible for the largest share of
prostaglandins found in patients with HCC.

PGE; circulating levels were significantly higher in HCC males compared to females, and this was
confirmed in cirrhotics as a trend. There are some data in literature proving that estradiol decreases
PGE; production (28,29). Despite the altered sex hormones profiles in patients with chronic liver
disease (30) and the limited number of females in our cohort, we can speculate on a role of sex
hormones in modulating levels of prostaglandins.

Patients with higher levels of PGE, were characterized by more advanced tumors, with multinodular
disease and advanced BCLC stages, with a positive correlation between the levels of the marker and
number of nodules. These results confirm previous data (7) and underline the importance of
inflammation and PGE; in promoting neoplastic progression (17-22).

In this study, we confirmed the activation of MAGL/COX-2/PGE; pathway in HCC and, to the best of
our knowledge, reported for the first time a potential role of the determination of circulating PGE;

in predicting prognosis of patients treated with TACE. Despite its limitations (in particular the
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retrospective nature and the small number of patients included), this study should be interpreted
as a proof of concept, aimed at providing the rationale for future investigations confirming the role

of serum PGE; as a biomarker of HCC, also given the simple methodology of the determination.
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CHAPTER 10

Prognostic role of platelets-to-lymphocytes ratio
(PLR) and neutrophils-to-lymphocytes ratio (NLR)
in hepatocellular carcinoma patients

Filippo Pelizzaro
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ABSTRACT

Background. Platelets-to-lymphocytes ratio (PLR) and neutrophils-to-lymphocytes ratio (NLR) have
been proposed as prognostic biomarkers in several cancers. In this study we aimed to evaluate their
role as prognostic biomarkers in a large cohort of hepatocellular carcinoma (HCC) patients.
Methods. From the Italian Liver Cancer (ITA.LI.CA) database, data of 2,513 patients with available
platelets, neutrophils and lymphocytes values were retrieved. PLR and NRL prognostic cut-offs were
established with the ROC curve method. A subanalysis dividing patients according to treatment
received was also performed.

Results. A significantly better prognosis was demonstrated in patients with PLR below the cut-off of
113.7 (38.0 [95% CI 34.3-41.7] vs. 29.0 [95% Cl 24.3-33.7] months; p<0.0001) and NLR below the
cut-off of 3.2 (40.1 [95% CI 35.6-44.6] vs. 25.3 [95% Cl 21.7-28.9] months; p<0.0001), and both
resulted independently associated with survival. The combination of PLR and NLR demonstrated a
better prognostic stratification: the median survival was 40.5 months (95% Cl 35.4-45.6) in patients
with low levels of both biomarkers, 31.0 months (95% Cl 25.9-36.1) in patients with one biomarker
positive, and 24.6 months (95% Cl 19.8-29.4) in patients with both NLR and PLR above their cut-off
(p<0.0001). In the subanalysis according to treatment, PLR was an independent predictor in patients
treated with ablation and systemic therapies, while NLR in patients treated with ablation and intra-
arterial therapies.

Conclusions. PLR and NLR confirmed to be promising prognostic biomarkers, and particularly when
combined they provide better stratify patients according to their survival. These scores appear to
be more useful in specific treatment subgroups, but additional studies, possibly prospective, should

be conducted in order to establish the precise setting of their applicability.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents the most common primary liver cancer, and both its
incidence and mortality are projected to increase in the near future (1). With a 5-year survival of
18% in United States (2) and 20% in ltaly (3), HCC is one of the leading causes of cancer related
mortality. Therefore, the identification of reliable prognostic parameters, including circulating
biomarkers, is fundamental for an optimal clinical management of these patients. Alpha-fetoprotein
(AFP) remains the most widely used and accepted serum biomarker in patients with HCC.
Nevertheless, AFP performance as prognostic biomarker in HCC is not completely satisfying (4),
making the identification of new markers urgently needed.

Non-resolving inflammation has a central role in carcinogenesis, contributing to the development
of a malignant phenotype (5,6). Systemic inflammatory responses are involved in the promotion of
angiogenesis, DNA damage and tumor invasion through up-regulation of cytokines (6). This is
particularly relevant in HCC, that develops almost invariably on a chronic liver disease characterized
by persistent inflammation (7). Recently, we demonstrated the role as prognostic biomarker of
prostaglandin E», a key mediator of liver phlogosis (8). The association of inflammatory-based
markers with the prognosis of HCC have been actively explored, and several inflammation and
immune-based scores have been developed to predict survival and recurrence (9-14).

Among these scores, platelets-to-lymphocytes ratio (PLR) and neutrophils-to-lymphocytes ratio
(NLR) seem to be very promising prognostic markers, also considering the easy determination.
Inflammatory cells, such as platelets and neutrophils, can contribute to tumor cell invasion into the
peripheral blood (15). Several studies demonstrated that platelets can protect circulating tumor
cells from shear stresses during circulation, induce epithelial-mesenchymal transition, and promote
tumor cell extravasation to metastatic sites (16—18). Neutrophils can promote adhesion and seeding

of distant organ sites through secretion of circulating growth factors (12,13,19). By contrast,
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lymphocytes are crucial in defense against tumors dictating the host immune response to
malignancy by inducing cytotoxic cell death and inhibiting tumor cell proliferation and migration
(20). Therefore, PLR and NLR reflect the potential balance between the platelets- and neutrophils-
associated pro-tumor inflammation and lymphocytes-dependent anti-tumor immune-function (21).
High levels of NLR and PLR may represent a trend toward increased pro-tumor inflammation and
decreased anti-tumor immune function.

Several studies ad metanalysis showed that PLR and NLR could be useful in prognostic stratification
(9,12,13,22-25). In this study, we aimed to confirm the potential prognostic role of PLR and NLR in
a large population of HCC patients, regardless of the treatment received. In addition, a subanalysis

according to treatment was performed.

PATIENTS AND METHODS

In this retrospective study, data were retrieved from the Italian Liver Cancer Database (ITA.LI.CA)
database, a multicenter registry including 7,817 HCC patients prospectively collected from January
1988 to December 2018 in 24 participating Institutions. Data are updated every 2 years, and their
accuracy is controlled by a data manager in the coordinating center (Bologna University). From the
entire population of patients included in the database, for the purpose of the present study all the
patients diagnosed with HCC between January 2000 and December 2018 and with available values
of platelets, lymphocytes and neutrophils were selected (n=2,513). HCC diagnosis was histologically
confirmed in 493 patients (19.6%), whereas in the remaining cases it was based on the radiological
criteria (at computed tomography [CT] or magnetic resonance imaging [MRI]), according to
guidelines (26).

In the ITA.LI.CA database, demographic and clinicopathological data, such as age, sex, comorbidities,

etiology of the underlying liver disease, main serological parameters (albumin, bilirubin,
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international normalized ratio [INR], creatinine, alpha-fetoprotein [AFP], blood count, including data
about White Blood Cells [WBC], neutrophils, lymphocytes and platelets), Child-Pugh class, Model
for End Stage Liver Disease (MELD) score, presence of ascites and hepatic encephalopathy and
Eastern Cooperative Oncology Group performance status (ECOG-PS), are recorded. The presence of
clinically significant portal hypertension (CSPH) is registered in the database and its diagnosis was
based on unequivocal signs (presence of splenomegaly, varices, ascites) and platelet count <100 x
10°/L (27). The database also reports main macroscopic tumor characteristics (location and size,
number of nodules, macrovascular invasion [MVI] and extra-hepatic spread [EHS]) evaluated with
dynamic CT or MRI. In this study, for staging purposes we used the BCLC staging system (26).

The complete sequence of treatments for every patient is also registered in the ITA.LI.CA database.
The following treatment groups were considered in the present study: liver transplantation (LT),
liver resection (LR), ablative procedures (ABL: percutaneous ethanol injection, percutaneous or
laparoscopic thermal ablation), intra-arterial therapies (transarterial chemoembolization [TACE],
trans-arterial embolization [TAE], selective internal radiation therapy [SIRT]), systemic therapy with
sorafenib (SOR) and best supportive care (BSC).

Statistical analysis

Categorical variables were reported as absolute and relative frequency (percentages), while
quantitative variables as median and interquartile range (IQR). Mann-Whitney test was used to
compare quantitative variables, meanwhile x? test and Fischer’s exact test were used in the
comparison of categorical variables as appropriate.

The value of PLR and NLR with maximal sensitivity and specificity (Receiver Operating Characteristics
curve) was selected as prognostic cut-off in the whole population of patients and, specifically, in

each treatment subgroup.
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Overall survival (0S), expressed as median and 95% confidence interval (Cl), was calculated from
diagnosis to death from any cause or last follow-up. For patients alive at the end of the study,
survival was censored at December 315 2018. Survival curves were calculated with the Kaplan-Meier
method and compared by the log-rank test. The independent variables predicting survival were
identified by the multivariate Cox regression analysis, including in the analysis the variables
associated with survival (p<0.1) at the univariate analysis. In order to avoid collinearities between
variables, three multivariate models were created, all containing clinical and oncologic features
associated with survival, but different liver function variables: model 1 contained MELD score,
Model 2 contained Child-Pugh class, and in Model 3 the variables forming these scores were
included.

In all the analyses a two-tails p value <0.05 was considered as statistically significant. Data were
analyzed by IBM SPSS Statistics (version 25.0. Armonk, NY: IBM Corp) and GraphPad Prism version

8.3.1 (GraphPad Software, La Jolla, California, USA).

RESULTS

Baseline characteristics

Baseline characteristics of included patients are shown in Table 1.

In the overall population of patients, the prognostic cut-off established with the ROC curve method
for PLR was 113.7 (Supplementary Figure 1a). Patients with PLR above the cut-off were significantly
older (71 [64-77] vs. 69 [60-76] years; p<0.0001), less frequently diagnosed with HCC under
surveillance (52.6% vs. 62.7%; p<0.0001) and less frequently cirrhotics (82.1% vs. 91.1%; p<0.0001).
Liver disease was virus-related in the majority of patients in both groups, but not-viral liver disease
was more frequent in those with higher PLR levels (42.2% vs. 37%; p=0.02). The percentage of

patients with CSPH was lower in patients with PLR above the cut-off (70.0% vs. 81.8%; p<0.0001).
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As far as tumor-related variables are concerned, patients with higher PLR levels had slightly larger
liver lesions (2.7 cm [1.8-4.5] vs. 2.4 cm [1.7-4.0]; p<0.0001), more frequently MVI (13.3% vs. 8.7%;
p=0.001), more frequently EHS (11.4% vs. 5.2%; p<0.0001) and higher levels of AFP (2200 ng/mL in
20.0% vs. 14.8%; p=0.001). BCLC B-C stage tumors were diagnosed more frequently in patients with
PLR values above the cut-off, and these patients were managed less frequently with LT (2.9% vs.
3.7%) and ABL (24.0% vs. 33.0%), and more frequently with LR (13.4% vs. 9.8%), SOR (15.7% vs.
11.5%) and BSC (5.4% vs. 4.1%).

The prognostic cut-off for NLR identified with the ROC curve method was 3.2 (Supplementary Figure
1b). Patients in the high and low NLR group were comparable for gender and age, while a statistically
significant higher percentage of patients was diagnosed under surveillance in the low NLR group
(61.3% vs. 55.2%; p=0.004). Viral etiology was less frequent in patients with levels of NLR above the
cut-off (43.9% vs. 51.3%; p=0.001). Patients with high NLR levels had more frequently CSPH (81.2%
vs. 76.5% p=0.008) and less preserved liver function (significantly higher MELD values and
significantly lower percentage of Child-Pugh class A). In addition, these patients showed a greater
tumor burden, with higher number of liver lesions (2 [1-3] vs. 1 [1-3]; p<0.0001), larger tumor
diameter (2.7 cm [1.8-4.5] vs. 2.4 cm [1.7-3.9]; p<0.0001), higher frequency of MVI (13.5% vs. 8.6%;
p=0.0002) and EHS (10.3% vs. 5.8%; p<0.0001), and higher AFP levels (20.4% vs. 14.7%; p=0.0005).
BCLC C and D stage tumors were more frequent in patients with NLR above the cut-off, and this
group of patients was less frequently managed with ABL (23.9% vs. 32.8%) and more frequently

treated with IAT (41.1% vs. 36.2%).
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Table 1. Baseline characteristics of the study population.

Variables

Gender - Male
Age (years)
Surveillance
Liver disease
Cirrhosis
Chronic hepatitis
NAFLD/NASH
Healthy liver
Etiology

Viral

Not viral
Viral+other
CSPH

MELD
Child-Pugh class
A

B

C

Albumin (g/dL)
Bilirubin (mg/dL)
INR

Creatinine (mg/dL)
Ascites

HE

ECOG-PS

0

1-2

3-4

Number
Diameter (cm)
MVI

EHS

AFP >200 ng/mL
BCLC stage

OO w>»Oo

Treatment
LT

LR

ABL

IAT

SOR

BSC

PLR <113.7
(n=1699)
1331 (78.3)
69 (60-76)
1065 (62.7)

1547 (91.1)
107 (6.3)
33 (1.9)
12 (0.7)

849 (50.0)
629 (37.0)
221 (13.0)
1389 (81.8)
9 (8-12)

1152 (67.8)
500 (29.4)
47 (2.8)

3.6 (3.2-4.0)
1.0 (0.7 -1.6)
1.18 (1.1-1.30)
0.83 (0.70 -1.00)
280 (16.5)
86 (5.1)

1234 (72.6)
436 (25.7)
29 (1.7)

2 (1-3)
2.4 (1.6-3.7)
147 (8.7)
88 (5.2)
252 (14.8)

255 (15.0)
647 (38.1)
214 (12.6)
511 (30.1)
72(4.2)

63 (3.7)

167 (9.8)
560 (33.0)
643 (37.8)
196 (11.5)
70 (4.1)

PLR >113.7
(n=814)
636 (78.1)
71 (64-77)
428 (52.6)

668 (82.1)
82 (10.1)
35 (4.3)
29 (3.6)

383 (47.0)
345 (42.4)
86 (10.6)
570 (70.0)
9 (8-11)

552 (67.8)
242 (29.7)

20 (2.5)
3.6(3.2-4.0)
1.0 (0.7 -1.4)

1.15 (1.08 — 1.25)
0.88 (0.74 — 1.04)
171 (21.0)

40 (4.9)

561 (68.9)
235 (28.9)
18 (2.2)

2 (1-3)
2.7 (1.8-4.5)
108 (13.3)
93 (11.4)
163 (20.0)

85 (10.4)
264 (32.4)
116 (14.3)
312 (38.3)
37 (4.5)

24 (2.9)
109 (13.4)
195 (24.0)
305 (37.5)
128 (15.7)

53 (6.5)

p

0.88
<0.0001
<0.0001

<0.0001

0.02

<0.0001
0.007

0.90

0.90
0.002
<0.0001
0.0003
0.006
0.92

0.14

0.07

<0.0001

0.001

<0.0001
0.001

<0.0001

<0.0001

NLR £3.2
(n=1730)
1345 (77.7)
70 (61 -76)
1061 (61.3)

1538 (88.9)
131 (7.6)
40 (2.3)
21(1.2)

888 (51.3)
630 (36.4)
212 (12.3)
1323 (76.5)
9(8-11)

1238 (71.6)
458 (26.5)

34 (2.0)
3.7(3.3-4.0)
1.00 (0.70 — 1.42
1.17 (1.09 - 1.28)
0.83 (0.70 — 1.00)
257 (14.9)

71 (4.1)

1279 (73.9)
424 (24.5)
27 (1.6)
1(1-3)
2.4(1.7-3.8)
149 (8.6)
100 (5.8)
255 (14.7)

265 (15.8)
655 (37.9)
228 (13.2)
522 (30.2)
60 (3.5)

62 (3.6)
199 (11.5)
568 (32.8)
626 (36.2)
212 (12.3)

63 (3.6)

Data are shown as median and interquartile range or absolute value and percentage.
Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; NAFLD, non-alcoholic fatty liver disease;
NASH, non-alcoholic steatohepatitis; CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; INR,
international normalized ratio; HE, hepatic encephalopathy; ECOG-PS, Eastern Cooperative Oncology Group performance status;
MVI, macrovascular invasion; EHS, extrahepatic spread; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LT, liver
transplantation; LR, liver resection; ABL, ablation, IAT, intra-arterial therapies; SOR, systemic therapies; BSC, best supportive care.
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NLR >3.2
(n=783)
622 (79.4)
70 (62-76)
432 (55.2)

677 (86.5)
58 (7.4)
28 (3.6)
20 (2.6)
344 (43.9)
344 (43.9)
95 (12.2)
636 (81.2)
10 (8-12)

466 (59.5)
284 (36.3)

33 (4.2)
3.6(3.1-3.9)
1.10 (0.80 — 1.80)
1.19 (1.10-1.30
0.88 (0.72 - 1.07)
194 (24.8)

55 (7.0)

516 (65.9)
247 (31.5)
20 (2.6)

2 (1-3)
2.7 (1.8-4.5)
106 (13.5)
81(10.3)
160 (20.4)

75(9.6)
256 (32.7)
102 (13.0)
301 (38.4)

49 (6.3)

3.2)
9.8)
23.9)
41.1)
14.3)
7.7)

25 (
77 (
187 (
322 (
112 (
60 (

0.35
0.70
0.004

0.02

0.001

0.008
<0.0001

<0.0001

<0.0001

<0.0001
0.001
0.003

<0.0001
0.003

0.0001

<0.0001

<0.0001

0.0002

<0.0001
0.0005

<0.0001

<0.0001



Survival analysis

In the whole population, the median follow-up was 24.8 months (95% Cl 23.8-25.8) and the median
OS was 35.2 months (95% ClI 32.5-37.9) with a 5-years survival rate of 35.0%. At the end of the
follow-up 1,135 patients were dead (45.2%), the majority from HCC progression (n=622, 54.8%).
Liver decompensation and other causes were responsible for death in 281 patients (24.8%) and 232
patients (20.4%), respectively.

PLR proved to be able to stratify the survival of patients at the established cut-off, with a statistically
significant better prognosis for patients with low PLR level. In fact, the median OS in patients with
PLR <113.7 was 38.0 months (95% Cl 34.3-41.7) vs. 29.0 months (95% Cl 24.3-33.7) in patients with
PLR >113.7 (p<0.0001) (Figure 1a). Also patients with higher levels of NLR showed worse prognosis
compared to patients with lower NLR values. The median OS of NLR <3.2 group was 40.1 months
(95% Cl 35.6-44.6) compared to 25.3 months (95% Cl 21.7-28.9) in patients with NLR >3.2 (p<0.0001)
(Figure 1b).

Applying the ROC curve method, a prognostic cut-off was also established for platelets (110 x 10%/L),
neutrophils (5.35 x 10%/L) and lymphocytes (1.44 x 10°/L) alone. All these markers were associated
with patient survival. Patients with high neutrophils level had shorter survival compared to patients
with low neutrophils (31.5 months [95% ClI 23.1-39.9] vs. 36.0 months [95% Cl 33.0-39.1], p=0.02).
By contrast, a poorer prognosis was demonstrated in patients with low levels of lymphocytes (29.1
months [95% Cl 26.4-31.8] in patients with lymphocytes <1.44 x 10°/L vs. 51.8 months [95% Cl 43.5-
60.1] in patients with higher levels; p<0.0001) and low level of platelets (30.4 months [95% CI 27.7-
33-2] in patients with platelets <110 x 10%/L vs. 43.2 months [95% Cl 38.2-48.2] in those with higher

levels; p=0.001).
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Figure 1. Survival of patients according to the level of PLR (a) and NLR (b). (a) Patients with PLR <113.7 had a statistically
significant longer OS compared to patients with higher PLR values (p<0.0001). (b) Patients with NRL below the cut-off
(3.2) had a statistically significant better prognosis compared to patients with NLR>3.2 (p<0.0001).

After adjustment for confounders (model 1), high PLR values remained independently associated
with higher mortality risk (HR= 1.24, 95% Cl 1.07-1.43). Similarly, also NLR was independently
associated with survival (HR=1.40, 95% Cl 1.21-1.62) (Table 2). The same results were obtained in
model 2 (Supplementary Table 1) and 3 (Supplementary Table 2). Other relevant prognostic
parameters were presence of CSPH, residual liver function, AFP levels, BCLC stage and treatment.

When both PLR and NLR were included in multivariate model, the latter maintained its independent
prognostic role (HR=1.34, 95% Cl 1.15-1.57, in model 1), while PLR resulted not independently
associated with survival (HR=1.09, 95% Cl 0.93-1.28, in model 1) (see Supplementary Table 3 for

model 2 and 3).

Table 2. Multivariate Cox analysis (model 1) for factors independently associated with survival.

PLR model 1 NLR model 1

HR (95% ClI) p HR (95% ClI) p
PLR >113.7 1.24 (1.07-1.43) 0.004 - -
NLR >3.2 - - 1.40 (1.21-1.62) <0.0001
Gender - males 1.17 (0.98-1.39) 0.09 1.17 (0.98-1.40) 0.08
Surveillance 0.96 (0.83-1.10) 0.54 0.96 (0.83-1.10) 0.54
Etiology
Viral Ref - Ref -
Not viral 1.01 (0.87-1.18) 0.88 0.98 (0.84-1.14) 0.81
Viral + other 1.08 (0.87-1.34) 0.51 1.06 (0.85-1.31) 0.63
CSPH 1.46 (1.20-1.78) 0.0002 1.42 (1.17-1.73) 0.0004
MELD 1.06 (1.04-1.08) <0.0001 1.06 (1.04-1.08) <0.0001
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logAFP 1.24 (1.26-1.32) <0.0001 1.24(1.17-1.32) <0.0001
BCLC stage

0 Ref - Ref -

A 1.57 (1.16-2.12) 0.004 1.56 (1.15-2.12) 0.004
B 2.29 (1.63-3.20) <0.0001 2.27 (1.62-3.18) <0.0001
C 2.98 (2.19-4.06) <0.0001 2.97 (2.18-4.04) <0.0001
D 2.67 (1.71-4.15) <0.0001 2.66 (1.71-4.14) <0.0001
Treatment

BSC Ref - Ref -

LT 0.03 (0.02-0.06) <0.0001 0.03 (0.02-0.06) <0.0001
LR 0.14 (0.10-0.21) <0.0001 0.15 (0.10-0.22) <0.0001
ABL 0.17 (0.12-0.23) <0.0001 0.18 (0.13-0.24) <0.0001
IAT 0.22 (0.16-0.29) <0.0001 0.22 (0.17-0.30) <0.0001
SOR 0.51 (0.38-0.69) <0.0001 0.55 (0.41-0.74) <0.0001

Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; HR, hazard ratio; Cl, confidence interval;
CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; logAFP, logarithm of alpha-fetoprotein;
BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR, liver resection; ABL, ablation, IAT, intra-arterial therapies; SOR,
systemic therapies; BSC, best supportive care.

The combination of NLR and PLR (defined as CNP) provided a better stratification of patient
prognosis. We assigned to CNP a value of 0 with both PLR and NLR below their respective cut-offs,
1 with PLR or NLR above their respective cut-offs, and 2 with PLR and NLR above their respective
cut-offs. The median OS was 40.5 months (95% Cl 35.4-45.6) in patients with CNP 0, 31.0 months
(95% Cl 25.9-36.1) in patients with CNP 1, and 24.6 months (95% Cl 19.8-29.4) in patients with CNP
2 (p<.0001) (Figure 2). The independent prognostic role of CNP, with survival progressively
worsening from CNP 0 to CNP 2, was confirmed after adjustment for confoundings in multivariate

analysis (Table 3).

L — CNPO
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75 --- CNP2

p<0.0001
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Figure 2. Survival of patients according to the combination of PLR and NLR values (CNP).
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Table 3. Multivariate Cox models with adjustment of prognostic role of CNP for confounders.

CNP

0

1

2

Gender - males
Surveillance
Etiology
Viral

Not viral
Viral + other
CSPH

MELD
Child-Pugh class
A

B

C

Albumin
Bilirubin
INR
Creatinine
(mg/dL)
Ascites

HE

logAFP
BCLC stage

OO w>» o

Treatment
BSC

LT

LR

ABL

IAT

SOR

Model 1
HR (95% Cl)

Ref
1.32(1.12-1.55)
1.43 (1.20-1.71)
1.16 (0.97-1.38)
1.04 (0.90-1.20)

Ref
0.99 (0.85-1.15)
1.09 (0.87-1.35)
1.48 (1.21-1.80)
1.06 (1.04-1.08)

1.24 (1.16-1.32)

Ref
1.57 (1.16-2.12)
2.25(1.61-3.16)
2.94 (2.16-4.00)
2.61 (1.67-4.06)

Ref
0.03 (0.02-0.06)
0.14 (0.10-0.21)
0.17 (0.13-0.24)
0.22 (0.16-0.30)
0.53 (0.39-0.71)

p

0.001
<0.0001
0.11
0.57

0.87
0.46
0.0001
<0.0001

<0.0001

0.004
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

a) not included to avoid collinearity with ascites.
CNP is defined as combination of PLR and NLR: 0 = PLR and NLR below their respective cut-offs; 1 = PLR or NLR above their respective

cut-offs; 2 = PLR and NLR above their respective cut-offs.

Model 2
HR (95% Cl)

Ref
1.33(1.13-1.56)
1.41 (1.18-1.69)
1.12 (1.01-1.45)
0.96 (0.83-1.11)

Ref
0.99 (0.85-0.16)
1.05 (0.84-1.31)
1.41 (1.15-1.73)

Ref
1.49 (1.28-1.73)
2.76 (1.57-4.85)

1.23 (1.16-1.31)

Ref
1.49 (1.09-2.02)
2.16 (1.54-3.04)
2.80 (2.05-3.84)
2.03 (1.15-3.58)

Ref
0.03 (0.02-0.06)
0.13 (0.09-0.19)
0.16 (0.12-0.22)
0.20 (0.15-0.27)
0.49 (0.37-0.66)

0.0005
0.0001
0.04
0.60

0.93
0.68
0.001

<0.0001
0.0004

<0.0001

0.01
<0.0001
<0.0001

0.01

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Model 3

HR (95% Cl)

Ref
1.10-1.52
1.16-1.64
1.00-1.43
0.84-1.12

1.29
1.38
1.20
0.97

P P
—_— — = —

Ref
0.97 (0.83-1.13)
1.07 (0.86-1.33)

a

0.69 (0.60-0.79
1.07 (1.04-1.10
1.28 (0.98-1.69

( )
( )
( )
1.05 (0.91-1.21)
0.85 (0.71-1.01)
1.09 (0.82-1.45)
1.19 ( )

1.12-1.27

Ref
1.15-2.08
1.54-3.01
2.16-3.97
1.43-3.60

1.54
2.15
2.93
2.27

PR

)
)
)
)

Ref
0.04 (0.02-0.07)
0.15 (0.10-0.22)
0.19 (0.14-0.26)
0.25 (0.18-0.33)
0.57 (0.42-0.77)

0.001
0.0003
0.05
0.70

0.72
0.54

<0.0001
<0.0001
0.07

0.51

0.06
0.54
<0.0001

0.004
<0.0001
<0.0001

0.001

<0.0001
<0.0001
<0.0001
<0.0001
0.0003

Abbreviations: CNP, combination of NLR and PLR; HR, hazard ratio; Cl, confidence interval, CSPH, clinically significant portal
hypertension; MELD, Model for End-Stage Liver Disease; INR, international normalized ratio; HE, hepatic encephalopathy; logAFP,
logarithm of alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR, liver resection; ABL, ablation, IAT,
intra-arterial therapies; SOR, systemic therapies; BSC, best supportive care.
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Subanalysis according to treatment

A prognostic cut-off for PLR and NLR was calculated with the ROC curve method in each treatment

subgroup. Both PLR and NLR confirmed their prognostic role at the unadjusted analysis in all

treatment subgroups, except for NLR in LT patients and both biomarkers in LR patients (the

difference in survival did not reach the statistical significance, even though borderline p-values were

demonstrated) (Table 3). After adjustment for confounders, an independent prognostic role was

maintained for PLR in ABL, SOR and BSC subgroups. NLR demonstrated to be able to independently

predict prognosis in ABL and IAT groups. PLR and NLR resulted to be significantly associated with

prognosis in LT group after adjustment for confounders, but the estimated HR for both biomarkers

seem not to be accurate, probably due to the low number of patients included in this group.

Table 3. Survival analysis according to treatment.

PLR Median OS
(months)
(95% Cl)

Liver transplantation

<108.7 NE (NE-NE)

>108.7 61.1 (NE-NE)

Liver resection

<120.3 78.2 (44.6-111.8)

>120.3 68.2 (53.9-82.5)

Ablation

<774 62.0 (46.3-77.7)

>77.4 44.1 (34.5-53.6)

Intra-arterial therapies

<111.4 32.1(28.5-35.6)
>111.4 27.2 (24.0-30.4)
Systemic therapies

<62.5 17.7 (8.0-27.4)
>62.5 10.2 (7.6-12.8)
Best supportive care

<88.8 6.0 (1.8-10.2)
>88.8 3.0(2.1-3.9)

p

0.049

0.08

0.007

0.02

0.01

0.048

Adjusted HR
(95% ClI) 2

Ref

18.14 (2.08-158.02)

Ref
1.24 (0.73-2.11)

Ref
1.47 (1.08-1.99)

Ref
1.24 (0.98-1.55)

Ref
2.03 (1.34-3.09)

Ref
2.12 (1.22-3.70)

NLR

<2.5
>2.5

<3.6
>3.6

<2.9
>2.9

<2.3
>2.3

<33
>3.3

<2.9
>2.9

Median OS
(months)
(95% Cl)

NE (NE-NE)
119.0 (NE-NE)

68.9 (45.7-92.2)
54.0 (28.5-79.5)

55.5 (47.4-63.6)
41.2 (33.0-49.4)

35.1(30.3-39.8)
26.5 (23.5-29.6)

14.1 (10.4-17.8)
6.7 (5.3-8.1)

6.1(3.2-8.9)
2.4 (1.5-3.4)

0.25

0.07

0.003

0.0002

0.009

0.009

Adjusted HR
(95% Cl) 2

Ref
8.39 (1.17-60.15)

Ref
1.41 (0.70-2.85)

Ref
1.36 (1.01-1.84)

Ref
1.32 (1.06-1.64)

Ref
1.36 (0.96-1.94)

Ref
1.32(0.77-2.25)

a adjusted for gender, etiology of the underlying liver disease, surveillance, presence of CSPH, BCLC stage, AFP levels and MELD score.

Similar results were obtained after correction with Child-Pugh class instead of MELD score at the multivariate analysis.

Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; OS, overall survival; HR, hazard ratio; Cl,
confidence interval; NE, not estimable.
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DISCUSSION

In neoplastic process, inflammatory cells are important tumor promoters. They produce an
attractive environment for tumor growth, facilitating genomic instability and promoting
angiogenesis (28). Several studies demonstrated pro-tumor function of platelets and neutrophils.
Platelets induce circulating tumor cell epithelial-to-mesenchymal transition and promote
extravasation to metastatic sites (16—18). Neutrophils enhance cancer cell invasion, proliferation,
and assist cancer cells with evading immune surveillance. Moreover, they promote adhesion and
seeding of distant organ sites through secretion of circulating growth factors such as Vascular
Endothelial Growth Factor (VEGF) and proteases (12,13,19). By contrast, lymphocytes play a central
role in host anti-tumor immune responses by inducing cytotoxic cell death and inhibiting tumor cell
proliferation and migration (20). Recently, the efficacy of immune checkpoint inhibitors, that boost
the anti-tumor activity of lymphocytes, is starting to emerge (29-34). Therefore, the predictive
power of PLR and NLR for cancer outcome might be due to the function of these three types of cells:
the more the balance is shifted towards a high value of platelets and neutrophils and a low value of
lymphocytes, the worse the prognosis.

Confirming previous results (22-25), in this study we demonstrated that the inflammatory-based
biomarkers PLR and NLR are valuable prognostic parameters in patients with HCC. Even though both
markers were shown to be independent predictors of prognosis, NLR maintained its independent
prognostic role and demonstrated a higher prognostic power over PLR when the two scores were
included in the same multivariate model. Accordingly, it has been recently demonstrated that NLR
may be superior to PLR in predicting prognosis of HCC patients treated with TACE (35). The lower
accuracy of PLR as prognostic biomarker is reasonable, considering that the level of platelets is not
only influenced by tumor-associated inflammation, but also by the severity of portal hypertension.

In fact, low PLR may reflect the presence of CSPH, that is associated with poor prognosis, also due
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to the reduced possibility of applying curative treatments (i.e., liver resection). This is confirmed by
the fact that, when platelet count was considered alone as a prognostic parameter, the longer
survival was demonstrated for patients with higher platelet count.

Although both PLR and NLR revealed to be useful prognostic parameters, a better stratification of
patient survival could be obtained when these two biomarkers are considered together. The longer
survival was demonstrated for patients with both biomarkers negative, whereas the worse
prognosis was shown for patients with both markers above their respective cut-off. These results
are in agreement with some recent studies that demonstrated that an accurate prognostic
stratification in patients with HCC managed with different therapies could be obtained combining
PLR and NLR (36-42).

Available evidence demonstrates that PLR and NLR are able to stratify patient survival in different
therapeutic setting, from LT to systemic treatments (9,12,13,40,43—-46). In this study, we confirmed
that PLR and NLR maintained the ability to stratify patients according to prognosis in groups of
patients homogeneous for treatment (except for NLR in LT patients). In particular, after adjustment
for confounders, PLR maintained its association with survival in patients treated with ABL and SOR,
while NLR was independently associated with prognosis in patients treated with ABL and IAT.
Compared to previous literature, the prognostic predictive power of both PLR and NLR appeared to
be lower for patients managed with surgical treatments (12,40,43,44,46). In addition, our results on
the role of NRL in patients treated with systemic therapy slightly differ from what has been already
reported (9). Nevertheless, we obtained an HR approaching significance after adjustment for
confounders, and we can confidently conclude that NRL may be a useful prognostic biomarker also
in this setting. The evaluation of PLR and NRL in patients treated with systemic therapy will became
even more important with the advent of immune checkpoint inhibitors, that rely their activity in

boosting anti-cancer immune response (39). Recent data show that integrating parameters
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evaluating systemic inflammation in a prognostic score with AFP can accurately predict the
prognosis of HCC patients treated with immunotherapy (47).

Despite its strength, in particular the great number of patients included, this study has some
limitations, the most important of which is its retrospective nature that could have introduced
unintended biases. A further limitation was that, in the subanalysis according to treatment, other
therapies after the first-line treatment were not considered. This could be a potential source of bias,
influencing the analysis of prognostic accuracy of PLR and NLR, since the survival of HCC patients is
function of all the treatments performed during patient clinical history (48).

Even though several studies have been published on the prognostic role of PLR and NLR, the wide
variability in the adopted cut-off values among different studies is a major limitation in clinical
practice applicability. In systematic reviews and metanalyses, a great variability of cut-offs has been
reported for both NLR (from 1.77 to 6 (25)) and PLR (from 87.87 to 290 (22)). This discordance mainly
depends on the relative frequency of early-stage or advances patients included in the analysis, and
could be best resolved with a prospective study.

In conclusion, in this study PLR and NLR confirmed to be useful prognostic parameters in patients
with HCC. The stratification of patient survival is improved when these biomarkers are considered
together. In addition, PLR and NLR revealed to be potentially useful in patients managed with
different treatments, although additional studies, possibly prospective, should be conducted in
order to establish the precise setting of applicability of these biomarkers and the possible
combination with markers of cancer aggressiveness (e.g., AFP). The low cost, the easy determination
and reproducibility of a blood count make PLR and NLR a promising tool for assessing HCC prognosis

in future clinical practice.
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SUPPLEMENTARY MATERIAL
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Supplementary Figure 1. ROC curves used to identify the optimal prognostic cut-off for PLR (a) and NLR (b). (a) The
identified cut-off for PLR was 113.7, with a sensitivity of 71.1% and a specificity of 35.8%. (b) The identified prognostic
cut-off for NRL was 3.2, with a sensitivity of 73.8% and a specificity of 36.2%.

Supplementary Table 1. Multivariate Cox analysis (model 2) for factors independently associated with survival.

PLR >113.7
NLR >3.2
Gender - males
Surveillance
Etiology

Viral

Not viral

Viral + other
CSPH
Child-Pugh class
A

B

C

logAFP

BCLC stage

OO w>»Oo

Treatment
BSC

LT

LR

ABL

IAT

SOR

PLR model 2

HR (95% Cl)
1.22 (1.06-1.41)
1.23 (1.02-1.47)
0.96 (0.83-1.11)

Ref
1.02 (0.87-1.18)
1.04 (0.83-1.29)
1.39(1.13-1.71)

Ref
1.51 (1.30-1.76)
2.75 (1.56-4.85)
1.23 (1.15-1.31)

Ref
1.09-2.02
1.56-3.08
2.08-3.89
1.19-3.71

1.49
2.19
2.84
2.10

—_— e~ o~ —~

)
)
)
)

Ref
0.02-0.06
0.09-0.19
0.16 (0.12-0.22
0.20(0.15-0.26
0.48 (0.36-0.64)

0.03
0.13

Py

)
)
)
)

0.007

0.03
0.55

0.83
0.75
0.002

<0.0001
0.0005
<0.0001

0.01
<0.0001
<0.0001

0.01

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

NLR model 2

HR (95% Cl)
1.40 (1.21-1.61)
1.23 (1.03-1.47)
0.96 (0.83-1.11)

Ref
0.99 (0.85-1.15)
1.02 (0.82-1.27)
1.36 (1.11-1.66)

Ref
1.48 (1.27-1.72)
2.52 (1.44-4.38)
1.24 (1.16-1.32)

Ref
1.49 (1.10-2.03)
2.19 (1.56-3.08)
2.84 (2.08-3.89)
2.19 (1.26-3.82)

Ref
0.03 (0.02-0.06)
0.14 (0.10-0.20)
0.17 (0.12-0.23)
0.20 (0.15-0.27)
0.50 (0.38-0.67)

p

<0.0001
0.02
0.58

0.89
0.87
0.003

<0.0001
0.001
<0.0001

0.01
<0.0001
<0.0001

0.006

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; HR, hazard ratio; Cl, confidence interval;
CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; logAFP, logarithm of alpha-fetoprotein;
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BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR, liver resection; ABL, ablation, IAT, intra-arterial therapies; SOR,

systemic therapies; BSC, best supportive care.

Supplementary Table 2. Multivariate Cox analysis (model 3) for factors independently associated with survival.

PLR model 3 NLR model 3

HR (95% ClI) p HR (95% ClI) p
PLR >113.7 1.25(1.08-1.45) 0.003 -
NLR >3.2 - 1.38 (1.20-1.60) <0.0001
Gender - males 1.21 (1.01-1.46) 0.04 1.21 (1.01-1.45) 0.04
Surveillance 0.97 (0.84-1.12) 0.67 0.97 (0.84-1.12) 0.68
Etiology
Viral Ref - Ref -
Not viral 0.98 (0.84-1.15) 0.83 0.97 (0.83-1.14) 0.71
Viral + other 1.04 (0.84-1.30) 0.71 1.02 (0.82-1.27) 0.85
CSPH -2 -2 -2 -2
Albumin (g/dL) 0.72 (0.63-0.83) <0.0001 0.74 (0.64-0.84) <0.0001
Bilirubin (mg/dL) 1.08 (1.05-1.11) <0.0001 1.07 (1.04-1.10) <0.0001
INR 1.18 (0.88-1.60) 0.27 1.17 (0.86-1.58) 0.31
Creatinine (mg/dL) 1.07 (0.93-1.23) 0.35 1.10 (0.96-1.27) 0.18
Ascites 0.88 (0.74-1.06) 0.17 0.89 (0.75-1.07) 0.22
HE 1.06 (0.80-1.40) 0.71 1.12 (0.84-1.49) 0.45
logAFP 1.20(1.12-1.28) <0.0001 1.21(1.13-1.29) <0.0001
BCLC stage
0 Ref - Ref -
A 1.51(1.11-2.05) 0.008 1.52 (1.12-2.07) 0.007
B 2.18 (1.55-3.07) <0.0001 2.20(1.56-3.09) <0.0001
C 2.89 (2.12-3.95) <0.0001 2.92 (2.14-3.98) <0.0001
D 2.29 (1.43-3.66) 0.001 2.38 (1.50-3.79) 0.0003
Treatment
BSC Ref - Ref -
LT 0.03 (0.02-0.06) <0.0001 0.03 (0.02-0.06) <0.0001
LR 0.16 (0.11-0.23) <0.0001 0.16 (0.11-0.24) <0.0001
ABL 0.18 (0.13-0.25) <0.0001 0.19 (0.13-0.26) <0.0001
IAT 0.23 (0.17-0.31) <0.0001 0.23 (0.17-0.32) <0.0001
SOR 0.56 (0.41-0.75) 0.0002 0.58 (0.43-0.79) 0.0004

a) not included to avoid collinearity with ascites.

Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; HR, hazard ratio; Cl, confidence interval;
CSPH, clinically significant portal hypertension; INR, international normalized ratio; HE, hepatic encephalopathy; logAFP, logarithm
of alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR, liver resection; ABL, ablation, IAT, intra-arterial

therapies; SOR, systemic therapies; BSC, best supportive care.

Supplementary Table 3. Multivariate Cox models including both PLR and NLR.

PLR >113.7
NLR >3.2
Gender - males
Surveillance
Etiology

Viral

Not viral

Viral + other
CSPH

MELD
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Model 1
HR (95% Cl)
1.09 (0.93-1.28)
1.34 (1.15-1.57)
1.17 (0.98-1.39)
0.96 (0.83-1.11)

Ref
0.98 (0.84-1.14)
1.07 (0.86-1.33)
1.44 (1.18-1.76)
1.06 (1.04-1.08)

p
0.28

0.0003
0.09
0.55

0.79
0.55
0.0003
<0.0001

Model 2
HR (95% Cl)
1.08 (0.92-1.26)
1.35(1.15-1.58)
1.22 (1.02-1.46)
0.96 (0.83-1.11)

Ref
0.99 (0.85-1.15)
1.03 (0.83-1.28)
1.37 (1.12-1.69)

p
0.38

0.0002
0.03
0.58

0.87
0.80
0.003

Model 3
HR (95% Cl)
1.12 (0.95-1.31)
1.31(1.12-1.54)
1.21 (1.01-1.45)
0.97 (0.84-1.12)

Ref
0.96 (0.82-1.13)
1.04 (0.83-1.29)

a

p
0.19

0.001
0.04
0.70

0.65
0.75



Child-Pugh class
A

B

C

Albumin (g/dL)
Bilirubin (mg/dL)
INR

Creatinine (mg/dL)
Ascites

HE

logAFP

BCLC stage

OO w>»Oo

Treatment
BSC

LT

LR

ABL

IAT

SOR

a) not included to avoid collinearity with ascites.

1.24 (1.16-1.32)

Ref
1.56 (1.15-2.12)
2.26 (1.62-3.17)
2.94 (2.16-4.01)
2.61 (1.68-4.07)

Ref
0.03 (0.02-.06)
0.15 (0.10-0.21)
0.18 (0.13-0.24)
0.22 (0.16-0.30)
0.54 (0.40-0.72)

<0.0001

0.004
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Ref
1.49 (1.28-1.73)
2.66 (1.51-4.67)

1.23 (1.16-1.31)

Ref
1.49 (1.09-2.03)
2.18 (1.56-3.07)
2.82 (2.06-3.86)
2.08 (1.18-3.67)

Ref
0.03 (0.02-0.06)
0.14 (0.09-0.20)
0.17 (0.12-0.23)
0.20 (0.15-0.26)
0.49 (0.37-0.66)

<0.0001
0.001

<0.0001

0.01
<0.0001
<0.0001

0.01

<0.0001
<0.0001
<0.0001
<0.0001
0.0002

0.73 (0.63-0.83)
1.07 (1.04-1.10)
1.18 (0.87-1.59)
1.09 (0.94-1.26)
0.89 (0.75-1.07)
1.10 (0.83-1.47)
1.20 (1.12-1.28)

Ref
1.52 (1.12-2.06)
2.18 (1.55-3.06)
2.88(2.11-3.93)
2.30 (1.44-3.67)

Ref
0.03 (0.02-0.06)
0.16 (0.11-2.39)
0.18 (0.13-0.25)
0.23 (0.17-0.31)
0.57 (0.42-0.77)

<0.0001

<0.0001
0.28
0.26
0.22
0.51

<0.0001

0.008
<0.0001
<0.0001

0.0005

<0.0001
<0.0001
<0.0001
<0.0001
0.0003

Abbreviations: PLR, platelets-to-lymphocytes ratio; NLR, neutrophils-to-lymphocytes ratio; HR, hazard ratio; Ci, confidence interval;
CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; INR, international normalized ratio; HE,
hepatic encephalopathy; logAFP, logarithm of alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR,
liver resection; ABL, ablation, IAT, intra-arterial therapies; SOR, systemic therapies; BSC, best supportive care.
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ABSTRACT

Purpose: We aimed at assessing the impact of surveillance on long-term survival in HCC patients.
Methods: From the ITA.LI.CA database, we selected 1,028 cases with long (=5 years, LS group) and
2,721 controls with short-term survival (<5 years, SS group). The association between surveillance
and LS was adjusted for confounders by multivariable logistic regression analysis. Survival of
surveilled patients was presented both as observed and corrected for the lead-time bias, and the
comparison of survival between surveillance and no surveillance groups was also performed after
balancing the baseline characteristics with inverse probability weights (IPW). Results: LS patients
were more frequently diagnosed under surveillance (p<0.0001), and had more favorable baseline
characteristics. Surveillance was an independent predictor of LS (OR=1.413, 95% Cl 1.195-1.671;
p<0.0001). The observed and the lead-time corrected survival of surveilled patients were
significantly longer compared to the survival of not surveilled patients (p<0.0001 and p=0.0008,
respectively). In IPW adjusted populations, no survival differences were demonstrated between the
two groups (p=0.30). Conclusions: Surveillance, increasing early-stage diagnosis and applicability of
curative treatments, is a fundamental determinant of long-term survival in HCC patients. A wide
implementation of surveillance programs should be pursued in order to improve HCC patients’

prognosis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death worldwide (1). According
to the International Agency for Research on Cancer, incidence and mortality in 2018 involved
841,080 and 781,631 patients, respectively, with an age-standardized incidence rate of 9.3/100,000
and an age-standardized mortality of 8.5/100,000 (1). This small difference could be explained by
the low five-year survival rate of HCC patients (currently 12—14% in the United States) (2). In Italy,
despite the improvement of prognosis recently observed (3), the long-term survival rate remains
around 20% (4).

The individual prognosis of HCC patients is however highly unpredictable and not always dismal.
The great variability in survival is justified by the peculiar features of these patients in whom
prognosis depends on several parameters, not only including tumor burden, liver functional reserve,
and general conditions (characteristics incorporated in the most commonly used staging approach,
the Barcelona Clinic Liver Cancer [BCLC] system (5)), but also tumor biology (6—9), gender (10),
immunological response of the host (11), and therapeutic choices (12). As a result, HCC patients
may survive from a few months to many years. Studies looking for the predictors of long-term
survival showed that early stage at diagnosis, preserved liver function and type of treatment
performed are pivotal parameters in predicting a good prognosis (13—15). With the aim of improving
patients’ prognosis, by increasing early diagnosis and applicability of curative treatments,
international guidelines recommend periodic surveillance in patients at risk of developing HCC
(5,16). These indications are supported by data deriving from two Chinese randomized controlled
trials conducted in HBV-infected patients (17,18), several cohort studies (19-24), and meta-analysis
(25,26). Although a previous report indicate that the benefit of surveillance over no surveillance

strategies is evident from the third year of follow-up (27), only limited data are currently available
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about the role of periodic screening in achieving a long-term survival. In this study, we aimed at

evaluating the impact of surveillance on long-term survival in non-transplanted HCC patients.

MATERIALS AND METHODS

In the Italian Liver Cancer (ITA.LI.CA) database, including 7,816 HCC patients consecutively evaluated
and managed from January 1987 to December 2018 in 24 participating Institutions, data are
prospectively collected, updated every 2 years, and periodically revised by the ITA.LI.CA coordinator
center (Semeiotics Unit, Alma Mater Studiorum-Bologna University).

The study was approved by the Institutional Review Board of the ITA.LI.CA coordinating center, Alma
Mater Studiorum University of Bologna (approval number 99/2012/0/0ss), and it was conducted in
accordance to the ethical guidelines of the 1975 Declaration of Helsinki.

From the ITA.LI.CA database, we selected the patients diagnosed with HCC from January 2000 to
December 2013 (n = 4,194). After the removal of 199 patients treated with liver transplantation
(since transplant opens a peculiar scenario in terms of long-term survival), 210 Child-Pugh C patients
(excluded from surveillance because advanced liver failure prevents effective HCC therapies), and
36 patients without survival data, in this study, 3,749 patients were considered. Patients were
divided in two groups according to their survival: 1,028 patients (27.4%) showing a survival 25 years
entered in the case group (long-term survivors, LS), while the remaining with a survival shorter than

5 years (n =2,721; 72.6%) were selected as controls (short-term survivors, SS) (Figure 1).
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ITA.LLCA database
7816 patents

Diagnosis between Jan 2000 and Dec 2013
4194 patients

l—  Child-Pugh C (r =210
|—— Liver IrJ:.r-pLant.sIJun {m=19)

l——  Lack of follow-up data {n = 36)

Study population
3749 patients

Case group (L5) Control group (55)
Survival =5 years Survival <5 years
1028 patients 2721 patients

Figure 1. Study flow chart. Selection of patients finally included in the case (long-term survivors—LS) and control (short-
term survivors—SS) groups.

All patients included in this study fitted the criteria for entering in a surveillance program according
to guidelines (cirrhotic patients in Child-Pugh classes A and B; non-cirrhotic HBV patients at
intermediate or high risk of HCC; non-cirrhotic F3 patients perceived at high risk of tumor
development) (5). In the ITA.LI.CA database, the modality of HCC diagnosis (casual, achieved under
surveillance, or as a consequence of the development of cancer-related symptoms) is recorded. In
patients diagnosed under surveillance, data about the interval and the surveillance tests are also
collected. Considering the nature of ITA.LLCA database, surveillance protocols were not
standardized across different Institutions. The interval of surveillance was established by the
referring physician of each patient who was not necessarily one of the ITA.LI.CA clinicians, since a
number of patients included in the database are referred to ITA.LI.CA Institutions after diagnosis for
treatment purposes. Nevertheless, the six-months interval was the most frequently adopted among
the patients included in the ITA.LI.CA database. As far as surveillance tests are considered, in all

patients diagnosed under surveillance included in this study, the periodic repetition of liver
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ultrasonography was performed, with or without the adjunctive determination of alpha-fetoprotein
(AFP) (left as a complementary choice of the clinician).

HCC diagnosis was histologically confirmed in 215 LS patients (20.9%) and in 468 SS patients (17.2%),
whereas in the remaining cases, it was based on the typical features at imaging (i.e., at dynamic
computed tomography or magnetic resonance), according to guidelines (5).

In the ITA.LI.CA database, the following standard demographic and clinical data are collected: age,
sex, comorbidities, body mass index (BMI), Eastern Cooperative Oncology Group performance
status (ECOG-PS), general symptoms, modality of HCC diagnosis (unequivocal and radiological
findings or biopsy/surgical specimens), etiology, serological parameters (albumin, bilirubin, INR,
creatinine, sodium, platelet count, AFP), Child-Pugh score, Model for End-Stage Liver Disease
(MELD) score, and clinically significant portal hypertension (CSPH). Tumor characteristics (location,
size and number of nodules, macrovascular invasion [MVI], and extrahepatic spread [EHS]) and
cause of death are also collected. CSPH diagnosis was based on unequivocal clinical signs (presence
of esophageal varices, ascites, splenomegaly) or platelet count <100,000/mL, since hepatic venous
gradients are not generally assessed (28).

Recently, the ITA.LI.CA staging system, externally validated (29,30), demonstrated the highest
prognostic power compared to the other prognostic systems and was therefore considered in the
present study.

Moreover, for the purpose of this paper, each ITA.LI.CA Institution was categorized, considering the
volume of patients managed, in “low-" or “high-volume” centers, according to the average annual
HCC case volume (below vs. above the median of the 24 centers, respectively).

From the therapeutic point of view, five groups were created: liver resection (LR), ablation (ABL,
including percutaneous ethanol injection, radiofrequency, and microwave ablation, either

percutaneous or laparoscopic); intra-arterial therapies (IAT), systemic therapy with sorafenib (SOR),
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and “other” therapies (including best supportive care [BSC]). In patients managed with more than
one treatment, only the more radical one (main treatment) was considered, according to the
following hierarchy: LR, ABL, IAT, SOR, and OTHERS (12).

Statistical Analysis

Categorical variables were expressed as absolute frequency and percentage, while continuous
variables as medians and interquartile range (IQR). Quantitative data were compared with Student’s
t test, while categorical variables with x? test and Fischer’s exact test, as appropriate.

A multiple logistic regression analysis was performed to identify independent predictors of LS,
considering only the variables significantly or borderline (p<0.10) associated with survival in the
univariate analysis. Since the aim of this study was to evaluate the impact of surveillance on long-
term survival, multicollinearity analysis was performed. To exclude multicollinearity between
surveillance and other variables, we analyzed tolerance (an indicator of how much collinearity that
a regression analysis can tolerate) and variance inflation factor (an indicator of how much of the
inflation of the standard error could be caused by collinearity) using a specific “collinearity
diagnostics package” for STATA (31). We also evaluated the calibration of the final model using the
Calibration belt and test (32). Finally, 1000 bootstrap replications of the final model were performed
(reporting bootstrap standard errors and confidence intervals) to correct for optimism.

Survivals were expressed as median and 95% confidence interval (Cl). Overall survival was calculated
from HCC diagnosis to death, drop-out, or last follow-up visit, with data censored on 31t December
2018. The Kaplan—Meier method and the log-rank test were used to estimate and compare survival
curves. Survival analyses were performed both before and after correction for the lead time bias in
patients with HCC diagnosed under surveillance, as previously reported (27). Moreover, in order to
correct for all biases in the comparison between surveillance and no surveillance groups, propensity

score values and inverse probability weights (IPW) were then calculated using generalized boosted
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models as described by McCaffrey et al. (33). This is a machine learning technique using a flexible
estimation method that can adjust for a large number of covariates. All potential confounders were
included in boosted models: sex, age, etiology, liver function, tumor related variables, radical
treatment, and center volume. In order to reduce the type | error rate (because of the inflated
sample size in the pseudo data), we used stabilized weights (SW) according the formula:

SW = p/PS
for the study group,

SW = (1-p)/(1-PS)
for the control group, where p is the probability of etiology without considering covariates and PS
is the propensity score.
Finally, weighted survival curves were calculated using the Kaplan—Meier method and compared
using the Log Rank test.
Missing data of study covariates always involved less than 10% of patients. Thus, they were
estimated using the Maximum Likelihood Estimation method (34).
In all analyses, a two-tailed p-value < 0.05 was considered statistically significant. All analyses were
performed in JMP® 9.0.1 package (1989-2010 SAS Institute Inc., Cary, NC, USA), STATA13.0
(Copyright 1985-2013 StataCorp LP, College Station, TX, USA), and R. app 4.0.0 GUI 1.71 (S. Urbanek

& H.-J. Bibiko, © R Foundation for Statistical Computing, 2016).

RESULTS

Patients’ characteristics

The median follow-up was 92.3 months (95% Cl 89.2-94.0) in LS group and 19.0 months (18.0-20.0)
in SS group. During the follow-up, 470 patients (45.7%) in LS group died, 166 (35.3%) from tumor

progression, 73 (15.5%) from liver failure, 160 (34.1%) from other causes, and 71 (15.1%) from
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unspecified causes. All SS patients were dead at the end of the follow-up, with tumor progression
being the most frequent cause (n = 1,118 patients, 41.1%), followed by liver failure (n =331, 12.1%),
other causes (n = 1,006, 37.0%), and not reported causes (n = 266, 9.8%).

The median overall survival (0OS) was 120.0 months (95% CI 109.7-130.3) in LS patients and 19.0
months (95% Cl 18.1-19.9) in SS patients (p < 0.0001).

Baseline characteristics of LS and SS patients are shown in Table 1. Cases and controls were
comparable for gender, presence of type 2 diabetes mellitus and viral etiology. LS patients were
slightly younger than SS patients (p=0.04) and showed a significantly higher prevalence of
overweight (35.7% vs. 27.3%), but the two groups were comparable in the prevalence of metabolic
disfunction-associated fatty liver disease (MAFLD) (14.2% vs. 12.0%, respectively; p=0.08). LS
patients showed a higher prevalence of HCC developed on a non-cirrhotic liver (8.3% vs. 5.0%;
p=0.0002) and a lower prevalence of CSPH (72.0% vs. 83.2%, p<0.0001). Liver function was better
preserved in LS than in SS patients (Child-Pugh class A in 86.9% vs. 68.0%, and median MELD score
of 9 [7-10] vs. 10 [8-12], respectively; p<0.0001 in both cases).

LS and SS patients significantly differed in terms of diagnosis under surveillance (67.9% vs. 55.7%;
p<0.0001). The median duration of surveillance was 48.0 months (IQR, 16.0-120.0) in SS and 60.0
months (IQR, 24.0-120.0) in LS patients (p=0.06). Of the patients included in this study, 1,539
(69.5%) underwent semiannual surveillance (76.2% in LS and 65.7% in SS group), 266 (12.0%) annual
surveillance (9.8% in LS and 12.9% in SS groups), and 330 (14.9%) were followed-up with a three-
month schedule (12.0% in LS and 16.2% in SS group). Other surveillance intervals were less

frequently adopted.
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Table 1. Baseline characteristics of cases (long-term survivors — LS) and controls (short-term survivors — SS).

Variable Cases — LS Controls — SS +
n=1028 n=2721 P

Gender - males 791 (76.9) 2067 (76.0) 0.55

Age (years) 69 (62-74) 69 (62—75) 0.04

BMI (kg/m?)

<25 661 (64.3) 1977 (72.7)

25-30 264 (25.7) 532 (19.5) <0.0001

>30 103 (10.0) 212 (7.8)

T2DM 339 (33.0) 891 (32.7) 0.91

Cirrhosis 943 (91.7) 2586 (95.0) 0.0002

Viral etiology 712 (69.3) 1899 (69.8) 0.75

MAFLD 146 (14.2) 327 (12.0) 0.08

CSPH 740 (72.0) 2263 (83.2) <0.0001

Child-Pugh class

A 893 (86.9 1850 (68.0

B 135 513.1; 871 ((32.0)) <0.0001

MELD 9 (7-10) 10 (8-12) <0.0001

Surveillance 698 (67.9) 1516 (55.7) <0.0001

ECOG-PS 0 893 (86.9) 1880 (69.1) <0.0001

Multifocality 257 (25.0) 1476 (54.2) <0.0001

Number of nodules 1(1-2) 2 (1-4) <0.0001

Diameter (cm) 2.7 (2.0-3.7) 3.5(2.3-5.3) <0.0001

MV 35 (3.4) 432 (15.9) <0.0001

EHS 8(0.8) 128 (4.7) <0.0001

AFP < 200 ng/mL 816 (79.4) 1802 (66.2) <0.0001

ITA.LI.CA staging system

0 265 (25.8) 332(12.2)

A 431 (42.0) 582 (21.4)

B1 198 (19.3) 701 (25.8)

B2 59 (5.7) 290 (10.6) <0.0001

B3 29 (2.8) 233 (8.6)

C 27 (2.6) 310 (11.4)

D 19 (1.8) 273 (10.0)

Main treatment

LR 301 (29.3) 310(11.4)

ABL 487 (47.4) 757 (27.8)

IAT 138 (13.4) 743 (27.3) <0.0001

SOR 11(1.1) 166 (6.1)

Other 91 (8.8) 745 (27.4)

Management in “Low-

volume” Institutions
Continuous data are presented as median and interquartile range, while categorical variables are expressed as absolute frequency
and percentage. T Student’s t test, X2 test or Fischer’s exact test, as appropriate.
Abbreviations: LS, long-term survivors; SS, short-term survivors; BMI, body mass index; T2DM, type 2 diabetes mellitus; MAFLD,
metabolic defunction associated fatty liver disease; CSPH, clinically significant portal hypertension; MELD, Model for End Stage Liver
Disease; ECOG-PS, Eastern Cooperative Oncology Group performance status; MVI, macrovascular invasion; EHS, extra-hepatic
spread; AFP, alpha-fetoprotein; ITA.LI.CA, Italian Liver Cancer; LR, liver resection; ABL, ablation; IAT, intra-arterial therapy; SOR,
sorafenib.

338 (32.9) 550 (20.2) <0.0001

As far as oncological variables are concerned, LS patients showed better preserved clinical

conditions (ECOG-PS0in 86.9% vs. 69.1%; p < 0.0001), lower number (p<0.0001) and size (p<0.0001)
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of nodules, lower prevalence of MVI (3.4% vs. 15.9%; p<0.0001), EHS (0.8% vs. 4.7%; p<0.0001), and
AFP levels (€200 ng/mL in 79.4% vs. 66.2%; p<0.0001). Early-stage tumor, according to ITA.LI.CA
classification, were more frequently diagnosed in LS patients (stages 0—A in 67.8% of LS and in 33.6%
of SS patients).

Lastly, considering the main treatment, LS patients more frequently underwent LR (29.3% vs. 11.4%)
and ABL (47.4% vs. 27.8%), and less frequently IAT (13.4% vs. 27.3%), SOR (1.1% vs. 6.1%) and BSC
or other treatments (8.8% vs. 27.4%). Eight hundred and eighty-eight patients (23.7%) were
managed in “low-volume” centers and 2861 patients (76.3%) in “high-volume” Institutions, with a
significantly higher prevalence of LS compared to SS patients managed in “low-volume” hospitals
(32.9% vs. 20.2%; p<0.0001).

Multivariable logistic regression analysis

In addition to diagnosis under surveillance (odds ratio [OR] = 1.681, 95% Cl 1.445-1.956; p<0.0001),
several other variables resulted associated (p<0.10) with the survival group at the univariate logistic
regression analysis: age, overweight, cirrhosis, presence of MAFLD, ECOG-PS, CSPH, MELD score,
Child-Pugh class, multifocality, tumor size, MVI, EHS, AFP, ITA.LI.CA stage, “volume” of the ITA.LI.CA
Institution, and main treatment. Considering that the aim of this study was to determine the impact
of surveillance on long-term survival, we performed a multicollinearity analysis in order to exclude
from the multivariable model variables collinear with surveillance. The final model obtained is
described in Table 2. Diagnosis under surveillance remained independently associated with long-
term survival (adjusted OR = 1.413, 95% Cl 1.195-1.671; p<0.0001). Other variables significantly
associated with LS were lower age, presence of MAFLD, absence of CSPH, lower MELD score, and
being managed in low-volume centers. As expected, the variable with the strongest independent
impact on long-term survival was main treatment: curative therapies (LR + ABL) were associated

with an OR of long-term survival of 3.924 (95% Cl 3.312-4.650; p < 0.0001).
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Table 2. Univariate and multivariate logistic regression analysis for independent predictors of long-term survivors (LS)
group membership.

Variable Univariable Analysis Multivariable Analysis

OR (95% ClI) p aOR (95% Cl) p
Surveillance 1.681 (1.445-1.956) <0.0001 1.413 (1.195-1.671) <0.0001
Gender - male 0.947 (0.799-1.122) 0.53
Age’ 0.993 (0.986—0.999) 0.04 0.989 (0.982-0.997) 0.008
BMI (kg/m?) >25 1.475 (1.266-1.719) <0.0001
T2DM 1.011 (0.867-1.177) 0.89
Cirrhosis 0.579 (0.437-0.767) <0.0001
Viral etiology 0.975 (0.835-1.140) 0.75
MAFLD 1.212 (0.983-1.495) 0.07 1.299 (1.032-1.636) 0.03
CSPH 0.520 (0.439-0.616) <0.0001 0.705 (0.582-0.854) 0.0003
Child-Pugh B 0.321 (0.263-0.391) <0.0001
MELD " 0.840 (0.816-0865) <0.0001 0.877 (0.850-0.905) <0.0001
ECOG-PS 21 0.338 (0.277-0.412) <0.0001
Multifocality 0.281 (0.240-0.330) <0.0001
Diameter (cm) >5 0.325 (0.261-0.405) <0.0001
MVI 0.187 (0.131-0.266) <0.0001
EHS 0.159 (0.077-0.326) <0.0001
AFP (ng/mL) >200 0.509 (0.429-0.604) <0.0001
ITA.LI.CA stage B-D 0.241 (0.207-0.281) <0.0001
Curative treatment (LR and ABL) 4.810 (4.083-5.667) <0.0001 3.924 (3.312-4.650) <0.0001
ITA.LI.CA Institution - LV 1.934 (1.647-2.270) <0.0001 1.741 (1.463-2.070) <0.0001

™ In univariate and multivariate analysis age and MELD were considered as continuous variables.

Abbreviations: OR, Odds Ratio; Cl, confidence interval; aOR, adjusted Odds Ratio; BMI, body mass index; T2DM, type 2 diabetes
mellitus; MAFLD, metabolic disfunction associated fatty liver disease; CSPH, clinically significant portal hypertension; MELD, Model
for End-Stage Liver Disease; ECOG-PS, Eastern Cooperative Oncology Group performance status; MVI, macrovascular invasion; EHS,
extrahepatic spread; AFP, alpha-fetoprotein; ITA.LI.CA, Italian Liver Cancer; LV, low-volume institutions.

The results of the calibration test (Supplementary Figure 1; statistic = 0.09, p = 0.76) suggest that
the hypothesis of good calibration of the final model is not rejected (at the classically adopted 0.05
level). Similar conclusions can be drawn from the interpretation of the produced plot (calibration
belt), reported in the Supplementary Figure 1. We note that both the 80% and 95% calibration belts
encompass the bisector over the whole range of the predicted probabilities. This suggests that the
predictions of the model do not significantly deviate from the observed rate in the training sample

(which means that the model’s internal calibration is acceptable). Moreover, bootstrap standard
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errors and confidence intervals (Supplementary Table 1) overlapped with that of the final model in
Table 2, suggesting that the final model doesn’t suffer of optimistic bias.

Survival Analysis

The unadjusted Kaplan—Meier analysis demonstrated a considerable survival advantage in patients
diagnosed under surveillance compared to patients diagnosed incidentally or because the
development of symptoms. Surveilled patients had a median OS of 36.0 months (95% CI 33.9-38.1)
compared to 20.0 months (95% Cl 18.0-22.0) in not-surveilled patients, with five-year survival rates
of 31.5% and 21.5%, respectively (p<0.0001) (Figure 2a). Even after correction for lead-time bias,
surveillance remained associated with a better prognosis. The median survival of surveilled patients
corrected for the lead-time bias was 25.6 months (95% Cl 23.6-27.5), with a five-year corrected
survival rate of 26.3%. These figures were again significantly higher than those observed in not-

surveilled patients (p=0.0008) (Figure 2b).
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Figure 2. Kaplan—Meier survival curves comparing surveillance and no surveillance groups. (a) Observed survival of
patients diagnosed under surveillance or with a casual/symptomatic diagnosis. Patients diagnosed under surveillance
demonstrated a significantly longer survival (p<0.0001). (b) Observed survival of patients with casual/symptomatic
diagnosis compared to corrected survival in surveilled patients. Surveillance significantly improves prognosis of patients
even after correction for the lead-time bias (p=0.0008). (c) Comparison of survival between surveilled and not surveilled
patients after adjustment for adjustment for confounders with IPW. The two groups of patients showed similar survival
(p=0.30).

In order to correct for all biases in the comparison between surveillance and no surveillance groups,
an IPW analysis was performed. Baseline characteristics of surveillance and no surveillance groups
before and after IPW are showed in Table 3. Before IPW, in the surveillance group, there was a
significant lower percentage of males, of patients with BMI >25 kg/m?, with type 2 diabetes mellitus

and MAFLD, and a significantly higher percentage of cirrhotics, with a virus-related liver disease and
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CSPH. Surveilled patients had a better-preserved liver function (Child-Pugh A in 76.6% vs. 68.0%;
p<0.0001) and better clinical conditions (ECOG-PS 0 in 81.3% vs. 63.5%; p<0.0001). As far as
oncological variables were concerned, surveilled patients presented an overall lower tumor burden
and significantly lower levels of AFP. Finally, a significant higher proportion of patients diagnosed
during surveillance underwent to LR or ABL. After IPW, two populations absolutely comparable in
all the baseline characteristics were obtained (Table 3). The survival analysis performed in the two
IPW adjusted populations demonstrated no differences in prognosis between surveilled and not
surveilled groups (median OS in surveilled group 31.0 months [95% ClI 30.0-33.0] vs. 28.0 months
[95% CI 26.0-30.0] in not surveilled patients; five-year survival rates 28.0% and 27.0% respectively;

p = 0.30) (Figure 2c).

Table 3. Baseline characteristics of surveillance and no surveillance groups before and after inverse probability weights.

Variable Before IPW After IPW

Surveillance No Surveillance p’ Surveillance No Surveillance p’

(n=2214) (n=1535) (n =2215) (n=1531)

Gender—males 1621 (73.2) 1237 (80.6) <0.0001 1676 (75.7) 1158 (75.7) 0.97
Age—<70 years 1250 (56.5) 859 (56.0) 0.76 1228 (55.5) 853 (55.7) 0.95
BMI >25 kg/m? 621 (28.0) 490 (31.9) 0.01 627 (28.3) 451 (29.4) 0.46
T2DM 681 (30.8) 549 (35.8) 0.002 708 (32.0) 505 (33.0) 0.52
Cirrhosis 2140 (96.7) 1389 (90.5) <0.0001 2089 (94.3) 1443 (94.2) 0.94
Viral etiology 1723 (77.8) 888 (57.8) <0.0001 1544 (69.7) 1062 (69.4) 0.83
MAFLD 199 (9.0) 274 (17.8) <0.0001 260 (11.7) 194 (12.6) 0.39
CSPH 1833 (82.8) 1170 (76.2) <0.0001 1792 (80.9) 1235 (80.7) 0.90
Child-Pugh A 1699 (76.7) 1044 (68.0) <0.0001 1606 (72.5) 1106 (72.2) 0.82
MELD >10 845 (38.2) 591 (38.5) 0.84 848 (38.3) 584 (38.1) 0.97
ECOG-PS O 1799 (81.3) 974 (63.5) <0.0001 1641 (74.1) 1129 (73.8) 0.82
Multifocality 852 (38.5) 881 (57.4) <0.0001 1025 (46.3) 708 (46.2) 1.00
Diameter >5 cm 207 (9.4) 597 (38.9) <0.0001 475 (21.4) 331 (21.6) 0.90
MVI 155 (7.0) 312 (20.3) <0.0001 290 (13.1) 197 (12.9) 0.88
EHS 35(1.6) 101 (6.6) <0.0001 86 (3.9) 56 (3.7) 0.93
AFP <200 ng/mL 1628 (73.5) 990 (64.5) <0.0001 1559 (70.4) 1073 (70.1) 0.83
ITA.LI.CA stage
0-A 1184 (53.5 426 (27.8 944 (42.6 652 (42.5
B-D 1030 E46.5; 1109((72.2)) <0.0001 1271((57.2) 880 E57.5; 0.95
Treatment
LR + ABL 1299 (58.7) 602 (39.2) <0.0001 1120 (50.6) 771 (50.4) 0.89
IAT + SOR + Other 915 (41.3) 933 (60.8) ’ 1094 (49.4) 760 (49.6) ’
LV Institutions 543 (24.5) 345 (22.5) 0.15 537 (24.2) 374 (24.4) 0.88

T Student’s t test, x2test or Fischer’s exact test, as appropriate.

Abbreviations: IPW, inverse probability weights; BMI, body mass index; T2DM, type 2 diabetes mellitus; MAFLD, metabolic associated
fatty liver disease; CSPH, clinically significant portal hypertension; MELD, Model for End Stage Liver Disease; ECOG-PS, Eastern
Cooperative Oncology Group performance status; MVI, macrovascular invasion; EHS, extra-hepatic spread; AFP, alpha-fetoprotein;
ITA.LI.CA, Italian Liver Cancer; LR, liver resection; ABL, ablation; IAT, intra-arterial therapy; SOR, sorafenib; LV, low volume.
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DISCUSSION

Several attempts to establish the HCC prognosis, in both untreated and treated patients have been
made so far, also with the aim of determining the actual survival benefit of each treatment in each
cancer stage (7,10,12,29,35-38). In untreated patients, for instance, median OS has been reported
to range from 25-38 months in BCLC stages 0—A and to be of 6 months in BCLC D (10). The
amenability to the most effective treatment, defined on an individualized basis, is an additional
relevant factor that increase the prognostic variability among patients (12). In this respect, it is
worth noting that LR achieves a net survival benefit over loco-regional treatments across different
BCLC stages (39). Nevertheless, the indicated treatment may be not always prescribed or available,
even in wealthy countries (40). Beyond that, the survival of HCC patients can be unexpectedly long,
or short, irrespective of what can be foreseen considering baseline clinical characteristics and
treatment received, since the biologic aggressiveness of the tumor and the immunologic defenses
of the host play a crucial role in determining the treatment outcome (6-9,11).

Some studies tried to clarify the factors associated with long-term survival in different therapeutic
settings. Following LR, tumor diameter, presence of single node, and absence of microvascular
invasion (13,14), as well as absence of cirrhosis (15), independently predict a very long survival.
Other studies focused on the prediction of the outcome after ABL (41,42), IAT (43,44), or systemic
therapies (45,46). However, for unselected HCC patients, models based on routinely available
clinical characteristics capable to predict long-term survival without liver transplant are still lacking.
Beyond that, in the prognostic stratification of HCC patients, surveillance is an important parameter
that has to be considered. Although only two randomized controlled trials have ever been
conducted on this topic (17,18), several cohort studies (19—24) and meta-analyses (25,26) showed

that surveillance is associated with a better prognosis. As a matter of fact, all the major international
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guidelines recommend surveillance in patients at risk of developing HCC, with the aim of maximizing
survival probabilities, achieving an early diagnosis which allows the applicability of potentially
curative treatments (5,16). In the literature, some data demonstrate that surveillance strategies
exert their benefit on survival depending on the length of follow-up. The survival benefit provided
by surveillance over casual/symptomatic diagnosis become factual for long follow-up (i.e., after the
third year), with the short-term survival advantage being largely attributable to lead-time bias (27).
However, the actual role of surveillance in achieving a long-term survival is still not defined.
Bearing this in mind, we aimed to evaluate the impact of surveillance on long-term survival
comparing a group of non-transplanted HCC patients showing a survival 25 years with a group of
contemporaneous patients with shorter survival. As expected, LS patients showed favorable
baseline characteristics in terms of severity of liver disease (lower rates of CSPH, better Child-Pugh
class and lower MELD score levels), clinical conditions (better ECOG-PS), and tumor burden (fewer
and smaller nodules, less frequent MVI and EHS presence, lower levels of AFP). Overall, cancer stage
at diagnosis was significantly earlier in LS patients and this, in addition to better preserved liver
function and clinical conditions, allowed a higher applicability of curative treatments (LR and ABL).
Concerning death causes, despite that a higher proportion of death for HCC progression could be
expected in SS group, about 35% of LS patients eventually died from late tumor recurrence, without
differences between cases and controls. Only less than half of LS patients (45.7%) were dead at the
end of follow-up and this could have influenced this result. However, even patients with long
survival after curative therapies persist at risk of recurrence and progression, with the five-year
recurrence rates after LR being around 70% (5).

Although in both LS and SS groups a relatively high percentage of patients (more than 50%) was
diagnosed under surveillance, in the former group, surveilled patients were significantly more

represented (67.9% vs. 55.7%; p<0.0001). Despite the fact that these figures substantially differ
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from other experiences published in the literature, which reported <20% of cirrhotics undergoing
surveillance (47,48), the percentage of surveilled patients in this study is in line with previous works
of the ITA.LI.CA group (3,49).

After correction for confounders, excluding from the multivariable model collinear variables,
surveillance maintained an independent association with long-term survival. Other variables
independently associated with long-term survival were younger age, absence of CSPH, and
preserved liver function (lower MELD score). In addition, MAFLD, compared to other etiologies,
proved to be associated with better prognosis. An intriguing result, that may seem counterintuitive,
is the lower probability of long-term survival for patients managed in “high-volume” centers. We
can speculate that this reflects the referral of patients more complex and “difficult to treat” to high-
volume tertiary centers, as already demonstrated in other liver diseases, such as in primary
sclerosing cholangitis (50).

Treatment emerged as a fundamental prognostic variable in the multivariable logistic regression
analysis, with radical therapies (LR and ABL) being the strongest predictors of a better prognosis.
Our data fuel the debated issue of HCC treatment. The BCLC system, endorsed by the European and
American Guidelines (5,51), relies on a “stage hierarchy” philosophy, which recommends a specific
treatment for each stage (52). However, numerous studies report a poor adherence to its
therapeutic indications (53-55), and several data show that curative therapies are superior to the
standard of care in selected intermediate or advanced patients (52). The so-called “therapeutic
hierarchy” approach, which indicates a sequence of HCC treatments hierarchically organized
according to their proven effectiveness (survival benefit), is now gaining ground as a strategy well
in line with the evolving concept of “precision medicine”, i.e., a patient-tailored rather than a stage-

dictated management (52).
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In this study, as already demonstrated (19,20), diagnosis under surveillance proved to be associated
with a better prognosis compared to casual/symptomatic diagnosis in the unadjusted survival
analysis. Our study, as all cohort studies on surveillance performance, may suffer from length-time
and lead-time biases (27,56). Surveillance preferentially detects tumors with slow growth (length-
time bias), and it may be possible that a higher percentage of aggressive HCC is present in SS group.
However, in this study, the confounding effect of length-time bias was minimized by keeping in the
surveillance group the patients in whom HCC diagnosis was anticipated (with respect to the
scheduled surveillance test) due to the development of symptoms (56). Although the lead-time bias
loses most of its importance in long-surviving patients (27), we also accounted for its confounding
effect in this study, correcting the survival of surveilled patients for the calculated lead-time.
Surveillance maintained its prognostic benefit over casual/symptomatic diagnosis even after this
correction. It can be speculated that patients who adhere to a regular surveillance schedule have
also a higher compliance to the entire diagnostic and therapeutic process, thus improving their
prognosis. Nevertheless, in order to account for all potential confounders, survival of surveillance
and no surveillance groups were compared after adjustment for baseline characteristics with IPW.
In these populations, the survival benefit of surveillance disappeared. This is reasonable because
the benefit of surveillance relies not on an intrinsic property of the modality of diagnosis, but derives
from the ability of periodic screening to detect HCC at an early stage and, in turn, increase the
proportion of patients amenable to effective treatments. Therefore, in groups adjusted for baseline
oncologic and therapeutic variables, surveillance lost its association with better prognosis. In any
case, our findings support once more the recommendation of a widespread use of surveillance in
all patients at risk for HCC, despite the lack of randomized controlled trials in cirrhotics and HCV

patients with advanced fibrosis (5,57).
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Despite the attempt made to minimize all confounding factors, the retrospective nature of our study
makes it vulnerable to several unintended biases. However, we feel that the limitations of this study
are overweighted by its strengths, among which the adjustment only for factors not collinear with
surveillance in the multivariable logistic regression model to evaluate its independent prognostic
role. Moreover, the survival benefit of surveillance was firstly adjusted for the lead-time bias and
subsequently tested in populations balanced with IPW. We believe that our results strengthen the
pivotal role of surveillance as prognostic predictor and further underlines the need to develop
extensive screening programs and to foster a high adherence, in order to improve HCC patients’

prognosis through early diagnosis and delivery of curative treatments.

CONCLUSIONS

In addition to well-known predictors of survival, regular surveillance of patients at risk is a
fundamental parameter that must be considered in the aim of achieving a long-term survival.
Surveillance benefit are driven by an increase in early-stage tumor detection and amenability to
potentially curative treatments. Our results further and strongly underline the importance of

implementing surveillance programs in all patients at risk of developing HCC.
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Supplementary Figure 1. Calibration belt and test of the final multivariable logistic regression model.

Supplementary Table 1. Bootstrap standard errors and confidence intervals of our multivariable logistic model. One
thousand bootstrap replications have been performed.

Variable
Surveillance No
Yes
Age’
MAFLD No
Yes
CSPH No
Yes
MELD *
Treatment Palliative
Curative
Volume HV
LV

Bootstrap OR
Ref
1.413
0.989
Ref
1.299
Ref
0.705
0.877
Ref
3.924
Ref
1.741

Bootstrap 95% Cl
Ref
1.200-1.664
0.982-0.997
Ref
1.039-1.624
Ref
0.579-0.858
0.848-0.906
Ref
3.316-4.645
Ref
1.457-2.079

Bootstrap Standard Error

0.178
0.004

0.148

0.071
0.015

0.337

0.158

p

<0.0001
0.007

0.02

0.001
<0.0001

<0.0001

<0.0001

* Age and MELD were considered as continuous variables. Palliative treatment: IAT, SOR and other; curative treatments: LR and ABL.
Abbreviations: OR, Odds Ratio; Cl, confidence interval; aOR, adjusted Odds Ratio; Ref, reference group; MAFLD, metabolic associated
fatty liver disease; CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; ITA.LI.CA, Italian Liver

Cancer; HV, high-volume institutions; LV, low-volume institutions.
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ABSTRACT

Background. An enhanced surveillance schedule has been proposed for cirrhotics with viral etiology,
who are considered at extremely high-risk of hepatocellular carcinoma (HCC).

Aims. We compared the 3- and 6-months surveillance interval, evaluating cancer stage at diagnosis
and patient survival.

Methods. Data of 777 HBV and HCV cirrhotic patients with HCC diagnosed under a 3-months (n=109,
3MS group) or a 6-months (n=668, 6MS group) surveillance were retrieved from the Italian Liver
Cancer database. Survival in the 3MS group was considered as observed and adjusted for lead-time
bias, and survival analysis was repeated after a propensity score matching.

Results. The 3-months surveillance interval neither reduced the share of patients diagnosed outside
the Milano criteria, nor increased their probability to receive curative treatments. The median
survival of 6MS patients (55.0 months [95% Cl 45.9-64.0]) was not significantly different from the
observed (47.0 months [95% Cl 35.0-58.9]; p=0.43) and adjusted (44.9 months [95% Cl 33.4-56.4];
p=0.30) survival of 3MS patients. A propensity score analysis confirmed the absence of a survival
advantage for 3MS patients.

Conclusions. A tightening of surveillance schedule does not increase the diagnosis of early-stage
tumors, the feasibility of curative treatments and the survival. Therefore, we should maintain the

6-months interval in the surveillance of viral cirrhotics.
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INTRODUCTION

Primary liver cancer is the seventh most common cancer and the second most common cause of
cancer-related death worldwide (1). Despite the expected decline in the coming years of their role,
hepatitis B virus (HBV) and hepatitis C virus (HCV) are still the most important global risk factors for
hepatocellular carcinoma (HCC) (2).

In order to reduce disease-specific mortality, by increasing early diagnosis and the delivery of
curative treatments, international guidelines recommend surveillance in individuals at risk of
developing HCC (3-7). These indications are supported by data deriving from two Chinese
randomized controlled trials conducted in HBV-infected patients (8,9), several cohort studies (10—
14) and by meta-analyses (15,16). Guidelines uniformly recommend liver ultrasonography (US) for
surveillance, with some disagreement about the use of tumor markers (4—7). Concerning the
surveillance schedule, the European Association for the Study of the Liver (EASL), the American
Association for the Study of Liver Diseases (AASLD) and the Asian Pacific Association for the Study
of the Liver (APASL) guidelines indicate a 6-months interval (4,5,7). A longer interval is associated
with lower probability of diagnosing early stage HCC (10) and shorter survival (12), while no
additional clinical benefit is obtained by reducing the interval to 3-months in unselected patients at
risk (17). Japanese guidelines, by contrast, identify patients with HBV and HCV-related cirrhosis as
an extremely high-risk group for HCC development considering their higher risk compared to non-
viral cirrhotics (18), and recommend to perform in these patients US and tumor markers evaluation
(alpha-fetoprotein [AFP], des-gamma-carboxy prothrombin and fucosylated fraction of AFP) every
3-4 months, plus optional dynamic computed tomography (CT) or magnetic resonance imaging
(MRI) every 6-12 months (6). However, there is no clear evidence that this tighter surveillance

interval improves patient survival in viral cirrhosis. Therefore, we aimed at comparing, in patients
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with HBV- and HCV-related cirrhosis, the 3- and the 6-months surveillance intervals in terms of HCC

stage at diagnosis and survival.

PATIENTS AND METHODS

Study groups

In this retrospective study, data were retrieved from the Italian Liver Cancer (ITA.LI.CA) database, a
multicenter registry including 6,991 HCC patients consecutively managed from January 1987 to
December 2017 at any of the 24 participating Institutions. We selected all the patients with HBV or
HCV-related liver cirrhosis and HCC diagnosed under regular US surveillance (n=2,829). The liver
disease was classified as HBV- or HCV-related if patients were hepatitis B surface antigen (HBsAg)
carriers or were positive for serum anti-HCV antibodies, respectively. The diagnosis of cirrhosis was
either confirmed histologically or made unequivocal by clinical, radiological and biochemical
findings. Only patients diagnosed with HCC between January 2009 and December 2013 (n=1,169)
were included, thus obtaining a homogeneous group in terms of HCC treatment and antiviral
therapy availability. After the exclusion of HIV co-infected patients (n=16) and of patients surveilled
with different intervals than those selected (n=376), 109 patients (14%) surveilled with a 3+1
months schedule (3MS group) and 668 patients (86%) surveilled with a 61 months schedule (6MS
group) were finally included in this study (Supplementary Figure 1).

The management of the ITA.LI.CA database conforms to the Italian legislation on privacy. According
to the Italian laws, no specific patient approval is needed for any retrospective analysis, but patients
provided written informed consent for every diagnostic and therapeutic procedure, as well as for
having their clinical data recorded anonymously in the ITA.LI.CA database. The study was conducted

in accordance to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008).
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Details about HCC diagnosis (symptomatic, casual or during surveillance) are regularly registered in
the database. The surveillance interval and tests are established by the referring physician of each
patient. US was used as surveillance test in all the patients included in the study, while the
adjunctive determination of AFP was left to the attending clinician’s choice.

HCC diagnosis was histological in 108 patients (13.9%), whereas in the majority of the cases it was
based on the typical features at imaging (CT or MRI) according to guidelines (4,5).

As described elsewhere (19), patient demographic, clinicopathological and laboratory data, as well
as tumor characteristics (tumor location and size, number of nodules, macrovascular invasion [MVI]
and extra-hepatic spread [EHS]) were collected. Clinically significant portal hypertension (CSPH) was
defined as the presence of unequivocal signs (splenomegaly, varices, ascites) or platelet count <100
x 10°/L (20). At diagnosis, tumor burden was evaluated with dynamic CT or MRI (plus additional
investigations to detect metastases when extra-hepatic involvement was suspected) in all cases. For
the purpose of the present study, HCC was staged as: solitary tumor <2 cm without MVI and/or EHS
(very early); solitary tumor 2.1-3.0 cm without MVI and/or EHS; solitary tumor 3.1-5.0 cm without
MVI and/or EHS; 2-3 lesions each <3 cm without MVI and/or EHS; advanced tumor (outside the
Milano criteria (21)).

Six therapeutic subgroups were considered: liver transplantation (LT), liver resection (LR), ablation
(ABL), intra-arterial therapies (IAT), sorafenib (SOR) and best supportive care (BSC). In patients
managed along their clinical history with more than one treatment modality, only the main therapy
was considered, defined as the most beneficial according to the following hierarchy: LT, LR, ABL,
IAT, SOR and BSC (22).

Statistical analysis
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Categorical variables were reported with absolute and relative frequencies, while quantitative data
were summarized with median and interquartile range. Mann-Whitney test, x? test and Fischer’s
exact test were used to compare variables, as appropriate.

Variables independently associated with cancer stage at diagnosis were identified by univariate and
multivariate logistic regression analysis. Surveillance interval, sex, age, year of diagnosis, etiology,
CRPH, body mass index (BMI), Model for End-Stage Liver Disease (MELD) score, Child-Pugh class,
and log-transformed AFP were tested at univariate analysis, and only variables predictive of cancer
stage (p<0.1) were included in the multivariate models. Similarly, multivariate logistic regression
analysis was used to identify factors independently associated with increased likelihood of receiving
curative treatment (LT, LR or ABL).

Overall survival (0S), expressed as median and 95% confidence interval (Cl), was calculated from
the date of HCC diagnosis to the date of death from any cause, last follow-up evaluation or data
censoring (December 315, 2017). Survival curves were estimated and compared using Kaplan-Meier
method and log-rank test. The confounding effect of the lead-time bias was minimized adjusting the
observed survival of 3MS patients for the calculated lead-time. This was obtained using the
Schwartz’s formula (23): t = DT x 3 x log(d1/do)/log(2), in which t is the lead-time in days, DT is the
mean tumor volume doubling time reported in a recent metanalysis (4.6 months) (24), do and d; are
the median HCC sizes in 3MS and 6MS groups, respectively. If after the subtraction of the lead-time
the adjusted survival became negative, a survival (in deceased patients) or a follow-up (in living
patients) of 1 day was attributed. The 3MS group survival was analyzed as both observed and
adjusted. Multivariate Cox proportional hazard models were used to identify the independent
prognostic factors among variables significantly or borderline (p<0.1) associated with survival at
univariate analysis. To avoid collinearity between residual liver function variables, in multivariate

logistic regression and Cox analyses, two models were created including either MELD score or Child-
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Pugh class. In addition, we explored whether the surveillance schedule had an impact on cause-
specific survival. HCC progression, cirrhosis decompensation and not liver-related causes of death
were treated as competing risks and the association of the surveillance interval with each outcome
was evaluated with a competing risk survival analysis.

Considered the non-randomized nature of this study, in order to correct for potential biases in the
allocation to 3- or 6-months surveillance interval, we selected two homogeneous groups by
propensity score matching. Variables that might affect the selection of surveillance schedule (sex,
age, etiology, presence of CSPH, residual liver function) were included in the propensity score
model. Binary logistic regression was used to calculate a continuous propensity score from0to 1. A
nearest-neighbor match without replacement in a 1:2 ratio, with a pre-defined caliper width (0.2 of
the standard deviation of the logit of the propensity score), was used to match 3MS and 6MS
patients.

In order to estimate the increase in direct costs of surveillance adopting a 3-months schedule, the
time interval between the diagnosis of cirrhosis and HCC (monitoring time lapse) was calculated and
then divided by the interval of surveillance in months (three in 3MS patients and six in 6MS patients),
obtaining the number of US examinations performed in each patient. These figures were multiplied
by 80 €, which is the cost for an US examination calculated by the Italian National Health System,
thus providing the direct costs of surveillance per patient. The sum of these costs in each group was
then divided by the number of patients belonging to one or the other group, obtaining the average
cost of surveillance per patient in 3MS and 6MS groups. In summary, the formula used for this
calculation was: Average cost = 5 [(Time under surveillance in months/surveillance interval in
months) x US cost] / number of patients.

In all the analysis, a 2-tailed p value <0.05 was considered statistically significant. IBM SPSS Statistics

(Version 25.0. Armonk, NY: IBM Corp.), STATA 13.0 (1985-2013 StataCorp LP) and GraphPad Prism
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version 8.3.1 (GraphPad Software, La Jolla, California, USA) were used for all the calculations in this

study.

RESULTS

Patient characteristics, tumor stage and treatment

The median duration of surveillance was 6 years (2-17) in 3MS and 9 years (3.5-17) in S6M group.
Baseline characteristics of the patients are depicted in Table 1. 3MS patients were more frequently
males (p=0.04), younger (p=0.004) and affected by HBV-related cirrhosis (p=0.01). No significant
difference in tumor burden, AFP levels and presence of MVI and EHS was recorded between the 2
groups. The majority of patients were diagnosed with solitary tumors <5 cm or 2-3 nodules <3 cm
in size, but 35.8% patients in 3MS group and 31.7% patients in 6MS group were diagnosed outside
the Milano criteria (p=0.89). The different types of treatment were equally distributed in the two
groups: the majority of patients underwent LT, LR or ABL, the latter treatment being the most

frequently adopted (45.0% in 3MS and 48.8% in 6MS patients).

Table 1. Baseline demographic and clinical characteristics of patients.

Variable 3MS 6MS p?
(n=109, 14%) (n=668, 86%)

Males — n (%) 82 (75.2) 435 (65.1) 0.04

Age (years) 70 (62 - 76) 72 (64 -77) 0.004

Etiology — n (%)

HBV 24 (22.0) 84 (12.6) 0.01

HCV 80 (73.4) 568 (85.0)

HBV+HCV 5 (4.6) 16 (2.4)

BMI (Kg/m?) 24.9 (22.9-27.0) 25.3(23.2-27.6) 0.33

CSPH —n (%) 69 (63.3) 475 (71.1) 0.11

MELD score 10 (8 -12) 9(7-11) 0.02

Child-Pugh class — n (%)

A 76 (69.8) 476 (71.3) 0.74

B 31(28.4) 173 (25.9)

C 2(1.8) 19 (2.8)

ECOG-PS — n (%)

0 92 (84.4) 474 (71.0) 0.007

1 17 (15.6) 172 (25.7)

2 0(0) 22 (3.3)

Number of nodules 1(1-3) 1(1-3) 0.72
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Diameter (cm)

MVI - n (%)

EHS — n (%)

AFP (ng/mL)

Cancer stage — n (%)

Solitary £2 cm, no MVI, no EHS
Solitary 2.1-3 cm, no MVI, no EHS
Solitary 3.1-5 cm, no MVI, no EHS
2-3 nodules, <3 cm, no MVI, no EHS
Outside Milano criteria

Main treatment — n (%)

LT

LR

ABL

IAT

2.7 (2.0-4.8)
10 (9.2)
2(1.8)

20.0 (4.5 —323.0)

3.0 (2.0-4.0)
43 (6.4)
10 (1.5)
21.0 (5.0 — 249.3)

SOR
BSC

33(30.3) 203 (30.4)
13 (11.9) 96 (14.4)
10 (9.2) 59 (8.8)
14 (12.8) 98 (14.7)
39 (35.8) 212 (31.7)
11(10.1) 32 (4.8)
16 (14.7) 98 (14.7)
49 (45.0) 326 (48.8)
25 (22.9) 146 (21.9)
5 (4.6) 31 (4.6)
3(2.7) 35(5.2)

a Mann-Whitney test, x2 test and Fischer’s exact test, as appropriate.
Categorical variables are presented ad absolute frequency and percentage, while continuous variables are presented as median

and interquartile range.

0.11
0.31
0.68
0.63

0.89

0.28

Abbreviations: 3MS, 3-months surveillance group; 6MS, 6-months surveillance group; BMI, body mass index; CSPH, clinically
significant portal hypertension; MELD, Model for End-Stage Liver Disease; ECOG-PS, Eastern Cooperative Oncology Group
performance status; MVI, macrovascular invasion; EHS, extra-hepatic spread; AFP, alpha-fetoprotein; LT, liver transplantation; LR,

liver resection; ABL, ablation; IAT, intra-arterial therapies; SOR, sorafenib; BSC, best supportive care.

By univariate logistic regression analysis, the 6-months surveillance interval was not associated with

an increased risk of HCC diagnosis outside the Milano criteria compared to the 3-months interval

(odds ratio [OR] = 0.83, 95% Cl 0.55-1.28; p=0.40), as instead were sex, CSPH, MELD score, Child-

Pugh class and AFP levels. Independent predictors of diagnosis in advanced stage at the multivariate

logistic regression analysis were male sex, Child-Pugh B and high AFP levels (Table 2). Only high

levels of AFP and BMI (although this latter borderline) resulted independent predictors of diagnosis

beyond the very early stage (Supplementary Table 1).

Table 2. Independent risk factors for the detection of HCC outside the Milano criteria.

Variable

Surveillance group

3MS

6MS

Sex

Female

Male

Age (per 10-years increase)
Year of diagnosis

Univariate analysis

OR (95% Cl)

Ref
0.83 (0.55-1.28)

Ref
1.35 (0.97-1.86)
0.96 (0.82-1.11)
0.95 (0.86-1.06)

Multivariate analysis

Model 1°
p aOoR (95% ClI) p
0.40
- Ref -
0.07 1.48 (1.04-2.13) 0.03
0.55 - -
0.38 - -

Multivariate analysis

Model 2°
aOR (95% ClI) p
Ref -
1.51 (1.05-2.16) 0.03



Etiology
HBV

HCV
HBV+HCV
BMI (Kg/m?)
CSPH

No

Yes

MELD score
Child-Pugh class
A

B

C

logAFP

Ref
0.99 (0.64-1.52)
1.28 (0.49-3.38)
1.03 (0.97-1.08)

Ref
1.51 (1.08-2.13)
1.05 (1.01-1.10)

Ref
1.73 (1.24-2.41)
2.77 (1.15-6.65)
2.41 (2.05-2.83)

0.95
0.61
0.36

0.27
0.02

0.001

0.02

<0.0001
a In order to avoid collinearity between liver function variables, MELD score and Child-Pugh class were included as covariates
separately in model 1 and model 2, respectively.
Abbreviations: OR, Odds ratio; aOR, adjusted OR; Cl, confidence interval; Ref, reference; 3MS, 3-months surveillance group; 6MS, 6-
months surveillance group; HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, Body Mass Index; CSPH, clinically significant portal
hypertension; MELD, Model for End-Stage Liver Disease; logAFP, logarithm of alpha-fetoprotein.

Ref
1.12 (0.76-1.67)
1.02 (0.97-1.08)

2.40(2.03-2.82)

0.57
0.43

<0.0001

Ref
1.02 (0.68-1.53)

Ref
1.50 (1.01-2.23)
1.26 (0.46-3.45)
2.39 (2.03-2.82)

0.04
0.65
<0.0001

The likelihood of receiving curative treatment was similar between patients surveilled every 3- and

6-months (OR=0.93, 95% Cl 0.60-1.45; p=0.76). By contrast, high ECOG-PS, poor residual liver

function (Child-Pugh class B), high AFP levels and larger tumor burden were independently

associated with a decreased probability to be treated with LT, LR or ABL (Table 3).

Table 3. Factors associated with the probability of receiving a curative treatment (liver transplantation, liver resection

or ablation) for HCC.

Variable

Surveillance group
3MS

6MS

Sex

Female

Male

Age (per 10-years increase)
Year of diagnosis
Etiology

HBV

HCV

HBV+HCV

BMI (Kg/m?)

CSPH

No

Yes

MELD score
Child-Pugh class

A
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Univariate analysis

OR (95% CI)

Ref
0.93 (0.60-1.45)

Ref
1.00 (0.73-1.38)
0.95 (0.81-1.10)
0.99 (0.90-1.11)

Ref
0.77 (0.49-1.22)
0.73 (0.27-2.00)
0.97 (0.91-1.02)

Ref
0.44 (0.31-0.64)
0.92 (0.88-0.96)

Ref

<0.0001
0.0002

p

0.76

0.99
0.48
0.96

0.26
0.55
0.25

Multivariate analysis
Model 1°

aOR (95% ClI)

Ref
0.67 (0.44-1.03)
0.99 (0.93-1.04)

p

0.07
0.62

Multivariate analysis
Model 2°

aOR (95% CI)

Ref
0.77 (0.50-1.18)

Ref

p



B 0.39 (0.28-0.55) = <0.0001 0.65 (0.43-0.98) 0.04
C 0.13 (0.05-0.35) = <0.0001 0.43 (0.13-1.43) 0.17
EGOG-PS

0 Ref - Ref - Ref -

1 0.23 (0.16-0.32) = <0.0001 0.28 (0.19-0.41) <0.0001 0.30(0.20-0.44) <0.0001
2 0.04 (0.01-0.15) = <0.0001 0.09 (0.02-0.32) 0.0002 0.12 (0.03-0.44) 0.002
logAFP 0.50 (0.43-0.58) = <0.0001 0.70 (0.58-0.84) 0.0002 0.70 (0.58-0.84) 0.0002
Cancer stage

Solitary £2 cm, no MVI, no EHS Ref - Ref - Ref -
Solitary 2.1-3 cm, no MVI, no EHS 0.48 (0.27-0.86) 0.01 0.52 (0.28-0.96) 0.03 0.52 (0.28-0.96) 0.03
Solitary 3.1-5 cm, no MVI, no EHS 0.24 (0.13-0.43) = <0.0001 0.49 (0.24-0.98) 0.04 0.48 (0.24-0.98)

2-3 nodules, < 3 cm, no MVI, no EHS 0.45 (0.26-0.80) 0.007 0.48 (0.26- 0.87) 0.01 0.46 (0.25-0.85)

Outside Milano criteria 0.13 (0.09-0.21) = <0.0001 0.22 (0.11-0.37) <0.0001 0.22 (0.13-0.38) <0.0001

a In order to avoid collinearity between liver function variables, MELD score and Child-Pugh class were included as covariates
separately in model 1 and model 2, respectively.

Abbreviations: OR, Odds ratio; aOR, adjusted OR; Cl, confidence interval; Ref, reference; 3MS, 3-months surveillance group; 6MS, 6-
months surveillance group; HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, Body Mass Index; CSPH, clinically significant portal
hypertension; MELD, Model for End-Stage Liver Disease; ECOG-PS, Eastern Cooperative Oncology Group performance status; logAFP,
logarithm of alpha-fetoprotein; MVI, macrovascular invasion; EHS, extrahepatic spread.

Survival analysis

The median duration of follow-up in the whole study population was 50.0 months (95% ClI 21.0-
67.5) and during this period 69 patients (63.3%) in 3MS group and 373 patients (55.8%) in 6MS
group died. 3MS and 6MS groups were similar in the proportion of death from HCC progression
(66.7% vs. 57.4%, respectively; p=0.18), cirrhosis decompensation (21.7% vs. 25.7%, respectively;
p=0.55) and not liver-related causes of death (11.6% vs. 16.9%, respectively; p=0.37).

The median OS in the whole population of patients was 52.0 months (95% Cl 44.2-59.8), with a 5-
years survival rate of 46.3%. The observed survival of 3MS patients (47.0 months, 95% Cl 35.0-58.9),
albeit slightly shorter, was not significantly different compared to that of 6MS patients (55.0
months, 95% Cl 45.9-64.0; hazard ratio (HR)=0.90 [95% CI 0.70-1.17]; p=0.43). The 5-years survival
rates were 40.7% and 47.2%, respectively (Figure 1a).

According to the Schwartz’s formula, the calculated lead-time was 63 days. The median adjusted
survival of 3MS group was 44.9 months (95% Cl 33.4-56.4), with a 5-years survival rate of 40.0%.
These figures did not significantly differ than those observed in 6MS group (HR=0.87, 95% Cl 0.67-

1.13; p=0.30; Figure 1b).
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Figure 1. Kaplan-Meier curves for overall survival in the 3MS and 6MS groups. 6MS survival was not statistically
significant different from that of 3MS group, the latter considered both as observed (a) and adjusted for the lead-time
bias (b).

By multivariate analyses, year of diagnosis, residual liver function (MELD score and Child-Pugh class
in model 1 and 2, respectively), advanced ECOG-PS, tumor burden and main treatment were
independently associated with an increased risk of death (Table 4). Among these, treatment was
the major predictor of prognosis, with a clear hierarchy in survival benefit
(LT>LR>ABL>IAT>SOR>BSC). After correction for other independent predictors of prognosis, the
6MS interval was again not associated with an increased risk of mortality (adjusted HR=0.92 [95%
Cl 0.70-1.21], p=0.54 in model 1 including MELD score and 0.89 [95% Cl 0.68-1.18], p=0.42 in model
2 including Child-Pugh class). At the univariate competing risk survival analysis, 3MS was not
associated with a decreased mortality risk due to HCC progression. By contrast, a slightly and non-
statistically significant lower risk of cancer-related death was evident for semiannual surveillance
(HR=0.75, 95% ClI 0.55-1.02; p=0.07) (Supplementary Figure 2a). As expected, the surveillance
schedule was not associated with mortality risk due to cirrhosis decompensation (HR=1.03, 95% ClI
0.59-1.78; p=0.10) and not liver-related causes of death (HR=1.30, 95% ClI 0.63-2.70; p=0.71)

(Supplementary Figure 2b and 2c).

278



Table 4. Variables independently associated with mortality (survival adjusted for the lead-time was used in 3MS

patients).
Variable Univariate analysis Multivariate analysis Multivariate analysis
Model 1° Model 2°

HR (95% ClI) p aHR (95% ClI) p aHR (95% ClI) p
Surveillance group
3MS Ref - - - - -
6MS 0.87 (0.67-1.13) 0.30
Sex
Female Ref - - - - -
Male 1.01 (0.83-1.23) 0.92
Age (per 10-years increase) 1.08 (0.98-1.19) 0.14 - - - -
Year of diagnosis 0.85(0.80-0.91) = <0.0001 @ 0.84(0.79-0.90) = <0.0001 @ 0.83(0.78-0.89) <0.0001
Etiology
HBV Ref - - - - -
HCV 1.04 (0.79-1.37) 0.78
HBV+HCV 1.17 (0.64-2.13) 0.62
BMI (Kg/m?) 0.98 (0.95-1.02) 0.27 - - - -
CSPH
No Ref - Ref - Ref -
Yes 1.60(1.29-1.99) <0.0001 @ 1.20(0.94-1.52) 0.14 1.19 (0.93-1.51) 0.16
MELD score 1.07 (1.05-1.10) <0.0001 = 1.06 (1.03-1.09) & <0.0001 - -
Child-Pugh class
A Ref - - - Ref -
B 1.74 (1.42-2.13) | <0.0001 1.60 (1.28-2.02) = <0.0001
C 2.08 (1.22-3.56) 0.007 1.95 (1.07-3.53) 0.03
ECOG-PS
0 Ref - Ref - Ref -
1 1.80(1.47-2.22) <0.0001 @ 1.23(0.98-1.53) 0.08 1.18 (0.94-1.47) 0.16
2 2.83(1.71-4.69) @ <0.0001 | 0.46(0.25-0.85) 0.01 0.38 (0.20-0.72) 0.003
logAFP 1.36(1.24-1.48) <0.0001 @ 1.06 (0.96-1.18) 0.26 1.06 (0.95-1.17) 0.29
Cancer stage
Solitary £2 cm, no MVI, no EHS Ref - Ref - Ref -
Solitary 2.1-3 cm, no MVI, no EHS 1.33 (0.95-1.86) 0.09 1.15 (0.82-1.62) 0.42 1.19 (0.85-1.67) 0.32
Solitary 3.1-5 cm, no MVI, no EHS 2.60(1.83-3.68) = <0.0001 | 2.10(1.44-3.05) 0.0001 2.22 (1.53-3.22) = <0.0001
2-3 nodules, <3 cm, no MVI, no EHS 1.92(1.41-2.62) <0.0001 @ 1.69(1.24-2.31) 0.001 1.72 (1.26-2.35) 0.001
Outside Milano criteria 2.59(2.01-3.32) | <0.0001 | 1.64(1.22-2.20) 0.001 1.66 (1.24-2.22) 0.001
Treatment
BSC Ref - Ref - Ref -
LT 0.03 (0.02-0.07) = <0.0001 @ 0.03(0.01-0.07) @ <0.0001 @ 0.03(0.01-0.07) <0.0001
LR 0.09 (0.06-0.14) = <0.0001 @ 0.12(0.07-0.20) = <0.0001 @ 0.11(0.06-0.18) <0.0001
ABL 0.12 (0.08-0.17) = <0.0001 @ 0.15(0.10-0.24) @ <0.0001 @ 0.15(0.09-0.23) <0.0001
IAT 0.24 (0.17-0.35) = <0.0001 @ 0.26(0.16-0.41) = <0.0001 @ 0.24(0.15-0.37) <0.0001
SOR 0.49 (0.30-0.80) 0.004 0.55 (0.32-0.92) 0.02 0.50 (0.30-0.83) 0.008

a |In order to avoid collinearity between liver function variables, MELD score and Child-Pugh class were included as covariates
separately in model 1 and model 2, respectively.
Abbreviations: HR, hazard ratio; aHR, adjusted HR; Cl, confidence interval; Ref, reference; CSPH, clinically significant portal
hypertension; MELD, Model for End-Stage Liver Disease; ECOG-PS, Eastern Cooperative Group performance status; MVI,
macrovascular invasion, EHS, extrahepatic spread; logAFP, logarithm of alpha-fetoprotein; BSC, best supportive care; LT, liver

transplantation; LR, liver resection; ABL, ablation; IAT, intra-arterial therapies; SOR, sorafenib.

Propensity score matching survival analysis
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After propensity score matching, 74 3MS patients and 148 6MS patients were selected, obtaining
two subgroups absolutely comparable in baseline characteristics (Table 5).

The median OS in this sub-population was 46.0 months (95% Cl 35.3-56.7), with a 5-years survival
rate of 43.1%. As in the whole study population, there was no significant difference between the
observed survival of 3MS and 6MS patients (48.0 months [95% Cl 37.6-58.4] vs. 40.0 months [95%
Cl1 19.5-60.5]; HR=0.97, 95% Cl 0.68-1.38; p=0.86). The 5-years survival rates were 41.5% and 43.9%,
respectively (Figure 2a). Despite the slightly higher median OS recorded for 3MS patients, 5-years
survival rates were higher in 6MS group and this is explained by the crossing over of the survival
curves in the proximity of the median OS. The median survival of the 3MS patients adjusted for the
estimated lead-time (85 days) was 45.2 months (95% Cl 34.8-55.5), with a 5-years corrected survival
rate of 39.7%, again not different from that of 6MS patients (HR=0.93, 95% Cl 0.65-1.32; p=0.67;

Figure 2b).

Table 5. Baseline demographic and clinical characteristics of patients after propensity score matching.

Variable 3MS 6MS p?
(n=74) (n=148)

Males — n (%) 57 (77.0) 111 (75.0) 0.74

Age (years) 71[62-76] 69 [61 - 76] 0.87

Etiology — n (%)

HBV 12 (16.2) 25 (16.9) 0.96

HCV 59 (79.7) 118 (79.7)

HBV+HCV 3(4.1) 5(3.4)

BMI (Kg/m?) 25.2 [23.0-28.2] 25.4[22.9 - 27.6] 0.82

CSPH —n (%) 46 (62.2) 89 (60.1) 0.77

MELD score 9[8-11] 9[7-11] 0.23

Child-Pugh class — n (%)

A 54 (73.0) 110 (74.3) 0.77

B 18 (24.3) 36 (24.3)

C 2(2.7) 2(1.4)

ECOG-PS — n (%)

0 65 (87.8) 114 (77.0) 0.14

1 9(12.2) 33(22.3)

2 0(0) 1(0.7)

Number of nodules 1[1-3] 1[1-3] 0.96

Diameter (cm) 2.7[2.0-4.8] 3.0[2.0-4.0] 0.11

MVI - n (%) 5 (6.8) 9(6.1) 1.00

EHS —n (%) 2(2.7) 3(2.0) 1.00

AFP (ng/mL) 37.5[4.8—682.0] 17.5[5.3 — 203.3] 0.33

Cancer stage — n (%)

Solitary €2 cm, no MVI, no EHS 18 (24.3) 44 (29.7) 0.87
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Solitary 2.1-3 cm, no MVI, no EHS 9(12.2) 19 (12.8)

Solitary 3.1-5 cm, no MVI, no EHS 6(8.1) 8(5.4)

2-3 nodules, < 3 cm, no MVI, no EHS 12 (16.2) 21(14.2)

Outside Milano criteria 29 (39.2) 56 (37.8)

Main treatment — n (%)

LT 8(10.8) 10 (6.8) 0.89
LR 11 (14.9) 25 (16.9)

ABL 32 (43.2) 71 (48.0)

IAT 18 (24.3) 32(21.6)

SOR 3(4.1) 5(3.4)

BSC 2(2.7) 5(3.4)

a Mann-Whitney test, x2 test and Fischer’s exact test, as appropriate.

Categorical variables are presented ad absolute frequency and percentage, while continuous variables are presented as median and
interquartile range.

Abbreviations: 3MS, 3-months surveillance group; 6MS, 6-months surveillance group; BMI, body mass index; CSPH, clinically
significant portal hypertension; MELD, Model for End-Stage Liver Disease; ECOG-PS, Eastern Cooperative Oncology Group
performance status; MVI, macrovascular invasion; EHS, extra-hepatic spread; AFP, alpha-fetoprotein; LT, liver transplantation; LR,
liver resection; ABL, ablation; IAT, intra-arterial therapies; SOR, sorafenib; BSC, best supportive care.
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Figure 2. Kaplan-Meier curves for overall survival in the 3MS and 6MS groups after propensity score matching analysis.
The survival of 6MS patients was not different from the observed (a) and adjusted (b) survival of 3MS patients.

Cost analysis

The overall cost of surveillance was 316,645 € in 3MS group and 1,217,764 € in 6MS group. These
figures were then divided by the number of patients included in each group, obtaining the average
cost per patient: 2,905 € for a patient surveilled quarterly and 1,823 € for a patient tested twice a
year, with a difference of 1,082 € between the two surveillance schedules. Only the direct costs of
US surveillance were estimated, not including the expenses for the determination of biomarkers,

which are frequently used in clinical practice, as well as the indirect costs of recall procedures. In
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the evaluation of the economic impact of the surveillance schedule, also the cost of the procedures
adopted to achieve HCC diagnosis, including liver biopsy, should be considered. Although our study
was not designed to compare the cost of diagnosing HCC in the two groups, a greater expense could
be postulated in 3MS group since the diagnosis was histological in a significantly higher proportion

of 3MS (n=24, 22.0%) compared to 6MS patients (n=84, 12.6%) (p=0.01).

DISCUSSION

Despite some improvement in survival, HCC should be still considered as a highly lethal cancer and,
with the aim of reducing disease-specific mortality, international guidelines recommend regular
surveillance in patients at risk (4—7). While semiannual surveillance is suggested by EASL, AASLD and
APASL guidelines (4,5,7), the Japanese ones recommend an enhanced schedule (shorter interval
between US, periodic assessment of tumor markers and optional CT/MRI every 6-12 months) in HBV
and HCV-related cirrhotics, who are considered at “extremely high-risk” of developing HCC (6). By
contrast, Western guidelines does not even suggest the determination of AFP (4,5). Experimental
data proving an advantage in shortening the surveillance interval are still lacking. A single trial
compared the 3- and the 6-months schedules and reported no difference in terms of early diagnosis
and survival, but it was not specifically addressed at evaluating viral cirrhotics (17).

In this study we assessed whether a 3-months US surveillance schedule is associated with an
improvement of prognosis in Caucasian patients with a virus-related cirrhosis, compared to the
routine 6-months interval. 3MS was not superior to 6MS schedule in terms of number of tumors
detected and median size of nodules, as also demonstrated by the comparable cancer stage at
diagnosis. At the logistic regression analysis, 6MS schedule was not associated with an increased
risk of missing patients with an early-stage tumor (within the Milano criteria). Moreover, as far as

therapeutic allocation was concerned, between the two groups there were no significant
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differences: the majority of patients were managed with curative therapies (in particular ABL) in
both groups and the tighter surveillance schedule was not associated with an increased likelihood
to receive a radical treatment.

The prognostic benefit of regular surveillance is a well-known concept, since the survival of
periodically monitored patients is significantly longer compared to casual/symptomatic diagnosis
(10,11,25,26). This benefit is indirectly confirmed also in this study considering that the median
survival demonstrated for all the included surveilled patients was remarkably high (52.0 months).
Surveillance exerts its benefit on prognosis through an early diagnosis, which allows the delivery of
curative treatments. Since in this study there was no difference in cancer stage at diagnosis and
treatments between the two groups, the 3MS did not demonstrate to improve the survival as
compared to the 6MS surveillance schedule. This was further confirmed when cause-specific
survival was analyzed, with 3MS not proving to be associated with a decrease of cancer-related
mortality risk.

Studies on surveillance for HCC are potentially limited by the existence of “lead-time” and “length-
time” biases (25,27). We here minimized the former by adjusting the observed survival of 3MS
patients for the calculated lead-time, and again no statistically significant difference in survival
between 3MS and 6MS patients was observed after correction. The length-time bias (i.e., the
relative excess of slowly growing tumors detected in surveillance as compared to symptomatic
diagnosis) cannot be avoided, but it was minimized considering that in the ITA.LI.CA database
patients in whom the diagnosis is anticipated between the scheduled appointments due to the
development of symptoms are considered as surveilled.

In addition to being useless in reducing mortality, the 3MS schedule accounted for an increased
direct cost of surveillance. The 3-months interval was associated with an approximately 1,000 €

higher expenses per patient. Moreover, the enhanced surveillance program cost is likely to be
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higher since we did not consider the cost of biomarkers (e.g., AFP, widely used despite not
recommended by EASL guidelines) and, more importantly, the indirect cost of surveillance. Indeed,
as already demonstrated by Trinchet et al. (17), a shorter surveillance interval increases the
detection of focal lesions, leading to a higher number of recall procedures to achieve a diagnosis.
The present study underlines some limitations of the current surveillance policy. A high proportion
of patients (about 30% in the entire cohort) was diagnosed with a tumor burden outside the Milano
criteria, similarly to what has been previously found in other studies on surveillance (12,17). The
relatively high prevalence of tumors deriving from a multicentric carcinogenesis may explain this
result, but these data also emphasize the need for improving surveillance methods.

This study has some limitations and may suffer from unintended biases, due to its retrospective
nature. The first, and most important limitation, is the selection bias which derives from the
subjective and not standardized choice of the surveillance schedule. Clinicians tend to shorten the
surveillance interval in patients considered at very high risk to develop HCC (such as HBV patients),
and this could have increased the number of high-risk patients assigned to a 3-months surveillance
schedule (as suggested by the higher prevalence of young males with HBV-related chronic liver
disease in this group). Therefore, in order to support our findings, we created two groups
comparable for the variables that may influence the choice of surveillance interval with a propensity
score matching. While in the unadjusted survival analysis 3MS patients demonstrated a slightly
shorter median OS compared to 6MS group, these figures were reversed after matching (although
5-years survival rates were still slightly higher in 6MS group). Moreover, the median OS of 6MS
patients decreased from 55.0 months in the unadjusted analysis to 40.0 months in the propensity
score analysis, while the median OS of 3MS patients remained approximately the same (47.0
months and 48.0 months, respectively). This seems to confirm the existence of a selection bias,

whereby patients at higher risk and probably those who will develop more aggressive tumors were
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predominantly allocated in the 3MS group. The median OS of semiannually surveilled patients
singled out with propensity score matching drops to 40.0 months, this being probably due to their
baseline characteristics and risk profile similar to 3MS patients. Nevertheless, even after correction
for this selection bias, the 3-months surveillance schedule proved not to be superior to the routine
6-months interval, both considering the observed and the lead-time adjusted survival. This lends
additional support to the conclusion that a more stringent surveillance schedule does not improve
the prognosis of HBV and HCV-related cirrhotic patients.

Even if after the propensity score matching we obtained two comparable groups, it was not possible
to take into account all the confounders that can influence the choice of the surveillance interval.
In the ITA.LI.CA database information about the presence of precancerous lesion or undefined
nodules, which may have influenced the adoption of a tighter surveillance interval, are not collected
and therefore cannot be included in the analysis. The ITA.LI.CA database collects patients managed
over a 30-years period of time, during which there have been several improvements in diagnostic
and therapeutic techniques (recruitment time bias). Trying to minimize the influence of the period
of HCC diagnosis on surveillance effectiveness and survival outcomes, we included in our analysis
only patients diagnosed in a narrow temporal window (2009-2013). As a drawback, HCV-cirrhotics
treated with direct-acting antiviral agents and the impact of this effective therapy on surveillance
for HCC were not considered in this study. Although it is well recognized that a sustained virological
response (SVR) reduces the HCC risk in HCV cirrhotics (28), this study was limited by the fact that
we were not able to consider the role of SVR because HCV-RNA levels were known only in 254 HCV
patients (38.0%). However, we can reasonably assume that an enhanced surveillance, which did not
improve survival of patients before the availability of an effective HCV eradication therapy, might
be even less useful after viral clearance, thus further reinforcing our conclusions. In addition, we did

not consider the status of the patients regarding HBV-antiviral therapy. It is known that high level
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of serum HBV-DNA are associated with higher risk of HCC (29), while the suppression of viral
replication could reduce the risk and improve survival (30,31). Unfortunately, data regarding HBV-
antiviral therapy and HBV-DNA levels were not available for the majority of patients, preventing us
from correcting even for these confounders.

In conclusion, the 3-months surveillance interval in HBV and HCV cirrhotic patients does not increase
the detection of early-stage cancers, the probability to receive curative treatments and, most
importantly, the overall survival compared to the 6-months schedule. Moreover, the 3-months
schedule increases the direct cost of surveillance, and could likely increase also the indirect ones.
According to our results, the surveillance of HBV and HCV cirrhotic patients should be performed on

a 6-months basis, as recommended by EASL, AASLD and APASL guidelines (4,5,7).
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SUPPLEMENTARY MATERIAL

ITA.LI.CA patients
{1987-2017)
n=6991

— Not cirrhotic patients (n=489)

Cirrhotic patients
n=6502

—— Patients without viral liver disease (n=2081)

Patients with HBV/HCV related cirrhosis
n=4421

HCC diagnosis outside surveillance programs
{n=1592)

Patients with HEV/HCV related cirrhosis and
HCC diagnosis during surveillance
n=2829

HCC diagnosis before January 2009 (n=896) —————— HCC diagnosis after December 2013 (n=764)

Patients with HBV/HCV related cirrhosis and
HCC diagnosis during surveillance
(2009-2013)
n=1169

Patients surveilled with other intervals than 3- or
6-months (n=376)

—— HIV co-infected patients (n=16)

Patients included in the study
n=777

3MS group 6MS group
n=109 n=668

Supplementary Figure 1. Flow-chart of inclusion. (Abbreviations: ITA.LI.CA, Italian Liver Cancer; HBV, hepatitis B virus;
HCV, hepatitis C virus; HCC, hepatocellular carcinoma; HIV, Human Immunodeficiency Virus; 3MS, 3-months surveillance
group; 6MS, 6-months surveillance group)
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Supplementary Figure 2. Cumulative incidence plots comparing the risk of death from HCC progression (a), cirrhosis
decompensation (b) and not liver-related causes (c) in 3MS and 6MS groups. Despite the slightly lower risk of mortality
from cancer progression in 6MS group, no statistically significant difference was shown between the two groups
(HR=0.75, 95% Cl 0.55-1.02; p=0.07) (a). Similarly, no differences in the risk of death from cirrhosis decompensation
(HR=1.03, 95% CI 0.59-1.78; p=0.10) (b) and not liver-related causes (HR=1.30, 95% Cl 0.63-2.70; p=0.71) (c) were
demonstrated between 3MS and 6MS groups. (Abbreviations: 3MS, 3-months surveillance schedule; 6MS, 6-months
surveillance schedule; HR, hazard ratio).
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Supplementary Table 1. Independent risk factors for the detection of HCC beyond the very early stage (i.e., solitary
lesion <2 cm, without MVI and/or EHS).

Variable

Surveillance group
3MS

6MS

Sex

Female

Male

Age (per 10-years increase)
Year of diagnosis
Etiology

HBV

HCV

HBV+HCV

CSPH

No

Yes

BMI (Kg/m?)
MELD score
Child-Pugh class
A

B/C

logAFP

Univariate analysis

OR (95% Cl)

Ref
0.99 (0.64-1.55)

Ref
1.15 (0.83-1.58)
1.01 (0.86-1.17)
0.96 (0.86-1.07)

Ref
1.05 (0.68-1.63)
1.47 (0.50-4.34)

Ref
1.23 (0.89-1.71)
1.05 (1.00-1.11)
1.08 (1.02-1.13)

Ref
1.61 (1.13-2.30)
2.86 (2.32-3.54)

p

0.98

0.41
0.95
0.46

0.82
0.49

0.22
0.05

0.005

0.009
<0.0001

Multivariate analysis Multivariate analysis

Model 1 Model 2
aOR (95% Cl) p aOR (95% Cl) p
1.05 (0.99-1.11) 0.08 1.05 (0.99-1.11) 0.09
1.04 (0.97-1.10) 0.29 - -
- - Ref -
1.19 (0.74-1.89) 0.48

2.40(1.79-3.22) <0.0001 2.41(1.80-3.23) <0.0001

Note: in order to avoid collinearity between residual liver function variables, two model were fit, the first with MELD score and the

second with Child-Pugh class.

Abbreviations: OR, Odds ratio; aOR, adjusted OR; Cl, confidence interval; Ref, reference; 3MS, 3-months surveillance group; 6MS, 6-
months surveillance group; HBV, hepatitis B virus; HCV, hepatitis C virus; CSPH, clinically significant portal hypertension; BMI, Body
Mass Index; MELD, Model for End-Stage Liver Disease; logAFP, logarithm of alpha-fetoprotein.
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ABSTRACT

Background & Aims: According to the Barcelona Clinic Liver Cancer (BCLC) staging system,
monofocal hepatocellular carcinoma (HCC) is classified as early (BCLC A) irrespective of its size, even
though controversies still exist regarding staging and treatment of large tumors. We aimed at
evaluating the appropriate staging and treatment for large (>5 cm) monofocal (HCC).

Methods: From the Italian Liver Cancer database, we selected 924 patients with small early
monofocal HCC (2-5 cm; SEM-HCC), 163 patients with larger tumors (>5 cm; LEM-HCC) and 1,048
intermediate stage patients (BCLC B).

Results: LEM-HCC patients had a worse overall survival (0OS) than SEM-HCC (31.0 vs. 49.0 months;
p<0.0001), and this was confirmed at multivariate analysis (HR 1.63, 95% ClI 1.29-2.05; p<0.0001).
The small difference in OS between LEM-HCC and BCLC B patients (31.0 vs. 27.0 months; p=0.03)
disappeared in the multivariate model (HR 0.98, 95% CI 0.77-1.25; p=0.89). In all monofocal tumors,
treatment was the strongest independent predictor of survival, with a progressively decreasing
survival benefit moving from “curative” to “palliative” therapies. The survival of resected patients
with LEM-HCC was significantly shorter than that of SEM-HCC (44.0 vs. 78.0 months; p=0.002), but
liver resection provided the highest survival benefit in both groups compared to other treatments.
Conclusions: Monofocal HCC larger than 5 cm should not be staged as BCLC A and either a different
staging system or a different subgrouping of patients (e.g., BCLC AB) should be used. Liver resection,

if feasible, remains the recommended treatment for all these patients.
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INTRODUCTION

Prognostic assessment in patients with hepatocellular carcinoma (HCC) is complex, being survival
determined not only by tumor burden, but also by liver function and general health status (1). Over
the last 30 years, several prognostic systems have been proposed for HCC in the attempt to capture
the complex interrelationship between the prognostic factors (2,3,12-14,4-11). Among them, the
Barcelona Clinic Liver Cancer (BCLC) system, endorsed by the European and American guidelines
(1,15), is the most widely used. In its original version (4), the early stage (BCLC A) included solitary
HCC <5 cm or up to 3 lesions each <3 cm; the classification of single large (>5 cm) tumors was
ambiguous, as resectability, rather than tumor size, was considered to be the indicator for the
allocation in the early or intermediate stage. In the 2011 update (16) and in the last version of BCLC
(1), all monofocal HCCs without macrovascular invasion and/or extrahepatic spread are classified in
the early stage, irrespective of the tumor diameter. Despite some proposals to classify solitary HCC
larger than 5 cm in the intermediate stage (17-19), current Western guidelines recommend the
allocation of these patients in the BCLC A stage (1,15), because of the higher survival when treated
with liver resection (LR) compared to alternative treatments (20,21). Nevertheless, the post-
resection outcome worsens with increasing tumor size: the greater the diameter, the higher the risk
of early tumor recurrence (22), vascular invasion, intra-/extra-hepatic spread (23) and mortality
(17). Liver transplantation (LT) is not indicated for patients with single HCC >5 cm according to Milan
criteria (24). In large HCC, thermal ablation with radiofrequency is unable to achieve response rates
and outcomes comparable to those observed in smaller tumors (1), and the efficacy of transarterial
chemoembolization is debatable (25,26). Recently, a therapeutic hierarchy (determined by the
decreasing survival benefit starting from LT, through progressively less radical treatments, to best

supportive care [BSC]) has been demonstrated, irrespective of stage (27).
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In this study, we performed a survival analysis aimed to evaluate the most appropriate stage
allocation for large (>5 cm) monofocal HCC, the influence of tumor size on the therapeutic choices
made in clinical practice and their outcomes. Considering that the 5 cm cut-off initially included in
the BCLC staging system was based on Milan criteria (24), and that nowadays the “up-to-7” (28)
criteria are widely used in the selection of patients for LT, we also conducted a sub-analysis taking

into account the 7 cm threshold.

METHODS

Study groups

In this retrospective study, data were retrieved from the Italian Liver Cancer (ITA.LI.CA) database, a
multicenter registry including 6,669 HCC patients consecutively managed at any of the 24
participating Institutions from January 1987 to March 2015. Among the patients diagnosed after
January 2002 (n=4,867), we selected all the patients (n=1,087) with a monofocal HCC classifiable as
early according to the latest version of the BCLC staging system (>2 cm in size, no macrovascular
invasion or metastasis, preserved liver function and good general clinical conditions as assessed
with Eastern Cooperative Oncology Group performance status [ECOG-PS]) (1). These patients were
divided in two groups according to tumor size: the Small Early Monofocal (SEM)-HCC group
(diameter <5 cm, n=924) and the Large Early Monofocal (LEM)-HCC group (>5 cm, n=163). For
comparison, all the patients diagnosed with an intermediate stage tumor in the same time period
(n=1,048) were also considered (BCLC B group). Moreover, in order to conduct the sub-analysis
considering the 7 cm cut-off value, early monofocal HCC patients were subsequently regrouped as
follows: HCC <7 cm (n=1,035; 95.2%) and tumors >7 cm (n=52; 4.8%).

The management of the ITA.LI.CA database conforms to the Italian legislation on privacy. According

to Italian laws, no specific request and patient approval are needed for retrospective studies, but
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patients provided written informed consent for every diagnostic and therapeutic procedure, as well
as for having their data recorded anonymously in the ITA.LI.CA database. This study was conducted
in accordance to the ethical guidelines of the Declaration of Helsinki and it was approved by the
Institutional Review Board of the participating Institutions.

HCC diagnosis was histological in 162 (14.9%) patients with monofocal HCC and in 169 (16.1%)
patients in the BCLC B group, whereas in the remaining cases it was based on the typical features at
imaging (dynamic computed tomography [CT] or magnetic resonance imaging [MRI]), according to
guidelines (1,15).

Standard demographic and clinicopathological data were recorded, such as age, sex, etiology of the
underlying liver disease, main serological parameters (albumin, bilirubin, INR, creatinine, sodium,
platelet count, alpha-fetoprotein [AFP]), Child-Pugh class, Model for End Stage Liver Disease (MELD)
score, presence of ascites, clinically significant portal hypertension (CSPH), ECOG-PS, tumor
radiological characteristics (location and size, number of nodules, macrovascular invasion and extra-
hepatic spread) and BCLC stage. Tumor burden was evaluated with dynamic CT or MRI. CSPH
diagnosis was based on unequivocal signs (presence of splenomegaly, varices, ascites) or platelet
count <100 x 10%/L (29).

In total, six therapeutic subgroups were considered: LT, LR, ablation (ABL: percutaneous ethanol
injection, radiofrequency and microwave ablation), intra-arterial therapies (IAT: transarterial
chemoembolization, simple embolization), sorafenib (SOR) and BSC. For patients managed along
their clinical history with more than one treatment modality, only the main therapy was considered,
defined as the more radical according to the following hierarchy: LT, LR, ABL, IAT, SOR and BSC (27).

Statistical analysis
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Categorical variables were reported as absolute and relative frequency, while quantitative data as
median and interquartile range. Mann-Whitney test was used to compare quantitative data,
meanwhile %2 test and Fischer’s exact test were used for categorical variables, as appropriate.
Survivals were expressed as medians and 95% confidence interval (Cl). Overall survival (OS) was
calculated from the date of HCC diagnosis to the date of death from any cause, last follow-up
evaluation or data censoring (December 31%, 2016). Survival curves were estimated using the
Kaplan-Meier method and the difference between curves was assessed by the log-rank test.
Multivariate Cox proportional hazard models were used to identify the independent prognostic
factors. Firstly, multivariate analyses were conducted in all patients with monofocal HCC, and
separately in SEM-HCC and LEM-HCC, in order to identify independent predictors of survival in each
group. Subsequently, another multivariate model was developed including all patients, aimed at
estimating the survival differences between SEM-HCC, LEM-HCC and BCLC B groups adjusted for
confoundings. In Cox regression models, continuous variables were categorized according to the
following selected cut-offs: age 65 years, MELD score 9 (median value), platelet count 100 x 10°/L
and AFP 200 ng/mL. Only variables significantly or borderline (p<0.1) associated with survival at
univariate analysis were included in multivariate models.

In all the analysis, a 2-tailed p-value <0.05 was considered statistically significant. IBM SPSS Statistics
(Version 25.0. Armonk, NY: IBM Corp.) and GraphPad Prism version 8.3.1 (GraphPad Software, La

Jolla, California, USA) were used for all the calculations in this study.

RESULTS
Patient characteristics
The baseline characteristics of included patients with monofocal HCC are described in Table 1.

Compared to LEM-HCC, female sex (29.5% vs. 19.0%, p=0.006), viral etiology (73.8% vs. 58.9%,
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p=0.0002) and CSPH (64.4% vs. 55.2%, p=0.03) were more frequent in SEM-HCC group. Moreover,

SEM-HCC patients had lower platelet count (p<0.0001) and AFP levels (p<0.0001). Regarding the

main treatment, LEM-HCC patients were more frequently treated with LR (41.7% vs. 25.8%) and IAT

(27.0% vs. 18.7%), while ABL was less frequently adopted (14.1% vs. 44.9%).

There was a statistically significant difference among the causes of death between SEM-HCC and

LEM-HCC groups (p=0.0004). At the end of the follow-up 474 SEM-HCC patients (51.8%) were dead,

212 (44.7%) from tumor progression, 106 (22.4%) from liver failure and 156 (32.9%) from sepsis,

bleeding or other causes. During the follow-up, 95 LEM-HCC patients (58.3%) died, because of tumor

progression (n=54, 56.8%), liver decompensation (n=29, 30.5%), and infections, bleeding or other

causes (n=12, 12.7%).

Table 1. Baseline demographic and clinical characteristics of Early Monofocal HCC patients, with the comparison

between SEM-HCC and LEM-HCC groups.

Variable Early monofocal
HCC
(n = 1087, 100%)

Males 783 (72.0)
Age (years) 70 (63-75)
Viral etiology 778 (71.6)
CSPH 685 (63.0)
Ascites 254 (23.4)
Platelets (x 10°/L) 126 (93-157)
MELD score 9(7-11)
Child-Pugh class A 869 (79.9)
AFP (ng/mL) 24.0 (6.0-315.0)
Main treatment LT 33 (3.0)

LR 306 (28.1)

ABL 438 (40.3)

IAT 217 (20.0)

SOR 27 (2.5)

BSC 66 (6.1)

SEM-HCC

(n =924, 85%)

651 (70.5)
70 (63-75)
682 (73.8)
595 (64.4)
211 (22.8)

126 (91-152)

9(7-11)
743 (80.4)

21.0 (6.0-315.0)

28 (3.0)
238 (25.8)
415 (44.9)
173 (18.7)

18 (2.0)

52 (5.6)

T Mann-Whitney test, %2 test and Fischer’s exact test, as appropriate

Categorical variables are shown as absolute frequency and percentage, while continuous data are shown as median and range.

LEM-HCC
(n = 163, 15%)

132 (81.0)
71 (63-77)
96 (58.9)
90 (55.2)
43 (26.4)
130 (107-187)
9(7-11)
126 (77.3)
68.0 (7.0-1810.0)
5(3.1)
68 (41.7)
23 (14.1)
44 (27.0)
9 (5.5)
14 (8.6)

0.006
0.22
0.0002
0.03
0.32
<0.0001
0.66
0.39
<0.0001
<0.0001

There were no statistically significant differences between SEM-HCC and LEM-HCC group in the following serological parameters:
albumin, bilirubin, INR, creatinine and sodium levels (Data not shown).
Abbreviations: HCC, hepatocellular carcinoma; SEM-HCC, small early monofocal hepatocellular carcinoma; LEM-HCC, large early
monofocal hepatocellular carcinoma; CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; AFP,
alpha-fetoprotein; INR, international normalized ratio; LT, liver transplantation; LR, liver resection; ABL, ablation; IAT, intra-arterial

therapies; SOR, sorafenib; BSC, best supportive care.

Early monofocal HCC survival analysis
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The median OS of all patients with solitary HCC was 47.0 months (95% Cl 43.1-50.9), with a 5-year
survival of 40.9%. The LEM-HCC group had a statistically significant shorter OS compared to the
SEM-HCC group [31.0 months (95% Cl 22.1-39.9) vs. 49.0 months (95% Cl 45.2-52.8); hazard ratio
(HR) 1.50 (95% CI 1.20-1.87); p<0.0001] (Figure 1). The 5-year survival rates were 33.3% and 42.2%,
respectively.

100

— SEM-HCC group
— LEM-HCC group

80

60

40-

Survival probability (%)

20

0 T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60
Months

Patients at risk:
SEM-HCC 924 863 760 675 583 492 414 350 275 225 193
LEM-HCC 163 144 120 95 79 61 52 42 34 28 25

Figure 1. Kaplan-Meier survival curves of patients with a monofocal HCC subdivided according to the 5 cm diameter cut-
off. Small Early Monofocal (SEM)-HCC patients had a statistically significant longer survival compared to Large Early
Monofocal (LEM)-HCC patients (p<0.0001).

The main treatment strategy had a strong impact on OS with a clear hierarchical order of survival
benefit. As shown in Table 2, there was a progressive decrease in survival rates moving from
“curative” to “not-curative” therapies (5-year survival rates of 63.6% in LT, 55.3% in LR, 39.8% in
ABL, 28.7% in IAT, 10.2% in SOR and 9.5% in BSC). This declining benefit of different treatments
modalities was maintained in both SEM-HCC and LEM-HCC groups (Table 2). When SEM-HCC and
LEM-HCC patients were compared according to the treatment subgroups, SEM-HCC patients had

better 5-years survival rates and longer median OS compared to LEM-HCC patients in every

treatment subset.
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Table 2. Five-year survival rates (%) and median OS of the whole population of early monofocal HCC, SEM-HCC group and LEM-HCC group according to the main treatment.

Early monofocal HCC

5-year survival

rate (%)
LT 63.6
LR 55.3
ABL 39.8
IAT 28.7
SOR 10.2
BSC 9.5

Median OS
(months)
87.0 (NE — NE)
72.0 (60.5 — 83.5)
48.0 (43.6 — 52.4)
37.0(31.5-42.5)
25.0 (12.0 - 38.0)
13.0 (7.5 -18.5)

0S is presented as median and 95% confidence interval.
Abbreviations: HCC, hepatocellular carcinoma; SEM-HCC, small early monofocal hepatocellular carcinoma; LEM-HCC, large early monofocal hepatocellular carcinoma; OS, overall survival; NE, not estimable; LT, liver

transplantation; LR, liver resection; ABL, ablation; IAT, intra-arterial therapies; SOR, Sorafenib; BSC, best supportive care; NE, not estimable.

p

<0.0001

5-year survival

rate (%)
67.6
59.5
40.0
28.1
14.1
8.9

SEM-HCC group

Median OS
(months)
87.0 (NE — NE)
78.0 (64.2 —91.8)
49.0 (44.3-53.7)
38.0 (33.5-42.5)
31.0(21.3-40.7)
15.0 (6.4 - 23.6)

p

<0.0001

5-year survival
rate (%)
45.2
37.7
31.1
22.6
0.0
0.0

LEM-HCC group
Median OS p
(months)
66.0 (16.6 —115.4)
44.0 (27.1-60.9)
37.0(15.0-59.0)
28.0(22.9-33.1)
8.0(5.2-10.8)
8.0(0.7-15.3)

<0.0001

Table 3. Multivariate analysis for factors independently associated with survival in the whole Early Stage Monofocal HCC population, SEM-HCC group and LEM-HCC group.

Variable
Gender

Ascites

Platelets
(x10°/L) "
MELD score

Child-Pugh
class
Diameter
(cm)
Treatment

Early Monofocal HCC

Adjusted HR (95% Cl) P
Female - -
Male
No - -
Yes
>100 Ref -
<100 1.41(1.17-1.70) 0.0003
<9 Ref -
>9 1.23(1.02-1.48) 0.03
A Ref -
B 1.16 (0.93 — 1.45) 0.19
<5 Ref -
>5 1.63(1.29-2.05) <0.0001
BSC Ref -
LT 0.11 (0.06 —0.22) < 0.0001
LR 0.20 (0.14-10.28) < 0.0001
ABL 0.26 (0.19-10.36) <0.0001
IAT 0.33(0.23-0.46) <0.0001
SOR 0.74 (0.45-1.20) 0.22

SEM-HCC
Adjusted HR (95% Cl)

Ref

0.88 (0.72 —1.08)
Ref

0.98 (0.76 — 1.26)
Ref

1.36 (1.11-1.67)
Ref

1.31 (1.06—1.62)
Ref

1.15 (0.89 —1.50)

Ref
0.12 (0.05 - 0.25)
0.20 (0.14 - 0.29)
0.27 (0.19 - 0.39)
0.36 (0.24 - 0.52)
0.64 (0.36 — 1.15)

p

0.22

0.88

0.003

0.01

0.29

<0.0001
<0.0001
<0.0001
<0.0001
0.14

LEM-H

Ref
2.26 (1.32 - 3.88)

Ref
0.12 (0.03-0.39
0.15(0.07-0.32
0.18 (0.07-0.32
(
(

—_— — — —

0.18 (0.08 - 0.39
0.82 (0.32-2.07)

cC

Adjusted HR (95% Cl) p

0.001
<0.0001
<0.0001
<0.0001

0.82

T Both platelet count and CSPH were associated with survival at univariate analysis [HR 1.56 (95% CI 1.31-1.85) and HR 1.47 (95% Cl 1.21-1.78), respectively], but in multivariate models only platelets were included to avoid

collinearity between these two co-variates.
Abbreviations: HCC, hepatocellular carcinoma; SEM-HCC, small early monofocal hepatocellular carcinoma; LEM-HCC, large early monofocal hepatocellular carcinoma; CSPH, clinically significant portal hypertension; MELD,

Model for End-Stage Liver Disease; BSC, best supportive care; LT, liver transplantation; LR, liver resection; ABL, ablation; IAT, intra-arterial therapies; SOR, sorafenib.
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In patients with solitary HCC, CSPH, platelet count, MELD score, Child-Pugh class and treatment, in
addition to tumor diameter, were associated with survival at univariate analysis. AFP did not predict
patients’ survival, whatever the cut-off (20, 200 or 400 ng/mL) chosen. At the Cox multivariate
analysis, platelet count <100 x 10%/L [adjusted HR 1.41 (95% Cl 1.17-1.70); p=0.0003], MELD >9
[adjusted HR 1.23 (95% Cl 1.02-1.48); p=0.03], diameter >5 cm [adjusted HR 1.63 (95% ClI 1.29-
2.05); p<0.0001] and treatment, with a decreasing survival benefit following the sequence LT, LR,
ABL and IAT (SOR was not statistically significant superior to BSC) were identified as independent
prognostic factors for patients with monofocal HCC (Table 3). A multivariate Cox model was
separately developed in SEM-HCC and LEM-HCC groups, including the variables significantly
associated with survival at the univariate analysis in each group. In both, the main independent
prognostic factor was the treatment, with a decreasing risk of mortality compared to BSC in a
hierarchical sequence (Table 3).

Comparison with the intermediate stage (BCLC B)

In the unadjusted survival analysis, compared to BCLC B patients [median OS 27.0 months (95% ClI
24.6-29.4); 5-year survival rate 20.6%], an advantage was found for the SEM-HCC group [median
0S 49.0 months; HR 0.53 (95% ClI 0.48-0.60); p<0.0001] and, although much smaller, for the LEM-
HCC group [median OS 31.0 months; HR 0.79 (95% ClI 0.64—0.98); p=0.03] (Figure 2a). However,
when the comparison was adjusted for the variables affecting prognosis at the univariate analysis
(platelet count, MELD, Child-Pugh class, AFP levels and treatment), the better prognosis of SEM-HCC
patients compared to that of BCLC B stage patients was confirmed [adjusted HR 0.63 (95% Cl 0.53—
0.74); p<0.0001], while the difference in survival between LEM-HCC and BCLC B disappeared

[adjusted HR 0.98 (95% CI 0.77-1.25); p=0.89] (Table 4).
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Figure 2. Kaplan-Meier survival curves for Small Early Monofocal (SEM)-HCC, Large Early Monofocal (LEM)-HCC and BCLC
B patients. (a) SEM-HCC patients had a statistically significant longer survival compared to both LEM-HCC (p<0.0001)
and BCLC B patients (p<0.0001), with a relatively small difference between the latter two (p=0.03). (b) Considering only
the subgroups of patients treated with liver resection, SEM-HCC patients had a statistically significant longer survival
compared to both LEM-HCC (p<0.0001) and BCLC B patients (p<0.0001), with no differences between the latter two
(p=0.55).

Table 4. Multivariate Cox regression model for survival in the whole population of patients enrolled in the study.

Variable Multivariate model
Adjusted HR 95% CI p
Group BCLC B Ref Ref -
SEM-HCC 0.63 0.53-0.74 < 0.0001
LEM-HCC 0.98 0.77-1.25 0.89
Platelets >100 Ref Ref -
(x 10°%/L) " <100 1.26 1.08-1.46 0.003
MELD score <9 Ref Ref -
>9 1.25 1.07-1.45 0.004
Child-Pugh class = A Ref Ref -
B 1.13 0.95-1.35 0.18
AFP (ng/mL) <200 Ref Ref -
> 200 1.20 1.03-1.39 0.02
Main treatment | BSC Ref Ref -
LT 0.08 0.04-0.14 < 0.0001
LR 0.18 0.14-0.24 < 0.0001
ABL 0.25 0.19-0.33 < 0.0001
IAT 0.32 0.24-0.42 <0.0001
SOR 0.56 0.38-0.83 0.004

T Both platelet count and CSPH were associated with survival at univariate analysis [HR 1.39 (95% Cl 1.21-1.60) and HR 1.27 (95% CI
1.16-1.64), respectively], but in multivariate models only platelets were included to avoid collinearity between these two co-variates.
Abbreviations: SEM-HCC, small early monofocal hepatocellular carcinoma; LEM-HCC, large early monofocal hepatocellular
carcinoma; BCLC-B, Barcelona Clinic Liver Cancer stage B; CSPH, Clinically Significant Portal Hypertension; MELD, Model for End stage
Liver Disease; AFP, alpha-fetoprotein; BSC, best supportive care; LT, liver transplant; LR, liver resection; ABL, ablation; IAT, intra-
arterial therapies; SOR, sorafenib.

Excluding LT (the number of transplanted patients in LEM-HCC group was very small), LR was the
treatment associated with the highest survival in both groups of monofocal tumors. Two hundred

and thirty-eight SEM-HCC patients (25.8%), 68 LEM-HCC patients (41.7%) and 160 BCLC B patients
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(15.3%) were treated with LR. The median OS of resected patients was 78.0 months (95% Cl 64.2-
91.8) in the SEM-HCC group, 44.0 months (95% Cl 27.1-60.9) in LEM-HCC group, and 44.0 months
(95% Cl 31.1-56.9) in BCLC B group. According to these figures, SEM-HCC patients had a significantly
longer OS than LEM-HCC [HR 0.55 (95% Cl 0.38—-0.80); p=0.002] and BCLC B patients [HR 0.49 (95%
Cl 0.37-0.65); p<0.0001], while no difference was shown between these latter two [HR 0.89 (95%
Cl 0.62— 1.30); p=0.55] (Figure 2b). Compared to BCLC B patients undergoing IAT (median OS 25.0
months, 95% Cl 22.4-27.6), LEM-HCC managed with the same treatment had a similar survival [28.0
months (95% Cl 22.9-33.1); HR 1.39 (95% Cl 0.92-2.11); p=0.12], while they achieved a significantly
better prognosis when treated with LR [44.0 months (95% Cl 27.1-60.9); HR 0.56 (95% CI 0.40-0.77);
p=0.0005].

Sub-analysis according to the 7 cm cut-off

Patients with solitary HCC >7 cm had a significantly shorter median OS compared to patients with
smaller tumors [30.0 months (95% CI 8.1-51.9) vs. 47.0 months (95% Cl 43.1-50.9); HR 1.48 (95% ClI
1.02-2.15); p=0.04]. The 5-years survival rates were 32.8% and 41.2%, respectively. Diameter at the
cut-off of 7cm confirmed to be an independent predictor at the Cox multivariate analysis with worse
survival in patients with larger monofocal tumors [adjusted HR 1.55 (95% Cl 1.06-2.28); p=0.03]. The
survival of patients with monofocal HCC <7 cm was significantly longer compared to that of BCLC B
patients [HR 0.56 (95% Cl 0.50-0.62); p<0.0001], while no differences were detected between these
latter patients and those with solitary tumors >7 cm [HR 0.82 (95% Cl 0.56-1.18); p=0.28] (Figure
3a).

The above reported therapeutic hierarchy was confirmed in patients with an HCC <7 cm (5-year
survival rates of 63.6% in LT, 56.3% in LR, 39.8% in ABL, 28.7% in IAT, 12.1% in SOR and 10% in BSC;
p<0.0001). Excluding LT (due to the relatively small sample size), LR confirmed to be the treatment

with the highest survival in patients with monofocal tumors <7 cm (median OS 73.0 months, 95% Cl
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61.3-84.7). Two hundred and seventy-nine patients (27.0%) in the <7 cm group and 27 patients
(51.9%) in the >7 cm group were treated with LR. Despite the longer median OS of the former group,
a statistically significant difference was not achieved [73.0 months (95% ClI 61.3-84.7) vs. 44.0
months (95% Cl 8.5-79.5); HR 0.59 (95% Cl 0.34-1.01); p=0.055]. Probably the limited number of
patients with HCC >7 cm undergoing surgery prevented to have enough statistical power to detect
a difference in survival. Compared to BCLC B resected patients [median OS 44.0 months (95% Cl
31.1-56.9)], those with a tumor <7 cm had a significantly longer survival [HR 0.54 (95% CI 0.41-0,70);
p<0.0001], while patients with larger monofocal tumors had the same prognosis [HR 0.91 (95% Cl

0.53-1.57); p=0.74] (Figure 3b).
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Figure 3. Kaplan-Meier survival curves for monofocal HCC <7 cm, monofocal HCC >7 cm and BCLC B patients. (a) Patients
with monofocal HCC <7 cm had a statistically significant longer survival compared to patients with larger monofocal
tumors (p=0.04) and BCLC B patients (p<0.0001); there was no difference in survival between patients with monofocal
tumors >7 cm and BCLC B patients (p=0.28). (b) In patients treated with liver resection, the median survival of patients
with a monofocal HCC <7 cm was longer compared to BCLC B patients (p<0.0001) and almost statistically significant

longer compared to monofocal tumors >7 cm (p=0.055); no differences in prognosis were found between the latter two
groups (p=0.74).

DISCUSSION

In the BCLC staging system, monofocal tumors without macrovascular invasion and extra-hepatic
metastasis, along with preserved liver function and good clinical conditions, are included in the early
stage irrespective of their size (1,15). Some authors, however, suggested that large (>5 cm)

monofocal HCC should be staged as intermediate (BCLC B), because of the significantly worse
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survival with respect to smaller tumors (17-19). Nevertheless, guidelines continue to support the
classification of large tumors as BCLC A since these patients have the best survival benefit from LR,
a treatment typically proposed for early tumors (20,21). However, as resected large HCCs have a
worse prognosis than tumors <5 cm, it was proposed to designate this subgroup as BCLC AB stage
(21). In line with this view, in the recently developed ITA.LI.CA tumor staging system, single tumors
of 2-5 cm in size (SEM-HCC) are classified in stage A, while those >5 cm are classified as stage B1
(30).

In our study, patients with SEM-HCC had a statistically significant better prognosis than LEM-HCC
patients, confirming previous results (31). Moreover, the prognostic importance of tumor diameter
was definitely established by the multivariate analysis, showing that exceeding the 5 cm threshold
independently predicted an increased mortality risk.

Therefore, the pertinent unmet need is to know if, from a prognostic standpoint, LEM-HCC should
be allocated to BCLC B stage or to a new stage in between BCLC A and B stages. In previous papers
(17-19), authors came to the conclusion that these HCCs should be classified as intermediate stage.
In particular, Cho et al. (17) revealed a superior prognostic ability of the classification system when
single large tumors were allocated in the BCLC B stage. Liu et al. (18) and Jung et al. (19) also
concluded that the prognosis of monofocal HCC >5 cm and multifocal intermediate patients were
similar. In our study, patients with LEM-HCC had a statistically significant longer survival compared
to BCLC B patients at the unadjusted univariate analysis, with a 4.0 months difference in terms of
median OS, but the difference disappeared after adjusting for the other variables affecting
prognosis. Also, focusing the attention to resected patients, LEM-HCC and BCLC B cases had similar
median OS. Therefore, LEM-HCC patients should not be grouped in the same stage of smaller
solitary tumors (BCLC A), given their significantly worse survival, that is instead similar to that of

BCLC B patients.
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The BCLC system links stage with therapy and proposes only one treatment option for each stage
or, for BCLC A, for each sub-stage (1,32). In the last version of European guidelines, the “treatment
stage migration” strategy has been introduced in an attempt to attenuate the rigidity of the stage-
dictated approach of this system which greatly limits the adherence to BCLC recommendations in
clinical practice (1,33). Recently, it has been proposed the alternative concept of “therapeutic
hierarchy”, which postulates that, in each stage, the therapy with the highest survival benefit should
be proposed and, when it is not feasible due to specific contraindications, alternative options should
be considered in an order dictated by the declining survival benefit (27). For early stage tumors,
outside the LT setting, LR is identified as the therapy with the highest survival benefit, followed by
ABL, IAT and systemic therapies (27). Accordingly, in our population of early stage monofocal tumors
we confirmed the highest survival rates with LT (that was however rarely adopted), followed by LR,
ABL, IAT, SOR and BSC. Furthermore, treatment was the most important independent predictor of
survival, with a confirmed decreasing benefit following the above reported hierarchy in the whole
population and in both SEM-HCC and LEM-HCC. Excluding LT (in the LEM-HCC group only 5 patients
were treated with LT, making impossible every comparison), LR was the best treatment option
regardless of HCC size, although the median OS of the resected patients was remarkably influenced
by this parameter. Indeed, in patients bearing small cancer, it exceeded by 34 months that of cases
with large lesions. This is an expected result, as the post-surgical risk of early tumor recurrence (22),
vascular invasion and intra-/extra-hepatic spread (23) is higher in large tumors. As a matter of fact,
after resection, patients with large HCCs had an outcome similar to that found in those with
surgically treated intermediate stage tumors, but this result does not stand against the preferential
use of LR in large solitary tumors, considering its survival benefit over the other therapeutic options.
Moreover, the survival of LEM-HCC compared to that of BCLC B patients undergoing IAT was

significantly longer if they were treated with LR, while no differences existed if they were managed
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with transarterial palliative treatments. Our data lend support to the belief that, in well selected
candidates, LR is superior to non-surgical treatments, irrespective of the BCLC stage (21,27).

The sub-analysis adopting the 7 cm cut-off, despite being limited by the number of patients in the
large volume group, confirmed the results obtained whit the 5 cm threshold. The prognosis of
patients with large monofocal tumor (>7 cm) was significantly worse compared to patients with
smaller lesions and similar to that of BCLC B. The same was true in patients treated with LR (despite
a statistically significant difference in survival was not demonstrated between small and large HCC).
In monofocal tumors up to 7 cm in size, we confirmed that curative therapies offer a survival
advantage compared to palliative approaches, according to the established therapeutic hierarchy,
and surgery remains the therapy of choice even when this threshold is considered. A direct
comparison is not possible in this study, because of the overlap between the two subgroups, but in
patients with tumors <7 cm we found an outcome after LR similar to that obtained in SEM-HCC
group (median OS of 73.0 and 78.0 months, respectively). Due to the very limited number of patients
in each therapy subgroup, it was not possible to compare LR with other treatment options in
patients with HCC >7 cm. However, when resected these patients achieved the same median OS
obtained in the LEM-HCC group (44.0 months in both cases).

The main limitation of our study is its retrospective design that makes selection and confounding
biases unavoidable. Moreover, the number of patients with LEM-HCC was relatively small, probably
affecting the results of sub-analyses on survival by treatment. A further limitation relies on the fact
that, in patients managed with different therapies, we considered only one treatment strategy for
each patient, whereas the survival is a function of all the treatments received. However, we think
that these biases may have been mitigated by the fact that we considered not the first line therapy,
but the main hierarchical therapy (according to the above reported hierarchy) that the patients had

received in his/her history. Moreover, our results support the concept that the main treatment, as
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indicated by the suggested therapeutic hierarchy, represents a prognostic corner stone for HCC
patients, regardless of the therapeutic sequence adopted.

In conclusion, the prognosis of patients with monofocal HCC >5 cm is significantly worse than that
of those with smaller tumors and it is similar to that of BCLC B patients. Hence, from the prognostic
point of view, BCLC A should not be the designation stage for these patients. Nevertheless, as far as
therapeutic allocation is concerned, LR is the recommended therapy for these tumors, considering
its higher survival benefit in comparison to alternative treatments. The same is true if a higher cut-
off (7 cm) is adopted. The approach proposed by the ITA.LI.CA study group, that classify this tumors
as B1, could be useful in solving the dimensional issue regarding monofocal HCC, since it
differentiates in the prognostic evaluation small tumors from larger lesions, thus capturing their
diverse outcomes (30). Alternatively, the inclusion in the BCLC system of an additional stage (i.e.,

BCLC AB stage) could be considered (21).
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ABSTRACT

Background. Transarterial chemoembolization (TACE) is one of the most frequently applied
treatments for hepatocellular carcinoma (HCC) worldwide. In this study, we aimed at evaluating
whether and how TACE application and repetition, as well as the related outcome, have changed
over the last three decades in Italy.

Methods. Data of 7,184 patients with HCC were retrieved from the Italian Liver Cancer (ITA.LI.CA)
database. Patients were divided according to the period of diagnosis in six cohorts: P1 (1988-1993),
P2 (1994-1998), P3 (1999-2004), P4 (2005-2009), P5 (2010-2014), and P6 (2015-2019). All the
analysis were repeated in the overall patient population and in Barcelona Clinic Liver Cancer (BCLC)
B patients, who are the subgroup of HCC patients originally supposed to receive TACE according to
guidelines. TACE was either defined as the first or the main (more effective) treatment.

Results. The proportion of patients receiving TACE as first or main therapy declined over time, and
less than 50% of BCLC B patients were treated with chemoembolization from P3 onwards.
Conversely, TACE was widely used even outside intermediate stage. Survival of TACE-treated
patients progressively increased from P1 to P6. Although TACE was performed only once in the
majority of patients, there was an increasing proportion of those receiving 2 or 23 treatments
sessions over time. The overall survival (OS) of patients undergoing repeated treatments was
significantly higher compared to those managed with a single TACE (median OS 40.0 vs. 65.0 vs. 71.8
months in 1, 2 and 23 TACE groups, respectively; p<0.0001). However, after a first-line TACE, the
adoption of curative therapies provided longer survival than repeating TACE (83.0 vs. 42.0 months;
p<0.0001), which in turn was associated with better outcomes compared to systemic therapies or
best supportive care (BSC).

Conclusions. Despite a decline in the percentage of treated patients over time, TACE has still an

important role in the management of HCC patients. The survival of TACE-treated patients gradually
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improved over time, probably due to a better patients’ selection. Iterative TACE is effective, but an
up-ward shift to curative therapies provides better outcomes while transition to systemic therapies

and BSC leads to a worse prognosis.
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INTRODUCTION

Liver cancer ranked as the sixth most common cancer and the third leading cause of cancer-related
death worldwide in 2020, with approximately 906,000 incident cases and about 830,000 deaths (1).
Hepatocellular carcinoma (HCC), which represents about 90% of primary liver cancers, is a leading
cause of mortality among cirrhotic patients (2,3). In most geographical areas the annual HCC
mortality almost equals its incidence, confirming the high mortality rate of this tumor (5-year
survival rate of 12-14% in the United States and 20% in Italy (4,5)). Despite efforts to foster
surveillance programs, which could allow an earlier diagnosis and increase the percentage of
patients amenable to curative treatments (6—8), HCC is frequently detected at an advanced stage,
thus precluding the possibility to deliver curative treatments such as liver transplantation (LT), liver
resection (LR) or ablation (ABL) (9).

According to the Barcelona Clinic Liver Cancer (BCLC) algorithm, transarterial chemoembolization
(TACE) is the standard of care treatment in patients with intermediate stage HCC (9). However, it is
also widely used outside the BCLC B stage and this makes TACE one of the most frequently used
treatment for HCC in daily clinical practice worldwide (10,11). TACE is by definition a palliative and
an iterative treatment, considered the low rates of complete response and the high risk of disease
recurrence (12—14). There is no definitive evidence that scheduled TACE at regular intervals (e.g.,
every 2 months), irrespective of tumor response, has different effects on patient survival than on
demand TACE. Nevertheless, the adoption of an aggressive schedule might lead to the development
of liver failure in a high proportion of patients, most of whom are also affected by cirrhosis (15).
Therefore, this approach has been substantially abandoned, following the recommendation of the
guidelines to retreat with TACE only when residual viable tumor is detected at imaging, and to stop
performing TACE when 2 subsequent attempts fail to obtain a significant oncologic response (9).

Nevertheless, in clinical practice TACE is often repeated several times, particularly in patients with
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partial response or after recurrence following an initial successful treatment. However, the benefit
of retreating with TACE is uncertain, also because survival prediction in these patients is a difficult
issue that only complicated recalibration (16) or time varying models (i.e., mHAP-III) (17) seem to
accurately solve. This uncertainty has been increased by the growing availability of several lines of
effective systemic therapy based on tyrosine kinase inhibitors, ramucirumab and immunotherapy
(18-23). Indeed, systemic therapy may be a valid (and possibly better) alternative to iterative TACE.
In order to support the decision to retreat patients, several algorithms, such as ART score (24,25)
and ABCR score (26), have been proposed.

Although TACE is frequently used as treatment of HCC, few studies investigated whether its use has
changed over time. Furthermore, little evidence is available regarding the percentage of patients
retreated with TACE in real-life clinical practice, the changing trends of this percentage over time
and the outcome of patients retreated with transarterial therapies compared to other therapeutic
options. Considering the availability in the Italian Liver Cancer (ITA.LI.CA) database of a large series
of patients managed along a period of thirty years, our study aimed to evaluate whether in real-life
clinical practice the use of TACE and its outcome have changed over time, as well as the oncologic
and clinical characteristics that guide the choice of this treatment. Moreover, we evaluated
temporal trends in the attitude to repeat TACE and outcomes of patients managed with iterative

treatment sessions.

PATIENTS AND METHODS
Study groups
In this retrospective study, data were retrieved from the ITA.LI.CA database, a multicenter registry

including 7,817 HCC patients consecutively managed from January 1988 to December 2018 in 24
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participating Institutions. Data are collected prospectively and updated every 2 years, and their
accuracy is controlled by a data manager in the coordinating center (Bologna University).

The management of the ITA.LI.CA database conforms to the Italian legislation on privacy. According
to Italian laws, specific patient’s consent is not mandatory for any retrospective analysis, but
patients provided written informed consent for every diagnostic and therapeutic procedure, as well
as for having their clinical data anonymously recorded in the database. This study was conducted in
accordance to the ethical guidelines of the Declaration of Helsinki and the study protocol was
approved by the Institutional Review Board of the ITA.LI.CA coordinator center (Bologna University).
From the entire population of patients included in the database, 633 patients (8.1%) with missing
data were excluded (in 153 patients informations on tumor burden or stage were missing, while
treatment modality was not recorded in 480 cases), leaving 7,184 patients for the final analysis.
These patients were divided in six 5-years cohorts on the basis of the year of diagnosis: P1 (1988-
1993), P2 (1994-1998), P3 (1999-2004), P4 (2005-2009), P5 (2010-2014) and P6 (2015-2019). A flow
chart of patient selection is provided in Supplementary Figure 1.

HCC diagnosis was histologically confirmed in 2,371 patients (33%), whereas in the remaining cases
it was based on the radiological criteria (at computed tomography [CT] or magnetic resonance
imaging [MRI]), according to guidelines available at the time of diagnosis (9,27).

In the ITA.LI.CA database, demographic and clinicopathological data, such as age, sex, comorbidities,
etiology of the underlying liver disease, main serological parameters (albumin, bilirubin,
international normalized ratio [INR], creatinine, platelet count, alpha-fetoprotein [AFP]), Child-Pugh
class, Model for End Stage Liver Disease (MELD) score, presence of ascites and hepatic
encephalopathy, clinically significant portal hypertension (CSPH), and Eastern Cooperative Oncology
Group performance status (ECOG-PS), are recorded. CSPH diagnosis was based either on

unequivocal signs (presence of splenomegaly, varices, ascites) or platelet count <100 x 10°/L (28).
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The database also reports main macroscopic tumor characteristics (location and size, number of
nodules, macrovascular invasion [MVI] and extra-hepatic spread [EHS]) evaluated with dynamic CT
or MRI. In this study, also in order to evaluated the adherence to its therapeutic recommendation,
for staging purposes we used the BCLC staging system (9).

The complete sequence of treatments for every patient is also registered in the ITA.LI.CA database.
The following treatment groups were considered in the present study: liver transplantation (LT),
liver resection (LR), ablative procedures (ABL: percutaneous ethanol injection, percutaneous or
laparoscopic thermal ablation), TACE, trans-arterial embolization (TAE), selective internal radiation
therapy (SIRT), systemic therapy with sorafenib or other tyrosine kinase inhibitors (SOR), best
supportive care (BSC) and other treatments. In all the analysis, we evaluated the first therapeutic
choice and the main (i.e., more effective) treatment according to the following hierarchy: LT, LR,
ABL, TACE, TAE and SIRT, SOR, and BSC (29). The ITA.LI.CA database reports the treatment modality
at each recurrence. In the present study, when different rounds of TACE were necessary to achieve
a complete treatment (e.g., treatment of lesions in the left lobe and subsequent treatment of
nodules in the right lobe), TACE was considered as a single procedure. On the contrary, when
repeated at tumor recurrence, TACEs were considered as separate treatments. Regarding technical
details, in the ITA.LI.CA database, chemotherapeutic drugs administered as well as the type of TACE
(conventional vs. drug-eluting beads) are rarely registered and were not considered in this study.
Response to TACE was evaluated using the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) and was categorized in complete response (CR), partial response (PR), stable disease (SD)
and progressive disease (SD) (30).

Statistical analysis

Categorical variables were reported as absolute and relative frequency (percentages), while

quantitative variables as median and interquartile range (IQR). Mann-Whitney test was used to
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compare quantitative variables, meanwhile x* test and Fischer’s exact test were used in the
comparison of categorical variables as appropriate.

In order to evaluate predictors of TACE treatment compared to potentially radical (LT, LR and ABL)
and palliative (SOR and BSC) treatments, a multinomial logistic regression was performed. Variables
significantly or borderline (p<0.1) associated with treatment category at univariate analysis were
included in multivariate models. The multinomial logistic regression analysis was used to establish
the variables predicting TACE as first and main treatment in the overall population of patients and
in the subgroup of BCLC B patients.

Overall survival (0S), expressed as median and 95% confidence interval (Cl), was calculated from
diagnosis to death from any cause or last follow-up. For patients alive at the end of the study,
survival was censored at December 315 2018. Survival curves were calculated with the Kaplan-Meier
method and compared with the log-rank test. The independent predictors of survival were
identified by the multivariate Cox regression analysis, including in the analysis the variables
associated with survival (p<0.1) at the univariate analysis.

In all the analyses a two-tails p value <0.05 was considered as significant. Data were analyzed by
IBM SPSS Statistics (version 25.0. Armonk, NY: IBM Corp) and GraphPad Prism version 8.3.1

(GraphPad Software, La Jolla, California, USA).

RESULTS

TACE treatment in the whole population

Baseline demographic and clinical characteristics of patients in the six time periods are described in
Table 1. Compared to P1 patients, those diagnosed in more recent periods were slightly older, more
frequently diagnosed under surveillance and had less frequently a viral etiology and cirrhosis. More

than half of patients in all time periods had CRPH, with slightly lower percentages in P5 and P6. Liver
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function and AFP levels at diagnosis were similar among subgroups (except for a slightly lower MELD
score in P5 and P6, and a lower median AFP level in P6). While the majority of patients presented
with a single liver lesion at diagnosis in each time period, tumor size was significantly smaller in P2-
P6 as compared to P1. As far as tumor stage at diagnosis is concerned, BCLC B patients progressively
decreased, while the proportion of BCLC C patients increased over time.

The choice of prescribing TACE as the first therapeutic approach decreased across P2 and P3,
remaining thereafter substantially stable. Namely, 45.7% of patients in P1, 45.9% in P2, 28.3% in P3,
28.9% in P4, 29.9% in P5 and 28.5% in P6 underwent TACE as first treatment (Table 1, Figure 1A). A
very similar trend was demonstrated from for TACE used as the main treatment (45.7%, 44.6%,
25.3%, 24.0%, 23.7% and 22.9%, respectively) (Table 1, Figure 1B). In parallel to the decrease in
TACE use, there was an increase of ABL and systemic therapies as both first and main treatment.

The rate of LT and LR remained approximately stable across the six time periods considered.
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Table 1. Baseline characteristics of the overall population of patients divided according to the period of diagnosis.

Variable

Sex —males
Age (years)
Surveillance
Etiology
Viral

Not viral
Viral + other
Liver disease
Healthy liver
NAFLD
Fibrosis
Cirrhosis
ECOG-PS

0

1-2

3-4

CSPH
Child-Pugh
A

B

C

MELD

AFP (ng/mL)
Tumor morphology
Monofocal
Multifocal
Infiltrative
Massive
Number
Diameter (cm)
MVI

EHS

BCLC stage

O 0O wW>» o

First treatment
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P1(1988-1993)
n=256
197 (77.0)
64 (58-68)
126 (49.2)

150 (58.6)
54 (21.1)
52 (20.3)

0(0)
0(0)
6(2.3)
250 (97.7)

194 (75.8)
54 (21.1)
8(3.1)
176 (68.7)

170 (66.4)
75 (29.3)
11 (4.3)
10 (8-13)
30.5 (9.0-201.5)

120 (46.9)
112 (43.8)
15 (5.8)
9(3.5)
1(1-4)
3.5(2.4-5.1)
27 (10.5)
0(0)

25(9.8)
107 (41.8)
78 (30.5)
34(13.3)

12 (4.7)

P2 (1994-1998)
n=370
279 (75.4)
64 (57-70)
209 (56.5)

288 (77.8)
45 (12.2) #
37(10.0)

4(1.1)
0(0)
7(1.9)
359 (97.0)

216 (58.4)
154 (41.6)
0(0)"
266 (71.9)

234 (63.2)
105 (28.4)
31(8.4)

10 (9-13)
34.0 (9.0-172.8)

182 (49.2)
169 (45.7)
15 (4.1)
4(1.1)*
1(1-4)
3.0 (2.2-4.0) *
31(8.4)
2(0.5)

29 (7.8)
175 (47.3)
101 (27.3)
38(10.3)

27(7.3)

P3 (1999-2004)
n=867
657 (75.8)
67 (61-74) *
508 (58.6) #

613 (70.7) '
188 (21.7)
66 (7.6) *

8(0.9)
3(0.3)
49 (5.7) *
807 (93.1) #

698 (80.5)
166 (19.1) #
3(0.3)1
567 (65.4)

552 (63.7)
256 (29.5)
59 (6.8)

10 (8-13)
23.0 (7.0-210.0)

432 (49.8)
375 (43.3)
33(3.8)

27 (3.1)
1(1-3)
3.0 (2.2-4.5) *
110 (12.7)
68 (7.8) *

68 (7.8)
339(39.1)
216 (24.9)
217 (25.0) #

27 (3.1)

P4 (2005-2009)
n=1323
1003 (75.8)
68 (60-74)
831 (62.8) *

832 (62.9)
372(28.1) *
119 (9.0) *

13
12
48
1250

1.0)
0.9)
3.6)
94.5) *

—~ e~ —~ —

923 (69.8)
344 (26.0) *
56 (4.2)
844 (63.8)

889 (67.2)
340 (25.7)
94 (7.1)

10 (8-12)
31.0 (6.0-330.0)

633 (47.8)
587 (44.4)
69 (5.2)
34(2.6)
1(1-3)
3.0 (2.0-4.5) #
158 (11.9)
139 (10.5) #

126 (9.5)
459 (34.7) *
235 (17.8) #
439(33.2) *

64 (4.8)

P5 (2010-2014)
n=2515
1932 (76.8)
69 (60-75)
1637 (65.1) *

1443 (57.4)
815 (32.4) '
257 (10.2) #

40 (1.6) *

68(2.7)#

148 (5.9) *
2259 (89.8) *

1740 (69.2) *
672 (26.7) *
103 (4.1)
1514 (60.2) #

1655 (65.8)
757 (30.1)
103 (4.1)
10 (8-12) #
40.0 (5.0-567.0)

1267 (50.4)
1044 (41.5)
141 (5.6)
63 (2.5)
1(1-2)
3.0 (2.0-5.0) *
284 (11.3)
257 (10.2) #

261 (10.4)
934 (37.1)
376 (15.0) *
856 (34.0) *
88 (3.5)

P6 (2015-2019)
n=1853
1464 (79.0)
69 (60-76) #
1073 (57.9) *

941 (50.8) *
712 (38.4) *
200 (10.8) *

41(2.2)#

50(2.7)#

139 (7.5) #
1623 (87.6) *

1359 (73.3)
450 (24.3) *
44 (2.4)
1128 (60.9) *

1305 (70.4)
465 (25.1)
83 (4.5)
9(8-11)*
12.5 (4.0-239.3) #

990 (53.4)
743 (40.1)
61(3.3) *
59 (3.2)
1(1-2)
3.0(2.0-4.8) '
206 (11.1)
189 (10.2)

261 (14.1)
685 (37.0)
264 (14.2) *
594 (32.1) *
49 (2.6)



LT 5(2.0) 16 (4.4) 28(3.2) 34(2.6) 49 (2.0) 33(1.8)

LR 38(14.8) 40 (10.8) 125 (14.4) 202 (15.3) 418 (16.6) 280 (15.1)
ABL 62 (24.3) 91 (24.6) 306(35.3)F 430(32.5)# 787 (31.3) * 608 (32.8) #
TACE 117 (45.7) 170 (45.9) 245 (28.3) * 383(28.9)* 752 (29.9) * 528 (28.5) *
TAE/SIRT 0(0) 0(0) 1(0.1) 3(0.2) 21(0.8) 75 (4.0) *
SOR 0(0) 0(0) 0(0) 53 (4.0)F 229 (9.1) ¢ 178 (9.6) *
BSC 6(2.3) 7(1.9) 78 (9.0) * 146 (11.0) * 218 (8.7) ¢ 116 (6.3) #
Other 28 (10.9) 46 (12.4) 84 (9.7) 72 (5.5)# 41 (1.6)* 35(1.9)*
Main treatment

LT 5(2.0) 22 (6.0) * 43 (5.0) * 83(6.2)* 121 (4.8) * 86 (4.6) *
LR 38(14.8) 40 (10.8) 127 (14.7) 214 (16.2) 432 (17.2) 306 (16.5)
ABL 62 (24.2) 90 (24.3) 315(36.3)F 436 (33.0) * 862 (34.3)* 637 (34.4)*
TACE 117 (45.7) 165 (44.6) 219 (25.3) * 317 (24.0)* 597 (23.7)*# 424 (22.9) *
TAE/SIRT 0(0) 0(0) 1(0.1) 2(0.2) 18 (0.7) 72 (3.9)#
SOR 0(0) 0(0) 0(0) 53(4.0)F 226 (9.0) * 176 (9.5) %
BSC 6(2.4) 7 (1.9) 78 (9.0) * 146 (11.0) * 218 (8.7) * 116 (6.3) #
Other 28 (10.9) 46 (12.4) 84 (9.7) 72 (5.4) % 41(1.6)* 36(1.9)*

Continuous variables are reported as median and interquartile range (IQR), while categorical variables as absolute and relative frequencies.

The first cohort (1988-1993) is taken as reference in the comparison with other time periods.

* p<0.05 and 20.01

# p<0.01 and >0.001

t p<0.001 and >0.0001

1 p<0.0001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; ECOG-PS, Eastern Cooperative Oncology Group performance status; CSPH, clinically significant portal hypertension; MELD, Model for End-
Stage Liver Disease; AFP, alpha-fetoprotein; MVI, macrovascular invasion; EHS, extrahepatic spread; BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation; LR, liver resection; ABL, ablation;
TACE, transarterial chemoembolization; TAE, transarterial embolization; SIRT, selective internal radiation therapy; SOR, systemic therapy; BSC, best supportive care.
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Figure 1. Distribution of the first and main treatment adopted in the overall population of patients (A and B) and in BCLC
B patients (C and D) in the six time periods considered.

TACE treatment in BCLC B patients

Of the entire population of patients included in the study, 1,270 (17.7%) were classified as BCLC B
at the time of diagnosis. Baseline demographic and clinical characteristics of these patients in the
six time periods considered are shown in Table 2. As in the whole population, patients diagnosed in
recent time cohorts were slightly older and more frequently diagnosed with HCC under surveillance.
Non-viral etiologies increased over time. No statistically significant differences in the percentage of
patients with CRPH was demonstrated between different groups. A better residual liver function (as
evaluated with Child-Pugh score and MELD) was documented in patients more recently diagnosed.
As far as tumor burden is considered, the number of liver lesions was significantly lower in the more
recent cohorts while the size of the largest nodule remained stable across the different calendar

periods.
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As in the whole population, even in BCLC B patients there was a decrease in the use of TACE as the
first therapeutic approach between P2 and P3. In fact, 61.5% of patients in P1 and 65.3% in P2 were
treated with chemoembolization, while these figures were 40.3% in P3, 47.7% in P4, 45.2% in P5
and 48.1% in P6 (Table 2, Figure 1C). Despite TACE being the standard of care according to BCLC
guidelines, patients with intermediate stage HCC diagnosed in more recent temporal cohorts
underwent TACE as main treatment only in about one third of cases. Indeed, TACE was used as main
treatment in 61.5% of P1, 64.4% of P2, 37.5% of P3, 40.0% of P4, 37.2% of P5 and 39.0% of P6
patients (Table 2, Figure 1D). Notably, recently diagnosed BCLC B patients more frequently
underwent to curative treatments (LR and ABL) as main therapies.

Beyond BCLC B patients, TACE was also widely used across all the other HCC stages (Figure 2). A
substantial subgroup of BCLC 0 and A patients underwent TACE, as both first and main treatment,
but even in these cases the use of such treatment dropped over time (from 36.0% in P1 to 9.6% in
P6 as main treatment in BCLC 0; from 36.4% in P1to 23.9% in P6 as main treatment in BCLC A). More
than half of BCLC C patients were treated with TACE in P1 (52.9%), while this treatment was used in

a lower proportion of patients both as first or main choice (25.1% and 21.2%, respectively) in P6.
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Table 2. Baseline characteristics of the BCLC B patients divided according to the period of diagnosis.

Variable

Sex —males
Age (years)
Surveillance
Etiology
Viral

Not viral
Viral + other
Liver disease
Healthy liver
NAFLD
Fibrosis
Cirrhosis
CSPH
Child-Pugh
A

B

MELD

AFP (ng/mL)
Morphology
2-3 lesions
>3 lesions

Infiltrative/massive

Number
Diameter (cm)
First treatment
LT

LR

ABL

TACE

TAE/SIRT

SOR

BSC

Other

Main treatment
LT

LR

ABL

TACE

TAE/SIRT
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P1(1988-1993)
n=78
68 (87.2)
63 (58-68)
34 (43.6)

44 (56.5)
14 (17.9)
20 (25.6)

0(0)
0(0)
3(3.8)
75 (96.2)
51 (65.4)

47 (60.3)

31(39.7)

11 (9-13)
40.0 (13.0-417.0)

2(2.5)
63 (80.8)
13 (16.7)

4 (4-4)

4.5 (3.5-6.7)

3(3.9)
7(9.0)
10 (12.8)
48 (61.5)
0(0)
0(0)
1(1.3)
9(11.5)

3(3.9)
7(9.0)
10 (12.8)
48 (61.5)
0(0)

P2 (1994-1998)
n=101
76 (75.2)
63 (57-70)
54 (53.5)

77 (76.2) #
15 (14.9)
9(8.9)#

3(3.0)
0(0)
1(1.0)
97 (96.0)
72 (71.3)

70 (69.3)

31(30.7)

11 (8-13)
30.5 (8.8-272.0)

4(4.0)
88 (87.1)
9(8.9)
4 (4-4)
4.0 (2.9-5.0) *

3(3.0)
6(5.9)
10 (9.9)
66 (65.3)
0(0)
0(0)
1(1.0)
15 (14.9)

4(3.9)
6(5.9)
10 (9.9)
65 (64.4)
0(0)

P3 (1999-2004)
n=216
164 (75.9) *
67 (60-73) #
111 (51.4)

151 (69.9) *
44 (20.4)
21(9.7) %

1(0.1)

2(0.9)

13 (6.0)
200 (92.6)
130 (60.2)

144 (66.7)

72 (33.3)

10 (9-12)
50.0 (10.5-654.5)

35(16.2) #
158 (73.1)
23 (10.6)
4 (4-4) *
4.0 (3.2-5.9)

4(1.8)
25 (11.6)
59 (27.3) *
87 (40.3) #
0(0)
0(0)
20(9.3) *
21(9.7)

6(2.8)
26 (12.0)
62(28.7) #
81(37.5)*
0(0)

P4 (2005-2009)
n=235
200 (85.1)
66 (59-72) #
140 (59.6) *

142 (60.4)
70 (29.8)
23(9.8) "

1(0.4)

3(1.3)

8(3.4)
223 (94.9)
131 (55.7)

181 (77.0) #
54 (33.0)
10 (8-11) *
39.5 (8.0-892.5)

94 (40.0)
102 (43.4) %
39 (16.6)
4(2-4)%
4.0 (3.5-5.5)

5(2.1)
39 (16.6)
47 (20.0)

112 (47.7) *

1(0.4)

11 (4.7)

7(3.0)

13 (5.5)

13 (5.5)
39 (16.6)
57 (24.3) *
94 (40.0) #
1(0.4)

P5 (2010-2014)
n=376
321 (85.4)
67 (59-74)
221(58.8) *

206 (54.8)
136 (36.2) #
34(9.0) "

13 (3.5)

9(2.4)

25 (6.6)
329 (87.5) *
202 (53.7)

283 (75.3) *
93 (24.7)
10 (8-11) *
92.0 (12.0-1158.0)

224 (59.6) *
111 (29.5)
41 (10.9)
3(2-4)¢
4.0 (3.6-5.5)

11 (2.9)
50 (13.3)
78 (20.7)

170 (45.2) #

7(1.9)

42 (11.2)

8(2.1)

10 (2.7) #

21(5.6)
51 (13.6)
98 (26.0) *
140 (37.2)
7(1.9)

P6 (2015-2019)
n=264
231(87.5)
68 (59-76) *
124 (47.0)

113 (42.8) *
111 (42.0)
40 (15.2) *

3(1.1)

11 (4.2)

21(8.0)
229 (86.7) *
158 (59.8)

201 (76.1) #
63 (23.9)
9(8-11)*

47.5 (7.0-1019.0)

166 (62.9)
77(29.2) #
21(7.9) *

3(2-4)¢

4.0 (3.5-5.8)

4(1.5)
34 (12.9)
47 (17.8)

127 (48.1) *
19 (7.2) #
24(9.1)

5(1.9)

4(15)1

10 (3.8)
39 (14.8)
61(23.1)

103 (39.0) *
18 (6.8) *



SOR 0(0) 0(0) 0(0) 11 (4.7) 41(10.9) ' 24(9.1)#
BSC 1(1.3) 1(1.0) 20(9.3) * 7(3.0) 8(2.1) 5(1.9)
Other 9 (11.5) 15 (14.9) 21(9.7) 13 (5.5) 10 (2.7) # 4(1.5)1

Continuous variables are reported as median and interquartile range (IQR), while categorical variables as absolute and relative frequencies.

The first cohort (1988-1993) is taken as reference in the comparison with other time periods.

* p<0.05 and =0.01

# p<0.01 and 20.001

T p<0.001 and >0.0001

1 p<0.0001

Abbreviations: NAFLD, non-alcoholic fatty liver disease; CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; AFP, alpha-fetoprotein; LT, liver transplantation;
LR, liver resection; ABL, ablation; TACE, transarterial chemoembolization; TAE, transarterial embolization; SIRT, selective internal radiation therapy; SOR, systemic therapy; BSC, best supportive care.

A B
First treatment Main treatment
80 - BCLCO 801 - BCLCO
& BCLCA & BCLCA
601 -+ BCLCB 60 -+ BCLCB
-+ BCLCC -+ BCLCC
-+ BCLCD - BCLCD
R 404 R 40
204 20
0 T T T T T T 0 T T T T T T
) ® ) > &) ) ) > o > )
NG P & & & S
& & & Y & & T Y
N N N L) a4 L) N N N v Vv [
Percentage of patients treated with TACE: Percentage of patients treated with TACE:
BCLCO 36.0 41.4 74 119 146 130 BCLCO 36.0 379 44 95 8.0 9.6
BCLCA 364 36.6 26.6 26.6 301 304 BCLCA 364 34.9 230 198 221 239
BCLCB 615 653 403 476 452 481 BCLCB 615 64.4 375 400 372 390
BCLCC 529 474 240 273 290 251 BCLCC 529 47.4 230 244 252 212
BCLCD 25.0 37.0 296 219 170 204 BCLCD 250 37.0 259 203 159 122

Figure 2. Proportion of patients treated with TACE as first (A) and main (B) treatment in the six time periods considered, according to the BCLC stage.
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Predictive factors of treatment with TACE

The multinomial logistic regression (Table 3) showed that, compared to potentially curative options
(LT, LR, ABL), TACE was selected preferentially in older patients (aOR=0.88 per 10-year increase, 95%
Cl 0.82-0.94), in those with non-viral etiology (adjusted odds ratio [aOR]=0.82, 95% Cl 0.69-0.97),
with deteriorated clinical conditions (ECOG-PS 21), with CSPH (aOR=0.51, 95% Cl 0.43-0.60) and with
poor residual liver function (aOR=0.96, 95% Cl 0.94-0.99, for MELD score). Moreover, patients with
high tumor burden (number and size of liver lesions, and AFP levels) were less likely to receive
LT/LR/ABL as the first therapeutic option. The same variables, with the addition of EHS (aOR=0.54,
95% Cl 0.36-0.83), were also negatively associated with LT/LR/ABL compared to TACE as main
treatment. By contrast, patients with deteriorated clinical conditions (ECOG-PS 21), poor liver
function, and high tumor burden (number and size of liver tumors, presence of MVI and EHS) were
more likely to receive systemic or palliative treatment as compared to TACE, as both first and main
therapy. Diagnosis under regular surveillance was significantly associated with higher odds to
receive TACE rather than SOR or BSC.

The role of residual liver function in the choice of treatment requires further clarification. Compared
to TACE, while poor residual liver function was negatively associated with LT, LR and ABL considered
together, this was not the case of patients treated specifically with transplantation. Indeed, higher
MELD was a negative predictor of treatment with TACE when compared to LT: with the increase of
MELD score, decreased the probability of being treated with TACE as first (aOR=0.92, 95% Cl 0.87-
0.97; p=0.003) and main treatment (aOR=0.95, 95% ClI 0.91-0.99; p=0.03). Poor residual liver
function favors LT compared to TACE, but at the same time it might contraindicate LR (particularly
when large resections are needed). Therefore, considered the low number of patients managed

with LT, it is not surprising that grouping together all curative treatments, the detrimental effect of
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poor residual liver function on the possibility to treat patients with LR prevailed, and we found that
higher MELD was associated with greater probability to receive TACE.

In BCLC B patients, negative independent predictors of potentially curative therapies as first
treatment compared to TACE were older age (aOR=0.78 per 10-year increase, 95% Cl 0.65-0.93),
presence of CRPH (aOR=0.44, 95% Cl 0.30-0.66) and higher number of liver lesions (aOR=0.87, 95%
Cl 0.76-0.99) (Supplementary Table 1). As far as the main treatment is concerned, in addition to
these variables (age, residual liver function, number of liver nodules), also MELD score (aOR=0.91,
95% Cl 0.85-0.98), size of liver lesions (aOR=0.91, 95% Cl 0.83-0.99) and the period of diagnosis were
associated with the probability to receive LT/LR/ABL rather than TACE. Compared to patients
diagnosed in P1, those diagnosed from P3 to P6 were more likely to receive potentially curative
treatments. Only MELD score (aOR=1.10, 95% Cl 1.01-1.20) and tumor size (aOR=1.13, 95% Cl 1.03-
1.23) were independently associated with higher odds of receiving SOR or BSC as first treatment
instead of TACE in BCLC B patients. In this subpopulation, tumor diameter was also the only
predictive variable independently associated with increased probability of being treated with SOR

or BSC as main treatment (aOR=1.10, 95% Cl 1.01-1.21).
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Table 3. Multinomial logistic regression showing independent factors associated with probability of receive TACE compared to potentially curative treatment (LT, LR and ABL)
and palliative therapies (SOR and BSC).

Variables

Sex
Age (per 10-year

Period of
diagnosis

Etiology

Surveillance

ECOG-PS

CSPH

MELD
Number
Diameter (cm)
MVI

EHS

AFP (ng/mL)

Females
Males
increase)
P1

P2

P3

P4

P5

P6

Viral

Not viral
Viral+other
No

Yes

0

1-2

3-4

No

Yes

No

Yes

No

Yes
<20
20-200
>200

aOR (95% Cl)

Ref

0.95 (0.79-1.13)

0.88 (0.82-0.94)
Ref

0.11 (0.01-0.88)

0.68 (0.20-2.35)

0.61 (0.18-2.08)

0.51 (0.15-1.75)

0.49 (0.14-1.67)
Ref

0.82 (0.69-0.97)

0.90 (0.69-1.17)
Ref

1.08 (0.91-1.27)
Ref

0.65 (0.54-0.78)

0.39 (0.17-0.87)

Ref

0.43-0.60)

0.94-0.99)

0.61-0.70)

0.86-0.93)

Ref

0.80 (0.58-1.11)
Ref

0.71 (0.47-1.09)
Ref

0.79 (0.66-0.95)

0.61 (0.51-0.74)

0.51
0.96
0.66
0.89

—_ |

Curative treatment (LT, LR and ABL)

First treatment

p

0.54
0.0001
0.04
0.54
0.43
0.29
0.26
0.02
0.42

0.38
<0.0001
0.02
<0.0001
0.001
<0.0001
<0.0001

0.18

0.12

0.01
<0.0001

aOR (95% Cl)
Ref
0.81(0.61-1.09)
1.08 (0.97-1.21)
Ref
0.57 (0.03-10.75)
2.73 (0.42-17.98)
1.96 (0.30-12.69)
1.41(0.22-9.12)
1.16 (0.18-7.49)
Ref
1.02 (0.78-1.33)
1.31(0.89-1.94)
Ref
0.62 (0.48-0.79)
Ref
2.54(1.99-3.24)
11.85 (6.25-22.46)
Ref
1.05 (0.80-1.37)
1.09 (1.06-1.12)
1.16 (1.10-1.22)
1.15 (1.10-1.21)
Ref
1.75 (1.22-2.49)
Ref
4.01(2.71-5.93)
Ref
0.87 (0.64-1.18)
1.18 (0.90-1.55)

Palliative treatment (SOR and BSC)

p

0.15
0.16
0.71
0.30
0.48
0.72
0.88
0.90
0.18

0.0001
<0.0001
<0.0001

0.75
<0.0001
<0.0001
<0.0001

0.002

<0.0001

0.38
0.23

Curative treatment (LT, LR and ABL)

aOR (95% CI)

Ref

1.00 (0.83-1.21)

0.81(0.75-0.87)
Ref

0.20 (0.03-1.37)

0.80 (0.23-2.79)

0.81(0.23-2.79)

0.74 (0.22-2.53)

0.66 (0.19-2.26)
Ref

0.82 (0.69-0.98)

0.87 (0.66-1.14)
Ref

1.05 (0.88-1.25)
Ref

0.63 (0.53-0.76)

0.35(0.15-0.77)
Ref

0.60 (0.51-0.71)

0.96 (0.94-0.98)

0.70 (0.65-0.74)

0.88 (0.84-0.92)
Ref

0.73 (0.53-1.01)
Ref

0.54 (0.36-0.83)
Ref

0.81 (0.66-0.98)

0.59 (0.49-0.72)

p

0.98
<0.0001
0.10
0.73
0.74
0.63
0.51
0.03
0.30

0.57
<0.0001
0.01
<0.0001
0.0002
<0.0001
<0.0001

0.06

0.004

0.03
<0.0001

Palliative treatment (SOR and BSC)
Main treatment

aOR (95% CI)
Ref
0.82 (0.61-1.11)
1.04 (0.92-1.16)
Ref
0.62 (0.03-114)
2.89 (0.45-18.75)
2.21(0.35-14.13)
1.61 (0.25-10.20)
1.27 (0.20-8.14)
Ref
1.01(0.77-1.33)
1.31(0.88-1.96)
Ref
0.62 (0.48-0.80)
Ref
2.46 (1.92-3.16)
10.71 (5.59-20.55)
Ref
1.11 (0.84-1.46)
1.08 (1.05-1.11)
1.14 (1.08-1.21)
1.14 (1.08-1.19)
Ref
1.61(1.12-2.31)
Ref
3.55 (2.40-5.26)
Ref
0.86 (0.63-1.18)
1.15 (0.87-1.51)

p

0.19
0.55
0.75
0.27
0.40
0.62
0.80
0.93
0.19

0.0002
<0.0001
<0.0001

0.48
<0.0001
<0.0001
<0.0001

0.01

<0.0001

0.36
0.34

TACE treatment is the reference category of the multinomial logistic regression. OR<1 indicates that the variable is associated with higher probability of being treated with TACE rather than the

comparison category (potentially curative treatments or palliative treatments). OR>1 indicates that the variable is associated with higher probability to be treated with potentially curative

treatments (or palliative treatments) rather than TACE. In the multivariate models, BCLC stage was not included in in favor of the other constituent variables of the stage (number of liver tumors,
size MVI, EHS, ECOG-PS and residual liver function). MELD was selected as the variable expressing residual liver function.
Abbreviations: LT, liver transplantation; LR, liver resection; ABL, ablation; SOR, systemic therapy; BSC, best supportive care; aOR, adjusted odds ratio; Cl, confidence interval; ECOG-PS, Eastern
Oncology Group performance status; CSPH, clinically significant portal hypertension; MELD, Model for End-Stage Liver Disease; MVI, macrovascular invasion; EHS, extrahepatic spread; AFP, alpha-

fetoprotein.
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Survival analysis

In the whole patient population, the median follow-up was 27.0 months (95% ClI 12-54.4), and the
median survival was 40.0 months (95% Cl 38.4-41.6). The median survival of patients gradually
improved from 28.0 months (95% Cl 23.2-32.8) in P1 to 40.0 months (95% ClI 36.9-43.1) in P5 and it
was not evaluable in P6 (p<0.0001) (Figure 3A).

Similar trends were observed in patients treated with TACE as initial treatment (median OS 21.0
months [95% Cl 16.2-25.8] in P1, 42.0 months [95% ClI 37.7-46.3] in P5 and not estimable in P6;
p<0.0001) (Figure 3B). Median OS was generally lower in patients treated with TACE as main
therapy, but the improvement of prognosis over time was confirmed in this subgroup (Figure 3C).
After adjustment for confounders (age, etiology, surveillance, CSPH, MELD, AFP level, BCLC stage
and treatment, this latter only in the whole patient population), the improvement of survival over
time was confirmed in all patients and in those treated with TACE as both first and main treatment
(Table 4).

In BCLC B patients, the median follow-up was 24.0 months (95% Cl 23.0-26.0) and the median OS
was 32.0 months (95% Cl 29.5-34.5). The median OS improved over time, from 16.0 months (95%
Cl 12.2-19.8) in P1 to 35.0 months (95% Cl 30.0-40.0) in P5 and not estimable in P6 (p<0.0001)
(Supplementary Figure 2A). This gradual OS improvement was confirmed in intermediate stage
patients treated with TACE as both first (Supplementary Figure 2B) and main therapy
(Supplementary Figure 2C). Similar to the results achieved in the whole patient population, the over
time improvement of survival was confirmed after correction for confounders (Supplementary
Table 2). Interestingly, in BCLC B patients a therapeutic hierarchy in terms of survival benefit (LT, LR,
ABL, TACE, SOR, BSC) was demonstrated. Longer survival was shown in patients managed with
potentially curative treatments compared to TACE which, in turn, was able to improve OS compared

to systemic therapies (Figure 4). The independent prognostic role of treatment, with an established
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Probability of Survival (%)

Figure 3. Kaplan-Meier curves showing overall survival according to the period of diagnosis in the overall population of patients (A), in patients treated with TACE as first
treatment (B) and in those treated with TACE as main treatment (C) (all p<0.0001).
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Table 4. Survival analysis according to the period of diagnosis in the overall population of patients.

Period of diagnosis
All patients

P1
P2
P3
P4
P5
P6

Median OS (months)

28.0(23.2-32.8)
28.0(23.2-32.8)
36.0 (32.6-39.4)
39.9 (36.5-43.4)
40.0 (36.9-43.1)
NE (NE-NE)

Patients treated with TACE as first therapy

P1
P2
P3
P4
P5
P6

21.0 (16.2-25.8)
27.0(23.6-30.4)
36.0 (31.4-40.6)
40.0 (35.6-44.4)
42.0 (37.7-46.3)
NE (NE-NE)

Patients treated with TACE as main therapy

5-year survival (%)

22.9
24.2
30.8
354
39.9
58.5

13.9
16.6
26.4
31.6
38.9
59.7

aHR (95% ClI) 2

Ref

1.00 (0.83-1.21)
0.83 (0.71-0.98)
0.67 (0.57-0.79)
0.61(0.52-0.71)
0.49 (0.41-0.58)

Ref

0.96 (0.74-1.24)
0.60 (0.46-0.77)
0.51 (0.40-0.65)
0.45 (0.36-0.57)
0.31 (0.24-0.40)

p

0.99
0.03
<0.0001
<0.0001
<0.0001

0.74
<0.0001
<0.0001
<0.0001
<0.0001

20

30
Months

40

50

1

60

LT

P1
P2
P3
P4
P5
P6



P1
P2
P3
P4
P5
P6

a) Adjusted for: age, etiology, surveillance, CSPH, MELD, AFP level, BCLC stage and main treatment (this latter only in the group including all patients).
Abbreviations: OS, overall survival; aHR, adjusted hazard ratio; NE, not estimable; TACE, transarterial chemoembolization.

Probability of Survival (%)

20.0 (15.0-25.0)
25.0 (21.7-28.3)
29.0 (23.8-34.1)
34.0 (29.7-38.3)
33.0 (29.3-36.6)
NE (NE-NE)

100

~
[$)]
|

a
o
|

N
()]
|

125
11.9
18.8
24.8
28.6
58.6

Ref

0.97 (0.75-1.26)
0.70 (0.54-0.90)
0.61(0.47-0.77)
0.57 (0.45-0.73)
0.38 (0.29-0.50)

LT
LR
ABL
TACE
SOR

NREN

OTHER

BSC

0 T \
0 10 20

Months

Treatment Median OS (months)

LT NE (NE-NE)
LR 50.0 (38.4-61.6)
ABL 43,0 (37.6-48.4)
TACE 27.0 (23.8-30.2)
SOR 14.5 (11.7-17.4)
OTHER 13.0 (7.2-18.8)

BSC 10.0 (7.6-12.4)

40

5-year survival (%)

78.1
45.0
35.7
18.2
16.0
13.9

72

60

0.84
0.006
<0.0001
<0.0001
<0.0001

Figure 4. Kaplan-Meier curves showing survival according to main treatment modality in BCLC B patients (p<0.0001). Median overall survival and 5-year survival rate are also

shown for each treatment modality.

333



therapeutic hierarchy, was confirmed in BCLC B patients after adjustment for confounders (results
of the Cox multivariate analysis are shown in Supplementary Table 3).

Temporal trends and survival of patients repeatedly treated with TACE

Three thousand and seven patients (41.9%) underwent at least a TACE in their clinical history,
irrespective of the treatment sequence adopted. The percentage of these patients remained
substantially stable across the calendar periods considered, except for P6 in which a lower
proportion of patients who received this treatment was registered (35.4%). In BCLC B patients, these
percentages were higher compared to the overall population in all the time periods; P3 was the
cohort with the lower number of TACE-treated patients (65.3%), while in P4 the highest proportion
was registered (91.1%) (Table 5). Both in the whole patient population and in BCLC B group, a
forward shift of TACE treatment in the therapeutic sequence was observed over time. Indeed, the
proportion of TACE applied as first-line treatment decreased, and consequently its adoption in
second and subsequent lines increased (Table 5, Supplementary Figure 3). Treatment with TACE at
recurrence (in second or subsequent lines), after the adoption of hierarchically superior treatments,

was associated with better prognosis (Figure 5).
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Figure 5. Kaplan Meier curves showing overall survival according to the line (1st, 2nd, >3rd) of TACE treatment during
the patient clinical history in the overall patient population (A) and in BCLC B patients (B) (both p<0.0001).
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Table 5. Characteristics of TACE treatment in the different calendar periods. All patients receiving at least a TACE, irrespective of the treatment sequence adopted, were

considered.

Patients with at least a TACE
Line of TACE treatment

Ist line

2nd line

>3rd line

Rounds of TACE per patient
1

2

23

Response to first TACE
CR+PR

SD + PD

TACE as main treatment

Patients with at least a TACE
Line of TACE treatment

Ist line

2nd line

>3rd line

Rounds of TACE per patient
1

2

23

Response to first TACE
CR+PR

SD + PD

TACE as main treatment

P1
123/256 (48.0)

117 (95.1)
6 (4.9)
0(0)

123 (100.0)
0(0)
0(0)

96 (78.1)
27 (21.9)
117/123 (95.1)

61/78 (78.2)

48 (78.7)
13 (21.3)
0

61 (100.0)
0(0)
0(0)

45 (73.8)
16 (26.2)
48 /61 (70.7)

P2
195/370 (52.7)

170 (87.2) *
17 (8.7)
8 (4.1) *

194 (99.9)
0(0)
1(0.1)

164 (84.1)
31(15.9)
165/195 (84.6) #

82/101 (81.2)

66 (80.5)
16 (19.5)
0

82 (100.0)
0(0)
0(0)

65 (79.3)
17 (20.7)
65/82 (79.3)

P3
All patients
354/867 (40.8) *

245 (69.2) *
61(17.2)
48 (13.6) *

325(91.8) '
9(2.5)
20(5.7) #

274 (77.4)
80 (22.6)
219/354 (61.9)

BCLC B patients

141/216 (65.3) *

87 (61.7) *
32(22.7)
22(15.6)

134 (95.0)
2(1.4)
5(3.6)

108 (76.6)
33(23.4)
81/141 (57.4) #

The first cohort (P1, 1988-1993) is taken as reference for the comparison of the variable distribution.

Continuous variables are reported as median and interquartile range (IQR), while categorical variables as absolute and relative frequencies.

* p<0.05 and 20.01

# p<0.01 and >0.001

+ p<0.001 and >0.0001
1 p<0.0001

P4
601/1323 (45.4)

383 (63.7) *
143 (23.8) *
75 (12.5) #

431(71.7) *
102 (17.0)
68(11.3)#

475 (79.0)
126 (21.0)
317/601 (52.7) *

214/235 (91.1) #

112 (52.3)*
70 (32.7)
32(15.0)

156 (72.9)
32(15.0)
26(12.1) #

163 (76.2)
51(23.8)
94/214 (43.9) *

P5
1078/2515 (42.9)

752 (69.7) *
237 (22.0)
89 (8.3) *

631 (58.6) *
257 (23.8)
190 (17.6)

863 (80.1)
215 (19.9)
597/1078 (55.4) *

329/376 (87.5) *

170 (51.7)
123 (37.4) *
36(10.9) #

195 (59.3) #
75 (22.8)
59 (17.9)*

234 (71.1)
95 (29.9)
140/329 (42.6) *

P6
656/1853 (35.4) *

528 (80.5) *
102 (15.5) *
26 (4.0) *

446 (68.0) *
141 (21.5) *
69 (10.5)

529 (80.7)
127 (19.3)
424/656 (64.6) *

204/264 (77.3)

127 (62.3) *
56 (27.4)
21(10.3)#

131 (64.2) *
51(25.0) %
22(10.8) #

157 (77.0)
47 (23.0)
103/204 (50.5) *

Abbreviations: TACE, trans-arterial chemoembolization; CR, complete response; OR, partial response; SD, stable disease; PD, progressive disease; BCLC, Barcelona Clinic Liver Cancer.
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The objective response (CR+PR) to the first TACE was 79.8% in the whole population and 74.9% in
BCLC B patients. No significant differences were demonstrated in radiological response, both overall
and in BCLC B patients. In the whole population, patients with objective response had a longer
median OS compared to non-responders (61.0 months [95% Cl 56.0-66.0] vs. 41.0 months [95% Cl
34.3-47.7]; p<0.0001) (Supplementary Figure 4A). A statistically significant difference in survival
between responders (46.2 months [95% Cl 40.9-51.5]) and non-responders (32.1 months [95% Cl
21.2-43.0]) was also demonstrated in BCLC B patients (p=0.004) (Supplementary Figure 4B).

While in P1-P3 periods the vast majority of patients received only one session of TACE (91.8-
100.0%), in P4-P6 periods a significantly higher percentage of patients received >2 TACEs. An
increase over time of the percentage of patients treated with several TACE sessions was also
observed in BCLC B patients (Table 5). Nevertheless, in all calendar periods, both overall and in
intermediate stage, the percentage of patients treated with only 1 TACE was above 50%. The
median OS of patients receiving only one TACE (40.0 months [95% CI 37.7-42.3]) was significantly
lower compared to patients receiving 2 (65.0 months [95% Cl 57.1-72.9]) and 3 or more TACE
sessions (71.8 months [95% Cl 61.1-82.4]) (p<0.0001) (Figure 6A). In BCLC B patients comparable
results were obtained (30.4 months [95% ClI 27.4-33.4] vs. 61.0 [95% Cl 49.3-72.7] vs. 66.0 [95% Cl
47.0-85.0], respectively; p<0.0001) (Figure 6B). Among the patients who received at least one TACE,
1,805 (60.0%) were dead at the end of the follow-up, mainly because of tumor progression (66.2%)
and less frequently from liver decompensation (20.1%) or other causes (13.7%). The proportion of
deaths from liver decompensation in patients treated with two (20.4%) and three or more TACEs
(18.4%) was similar to that of patients receiving only one course of TACE (20.3%). The majority of
patients in the three groups died from tumor progression (67.3% in the 1 TACE group, 61.3% in the

2 TACE group and 65.8% in the >3 TACE group).
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Figure 6. Kaplan-Meier curves showing overall survival according to the number of TACE performed in the overall
patient population (A) and in BCLC B patients (B) (both p<0.0001).

In assessing whether TACE repetition can be considered as a positive or negative approach to the
HCC treatment, the OS of patients who underwent an additional TACE in case of non-response or at
the time of recurrence was compared to that of patients subsequently treated by curative
treatments (LT, LR or ABL), with an upward shift, or by systemic treatments and BSC, with a
downward transition. The upward shift after a TACE was associated with a significantly better
survival compared to TACE repetition (83.0 months [95% Cl 64.3-101.8] vs. 42.0 months [95% ClI
38.4-45.7]; p<0.0001). This latter, in turn, provided a survival advantage compared to systemic
therapies (27.0 months [95% Cl 22.3-31.7]; p<0.0001) or BSC (29.0 months [95% Cl 26.6-31.4];
p<0.0001) (Figure 7A). Similarly, in BCLC B patients, the upward shift after TACE led to a longer
survival compared to a second TACE session (69.0 months [95% Cl 29.7-108.3] vs. 35.0 months [95%
Cl 29.6-40.4]; p=0.002). Instead, the prognosis was similar in patients repeating TACE and in those
receiving systemic therapies (27.4 months [95% Cl 22.3-32.5]; p=0.44), while patients allocated to

BSC had a significantly poorer prognosis (24.0 months [95% ClI 21.9-26.1]; p=0.001) (Figure 7B).
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Figure 7. Kaplan-Meier curves showing the survival of patients treated with TACE in first-line according to the
subsequent treatment. (A) In the overall patient population, those allocated to surgery had a significantly longer OS
compared to those receiving another TACE (p<0.0001); these latter patients had in turn a better prognosis compared
to those allocated to systemic therapies (p<0.0001) or BSC (p<0.0001). (B) In BCLC B patients, those treated with surgery
had a better prognosis compared to patients repeating a second course of TACE (p=0.002); these latter had a similar
survival compared to patients treated with systemic therapies (p=0.44), but maintained a significantly longer survival
compared to those allocated to BSC (p=0.001).

DISCUSSION

With the single exception of LT, in most instances a single treatment, all therapies used in patients
with HCC can be considered as iterative. In fact, the risk of tumor recurrence is high even after
curative treatments (31), and both LR and ABL have been demonstrated to be safe and effective
when repeated (32—-37). Also systemic therapy can be seen as iterative, since drugs for first-, second-
and even third-line therapy are now available (18-23). TACE, one of the most frequently used
therapeutic strategies worldwide (10), could be considered by definition an iterative treatment,
based on the low rates of complete response achievable and the high recurrence risk with this
approach (12—14). Local tumor progression can generally benefit from repeated TACE sessions, but
subsequent intra-arterial treatments have been indicated as responsible for an impairment of liver
function (15). Although the evidence of TACE effectiveness for HCC treatment dates back of about
20 years (12,38), there is a lack of studies exploring whether and how the application of TACE and
its relative survival benefit changed over time in real life clinical scenarios. Moreover, even less is
known on TACE when considered as an iterative treatment, with few data available regarding the

proportion of patients undergoing repetitive sessions. In order to give an answer to these questions,
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we analyzed the ITA.LI.CA database, one of the largest registries in Europe collecting data of HCC
patients managed in many referral Italian centers over more than three decades.

The results of this study indicate that, although declining over time, the percentage of patients
treated with TACE remained rather elevated in all the calendar periods considered. TACE was indeed
selected as first-line therapeutic choice in 45.7% of patients diagnosed in P1, and the percentage of
these cases decreased from P3 onwards, until a figure of 28.5% in the last cohort (P6). The same
trend was demonstrated when TACE was considered as the main (most radical) treatment applied,
and less than a quarter of patients underwent TACE in P4-P6. Similar trends were detected in BCLC
B patients, for whom TACE is considered as the standard of care treatment according to BCLC
algorithm (9). Although a decline in its application as both first and main therapy was shown, the
proportion of patients treated with TACE has stabilized in the last temporal cohorts and it is unlikely
to decline further, as it remains a well-established option in the therapeutic algorithm of patients
with HCC.

A not negligible proportion of patients in BCLC A, C and D stages was treated with TACE, and also
some very-early stage patients received this treatment. Similarly to the trend demonstrated in the
overall patient population and in BCLC B, in the other stages the percentage of patients receiving
TACE was higher in P1 and P2, and gradually decreased thereafter. These results show that, in our
country, the real-life therapeutic management of HCC frequently deviates from the therapeutic
recommendations of the BCLC algorithm. A study investigating the management of HCC in the
Campania region of Italy (39), as well as numerous studies worldwide (10,40-45), obtained
comparable results regarding the poor adherence to guidelines, especially in intermediate and
advanced stages. Indeed, adhering to BCLC therapeutic recommendations has been questioned by
the vast amount of evidence demonstrating the better outcomes of patients undergoing treatments

with potentially higher efficiency compared to the BCLC standard of care, and showing that the
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treatment is an independent predictor of survival within each BCLC stage (28,42—-48). Pertinently, a
hierarchy of treatments in terms of survival benefit has been recently demonstrated in each tumor
stage (29,49). Treatment selection in patients with HCC is a difficult issue, and several variables have
to be considered. They include not only tumor burden, residual liver function and clinical conditions,
but also location of the tumor in the liver, presence of significant portal hypertension, comorbidities,
patient preference and, most importantly, the expected survival benefit of different treatments
modalities. All of these are pivotal parameters that must be considered in order to tailor the
treatment to the patient, with the aim of maximizing survival outcomes (49).

Despite being TACE the prototype of iterative treatments, our results demonstrated that in the
“real-life” of the ITA.LI.CA centers most patients (both overall and in BCLC B stage) are treated with
TACE only once during their clinical history. In the most recent cohorts compared to the previous
ones, a greater proportion of patients were treated with 2 or 23 sessions of TACE, but patients who
repeated the treatment remained a minority. Considered the attitude to repeat the treatment
according to response, presumably patients undergoing several sessions of TACE were those with
good tumor responses and a delayed recurrence or a slow progression of the treated lesion(s).
Indeed, the survival of patients managed with 2 and >3 TACE during their clinical history was
significantly longer than that of patients treated with a single TACE course. Moreover, although
immortal-time bias may have played a role, this result probably reflects also the better prognosis of
those patients who can be retreated at recurrence thank to favorable oncologic and clinical
characteristics. Interestingly, repeating TACE did not seem to be associated with an increased risk
of death from liver decompensation, since the proportion of patients who died from liver failure
was similar in those receiving 1, 2 or 23 treatment sessions. However, this comforting finding could

not be reproduced if HCC patients are managed outside expert centers.
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Although repeating TACE in clinical practice was effective and safe, we also demonstrated that,
whenever possible, potentially curative treatments should be preferred to TACE repetition in case
of non-response or at the time of cancer recurrence after the first transarterial treatment. In fact,
regardless of the tumor stage as well as in BCLC B patients, the up-ward shift toward curative
therapies (LT, LR and ABL) made possible by TACE provided a longer survival compared to TACE
repetition. The latter, in turn, was associated to better prognosis compared to systemic treatment
or BSC. Since the survival of HCC patients is largely determined by the more effective treatment
received, irrespective of the therapeutic sequence adopted (29), it was not surprising that, after a
first-line TACE, the adoption of treatment that can provide a higher survival benefit was associated
with better prognosis. Moreover, it has already been demonstrated that surgical treatment of HCC
recurrence is a favorable prognostic factor (41,50,51). Therefore, the principle of firstly consider the
therapy with the highest survival benefit is also valid in the second-line setting, in case of non-
response or recurrence after the frontline therapy (49).

As expected, the variables impacting in treatment selection pertained to clinical conditions, residual
liver function and tumor burden. TACE was preferred to curative approaches in older patients, in
those with ECOG-PS>1, CSPH, higher MELD (except for LT specifically) and greater tumor burden (in
terms of number and size of nodules, MVI, EHS and high AFP levels). The opposite was found
comparing TACE vs. more palliative treatments: patients who had compromised clinical conditions,
higher MELD, increasing number and size of liver nodules and presence of MVI or EHS were more
likely to receive SOR or BSC. In BCLC B patients age, CSPH, residual liver function and number and
size of liver nodules influenced the selection of treatment. However, the probability of being treated
with potentially curative therapies instead of TACE as main treatment increased from P3 onwards,
suggesting that the attitude of treating intermediate stage patients with curative intent, whenever

feasible, has progressively gained field in recent years.
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Another key finding of this study is the progressive improvement of survival over time, not only
irrespective of treatment, but also in patients treated with TACE as first-line or main therapy. This
improvement occurred also in BCLC B patients, even if the median OS registered were lower in this
group. In general, the progressive prolongation of survival may be the result of an earlier HCC
diagnosis, a better management and the availability of effective therapies for the underlying liver
disease (52) and a better HCC management. In patients treated with TACE a better selection of
patients and technical advancements (e.g., superselective embolization to minimize ischemic injury
to non-tumor tissue (53)) are probably the key determinants. In support to these considerations, it
has already been demonstrated that refinements in the selection criteria, made possible by the
publication of studies demonstrating TACE efficacy in selected patients, provided better survival
outcomes despite the more advanced tumor stage of treated patients (54).

Despite this improvement, in intermediate stage patients, TACE remained less effective in terms of
survival benefit than curative treatments. As already reported (48), TACE provided worse outcomes
compared to LT, LR and ABL. Moreover, as the existence of a therapeutic hierarchy in BCLC B
patients (LT>LR>ABL>TACE>SOR>BSC) was confirmed by our study, such evidence reinforces the
concept that, whenever possible and once excluded specific contraindications, the treatment
potentially offering the best survival should be chosen irrespective of the stage (29,49).

Despite its many strengths, our study also has some limitations, the most important of which is its
retrospective nature which may have introduced unintended biases. Nevertheless, the aim of the
study itself, which was to evaluate if and how the application of TACE and the attitude to repeat this
treatment in clinical practice has changed in the last decades, required the analysis of a large dataset
collecting real-life data. The ITA.LI.CA database offered us this opportunity, having collected data of
HCC patients managed in clinical practice for more than three decades and being nowadays one of

the largest European databases. However, the retrospective design of the study made it impossible
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to determine the exact reasons behind the choice of TACE as the first-line or main HCC treatment.
Moreover, the reasons that prompted clinicians to prescribe additional TACE after a first session or
to switch to other treatments were not pre-defined and standardized among centers. We tried to
evaluate which factors were associated with higher likelihood of receiving TACE compared to other
treatments, but we could not consider all the variables implicated, including patient’s unwillingness
to accept the treatment, comorbidities, technical contraindications. Another major limitation of this
study is that we could not provide technical details about TACE treatment. This therapy, which can
be grossly divided in conventional TACE (cTACE) and TACE with drug-eluting beads (DEB-TACE), lack
in standardization and is a rather heterogenous treatment (11). Unfortunately, in the ITA.LI.CA
database a detailed description of the type of TACE is seldom available and therefore we could not
assess the technical evolution of the procedure over time (which may partly explain the
progressively better survival seen in recent years) and whether the attitude to treat patients with
CTACE or TACE-DEB has changed. Technical skills and experience are fundamental for the
effectiveness of TACE. Even though we did not measure these variables, all the Institutions
collaborating to the ITA.LI.CA project are expert centers in the management of HCC patients that
routinely performs TACE.

In conclusion, in this study we provided a comprehensive analysis of the changes in TACE treatment
occurred in real-life clinical practice over the last three decades. The proportion of patients treated
with TACE, also when BCLC B patients were specifically considered, declined over time but remained
stable over the last calendar periods considered. In real-world clinical management of HCC, a
substantial proportion of BCLC B patients are managed deviating from treatment recommendations
of Western guidelines, and a relevant percentage of patients belonging to other stages are treated
with TACE, confirming that expert centers have a poor adherence to BCLC indications. The better

selection of patients, as well as the procedural improvements, may explain the progressive better
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survival observed over time in patients undergoing TACE. Nevertheless, although this treatment
could be safely and effectively repeated in expert centers, in this setting the majority of patients are
treated with TACE only once during their clinical history. After a first-line TACE, a shift toward
curative therapies (LT, LR and ABL) to refine the achieved result provides a higher survival benefit

compared to TACE repetition and, therefore, it should be preferred whenever feasible.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Multinomial logistic regression showing independent factors associated with probability of receive TACE compared to potentially curative treatments
(LT, LR and ABL) and palliative therapies (SOR and BSC) in BCLC B patients.

Variables Curative treatment (LT, LR and ABL) Palliative treatment (SOR and BSC) Curative treatment (LT, LR and ABL) Palliative treatment (SOR and BSC)
First treatment Main treatment
aOR (95% CI) p aOR (95% Cl) p aOR (95% Cl) p aOR (95% CI) p
Sex Females Ref - Ref - Ref - Ref -
Males 1.17 (0.69-1.99) 0.56 0.87 (0.44-1.74) 0.69 1.07 (0.64-1.80) 0.80 0.84 (0.42-1.70) 0.63
Age (per 10-year increase) 0.78 (0.65-0.93) 0.005 1.05 (0.81-1.35) 0.73 0.73 (0.61-0.88) 0.001 1.03 (0.79-1.34) 0.83
Period of P1 Ref - Ref - Ref - Ref -
diagnosis P2 0.28 (0.06-1.35) 0.11 1.06 (0.23-4.77) 0.94 0.26 (0.05-1.26) 0.09 1.03 (0.23-4.64) 0.97
P3 3.16 (0.98-10.18) 0.05 3.57(0.89-14.31) 0.07 3.83(1.19-12.30) 0.02 3.89(0.97-15.67) 0.06
P4 2.37 (0.77-7.29) 0.13 1.02 (0.25-4.23) 0.97 3.48 (1.14-10.67) 0.03 1.21(0.29-5.01) 0.80
P5 1.98 (0.66-5.91) 0.22 1.26 (0.33-4.82) 0.73 3.06 (1.03-9.11) 0.04 1.42 (0.37-5.44) 0.61
P6 1.82 (0.60-5.53) 0.29 0.76 (0.19-3.04) 0.70 3.11(1.03-9.36) 0.04 0.92 (0.23-3.70) 0.91
Surveillance No Ref - Ref - Ref - Ref -
Yes 1.39 (0.95-2.03) 0.09 0.72 (0.43-1.20) 0.21 1.14 (0.78-1.65) 0.50 0.65 (0.38-1.10) 0.11
CSPH No Ref - Ref - Ref - Ref -
Yes 0.44 (0.30-0.66) <0.0001 0.89 (0.51-1.56) 0.68 0.57 (0.39-0.84) 0.004 0.92 (0.52-1.63) 0.77
MELD 0.94 (0.88-1.02) 0.12 1.10(1.01-1.20) 0.04 0.91 (0.85-0.98) 0.01 1.08 (0.98-1.18) 0.11
Number 0.87 (0.76-0.99) 0.04 1.09 (0.99-1.19) 0.07 0.88 (0.78-0.99) 0.04 1.08 (0.99-1.18) 0.09
Diameter (cm) 0.95 (0.86-1.05) 0.29 1.13 (1.03-1.23) 0.01 0.91 (0.83-0.99) 0.04 1.10 (1.01-1.21) 0.03
AFP (ng/mL) <20 Ref - Ref - Ref - Ref -
20-200 1.01 (0.63-1.62) 0.96 0.73 (0.36-1.48) 0.38 0.89 (0.56-1.42) 0.63 0.72 (0.35-1.48) 0.37
>200 0.82 (0.53-1.26) 0.36 1.19 (0.67-2.10) 0.56 0.81 (0.53-1.23) 0.32 1.22 (0.68-2.18) 0.51

TACE treatment is the reference category of the multinomial logistic regression. OR<1 indicates that the variable is associated with higher probability of being treated with TACE rather than the
comparison category (curative treatments or palliative treatments). OR>1 indicates that the variable is associated with higher probability to be treated with potentially curative treatments (or
palliative treatments) rather than TACE.

Abbreviations: LT, liver transplantation; LR, liver resection; ABL, ablation; SOR, systemic therapy; BSC, best supportive care; aOR, adjusted odds ratio; Cl, confidence interval; CSPH, clinically
significant portal hypertension; MELD, Model for End-Stage Liver Disease; MVI, macrovascular invasion; EHS, extrahepatic spread; AFP, alpha-fetoprotein.
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Supplementary Table 2. Survival analysis according to the period of diagnosis in BCLC B patients.

Period of diagnosis Median OS (months) 5-year survival (%) aHR (95% Cl) 2 p
All patients

P1 16.0(12.2-19.8) 15.4 Ref -
P2 25.0 (20.3-29.7) 13.6 0.75 (0.53-1.07) 0.12
P3 30.0 (24.0-36.0) 23.7 0.75 (0.55-1.03) 0.07
P4 35.0(29.1-40.9) 26.5 0.60 (0.44-0.81) 0.001
P5 35.0 (30.0-40.0) 33.8 0.54 (0.40-0.74) 0.0001
P6 NE (NE-NE) 51.5 0.40 (0.28-0.57) <0.0001
Patients treated with TACE as first therapy

P1 16.0(11.2-20.8) 6.6 Ref -
P2 25.0 (21.8-28.2) 8.2 0.85 (0.56-1.30) 0.46
P3 34.0(25.8-42.2) 23.7 0.60 (0.39-0.90) 0.02
P4 34.0 (27.6-40.4) 25.9 0.53 (0.36-0.79) 0.002
P5 36.0 (30.7-41.3) 33.5 0.52 (0.35-0.77) 0.001
P6 NE (NE-NE) 50.2 0.38 (0.24-0.61) <0.0001
Patients treated with TACE as main therapy

P1 15.0(10.9-19.1) 9.3 Ref -
P2 25.0(21.9-28.1) 6.2 0.84 (0.55-1.29) 0.44
P3 30.0 (18.6-41.4) 17.5 0.66 (0.44-1.01) 0.06
P4 29.0 (23.8-34.2) 13.4 0.60 (0.40-0.91) 0.02
P5 31.0(22.7-39.3) 23.9 0.65 (0.43-0.98) 0.04
P6 47.4 (NE-NE) 53.8 0.39 (0.24-0.65) 0.0003

a) Adjusted for: age, etiology, surveillance, CSPH, MELD, AFP level and main treatment (this latter only in the group including all
patients).
Abbreviations: OS, overall survival; aHR, adjusted hazard ratio; NE, not estimable; TACE, trans-arterial chemoembolization.

Supplementary Table 3. Univariate and multivariate Cox regression analysis in BCLC B patients.
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Variables Univariate Multivariate

HR (95% CI) p aHR (95% Cl) p
Period
P1 Ref - Ref -
P2 0.86 (0.63-1.17) 0.34 0.75(0.53-1.07) 0.12
P3 0.76 (0.58-1.00) 0.05 0.75 (0.55-1.03) 0.07
P4 0.60 (0.46-0.79) 0.0003 0.60 (0.44-0.81) 0.001
P5 0.52 (0.40-0.68) <0.0001 0.54 (0.40-0.74) 0.0001
P6 0.41 (0.30-0.56) <0.0001 0.40 (0.28-0.57) <0.0001
Sex
Female Ref -
Male 0.87 (0.73-1.05) 0.14 ) )
Age — 10 years increase 1.06 (1.00-1.13) 0.05 1.03 (0.95-1.12) 0.48
Surveillance
No Ref - Ref -
Yes 0.81(0.71-0.94) 0.005 0.83(0.71-0.98) 0.03
Etiology
Viral Ref - Ref -
Not viral 0.83 (0.71-0.97) 0.02 0.95 (0.78-1.15) 0.59
Viral + other 1.12 (0.91-1.38) 0.30 1.15 (0.90-1.48) 0.25
CSPH
No Ref - Ref -
Yes 1.42 (1.23-1.65) <0.0001 1.21(1.02-1.45) 0.03
Number 1.02 (1.00-1.04) 0.09 -2 -a
Diameter (cm) 1.02 (1.00-1.04) 0.09 -a -a
Child-Pugh
A Ref -
B7 1.56 (1.29-1.90) <0.0001 -b -b
B8-9 2.24 (1.83-2.73) <0.0001
MELD 1.06 (1.04-1.08) <0.0001 1.04 (1.01-1.07) 0.006



AFP (ng/mL)
<20

20-200
>200

Main treatment
BSC

LT

LR

ABL

TACE

SOR

Other

Ref
1.03 (0.87-1.23)
1.27 (1.08-1.49)

Ref
0.07 (0.04-0.12)
0.18 (0.12-0.26)
0.23 (0.16-0.33)
0.35 (0.25-0.50)
0.46 (0.30-0.70)
0.57 (0.38-0.87)

0.72
0.003

<0.0001
<0.0001
<0.0001
<0.0001
0.0003
0.009

Ref
1.00 (0.81-1.23)
1.35 (1.12-1.63)

Ref
0.06 (0.03-0.11)
0.17 (0.10-0.26)
0.23 (0.15-0.34)
0.31 (0.22-0.46)
0.52 (0.32-0.86)
0.46 (0.28-0.75)

0.99
0.002

<0.0001
<0.0001
<0.0001
<0.0001
0.01
0.002

a) Not included in multivariate analysis to avoid collinearity with stage.

b) Not included in multivariate analysis to avoid collinearity with MELD

Abbreviations: HR. hazard ratio; Cl, confidence interval; aHR, adjusted hazard ratio; CSPH, clinically significant portal hypertension;
MELD, Model for End-stage Liver Disease; AFP, alpha-fetoprotein; BSC, best supportive care; LT, liver transplantation; LR, liver
resection; ABL, ablation; TACE, transarterial chemoembolization; SOR, systemic therapies.
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Supplementary Figure 1. Flow chart of patient selection.
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Supplementary Figure 2. Kaplan-Meier curves showing overall survival according to the period of diagnosis in BCLC B
patients (A), in BCLC B patients treated with TACE as first treatment (B) and in those treated with TACE as main
treatment (C) (all p<0.0001).
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ABSTRACT

Background: Recent data suggest a potential activity and a good tolerability of capecitabine in
advanced hepatocellular carcinoma (HCC).

Aims: To evaluate capecitabine activity and safety in a wide cohort of advanced HCC patients.
Methods: Retrospective analysis of 143 capecitabine-treated patients (January 2010 to December
2017) in three centers of the Veneto Oncology Network.

Results: Capecitabine was administered in second and third line, but also in first line instead of
sorafenib in case of Child-Pugh B (70%), compromised clinical conditions (14%) or contraindications
to anti-angiogenetics (16%). Median overall survival (OS) and time to progression (TTP) were 6.9
and 2.8 months, respectively. There were no differences in OS and TTP between the 32 patients
treated with non- metronomic scheme (2000 mg/day for 14 days) and the 111 patients treated with
metronomic scheme (1000mg/day) after correction for prognostic factors at baseline with a
propensity score analysis. Capecitabine was more active in patients intolerant to sorafenib than in
those progressing during treatment (p = 0.024). At least one adverse event (mainly hematological)
was experienced by 73% of patients but discontinuation was necessary only in 11 (8%).
Conclusions: Capecitabine can be considered an active and safe option in advanced HCC, especially

for patients unfit for other treatments.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is globally the sixth most common cancer and the fourth most
frequent cause of cancer-related death, with 854.000 incident cases and 810.000 deaths per year
(2). The incidence of HCC is progressively increasing, especially in western countries (2). Despite the
surveillance in cirrhotics, in many patients (approximately 30%) the diagnosis is achieved when
curative treatments are no longer feasible (3-5).

Sorafenib, an oral multi-tyrosine kinase inhibitor, currently represents the standard first-line
systemic therapy for advanced HCC (BCLC-C) or tumors progressing after loco-regional therapies,
with well-preserved liver function (Child-Pugh A) (6). However, 80-90% of treated patients
experience at least one drug-related adverse event (AE), leading to dose reduction in about half
cases and to permanent discontinuation in 30-40% of them (7-9). Moreover, sorafenib fails to
control cancer progression in about 30-40% of patients (7,10). Many drugs have been tested in first
line versus sorafenib (11-13) and in second line after sorafenib failure (14—17). Ten years passed
before other drugs proved to be effective for advanced HCC: lenvatinib (18) demonstrated its non-
inferiority compared to sorafenib in first line, while regorafenib (19) and cabozantinib (20) were able
to determine a survival improvement against placebo in second line after sorafenib. The scenario of
systemic therapies in advanced HCC is rapidly evolving, and soon also nivolumab (21), ramucirumab
(22) and pembrolizumab (23) could be approved in Europe.

Standard chemotherapy has never been proved effective in the treatment of HCC (24), either
because of the refractoriness of the tumor or due to the coexistence of cirrhosis, which impairs both
drug metabolism and reduces tolerability.

Capecitabine is an orally administered 5-Fluorouracil (5-FU) prodrug absorbed as an intact molecule
via the gastrointestinal tract (25-27). Thymidine phosphorylase, that is more expressed in tumor

than in normal surrounding cells, promotes an enzymatic reaction generating 5-FU selectively in
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tumor tissue (25,27). Capecitabine has been investigated in the treatment of advanced HCC using
either a conventional (28—32) or a metronomic approach (33-38), with no definitive results in term
of survival benefit. All the studies however proved the favorable tolerability profile of capecitabine,
especially when metronomically administered. The concept of metronomic chemotherapy (39),
defined as the chronic administration of chemotherapeutic agents at relatively low, minimally toxic
doses, without drug free breaks, has been recently introduced in oncology. The main advantage is
toxicity reduction, but metronomic administration seems also to improve antitumoral effect (39—
45).

Metronomic chemotherapy is particularly appealing in patients with HCC, who are in most instances
fragile and present low tolerability to chemotherapeutics. After the first pioneering work of Farrag
et al. (33) on metronomic capecitabine in advanced HCC, a series of studies evaluated that
treatment in both naive and sorafenib-treated patients (34,35,37,38), confirming its safety and
suggesting its efficacy in providing a survival benefit.

This multicenter study aims to retrospectively evaluate the activity and the safety of capecitabine

in a large group of patients with advanced HCC treated with different therapeutic schemes.

MATERIALS AND METHODS

Study population

We retrospectively analyzed the records of 168 patients with HCC treated with capecitabine
between January 1%t 2010 and December 315t 2017 in three centers part of Veneto Oncology
Network: Padova University Hospital (Gastroenterology Unit), Istituto Oncologico Veneto IRCCS
(Unit of Medical Oncology |, Padova) and Feltre Hospital (Medical Oncology Unit). One hundred

forty-three patients (85.1%) were included in the study, while 25 (14.9%) were excluded for lack of
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follow-up data or for being treated with combination therapy (capecitabine + sorafenib or
gemcitabine).

The baseline recorded characteristics of patients treated with capecitabine were: Eastern
Cooperative Oncology Group performance status (ECOG-PS) <2, Child-Pugh score A or B, total serum
bilirubin <3 mg/dL, platelets count =50 x 109 /L, hemoglobin level 29 g/dL, white blood cell count
>1.5 x 10° /L, transaminases x5 the upper normal level, creatinine <1.5 mg/dL, no ascites or ascites
controlled by diuretics, encephalopathy grade <1 and no history of coronary disease or hearth
failure.

Capecitabine was administered orally with two schemes: metronomic scheme (MS, capecitabine at
the dosage of 1000 mg/day, continuously without drug-free breaks) and non-metronomic scheme
(NMS, capecitabine at the dosage of 2000mg/day administered for 14 days followed by 7 days of
interval). NMS was used in oncologic setting, where medical oncologists applied conventional
capecitabine scheme in patients with HCC who were more likely to tolerate it.

Patients stopped treatment either because of radiological and/or symptomatic progression of HCC
(ECOG-PS 23, 22 unit increase of Child-Pugh score), or because of the occurrence of unacceptable
toxicity. Several patients continued capecitabine despite proved radiological tumor progression
because they were still receiving clinical benefit from the treatment. Drug-related adverse events
(classified according to the National Cancer Institute Common Terminology Criteria for Adverse
events, NCI-CTCAE version 4.03) were properly managed with supportive therapy, dose reduction
or drug interruption.

Diagnosis of HCC was obtained according to European guidelines available at the time of diagnosis

(46,47).
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Before starting capecitabine treatment, HCC was staged by multiphase chest and abdomen
compute tomography (CT) scan or magnetic resonance (MRI) according to the BCLC staging system
(48). Additional investigations were performed, when clinically indicated.

Patients underwent clinical follow-up every 2 months; for the first 2 months of treatment, patients
were monitored with laboratory tests (blood count) every 15 days to assess the onset of early
hematological adverse events (AEs). Imaging exams (abdomen ultrasound, CT or MRI) were
repeated every 2—3 months or more frequently when clinically indicated.

Tumor response was evaluated according to modified Response Evaluation Criteria in Solid Tumor
(mRECIST) (49). In patients who had no imaging after capecitabine treatment (25 patients, 18%), the
progression was defined according to biochemical (alpha-fetoprotein [AFP]) or clinical parameters.
All patients, at the beginning of treatment, signed a center specific informed consent agreeing to
receive treatment and to the anonymized collection of their clinical data. The study was conducted
in accordance to the ethical guidelines of the 1975 declaration of Helsinki.

Statistical analysis

Continuous data were expressed as mean + standard deviation (SD) or median and intervals, while
discrete variables as absolute value and relative frequency. Student’s t test was used to compare
continuous data, y? Pearson’s test and Fisher’s test to compare discrete data.

Overall survival (OS) was calculated from the date of the beginning of capecitabine treatment to
death, with values censored at 31t December 2017 (end of the study) or at the last evaluation. Time
to progression (TTP) was calculated from the date of the beginning of capecitabine treatment to the
first evidence of cancer progression. OS and TTP were expressed in months as median values with
95% confidence interval (Cl). Survival curves were estimated using Kaplan—Meier method and were

compared with the Log-rank test.
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To compare MS and NMS groups minimizing the confounding effects of the different distribution of
baseline characteristics, a propensity score matching with the method of inverse probability
weighting (IPW) was performed. MS and NMS patients were matched for: presence of cirrhosis,
etiology of liver disease, Child- Pugh score, ECOG-performance status, number of liver lesions,
diameter of the largest liver lesion, presence of macrovascular invasion (MVI), presence of
extrahepatic spread (EHS), BCLC stage and line of capecitabine therapy. For variable balance
assessment the standardized difference between the two groups and the variance ratio were used.
For a proper balance in the variables, an absolute standardized difference <0.25 and a variance ratio
between 0.5 and 2 were considered (50). Kaplan—Meier method and log-rank tests were used to
estimate and compare the curves using the weights obtained with the IPW method.

Variables associated with survival at the univariate analysis were included in the Cox multivariate
regression model to establish the independent prognostic predictors.

Statistical significance was met with a 2-tailed p value < 0.05. All statistical analysis were performed
using StatsDirect ver. 3.1.14- 2017 (StastDirect Ltd, Cheshire, UK) and SAS/STAT® ver.14.2 (SAS

Institute Inc., Cary, NC, USA).

RESULTS

The 143 patients were treated with capecitabine in first (30%), second (52%) and third line (18%).
Capecitabine was administered instead of sorafenib in first line because of Child-Pugh B (30 pts,
70%), compromised clinical conditions (6 pts, 14%) and other contraindications to anti-
angiogenetics (7pts, 16%). Among patients treated with capecitabine in second and third line, 21

(28%) and 3 (12%) were Child-Pugh B, respectively (Table 1).
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Table 1. Systemic therapy and line of treatment with capecitabine. In the table are also shown Child-Pugh class and
ECOG-PS according to the line of capecitabine treatment.

Systemic Therapy

All patients First-line Second-line Third-line
Sorafenib 90 87 3 0
Chemotherapy + 31 13 228 0
RCTs/experimental therapies
Capecitabine 143 43 75 25
Child-Pugh class and ECOG-PS according to line of capecitabine treatment
First-line Second-line Third-line
(n=43) (n=75) (n=25)
Child-Pugh A 13 (30) 54 (72) 22 (88)
B 30 (70) 21(28) 3(12)
ECOG-PS 0 14 (33) 32 (43) 16 (64)
1 23 (53) 33 (44) 9 (36)
2 6 (14) 10 (13) -

a 4 patients underwent chemotherapy in first and second line
Abbreviations: RCTs, randomized controlled trials; ECOG-PS, Eastern Cooperative Oncology Group performance status.

Biological, clinical and tumor characteristics of included patients are reported in Table 2. Of our
cohort, 111 patients (78%) were treated with MS and 32 (22%) with NMS. Male sex accounted for
approximately 80% in both groups while MS patients were slightly older than NMS. MS patients had
more frequently HCC on a cirrhotic liver (p=0.0017) and had more often a viral etiology of the
underling liver disease (p=0.0026). NMS patients had a better Child-Pugh score (p=0.02), better
ECOG-PS (p<0.0001) and less advanced tumors, with smaller lesions (p=0.0002) and less frequent
MVI (p<0.0001). Lastly, NMS-treated patients had a better cancer stage according to the BCLC stage

(p=0.0009).

Table 2. Patients’ clinical, biological and tumoral characteristics, also according to their treatment schedule.

All patients Mms NMS
(n=143) (n=111) (n=32) P

Sex Males 113 (79) 87 (78) 26 (81) 0.60

Females 30 (21) 24 (22) 6 (19) )
Age (mean % SD) 65.8 £10.9 66.7 £10.0 62.6 £13.0 0.05
Cirrhosis Yes 112 (78) 92 (83) 20 (61)

No 13 (9) 9(8) 4 (13) 0.002

HCC post-LT 18 (13) 10 (9) 8 (26)
Etiology Alcohol 36 (25) 23 (21) 13 (41)

HBV 12 (8) 8(7) 4(12)

HCv 57 (40) 48 (43) 9 (28) 0.003

Other causes 14 (10) 13 (12) 1(3)

Multiple causes 24 (17) 19 (17) 5(16)
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Child-Pugh A 89 (62) 65 (59) 24 (75) 0.02
class B 54 (38) 46 (41) 8 (25) )
ECOG-PS 0 65 (46) 37(33) 28 (86)
1 62 (43) 59 (53) 3(10) <0.0001
2 16 (11) 15 (14) 1(4)
Number <3 46 (32) 33 (30) 13 (40)
35 15 (10) 11 (10) 4(13) 0.18
>5 82 (58) 67 (60) 15 (47)
Diameter <3 44 (31) 28 (25) 16 (50)
(cm) 35 35 (24) 27 (24) 8 (25) 0.0002
>5 64 (45) 56 (51) 8 (25)
MVI Yes 56 (39) 50 (45) 6 (18)
No 87 (61) 61 (55) 26 (82) <0.0001
EHS Yes 74 (52) 54 (49) 20 (63) 0.046
No 69 (48) 57 (51) 12 (37) '
BCLCstage B 12 (8.5) 5 (4.5) 7(22)
C 130 (91) 105 (94.5) 25 (78) 0.0009
D 1(0.5) 1(1) 0 (0)

Abbreviations: MS: Metronomic Scheme; NMS: Non-Metronomic Scheme; SD, standard deviation; LT, liver transplantation; HBV,
hepatitis B virus; HCV, hepatitis C virus; ECOG-PS: Eastern Oncology Cooperative Group performance status; MVI, macrovascular
invasion; EHS, extrahepatic spread; BCLC: Barcelona Clinic Liver Cancer

Survival analysis and response to treatment

Mean length of capecitabine treatment was 5.7 months (95% Cl 4.1-7.3). Patients treated with NMS
received treatment for a significantly longer period of time (10.2 [95% Cl 3.9-16.5] vs. 4.3 months
[95% ClI 3.4-5.2]; p=0.002).

Considering the entire cohort, the median overall survival (OS) was 6.9 months (95% CI 5.7-8.1) and
the median time to progression (TTP) was 2.8 months (95% Cl 2.0-3.6). The OS of patients treated
in third line was 10.5 months (95% ClI 5.3-15.6) vs. 5.4 (95% Cl 3.0-7.8) and 6.8 months (95% CI 5.1—
8.4) of those treated in first and second line, respectively (p=0.01).

NMS-treated patients achieved a better OS, with a 10.5 (95% ClI 7.2—-13.7) vs. 5.7 months (95% Cl
4.0-7.3) survival (p=0.0005). Patients subsequently treated with additional chemotherapy (i.e.,
gemcitabine or oxaliplatin) after capecitabine discontinuation had a median OS of 13.8 (95% CI 7.0-
20.7) vs. 4.7 months (95% Cl 3.6-5.7) of patients undergoing BSC (p<0.0001). Censoring the OS of
these patients at the time of the new treatment, the survivals achieved for the NMS and MS treated

patients were 6.0 months (95% ClI 1.3—10.6) and 4.9 months (95% CI 3.8-5.9), respectively (p=0.03).
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Time to progression (TTP) also was significantly longer in NMS than in MS patients: 3.9 months (95%
Cl 2.2-5.5) vs. 2.5 months (95% Cl 1.9-3.1) (p=0.03).

In order to correctly compare the efficacy of MS and NMS, a propensity score analysis with the IPW
method was used to minimize the important differences between the two groups at baseline. After
balancing for the different prognostic characteristics of patients, the OS of MS and NMS patients
was comparable (7.3 months [95% Cl 4.6—10.1] vs. 9.6 months [95% Cl 5.0-16.8], p=0.9). Also the
TTP was not significantly different between the two groups: 4.7 (95% CI 2.6-5.8) for MS and 3.8

months (95% Cl 2.2—4.7) for NMS (p=0.9) (Figure 1).
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Figure 1. (A) Overall survival of patients treated with metronomic scheme (black line) and non-metronomic scheme
(grey line) after propensity score matching. (B) Time to Progression of patients treated with metronomic scheme (black
line) and non-metronomic scheme (grey line) after propensity score matching (MS = metronomic scheme; NMS = non-
metronomic scheme).

The response to treatment was assessable in 138 patients (96.5%), because 5 (3.5%) had an early
discontinuation due to AEs. The best response to treatment was: complete response (CR) in 2
patients (1.5%), partial response (PR) in 8 patients (5.8%) and stable disease (SD) in 30 patients
(21.7%); the other 98 patients (71.0%) progressed during capecitabine treatment. The disease
control rate (CR + PR + SD) was 29.0%. NMS guaranteed a better disease control rate than MS (38.8%

vs. 26.2%; p=0.04). The response to capecitabine, regardless of the scheme of treatment, correlated
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with survival: the OS was 5.4 months in case of progressive disease (PD) (95% Cl 4.0—6.8), 9.2 months
in SD (95% Cl 3.9-14.5), 18.7 months in PR + CR (95% Cl 1.9-39.4) (p=0.0002).

Of the 90 patients previously treated with sorafenib, 57 (63%) discontinued this treatment for PD
and 33 (37%) for intolerance. A larger survival benefit was demonstrated in those interrupting
sorafenib due to intolerance compared to those with cancer progression (8.4 months [95% Cl 6.0—

10.8] vs. 5.0 months [95% Cl 3.6—6.3], p=0.02) (Figure 2).
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Figure 2. Overall survival of capecitabine treated patients according to causes of sorafenib discontinuation, disease
progression (black line) or intolerance (grey line).

At univariate analysis variables associated with OS were Child-Pugh class, ECOG-PS, number of
hepatic lesions and diameter of the largest one, presence of MVI, BCLC stage, scheme of
capecitabine treatment, response to treatment and additional therapy after capecitabine
discontinuation. A multivariate Cox analysis identified only number of hepatic lesions (p=0.002) and
therapy after capecitabine (p=0.03) as independent prognostic factors.

A recent study by Giannini et al. (51) describes the “natural history” of patients with advanced
hepatocellular carcinoma (BCLC C) undergoing BSC included in the ITA.LI.CA. database. The patients

were subgrouped according to the clinical features determining their allocation (ECOG-PS, MVI,
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EHS). In our study, due to the lack a control group of BSC patients, we compared the survival of our
patients with those reported in the paper by Giannini et al. and depicted in Table 3. Albeit obviously
lacking a statistical comparison, the table shows slightly higher survival for capecitabine treated
patients. The comparison of the PS1 and PS2 patients is not provided given the limited number of

patients belonging to these subgroups.

Table 3. Comparison between BCLC-C patients treated with best supportive care (Giannini et al. (51)) and our group of
BCLC C patients treated with capecitabine.

BCLC C patients Survival (months) in Survival (months) in
BCLC C patients of our BCLC C group of
Giannini et al. Capecitabine treated
patients (n=130)
PS1 13.2 /
PS 2 11.2 /
MVI 4.0 7.0
EHS 5.2 7.2
MVI + EHS 2.0 3.5

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PS, Performance status; MV, Macrovascular invasion; EHS, Extrahepatic spread

Safety

Table 4 reports the adverse events emerged during capecitabine treatment, categorized according
to the NCI-CTCAE v 4.03. Overall, 105 patients (73%) experienced at least one AEs of any grade
during treatment: 57% had a grade 1-2 AEs while 16% a grade 3—4 AEs. Main drug-related AEs were
thrombocytopenia (38%), anemia (34%), fatigue (22%), leucopenia (18%). Abdominal pain, dyspnea,
hand-foot skin reaction, nausea/vomiting, diarrhea and mucositis were reported. Drug-related AEs
were in most cases mild and were properly managed. In 11 patients (8%), an AE led to treatment
discontinuation. In particular, 3 patients interrupted the treatment for anemia, 3 for intolerable
fatigue, 2 for thrombocytopenia and 1 patient each for acute kidney injury, cholangitis and

pulmonary embolism. No treatment-related deaths were recorded.
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AEs were slightly, but not significantly, more frequent in NMS group: 26 NMS patients (81%)
developed AEs vs. 80 MS patients (72%) (p=0.133). Grade 3—-4 AEs more often occurred in MS

patients (14% vs. 6%; p=0.059).

Table 4. Adverse events of capecitabine treatment categorized according to the National Cancer Institute, Common
Terminology Criteria for Adverse Events classification.

Adverse events Any grade Grade 1-2 Grade 3-4
Overall 105 (73) 82 (57) 23 (16)
Leucopenia 26 (18) 25 (16.3) 1(0.7)
Thrombocytopenia 54 (38) 50 (35) 4 (3)
Anemia 48 (34) 40 (28) 8 (6)
Fatigue 32 (22) 26 (18) 6 (4)
HFS 5(3) 5(3) /
Nausea/vomiting 5(3) 5(3) /
Abdominal pain 9 (6) 9 (6) /
Dyspnea 7 (5) 7 (5) /
Diarrhea 3(2) 3(2) /
Mucositis 3(2) 3(2) /
Pulmonary embolism 1(0.7) / 1(0.7)
Acute kidney injury 1(0.7) / 1(0.7)
Cholangitis 1(0.7) / 1(0.7)
Hypoglycemia 1(0.7) / 1(0.7)

Data are presented as absolute and relative frequency (percentage).

DISCUSSION

Treatment of advanced HCC still represents a difficult issue, mainly due to lack of therapeutic
alternatives, given that, at least in Europe, we have only few approved systemic drugs: sorafenib in
first line, regorafenib and cabozantinib in second line (10,19,20). Regorafenib has been approved
very recently for patients with tumor progression but tolerant to sorafenib. However, a relatively
large share of patients (30—40%) are intolerant to sorafenib (7-9) and in these patients only
cabozantinib could be an option. Beyond these drugs, other therapeutic alternatives are
approaching the market (lenvatinib (18), nivolumab (21), ramucirumab (22), pembrolizumab (23)),

but they have still to be approved.
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A large number of studies evaluated capecitabine treatment in advanced HCC (28,29,38,30-37). All
these studies demonstrated the tolerability of capecitabine, even in patients with slightly impaired
hepatic function and the potential activity of the drug in prolonging HCC patient survival.

In our study, we retrospectively analyzed a large series of patients treated with capecitabine: the
median OS was 6.9 months and the median TTP was 2.8 months. These results are in line with those
previously reported by our group in a smaller series (36), with a shorter survival compared to the
literature (34,35,37,38). The explanation for the shorter median survival relies in the more advanced
liver disease of our group of patients (38% of patients had a Child-Pugh score B, 54% had an ECOG-
PS 1-2, 68% had >3 hepatic lesions, 39% had MVI and 52% EHS).

To the best of our knowledge, the conventional and the metronomic scheme have never been
compared, even retrospectively. NMS and MS patients in our cohort not only differed markedly in
the sample size, but also in their baseline characteristics: patients treated with the NMS had better
liver functional reserve, better clinical conditions and less advanced tumors. Without correction,
NMS achieved better results in terms of survival, but after balancing the two groups for the different
prognostic characteristics with a IPW propensity score analysis, no differences in terms of efficacy
were found between the two groups.

Post-capecitabine treatments could influence overall survival. Patients treated with additional
systemic chemotherapy after capecitabine discontinuation had a better survival than BSC patients
(13.8 vs. 4.7 months; p<0.0001). These patients, mostly belonging to the NMS subgroup (53% versus
15% for MS), were apparently fit enough to be treated with additional therapies that prolonged
their survival. The impact of the additional therapies was evaluated censoring the OS of patients
treated after capecitabine at the time of the new treatment, demonstrating a slightly advantage in

terms of OS for NMS.
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Response to treatment was associated with survival: patients with complete or partial response had
a better survival than patients with stable or progressive disease (18.7 months for PR + CR vs. 9.2
months for SD vs. 5.4 months for PD; p=0.0002).

In our study, we confirmed the findings of the paper by Trevisani et al. (38): in patients previously
treated with sorafenib, the greater survival benefit was observed in intolerant patients compared
to those with tumor progression (8.4 months vs. 5.0 months; p=0.024). This finding is more relevant
if we consider that the only option for patients intolerant to sorafenib is cabozantinib.

Our population of patients has been treated with capecitabine in second-line after sorafenib, in
third-line after sorafenib and other chemotherapeutic or experimental drugs and even in first- line
for patients that could not be alternatively treated. The longer survival of patients treated in third-
line could be again potentially explained by the fact that patients previously treated with sorafenib
and included in RCTs, had probably better liver function or slow tumor progression. The higher
survival of these patients could be due to the intrinsic characteristics of liver tumor and of cirrhosis,
rather than the activity of capecitabine itself.

Capecitabine proved to be a safe option in every study investigating its role in advanced HCC
(28,34,35,37,38), even in patients with moderately impaired liver function. Having a therapeutic
option for these patients is extremely important because no systemic treatment is currently or will
be soon available for advanced HCC patients with impaired liver function (Child-Pugh B). Recently,
a paper by De Lorenzo et al. (52) evaluated activity and safety of metronomic capecitabine in a
cohort of Child-Pugh B patients and, similarly to what we reported in this study, concluded in favor
of the safety and efficacy of the drug.

Despite a higher rate of adverse events compared to other studies (35,37) (73% of patients
experienced at least one AEs), these were mainly mild (grade 1-2 in 56% and grade 3—4 in only 16%)

and easily manageable. No treatment-related death was observed and only in 11 patients (8%) the
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treatment was discontinued for AEs. The higher rate of grade 3—4 adverse events in MS group (MS
14% vs. NMS 6%) can be due to the worse liver function and/or clinical condition of these patients.
Nature of adverse events recorded in our study was comparable to that reported in literature
(35,37,38), even though with a higher rate of hematological problems. The mean length of
treatment in our cohort (5.7 months) confirms once more the tolerability of capecitabine.

Lastly, it should be emphasized that capecitabine is an inexpensive treatment and represent an
alternative for advanced HCC easily sustainable by most National Health Systems.

Our study has several limitations, the first of which is its retrospective nature that may have
introduced unintentional biases in the analysis. The study population, although the largest in
literature at present, is very heterogeneous and this obviously may affect the results interpretation.
Nevertheless, our population offers a “real-world” image of the management of patients with
advanced HCC, covering most of the clinical situations we are facing in everyday clinical practice.
Another limit of our study is the lack of a control group of patients treated with BSC. The indirect
comparison of survivals in our series with that of patients with advanced HCC undergoing BSC
belonging to the ITA.LI.CA database (51), seems to suggest that capecitabine could potentially
represent an active treatment.

In conclusion, the results obtained in our large retrospective study are in line with what previously
reported in literature regarding efficacy and safety of capecitabine in advanced HCC. Metronomic
and non-metronomic schemes seem to be equally effective, and the indirect comparison with the
BSC-managed ITA.LI.CA patients confirms that capecitabine could be a reasonable option in patients
who are not candidate for other treatments. Patients discontinuing sorafenib for intolerance is the
group in whom capecitabine is more active. Capecitabine confirmed to be a well-tolerated and a
safe treatment in patients with advanced HCC, also in those with impaired liver function. These

results need to be confirmed through adequately planned trials, in order to establish the precise
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role of capecitabine in the therapeutic management of patients with advanced HCC in relation to

sorafenib and other emerging systemic targeted therapies.
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CONCLUSIONS

In this thesis, | discussed previous data regarding the current knowledge on circulating biomarkers
in HCC patients and | reported the results on several potential circulating molecules that can be
useful in stratification of patient prognosis, focusing in particular on patients treated with
transarterial chemoembolization (TACE). Indeed, | assessed the prognostic value of SCCA-IgM, a
marker that has already demonstrated to be potentially useful in survival prediction, demonstrating
that its interpretation should consider also the gender of patients. Subsequently, | demonstrated
the utility of VEGF and HIF-1a, two of the most important molecules involved in neoangiogenesis
triggered by TACE, in the prediction of response to treatment and survival. Then, miR-21 and miR-
122 were investigated as circulating prognostic biomarkers in TACE-treated patients, confirming
their potential role as survival predictors. Stimulated by these results, and considering also the
inconsistent evidence present in the literature, | also evaluated the changes of circulating miR-21 in
patients with chronic liver diseases and HCC. The results obtained demonstrated that this biomarker
probably is not ideal for HCC diagnosis, but it is correlated with the severity of liver fibrosis,
necroinflammatory activity and residual liver function, potentially being a useful molecule for having
some insights on different aspects of chronic liver diseases. Lastly, | moved to evaluate inflammatory
biomarkers, demonstrating that prostaglandin E; has a potential role in predicting the survival in
patients treated with TACE and that inflammatory-based scores (PLR and NLR) accurately reflect the
prognosis of patients regardless of treatment received and in some therapy subgroups.

Taken together, these studies provide a solid background to further investigate these molecules as
prognostic biomarkers in patients with HCC. Nevertheless, prognostic stratification of HCC patients
is a very complicated issue. Therefore, more efforts and prospective validation are needed to

identify markers accurate enough for introduction into clinical practice.
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In the second part of this thesis, | moved to evaluate some clinical factors that can influence the
prognosis of HCC patients. Surveillance in patients at risk of liver cancer is worldwide recommended
in order to reduce cancer-related mortality, through early diagnosis and application of potentially
curative treatments. In this thesis, | demonstrated that regular surveillance is fundamental for
achieving long-term survival of HCC patients. However, | proved also that the tightening of
surveillance interval to 3-months in patients considered at higher risk did not reveal to be associated
with better prognosis compared to the standard schedule (6 months).

In patients with cancer, staging systems are fundamental to provide an accurate prognostic
prediction. Here, | demonstrated that a size threshold should be introduced for monofocal tumors
in the BCLC staging system, the most commonly used in HCC. Indeed, despite being classified in early
stage, large monofocal tumors have a prognosis more similar to intermediate stage cancers.
Nevertheless, according to the principle of “therapeutic hierarchy”, liver resection in associated
with longer survival compared to other treatments also in these patients and should be offered
whenever possible.

Lastly, | presented some data regarding treatment of HCC patients, which is the most important
determinant of prognosis. TACE has still an important role in the management of liver cancer
patients, even though its application declined compared to the past and, at least in expert centers,
deviated from guidelines recommendations in a large proportion of patients. Even though survival
of TACE-treated patients improved over time, suggesting a better patient selection as well as
technical advancements, potentially curative therapies provide a greater survival benefit and should
be preferred whenever feasible. Then, | reported data on capecitabine treatment in advanced HCC,
showing that it is safe and effective. Despite the remarkable expansion of systemic therapy
possibilities, capecitabine could be considered an option for patients who cannot be otherwise

treated.
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In conclusion, in this thesis | provided some evidence in favor of several prognostic biomarkers and
investigated some aspects of surveillance, staging and treatment, all well-known prognostic factors.
Despite HCC is still burdened by a poor prognosis in the great majority of cases, research efforts to
identify biomarkers useful in stratifying patients’ survival and possibly in guiding the management,
define of the optimal surveillance strategy, refine staging and develop appropriate treatments are

essential to improve the prognosis of these patients.
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