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Globally, hepatocellular carcinoma (HCC) is associated with a poor prognosis due to frequent diagnosis in
late stages. As a result, mortality is roughly equivalent to the annual incidence. Regardless of etiology, the
development of liver cirrhosis is the most relevant cause of hepatocarcinogenesis[1]. Chronic hepatitis B
virus (HBV) infection and nonalcoholic steatohepatitis (NASH) are associated with a significantly increased
risk of developing HCC even in the absence of cirrhosis[2]. Recent data demonstrate that NASH has to be
considered as the main cause of the increasing incidence of HCC predicted for the next decades[3]. Thus,
against the background of high mortality, the need for optimized HCC screening strategies arises on the one
hand, while, on the other hand, previous treatment concepts have to be adapted to the sometimes therapylimiting comorbidities of these patients.
The global prevalence of non-alcoholic fatty liver disease (NAFLD) is estimated to be 25%, although this
figure may still be underestimated due to an assumed high number of unreported cases[4]. In approximately
10%-15% of NAFLD patients, progression to NASH can occur, which in turn can lead to higher-grade
fibrosis and, in the final stage, to cirrhosis and HCC[5]. Approximately 20% of all NASH-associated HCC
cases develop in the absence of overt cirrhosis[6]. According to the most recent epidemiological studies,
NASH is considered as the main cause of the steadily increasing incidence of HCC in Western
industrialized nations[7]. Recent data from a United States cohort show a 10-year cumulative HCC risk of 1.7
per 1000 NAFLD patients. In NASH patients, HCC risk was increased 8.6-fold compared with healthy
subjects. Patients with NAFLD-associated cirrhosis showed a further significantly increased risk of HCC,
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with an annual incidence of 0.8%-2.3% per year. Of note, prevalence of type II diabetes mellitus (T2DM)
and obesity appear to be independent HCC-predisposing risk factors in the context of NASH-associated
metabolic syndrome. Furthermore, in NASH patients, initial HCC diagnosis is frequently made at later
tumor stages because they are monitored less intensively due to the absence of, or less advanced, cirrhosis[8].
Human hepatocarcinogenesis is always a multifactorial event. Environmental influences (e.g., alcohol and
smoking) and host factors (age, gender, familial predisposition, obesity, diabetes, and fibrosis) interact with
genetic, immunological, and viral factors in a complex interplay in HCC development. In the context of
DNA sequence changes in the form of mutations, resistance of proliferating hepatocytes to programmed
cell death (apoptosis) occurs, allowing mutant cells to proliferate[9] [Figure 1]. In addition, in NASH,
chronic hepatic inflammation represents a cirrhosis-independent trigger of hepatocarcinogenesis. It is a
complex, multifactorial process involving various risk factors (genomic instability, obesity, and T2DM). An
understanding of the various key molecular initiation and progression mechanisms of hepatocarcinogenesis
is essential to define etiology-adapted therapeutic targets in the future.
Routine ultrasound (US) of the liver for HCC screening exhibits distinct limitations in terms of diagnostic
value. Smaller lesions show limited detectability in the cirrhotically remodeled or steatotic liver.
Determination of HCC biomarkers, such as alpha-fetoprotein (AFP), has the advantage of being
investigator independent and to provide reproducible results. However, not all international guidelines
recommend AFP determination in addition to US, since sensitivity of AFP in HCC detection ranges from
39% to 65% only[10]. To facilitate sensitivity superior to the combination of US and AFP while maintaining
good specificity in early HCC detection, a large number of studies investigated the suitability of different
biomarkers, such as osteopontin, glypican-3, the AFP variant binding to the lectin molecule “Lens culinaris
agglutinin” (AFP-L3), and Des-gamma-carboxy prothrombin (DCP) for HCC surveillance[11-14]. As s result,
a statistics-based model called GALAD score, including patients gender, age, AFP, AFP-L3, and DCP, was
developed. It clearly demonstrated superior sensitivity and specificity compared to assessment of
biomarkers individually and was extensively validated in international studies[15,16]. In addition, GALAD
scores’ utility in HCC early detection was specifically tested in an international multicenter trial in a NASH
population; it was able to detect HCC even at early stages (BCLC 0/A) and achieved an AUC of 0.91.
Furthermore, in a prospective NASH pilot trial, it could be demonstrated that GALAD was already elevated
up to 1.5 years before the initial diagnosis of HCC was made by imaging procedures. Those encouraging
results implicate that the GALAD model is suitable for HCC early detection of all etiologies, including
NASH[17]. Only earlier HCC detection, predominantly in the emerging high-risk cohort of patients with
NASH, T2DM, and obesity, can facilitate curative treatment options for this population. Further phase IV
prospective trials are urgently warranted to determine whether GALAD has potential as an integral part of
HCC screening algorithms in the near future.
Currently, HCCs are frequently diagnosed at advanced stages when curative therapy options such as liver
resection or transplantation are unavailable. In addition to established palliative, locoregional therapies,
such as conventional transarterial chemoembolization (TACE), alternative transarterial procedures such as
selective internal radiotherapy (SIRT) are also available [Figure 2]. Recent randomized clinical trials (RCT)
showed no survival benefit for SIRT over systemic therapy in patients with advanced HCC[18]. A metaanalysis on the latest RCTs in contrast could demonstrate that SIRT is non-inferior to standard of care
systemic therapy in terms of overall survival (OS) while offering an adequate safety profile with fewer side
effects. Furthermore, patients with advanced HCCs arising in NAFLD may not be suitable for systemic
therapy due to metabolic syndrome-related diseases. Here, SIRT exhibited similar survival outcomes at a
comparable toxicity profile in HCC patients with NAFLD and HBV, implicating that NAFLD-associated
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Figure 1. Progression from chronic liver injury to HCC. Persistent exposure of the liver to harmful stimuli (viral hepatitis, alcohol abuse,
and NASH) induces necrosis of the hepatocytes and thus initiates compensatory regenerative processes. This leads to hepatocytebased regeneration, a vicious circle of hepatocyte senescence and hepatic stellate cell activation with deposition of interstitial matrix
and consecutive fibrosis formation up to liver cirrhosis occurs. The resulting genomic instability initiates the cascade of hepatocarcinogenesis from dysplastic nodules to the development of HCC. A stepwise accumulation of multiple events such as genetic
rearrangements, somatic mutations, epigenetic alterations, and activation of various growth factor signaling pathways leads to tumor
proliferation and metastasis. HCV: Hepatitis C virus; HBV: hepatitis B virus; HCC: hepatocellular carcinoma.

metabolic comorbidities do not represent limitations for SIRT.
Advanced HCCs at stage BCLC C, ineligible for surgical or local therapy due to vascular infiltration or
extrahepatic tumor burden, have to be treated with systemic therapy. Only recently, several substances over
three lines of therapy have become available [Figure 3]. In 2007, the multityrosine kinase inhibitor sorafenib
was approved for the treatment of advanced HCC in the phase III SHARP trial; here, for the first time, an
antiproliferative therapy was able to significantly prolong the OS compared to placebo treatment (OS
sorafenib 10.7 months vs. placebo 7.9 months)[19].
The first substance to show a significant survival benefit in a phase III second-line trial after sorafenib
(RESORCE) was the tyrosine kinase inhibitor (TKI) regorafenib for those patients tolerant to prior
sorafenib treatment (OS after progression on sorafenib: regorafenib 10.6 months vs. placebo 7.8 months)[20].
Shortly thereafter, in mid-2017, data from a Phase III study were published in which the TKI lenvatinib was
tested against sorafenib in first-line treatment of HCC (REFLECT study). It showed non-inferiority to
sorafenib with equivalence of OS (lenvatinib 13.6 months vs. sorafenib 12.3 months)[21]. Lenvatinib showed
superiority on secondary endpoints, such as progression-free survival, with comparable toxicity profile.
Subsequently, in 2018, results from a phase III study were published, in which the TKI cabozantinib vs.
placebo as second-line treatment of HCC (CELESTIAL) significantly prolonged overall survival (OS after
progression on sorafenib: cabozantinib 10.2 months vs. placebo 8.0 months)[22].
However, in terms of clinical management, there are distinct safety concerns for several patients,
particularly those who have cardiovascular disease in the setting of NASH-associated metabolic syndrome.
In particular, typical TKI side effects, such as poorly controlled arterial hypertension, fatigue, weight loss,
hand-foot-skin syndrome, and diarrhea, often lead to the need for dose reduction or therapy interruption. A
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Figure 2. Evolution of locoregionary and systemic HCC treatment options. Initially, no systemic HCC treatments were available, and the
numerous locoregionary therapies either percutaneously (ethanol injection, brachytherapy or radiofrequency ablation) or
transcatheter-based methods (TACE or SIRT) were the only alternatives, when liver resection or transplantation were not feasible. In
2007, sorafenib was granted approval as systemic first line HCC treatment. After almost a decade, different first and second line TKI
treatment options evolved. Ramucirumab, an anti-VEGFR-2 monoclonal antibody, was the only non-TKI-based systemic second-line
treatment available until 2020. Then, for the first, time an immune checkpoint-inhibitor-based treatment (atezolizumab combined with
bevacizumab) was granted approval in HCC first line treatment. TACE: Transarterial chemoembolization; SIRT: selective internal
radiotherapy; RFA: radiofrequency ablation; OS: overall survival; TKI: tyrosine kinase inhibitor.

Figure 3. Systemic treatment algorithm proposed by the authors. Therapeutical regimens should be selected in adaption to patients’
comorbidities, liver function, tumor burden/localization, AFP level, and tolerance to previous systemic treatment. AFP: Alphafetoprotein.

non-TKI-based treatment option for a subset of HCC patients with an elevated AFP-level (≥ 400 ng/mL) is
ramucirumab, a fully human anti-VEGFR-2 monoclonal antibody. In a phase III second-line study after
sorafenib progression (REACH-II study), ramucirumab showed a significantly prolonged OS in patients
with high AFP (OS after progression on sorafenib: ramucirumab 8.5 months vs. placebo 7.3 months)[23].
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Immunotherapy of tumors with immune checkpoint inhibitors has also shown encouraging results in a
variety of tumor diseases. In a phase III study (IMbrave150), the combination of a checkpoint inhibitor
(atezolizumab) with a VEGF antibody (bevacizumab) compared with sorafenib treatment significantly
improved OS in first-line HCC therapy of HCC[24]. Furthermore, a better quality of life was documented
compared to sorafenib. Thus, this was the first positive phase III study to show an OS benefit in favor of
cancer immunotherapy in this tumor entity and represents the first landmark therapeutic advance in more
than a decade.
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