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Novel implications in the treatment of hepatocellular carcinoma
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Abstract

Worldwide hepatocellular carcinoma remains one of the leading causes of cancer-related death,
associated with a poor prognosis due to late diagnosis in the majority of cases. Physicians at care
are frequently confronted with patients who are ineligible for curative treatment such as liver
resection, transplantation or radiofrequency ablation. Besides established palliative locoregional
therapies, such as ablation or chemoembolization, new treatment options, such as microwave
ablation, drug-eluting bead transarterial chemoembolization or selective internal radiation
therapy, are emerging; however, data from randomized controlled trials are still lacking. In order
to achieve optimal tumor control, patients should receive tailored treatment concepts, considering
their tumor burden, liver function and performance status, instead of strictly assigning patients
to treatment modalities following algorithms that may be partly very restrictive. Palliative
locoregional pretreatment might facilitate downstaging to ensure later curative resection or
transplantation. In addition, the combined utilization of different locoregional treatment options
or systemic co-treatment has been the subject of several trials. In cases where local tumor control
cannot be achieved, or in the scenario of extrahepatic spread, sorafenib remains the only approved
systemic therapy option. Alternative targeted therapies, such as immune checkpoint inhibitors
have shown encouraging preliminary results, while data from phase III studies are pending.
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Introduction

The worldwide incidence of hepatocellular carcinoma
(HCC) is almost equaled by its mortality; HCC is the second
most common cause of cancer-related death [1]. Despite the
prospectively decreasing prevalence of HCC in the context

of viral hepatitis, globally it is on the rise [1]. Predominantly
in Europe, HCC incidence related to non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis (NAFLD/NASH) is
dramatically increasing, mainly because of the rising prevalence
of metabolic syndrome and its hepatic manifestation NAFLD
(Fig. 1). Furthermore, the high HCC mortality throughout
western civilization results from the majority of HCC cases
being diagnosed at late stages when curative therapies are
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in the Japanese HCC surveillance guidelines - will result in
earlier diagnosis and longer overall survival (OS) in Europe
as well. The role of novel biomarkers, such as a-fetoprotein-L3
(AFP-L3) and des-y-carboxyprothrombin (DCP), has been well
validated in Japanese populations and also shows promising
performance in European populations [2,3]. Patients suffering
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HCC development, even in the absence of cirrhosis, with the
same phenomenon having been reported lately for NASH-
related HCC [4] (Fig. 1).
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intermediate or advanced stage HCC when only palliative
treatment strategies are applicable. Of numerous staging
systems, only the Barcelona Clinic Liver Cancer (BCLC)
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Figure 1 Hepatocellular carcinoma (HCC) epidemiology in Europe. Prospectively, because of hepatitis B vaccination programs and new highly
effective anti-HCV therapies the incidence of HCC in the context of viral hepatitis will gradually decrease. In contrast, the global prevalence of the
metabolic syndrome, encompassing hyperlipidemia, type-2 diabetes, arterial hypertension and obesity, will result in a concomitant strong increase
in its hepatic equivalent, non-alcoholic fatty liver disease (NAFLD), which culminates in non-alcoholic steatohepatitis (NASH). This persistent
hepatic inflammation is a prerequisite for HCC development, even in the absence of liver cirrhosis; therefore, the worldwide incidence of HCC is
predicted to increase despite the improved prevention and treatment of viral hepatitis

Art. HTN, arterial hypertension

diagnosis and treatment decision making. The European
Association for the Study of Liver Disease (EASL) and
the American Association for the Study of Liver Diseases
(AASLD) guidelines endorsed the BCLC classification system
as favorable for treatment allocation and prognosis estimation.
It encompasses the size and number of liver and extrahepatic
lesions, patients’ clinical performance status, and the stage of
liver disease. Whether this algorithm should be amended to
offer a more customized treatment concept, matched with the
patients’ individual health condition and tumor burden, is
controversial.

In summary, there is an urgent need to address the critical
challenges faced in HCC treatment to improve the poor clinical
outcome we currently see.

Treatment of HCC

To ensure the optimal treatment strategy for each patient,
staging of HCC is mandatory, assessing intra- and extrahepatic
tumor burden, liver function tests, extent of portal hypertension
and performance status. HCC size and focality should be
assessed, preferably by contrast-enhanced MRI or alternatively
CT scanning, and in case of advanced disease this should be
augmented by chest CT and bone scan to rule out extrahepatic
metastases. After thorough staging, according to all national
and international guidelines, the treatment decision has to
be made by an interdisciplinary tumor board, consisting of
a hepatobiliary surgeon, interventional radiologist, nuclear
medicine specialist, oncologist, pathologist and hepatologist.
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Curative treatment strategies encompass liver resection, liver
transplantation, and under certain circumstances ablative
regimens such as radiofrequency (RFA) or microwave ablation
(MWA) (BCLC stage 0/A). Palliative treatments are represented
by locoregional and systemic treatment strategies, but also
individualized concepts that can combine different modalities
(BCLC B/C). The decision regarding treatment should always
aim to increase patients’ OS [5] by identification of the best
personalized therapy concept [6] (Fig. 2).

Curative treatment options

Role of surgical procedures

Resection is the treatment of choice for HCC patients
without advanced fibrosis and associated evidence of portal
hypertension. However, liver surgery in patients with chronic
liver disease demands expert hepatobiliary surgeons because of
the risk of hepatic failure, especially after extended resection.
Recently Bruix et al refined their BCLC treatment algorithm,
stating that surgery is no longer the only first-line treatment in
very early-stage HCCs, since case-control studies have shown
ablation to be noninferior and more cost-effective for patients
with BCLC 0 stages [7]. Still, even in the case of cirrhosis, in the
absence of portal hypertension, resection reveals low mortality
rates (<5%) in BCLC stages 0 and A [8,9].

The multicenter BRIDGE study, which enrolled
8656 patients, aimed to elucidate whether straying from guideline
recommendations impacted survival, when differentiating
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Figure 2 BCLC staging system with hepatocellular carcinoma (HCC) treatment recommendation by the authors.

Patients in very early and early HCC stages should receive either ablation,

resection or liver transplantation. Resection should be offered only to

those patients in Child-Pugh A condition in the absence of portal hypertension, otherwise liver transplantation should be offered, if the Milan
criteria are fulfilled. Radiofrequency (RFA) or microwave (MWA) ablation should be restricted solely to lesions <2 cm in size.

During intermediate-stage disease, TACE should be performed. In cases where TACE is technically infeasible, SIRT can be offered.

In advanced stages, SIRT can be offered, if patients have no prognostically relevant tumor burden (*Pulmonary filiae <1 cm, lymphonodular filiae
<2 cm), otherwise systemic therapy with sorafenib is indicated until clinical progression or intolerable toxicity. In this case, second-line systemic

therapy trials should be offered to patients.

During terminal stage disease, patients should be offered best supportive care.

between formally ideal and non-ideal resection candidates,
who either underwent surgery or not. The study concluded that
not resecting ideal candidates was associated with increased
mortality and that even a proportion of non-ideal candidates
might benefit from resection over other treatment modalities
[10]. In individual cases, multifocal HCCs can also be subjected
to resection, however, this scenario entails a markedly increased
risk of postoperative morbidity and mortality.

Portal hypertension and related post-resection
deterioration

There is controversial discussion concerning the criteria for
reliably estimating the risk of post-hepatectomy liver failure.
In particular, resection should be reserved for patients with
preserved liver function: no hyperbilirubinemia, platelet count
>100,000/pL, endoscopically confirmed absence of esophageal
varices and no splenomegaly. However, some authors claim
that the measurement of the hepatic venous pressure gradient
(HPVG) remains the gold standard of risk estimation [11,12].
A recent single-center, longitudinal observational study
enrolling 217 patients undergoing HCC resection concluded
that HPVG >10 mmHg was associated with a higher risk
of ascitic decompensation early after surgery. On the other
hand, such restrictive selection criteria might exclude a large
proportion of potentially resectable patients, since liver function
has recovered markedly 3 months post-surgery. Therefore,
the authors conclude that HPVG measurement should rather

facilitate the modulation of treatment planning, avoiding
highly extended resection in patients with significant portal
hypertension [13], rather than preventing surgery in general.

Strategies inducing preoperative hypertrophy of the
future liver remnant

Over the past decades, multiple approaches have been
applied in order to prevent post-hepatectomy liver failure,
a result of extended tumor burden, insufficient amount of
future liver remnant (FLR) and, in elderly patients (>75 years
of age), a negative hepatic proliferation index (apoptosis >
regeneration).

Frequently applied methods for enhancing FLR in primary
non-resectable liver tumors are portal vein ligation (PVL)
and portal vein embolization (PVE). A meta-analysis from
2008, involving 1088 patients, demonstrated that on average
29 days passed from PVE to resection. In 14% of PVE
patients, resection was not feasible because of either disease
progression or insufficient hypertrophy [14]. A systematic
review comparing both procedures concluded that the increase
in FLR was 39% for PVE and 27% for PVL; however, the
difference between the treatments was non-significant. Both
procedures had comparable post-resection morbidity and
mortality, similar time to hepatectomy, and similar time-to-
disease progression [15]. Associating Liver Partition and PVL
for Staged hepatectomy (ALPPS) is a novel 2-stage surgical
strategy [16]. In the first step, surgical exploration, right
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PVL, and in situ splitting of the liver parenchyma along the
falciform ligament is performed. In the scenario of bilobar
tumors, the FLR is cleared from all tumor tissue by partial
resection. ALPPS can induce pronounced and rapid growth of
the FLR within a short period [17] and is clearly superior to
PVE/PVL alone. Here, the FLR is able to enlarge by 40-80%
within 6-9 days [18]. During the second step, the right artery is
dissected and ligated. The bile duct and the venous drainage of
the right and middle vein into the vena cava are divided and the
deportalized liver is removed to render the patient completely
tumor-free. The indications for ALPPS encompass patients
with an FLR of less than 30% in healthy liver and an FLR of less
than 40% in diseased liver parenchyma. Contraindications are
unresectable lesions in the FLR, extrahepatic tumor burden,
portal hypertension, and poor performance status [19].

Since unilobar Yttrium-90 selective internal radiation
therapy (SIRT) has been reported to induce hypertrophy
of the contralateral, untreated liver lobe, another emerging
strategy of preparing small FLR patients with bilobar HCC
lesions for later resection has been called radiation-lobectomy.
In 2016, Lewandowski et al conducted a study (HCC n=10,
cholangiocarcinoma n=2, metastatic colorectal cancer n=1),
where right-lobar +/- segment-4 radioembolization was
performed prior to lobectomy/tri-segmentectomy in patients
with a bilobar tumor in the setting of inadequate FLR. The
median time between SIRT and resection was 86 days, resulting
in a median FLR hypertrophy of 30%, and the median post-
resection follow-up time was 604 days. The authors concluded
that, in this preliminary study, radiation lobectomy prior to
resection provided adequate FLR hypertrophy, while promising
improved tumor control [20].

HCC recurrence risk following resection

Even following resection with a curative intent, HCC shows
recurrence rates of approximately 50% during the first 3 years
and more than 70% during the first 5 years [21-23], which
constitutes either intrahepatic metastasis (early recurrence) or
a de novo HCC in the cirrhotic remnant liver (late recurrence).
In particular, microvascular invasion is a known predictor of
recurrence, likewise histological grading, multifocality and the
size of lesion(s).

A multicenter phase III double-blind, placebo-controlled
study called “Adjuvant sorafenib for hepatocellular carcinoma
after resection or ablation (STORM)” assessed the safety
and efficacy of an adjuvant treatment with sorafenib for a
maximum of 4 years with the primary endpoint of recurrence-
free survival following resection or ablation. There was no
significant difference in recurrence-free survival between
sorafenib and placebo (33.3% months in sorafenib group vs.
33.7% in the placebo group). Therefore, sorafenib is not an
effective intervention in the adjuvant setting for HCC following
resection or ablation [24].

In a cohort of 164 HCC patients, Ferrer-Fabrega et al
prospectively validated an ab initio liver transplantation (LT)
after liver resection in cases where histology of the resected
specimen revealed risk factors for recurrence (microvascular
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invasion and/or satellites). They concluded that ab initio
LT should be offered to those patients with a histologically
proven risk of recurrence, there being no benefit in waiting for
clinical evidence of recurrence by imaging. However, to avoid
aggressive disease recurrence associated with poor prognosis,
they proposed a waiting time of at least 6 months between
resection and enlistment for transplant.

LT

LT is the treatment of choice in patients with early HCC
according to the Milan criteria (MC), at BCLC stage 0 or A, with
evidence of portal hypertension and/or hepatic dysfunction,
who are therefore ineligible for resection. Despite its limited
access, it represents a unique strategy to cure HCC, resolving
both the tumor and the underlying cirrhosis.

Selection criteria for HCC patients for LT listing

If the MC are fulfilled (single lesion <5 cm or 3 lesions
<3 cm) [25], 70% of transplanted HCC patients reach 5-year
survival. There have been multiple attempts to extend the
MC, considering them to be too restrictive. Therefore, various
alternative LT selection criteria have been evaluated in trials.
Criteria such as Up-to-7 (5-year OS 71.2%) [26], Tokyo (5-year
OS 75%) [27] and UCSF (5-year OS 75.2%) [28] are mainly
based on tumor size and number and achieve comparable
results compared to the MC. Other selection scores contain
additional variables, such as AFP in combination with
histopathological grading (Hangzhou) [29], DCP (Kyoto) [30],
vascular/lymphonodular invasion, and extrahepatic tumor
burden (Shanghai) [31], each in combination with tumor size
and number. Among those criteria utilizing additional variables,
the Kyoto score has achieved a superior 5-year OS (86.7%) [30].

The “Metroticket calculator” represents another prognostic
tool, endorsed by the International Liver Transplantation
Society (ILTS) and by the international liver cancer association
(ILCA), to estimate survival based on a survey of more than
1200 HCC patients transplanted outside the Milan/Unos
Criteria (https://www.hcc-olt-metro-ticket.org/calculator).
This calculator predicts the 3- and 5-year survival of a given
patient with HCC undergoing LT, based on morphological
characteristics of the tumor: 1) the size of the major nodule;
and 2) the total number of HCC nodules. The 5-year forecast
can optionally be adapted to take account of the absence or
presence of vascular invasion.

HCC downstaging prior to LT

Liver-directed transcatheter therapy is commonly applied
to bridge patients to LT or to downstage HCC lesions to fulfill
the MC (outside EUROTRANSPLANT).

The rationale for bridging patients to LT is to prevent dropout
from the waiting list due to tumor progression [32]. Recently,



Yao et al were able to confirm that after successfully downstaging
tumors to within the MC criteria, post-transplant survival was
comparable to that of those patients who fulfilled the MC without
prior downstaging [33]. The choice of therapeutic modality is
based on lesion size and location, a common strategy involves
a combination of transcatheter and local ablative therapy.
Most commonly, bridging involves conventional transarterial
chemoembolization (cTACE) and RFA [34]. Studies evaluating
the efficacy of ¢cTACE prior to LT have reported complete
tumor necrosis rates of 38-57% for lesions in the liver explant
[35], compared to 36-70% after SIRT prior to LT [36-38].
Most commonly, cTACE is utilized for downstaging; however,
Lewandowski et al retrospectively compared the effectiveness of
SIRT and cTACE in 86 patients and concluded that downstaging
to within the MC was achieved in 31% of cTACE and in 58% of
SIRT patients [39]. Certainly those data warrant verification in a
prospective randomized controlled trial.

RFA and MWA

The effect of RFA is based on the heat generated using high-
frequency alternating current, resulting in heat-induced cell
necrosis. RFA treatment of small HCC lesions in patients with
preserved liver function has been recognized as safe, easy to
use and less invasive than surgical resection [40,41], and is now
accepted as a curative treatment for very early or early-stage
HCC according to the recent BCLC treatment strategy [42]. In
BCLC 0 stages (single lesion <2 cm) resection is no longer the
treatment of choice; recent studies have provided evidence that
RFA has comparable efficacy to resection in very-early stage
HCCs, with better cost-effectiveness [43,44]. In BCLC A stages
(single lesion or 3 lesions <3 cm), if resection or transplantation
is not feasible, because of portal hypertension or comorbidities,
respectively, RFA is the first-line ablation technique. Survival of
patients with HCClesions <3 cm treated with RFA is comparable
to that after surgical resection [45]. For lesions exceeding 3 cm
in diameter or in multifocal HCCs, pretreatment with TACE
prior to RFA has been proposed [46]. However, given the lack
of robust data, in the scenario of unifocality resection remains
the treatment of choice, if technically feasible [47].

MWA is a strong rival to RFA, using electromagnetic waves
to kill the tumor by direct hyperthermic injury. MWA has the
advantage of a higher thermal efficiency and the time required
for ablation is shorter than for RFA. There is no heat-sink effect
and it can be utilized for ablation of tumors adjacent to major
blood vessels. A recent multicenter study, in which 1007 patients
with malignant liver tumors underwent MWA, showed a
1- and 5-year OS of 91.2% and 59.8%, respectively [48,49].

Palliative treatment regimens

Locoregional transcatheter therapies

TACE and SIRT are utilized in scenarios when curative
treatment approaches, such as resection, LT or RFA, are no
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longer applicable, but the tumor burden is still confined to
the liver in the absence of relevant extrahepatic tumor spread
(BCLC B/C).

TACE

Taking advantage of the liver’s dual blood supply via
the artery and portal vein on the one hand, and the arterial
hypervascularization of HCC as a mandatory prerequisite
for local tumor therapy on the other, cTACE can deliver
highly concentrated doses of chemotherapeutic agents into
hypervascularized neoplastic tissue, while the surrounding
liver parenchyma remains unaffected if superselective
catheterization of the tumor feeder can be achieved. In
addition, the embolic agent induces local ischemia and
consecutive necrosis and decelerates the washout of previously
administered antineoplastic drugs.

According to the AASLD [50] and EASL [51] guidelines,
cTACE is the therapy of choice for intermediate stage HCC
patients who are ineligible for resection, LT and ablation
(BCLC B). Some authors promote a BCLC B subclassification
(B1-B4) to facilitate the TACE decision, mainly taking into
account liver function, Eastern Cooperative Oncology Group
performance status, and fulfillment of the MC [52]. Sieghart
et al consider patients with well-preserved liver function and
a low tumor burden (BCLC B1) to be optimal candidates
for TACE. In contrast, subclasses B2 and B3/4 consist of
very heterogeneous patients and thus still need prospective
evaluation [53].

A data-based approach to the TACE treatment decision
was the establishment of the Hepatoma Arterial Embolization
Prognostic score (HAP) [54], which is based on serum-
albumin, AFP, bilirubin and maximum tumor diameter. It is
divided into 4 risk groups, ranging from HAP A to HAP D
(HAP A=best liver function, lowest AFP and lowest tumor
diameter). Accordingly, patients in HAP-score groups A and B
are considered to be the most suitable for TACE [53].

Finally, the Selection for Transarterial chemoembolization
treatment (STATE) [55] score was developed in a training-
cohort using a stepwise Cox regression model and was
validated in an external validation cohort. The STATE score is
based on serum albumin, C-reactive protein and up-to-seven
in/out criterion, which enables identification of a subgroup
of patients with long survival after chemoembolisation, and
is divided into two groups (<18, >18 points). A STATE score
<18 points was associated with increased mortality and thus
reflects an absolute contraindication for TACE.

Different TACE regimens

Conventional TACE encompasses the selective injection of
a chemotherapeutic agent - e.g. doxorubicin (36%), cisplatin
(31%), epirubicin (12%), mitoxantrone (8%), mitomycin C
(8%) [56] - emulsified in a viscous carrier, followed by selective
obstruction of the tumor feeding vessel. There are numerous
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embolizing agents that can be utilized: gelatin sponge particles,
polyvinyl alcohol particles, degradable starch microspheres,
and Embospheres®, even though there is no evidence for
benefit compared to the use of lipiodol [56].

Cumulative meta-analyses confirmed that cTACE reduced
the overall 2-year mortality compared to controls receiving
conservative treatment [57,58]. However, it remains unclear
which is the most effective chemotherapeutic drug, which is
the most appropriate embolization agent, and which is the best
treatment schedule. Complete responses are mostly achievable
after approximately two to four repetitive procedures. The
intervals can be either fixed or dependent on therapy response.
Decision on treatment continuation following first TACE can
be guided by the Assessment for Retreatment with TACE (ART)
score [59]. The score encompasses objective radiological tumor
response (absence or presence), parenchymal liver damage
(increased aspartate aminotransferase), and impairment of
liver function (increase in Child-Turcotte-Pugh [CTP] score)
after the first TACE session. The ART score discriminates
between two patient groups (0-1.5 vs. 22.5 points). Sequential
assessment prior to each further TACE session identifies
patients likely to have a poor prognosis (ART score 2.5 points)
were TACE treatment to be continued [53].

Alternatively, TACE may be performed with microspheres
loaded with a chemotherapeutic agent, known as drug-eluting
bead TACE (DEB-TACE). This method facilitates the delivery
of large amounts of drugs into the tumor over a prolonged
time period. It is postulated that this results in an ameliorated
antineoplastic activity on the one hand and in decreased peak
plasma concentrations of the chemotherapy agent [60] on the
other, resulting in less systemic side effects [61,62].

Contraindications for TACE

Because of the lack of arterial hyperarterialization, TACE
is not recommended during very early HCC stages. Relative
contraindications for TACE are hepatic encephalopathy, biliary
obstruction, and alarge tumor burden (in terms of multifocality,
massive size of singular lesion, or technical obstacles such as
multiple tumor feeders) [63]. Absolute contraindications are
decompensated liver cirrhosis and branch or main portal vein
thrombosis (PVT), since additional occlusion of the remaining
arterial blood supply might result in liver failure. Nevertheless,
TACE might be considered even in the context of PVT, if a
supraselective approach is technically feasible [64].

Side effects/complications of TACE

A common side effect of cTACE is a usually transient
post-embolization ~ syndrome encompassing abdominal
pain and fever [65]. This is frequently accompanied by
a mostly self-limiting decline in liver function. Severe
hepatic decompensation with jaundice, ascites and hepatic
encephalopathy is rather rare. The most serious complication
is liver failure, which can potentially be prevented by a more
selective procedure, sparing most of the tumor surrounding
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liver parenchyma. This should be considered especially in the
patient with borderline compromised liver function prior to
treatment.

Combined therapies

The sequential combination of TACE and RFA has found
broad clinical acceptance for several indications. The most
relevant is that cTACE may facilitate downstaging of HCC
lesions larger than 3 cm in diameter to permit subsequent
potentially curative RFA treatment. A meta-analysis was able
to clearly demonstrate that the combination of cTACE with
RFA resulted in significantly improved OS and recurrence-free
survival compared to RFA alone [66,67]. Furthermore, it has
been demonstrated that the application of cTACE prior to RFA
increases the volume of the ablation area [68].

The combination of TACE with sorafenib also has a rationale:
TACE-associated local ischemia induces upregulation of
vascular endothelial growth factor (VEGF) [69], which
is associated with HCC proliferation and thus disease
progression. This effect might be attenuated by the sequential
systemic administration of sorafenib, utilizing its systemic
antiangiogenetic properties mediated by inhibition of VEGF
receptors 2 and 3. In the phase II SPACE trial (safety and
efficacy of sorafenib vs. placebo associated with DEB-TACE) a
cohort of patients with intermediate stage HCC received DEB-
TACE in combination with either sorafenib or placebo. The
combinatory treatment resulted in a better time to progression
in the sorafenib treated group [70].

SIRT and ongoing studies

Another emerging transcatheter irradiation-based HCC
therapy is SIRT. Despite the fact that SIRT has not yet been
adequately taken into account in international guideline
recommendations, it may have a broad range of clinical
applications, such as HCC patients who are ineligible for TACE
because of a high tumor burden (lesions >7 cm in diameter),
presence of vascular invasion (especially PVT), or lack of
response to previous TACE. Since SIRT only targets intrahepatic
tumors, this treatment should be limited to patients without
prognostically relevant extrahepatic metastases (Fig. 2).

SIRT is performed by injecting microspheres into the arterial
circulation of the liver. The microspheres are loaded with a
B-emitting radioisotope, such as **Yttrium (*°Y), which delivers
the radiation close to the origin of the particle. Because of the
higher arterial blood flow in many malignant liver neoplasms
compared to the liver parenchyma, this results in higher tumor
doses without selective catheterization of the tumor feeding
arteries, extending the applicability of SIRT beyond the limits
of superselective TACE. In addition, the incidence of post-
embolization syndrome is lower compared to TACE [71-73].

There are two products with *Y-microspheres commercially
available: ~ SIR-Spheres® consist of non-biodegradable
resin-based microspheres (Sirtex Medical Europe, Bonn,
Germany) and TheraSpheres® (BTG International, London,



United Kingdom) are glass microspheres. Both methods show
differences in terms of diameter, activity per particle, spheres
per 3 GBq, specific gravity and embolic effect. Treatment
planning is based on avoiding toxicity to the liver tissue, but
also to extrahepatic organs that may be targeted as a result of
intratumoral arteriovenous shunts, e.g. the lung, or anatomical
variants of the hepatic vasculature, e.g. gastrointestinal organs.

Clinical evidence on SIRT and ongoing studies

Evidence supporting the benefit of SIRT in HCC treatment
derives from consistent, large-cohort series involving patients
with more advanced stage HCC, who are ineligible for other
locoregional interventions or who have progressed under
previous TACE. Recent studies have reported various response
rates (any response encompassing partial response, complete
response, stable disease after SIRT ranging from 79-94% with
an OS of 15-16.4 months [74-76]. These studies also clearly
demonstrate that liver function is a relevant predictor of OS,
since patients in a CTP A condition reveal markedly better OS
compared to those in a CTP B condition (median OS CTP A:
17.2-17.4 vs. CTP B: 6-7.7 months) [74,75]. Furthermore, PVT
and extensive extrahepatic disease appear to negatively impact
prognosis [75,77].

SIRT candidates are frequently ineligible for TACE because
of their high tumor burden, the presence of macrovascular
invasion, or a lack of response to previous TACE. The only
randomized controlled trial (RCT) comparing DEB-TACE to
SIRT (24 patients) showed no significant difference in OS [78].
Other large case series also show no significant difference
between TACE and SIRT (median OS 17.4 vs. 16.9 months),
but they reveal the problem of comparability, since SIRT
patients tend to be in more advanced disease stages compared
to TACE patients [79,80].

At present there are several ongoing phase III RCTs
investigatingirresectable HCCintheabsenceor presenceof PVT,
treated with either SIR-Spheres®—SORAMIC (NCT01126645),
SARAH (NCT01482442), SIRveNIB (NCT01135056)—
or TheraSpheres>—STOP-HCC (NCT01556490), YES-P
(NCT01887717)—against or in combination with sorafenib;
the results of all trials mentioned above are still pending.

Contraindications and adverse events in SIRT patients

SIRT is a technically demanding procedure, given the risk
of non-target embolization. One absolute contraindication
is a significant hepatopulmonary shunt, because of the
risk of radiation pneumonitis and lung fibrosis that may
require treatment with steroids [81]. A retrospective study
demonstrated that, in patients with a high hepatopulmonary
shunt, sorafenib treatment was able to reduce the shunt from
26.5% to 7.5% on average prior to anticipated SIRT, thus
making patients eligible for SIRT who otherwise would have
been excluded from this locoregional treatment option [82].

Furthermore, the predicted deposition of microspheres in
the gastrointestinal tract, which may result in gastrointestinal
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ulceration, is a contraindication. Pre-interventional coiling
of vessels with hepatofugal flow helps to reduce the risk of
GI complications but may itself create risks due to collateral
formation [83,84]. Proton pump inhibitors are the treatment
of choice in the case of gastrointestinal ulceration, while in
refractory cases surgical intervention may be required.

Post-radioembolization syndrome, encompassing fatigue,
nausea, fever and abdominal discomfort, is the most frequent,
mostly transient (lasting no longer than 2-4 weeks post-
procedure) side effect following SIRT [85]. A short-term
elevation of the liver enzymes alkaline phosphatase, alanine
transferase and bilirubin are normal side effects of this
treatment.

SIRT in patients with compromised liver function may
lead to radioembolization-induced liver disease (REILD) [86],
defined as jaundice and ascites appearing 1 to 2 months after
radioembolization in the absence of tumor progression or bile
ductocclusion. A judicious selection of patients by liver function
in terms of ascites and evidence of compromised liver function
tests is crucial for avoiding liver failure [85,86]. Sequential lobar
treatment, instead of single-session treatment of the entire
liver, might reduce the risk of REILD and should be considered
especially in patients with compromised liver function. The
periprocedural administration of ursodeoxycholic acid and
low-dose steroids may reduce the risk of REILD.

Biliary toxicity encompassing bilioma, abscesses or post-
radiogenic cholecystitis, occurs in less than 2% of patients [87].
Cholecystitis often shows no correlating clinical manifestation
and can be self-limiting.

Systemic therapies

In patients at BCLC stage C, and when locoregional
treatment options have been exhausted or extrahepatic tumor
spread is present, systemic antiproliferative therapy is indicated.
At present, the only guideline-recommended antiangiogenetic
substance is sorafenib, which reduces tumor cell proliferation
and angiogenesis, and increases apoptosis by targeting receptor
tyrosine kinases, including VEGF and platelet-derived growth
factor receptor signaling pathways [88].

The SHARP (Sorafenib Hepatocellular Carcinoma
Assessment Randomized Protocol) trial, published in 2008
by Llovet et al, demonstrated improved OS in patients with
advanced HCC on treatment with sorafenib. In this trial,
602 patients with well-preserved liver function (>95% CTP A)
were randomized to receive either sorafenib 400 mg b.i.d.
or matching placebo. In the sorafenib group the median OS
was 10.7 months, compared with 7.9 months in the placebo
group [89]. Sorafenib therapy is frequently limited by side
effects such as “hand-foot-syndrome”, arterial hypertension,
diarrhea, hair loss and myocardial ischemia. Dose de-
escalations and treatment interruptions are frequent.

Other tyrosine kinase inhibitors targeting pathways
promoting angiogenesis, such as brivanib, sunitinib and
linifanib [90-92], have failed during phase III trials. Recently,
hepatocyte growth factor and its corresponding tyrosine kinase
receptor (MET) have been identified as other promising targets
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of HCC-directed therapy [93]. The results of two phase III trials
with tivanitinib (MET inhibitor) and cabozantinib (combined-
MET and VEGFR?2 inhibitor) are still pending.

Immunological mechanisms are assumed to play a pivotal
role in the regulation of HCC proliferation [94]. A postulated
mechanism of tumor immune tolerance in HCC is an increase
in regulatory T-cells (Tregs). Tregs are a target of immune
checkpoint-inhibiting antibodies, such as ipilimumab (anti-
CTLA-4), pembrolizumab (anti PD-1), and nivolumab (anti
PD-1). All of these antibodies have already received FDA
approval for the treatment of other cancer entities [95]. In
HCC, PD-LI expression is assumed to represent a biomarker
predicting drug sensitivity. A recent publication by Calderaro
et al indicates that PD-L1 expression by neoplastic cells in
HCC is related to tumor aggressiveness (high AFP levels,
satellite lesions, micro- and-macrovascular invasion and poor
differentiation) and implies that the response to treatments
targeting the PD-L1/PD-1 immune checkpoint could be
restricted to particular HCC subtypes [96].

Concluding remarks

Clinicians are faced with the heterogeneity of patients
presenting with a variable extent of intra-and extrahepatic
HCC tumor burden, liver function and clinical performance
status. Current staging systems, such as the BCLC algorithm,
aim at patient classification and recommendation of treatment
modalities. Patients with early-stage HCCs without portal
hypertension are recommended for surgical resection; patients
with portal hypertension and HCC within MC should be
evaluated for LT. In case of ineligibility for both, ablation
should be performed. In intermediate-stage HCC, TACE
is the treatment of choice; in advanced-stage HCC, BCLC
recommends sorafenib treatment. Terminal-stage patients
should not be treated with anti-cancer therapies. However,
this strict assignment has several limitations: disagreement
surrounds the care of the heterogeneous intermediate
BCLC stage patient population, which according to BCLC is
restricted to TACE, neglecting to consider that under certain
circumstances they might be eligible for resection or LT. Patients
at intermediate stages might also be offered sorafenib, RFA or
SIRT. Many of the newer treatment options discussed above are
not yet covered in guidelines, because of the lack of evidence
supporting their utilization. Therefore several groups have
demanded subclassifications of the BCLC intermediate stage, in
order to add treatment regimens not included to date. Ongoing
RCTs on treatment strategies, including new locoregional
treatments as well as new systemic targeted therapies, will serve
to extend guideline recommendations in the near future.
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