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The management of hepatocellular carcinoma (HCC) has evolved considerably over the last
decade. Surveillance of cirrhotic patients and refinements to imaging techniques have enabled a
relevant proportion of patients to be diagnosed at an early stage, when effective therapies are
feasible. Resection, transplantation and ablation are all options in patients with early stage
HCC. Thus, there is some controversy regarding which is the best treatment approach in challenging
scenarios. There have also been major developments in locoregional therapies, particularly in intra-
arterial approaches. Finally, the systemic treatment for HCC has changed dramatically
following the demonstration of a survival benefit with sorafenib; there are currently several first-
line (sorafenib and lenvatinib) and second-line (regorafenib, cabozantinib and ramucirumab) treat-
ments that have shown a survival benefit. Expectations for immune checkpoint inhibitors are
high, with the results of the ongoing phase III trials eagerly awaited. In this review we
discuss some of the controversies in the management of HCC, focussing in particular on systemic
therapy.
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Introduction
Decades ago, hepatocellular carcinoma (HCC) was
usually diagnosed at an advanced stage, upon
the presence of symptoms and liver decompensa-
tion, resulting in a dismal outcome with no chance
for curative therapies. This scenario has completely
changed; the acceptance of surveillance in patients
at risk of developing HCC has enabled diagnosis of
the disease at earlier stages, when potentially
curative treatments are feasible. In addition, HCC
is recognised as a chemoresistant tumour and
until 2007, no systemic therapy had conferred any
survival benefit in HCC, leaving a relevant propor-
tion of patients without effective therapy. This
grave situation completely changed with the
emergence of sorafenib as the first effective sys-
temic treatment in HCC.1,2 The positive results of
sorafenib in advanced HCC triggered the evalua-
tion of several agents for first- and second-line
treatment, but it took 10 years from the approval
of sorafenib for a second phase III trial to be posi-
tive. Currently, in addition to sorafenib, lenvati-
nib has shown non-inferiority to sorafenib in
first-line treatment, and 3 agents (regorafenib,
cabozantinib, and ramucirumab) have demon-
strated a survival benefit compared to placebo
after sorafenib failure. In this review we will dis-
cuss the most controversial aspects and challen-
ging scenarios in the management of HCC, with
particular focus on the available systemic
options.
Diagnosis of HCC: Any room for
improvement?
The accurate characterization of a small nodule
detected by surveillance abdominal ultrasound is
a clinical challenge. HCC is a major exception in
oncology as a conclusive diagnosis can be obtained
in a relevant proportion of patients by imaging
techniques, with no need for histological confirma-
tion. Since the first non-invasive criteria were pub-
lished in 2001, based on the coincidental finding by
2 dynamic imaging techniques of arterial phase
hyperenhancement in nodules >2 cm (or in 1 tech-
nique if alpha-fetoprotein [AFP] >400 ng/ml),3

these criteria have been refined. The most impor-
tant advance was the recognition of a specific vas-
cular profile consisting of non-peripheral contrast
uptake in the arterial phase and washout of con-
trast in venous phases. The near absolute specificity
of that typical enhancement pattern based on
multi-detector computed tomography (CT) and/or
extracellular, contrast-enhanced magnetic
resonance (MR) has been validated extensively in
Europe, North America and Asia4–7 and is the
cornerstone of the non-invasive criteria for HCC
diagnosis endorsed by several scientific
societies.8–10 Disappointingly, non-invasive ima-
ging criteria are hampered by their limited sensi-
tivity, achieving 60–70% sensitivity and a negative
predictive value below 50% in highly experienced
centres when applied on nodules between 1 and
2 cm.4–7 Accordingly, in a relevant proportion of
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Key points

HCC management has evolved considerably over the last decade. This cancer was usually
diagnosed at advanced stages with no chance of curative therapy. The implementation of sur-
veillance and the improvements in imaging techniques have allowed the diagnosis at earlier
stages, when effective therapies are available and long-term survival is achievable.

Ten years ago, no systemic treatment was able to demonstrate survival benefit. Fortunately, at
this moment 5 agents have shown efficacy in phase III trials and immune checkpoints inhibi-
tors have surged forward as a promising strategy against this devasting neoplasia.

The complexity of HCC management demands its management in centres involving hepatol-
ogists, liver surgeons, radiologists and interventional radiologists, pathologists and oncolo-
gists working in multidisciplinary teams to fully capture and tailor individualised treatment
approaches.
cases, the only way to obtain a conclusive HCC
diagnosis is by pathological assessment of a
tumour sample obtained by percutaneous biopsy.
Regrettably, in some cases a biopsy is not feasible
because of the location of the tumour, clotting dis-
orders, or ascites. Also, although infrequent, biopsy
is not free of complications such as bleeding.
Finally, small nodules are susceptible to false-
negative results, in some cases because sampling
is inadequate and/or not sufficiently representa-
tive to allow for a confident pathological diagnosis
and, in other cases, because it is unfeasible to per-
form a reliable differential diagnosis between
high-grade dysplastic nodules and very well-
differentiated HCC.11,12 This highlights the need
to explore new strategies for improving the sensi-
tivity of imaging diagnosis without impairing the
near absolute specificity of the current non-
invasive criteria. In the last years, a major advance
in liver imaging has been the development of
organ-specific contrast agents. Among them, the
most widely used is gadoxetic acid.13–15 After
intravenous injection, gadoxetic acid distributes
into the vascular and extravascular spaces during
the arterial, and portal phases, and progressively
into the hepatocytes and bile ducts during the
transitional phase and the hepatobiliary phase.
Up to now, several retrospective studies have
been published reporting sensitivities ranging
from 70–100%,16–27 and no prospective assess-
ment of the diagnostic accuracy of this contrast
agent has been conducted so far. Regrettably, in
all these studies the imaging criteria for HCC diag-
nosis was not uniform, as some authors consid-
ered the finding of hypo-intensity in the
hepatobiliary phase to be equivalent to portal
washout17,21,25 or even diagnostic of HCC, regard-
less of the presence of arterial contrast enhance-
ment in patients with cirrhosis.21,28,29 In addition,
the retrospective design of the studies19,20,22 may
lead to an overestimation of the sensitivity of the
technique since the population included in those
analyses might be biased by excluding those with
non-typical or technically suboptimal imaging.
Finally, most of the studies evaluating the accuracy
of MRwith gadoxetic acid were conducted in East-
ern Asia, where HCC frequently arises in patients
with chronic HBV infection without advanced cir-
rhosis. The recently published European Associa-
tion for the Study of the Liver (EASL) clinical
practice guidelines have accepted the use of
gadoxetic acid MR as a diagnostic imaging modal-
ity, but aimed to assure a near absolute specificity,
they clearly stated that the contrast washout can
only be read in the portal phase, and hypo-
intensity in the hepatobiliary phase should only
be considered an ancillary finding favouring
malignancy.8 With these restrictions, the sensitiv-
ity dramatically falls to 40–45%,30,31 figures below
those reported with extracellular contrast
media.4–7 Finally, other ancillary features such as
JHE
hyperintensity on diffusion-weighted MRI may
improve the detection of HCCs,32 but their real
impact on specificity should be validated in large-
scale, prospective studies.

Another controversy is the convenience of
contrast-enhanced ultrasound (CEUS) as a reliable
tool for HCC diagnosis. Its use was questioned
because of the potential risk of misdiagnosis with
intrahepatic cholangiocarcinoma (ICC), since the
pattern of homogeneous arterial hyperenhance-
ment followed by washout on CEUS is present in
about 50% of ICCs in cirrhosis.33,34 However, in a
relevant proportion of ICC cases, the onset of
washout takes place earlier than 60 s after contrast
injection,33–35 while this is rarely observed in HCC,
and the intensity of washout in the portal phase is
more marked in ICC than in HCC.36 Thus, the defi-
nition of this typical hallmark of HCC on CEUS has
been refined to: global arterial contrast enhance-
ment followed by late (>60 s) washout of mild
degree.37 This pattern was adopted by the EASL
clinical practice guidelines for the diagnosis of
non-invasive HCC by CEUS, but only as a second-
line approach when both CT and MR are contrain-
dicated or are inconclusive for the HCC diagnosis.8

Finally, the Liver Imaging Reporting and Data
System (LI-RADS) proposed by the American Col-
lege of Radiology was developed and repeatedly
updated to enable the homogeneous reporting of
imaging techniques for the diagnosis of hepatic
nodules in patients at risk of HCC.38,39 LI-RADS
addresses the full spectrum of liver lesions, classi-
fying the observations into 5 categories, from LR-
1 (definitely benign) to LR-5 (definitely HCC).
Between both of them we find LR-2 (probably
benign), LR-3 (intermediate probability of HCC)
and LR-4 (probably HCC) with a progressive
increase of HCC risk through the different cate-
gories.40 The aim of this classification is to link
the likelihood of an indeterminate nodule being
an HCC with clinical management. Regrettably,
this stratification for clinical decision making is
hampered by the excessive risk of HCC in those
indeterminate lesions, since even the lowest risk
group (LR-2) bears a cancer risk of at least 10%,
which is sufficiently high to pursue diagnosis by
biopsy rather than to wait for 3–6months to regis-
ter evolutionary changes, as suggested in the last
P Reports 2019 vol. 1 | 17–29 18
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American Association for the Study of Liver Dis-
eases (AASLD) guidelines following the LI-RADS
recommendations.9,41 Accordingly, biopsy should
be indicated when the imaging-based diagnosis
remains inconclusive, especially in lesions smaller
than 2 cm in diameter where the diagnostic per-
formance of contrast-enhanced imaging is lower.
Furthermore, a more active biopsy strategy is
encouraged in the setting of research, since poten-
tial complications of liver biopsy are rare andman-
ageable and do not justify abstaining from
diagnostic biopsy. The broader availability of liver
biopsy in HCC will allow patients to access experi-
mental treatment options, while improving clini-
cians’ understanding of the molecular
pathophysiology of the disease, which will ulti-
mately improve the therapeutic approach to this
cancer in the future.

Surgical resection: Where are the limits?
Surgical resection is the recommended upfront
therapy for patients with single HCC, achieving
the highest effectiveness in terms of disease con-
trol and overall survival (OS) in well selected
patients.8–10 Ideally, the best candidates are those
patients with solitary lesions in the absence of
underlying cirrhosis. Regrettably, in a relevant
proportion of cases, HCC arises in the setting of cir-
rhosis and in those patients with impaired liver
function and/or decompensation, surgical resec-
tion should be avoided.42 The presence of clinically
significant portal hypertension (CSPH), defined as
hepatic venous pressure gradient >10 mmHg, has
consistently been demonstrated to be one of the
most powerful predictive factors for liver decom-
pensation and death after resection.43 Series from
centres of excellence in Asia, Europe and the US
have shown that the 5-year survival after resection
drops from 70–80% to 50–60% when CSPH is
present.44–47 These figures should be compared
with the better outcome offered by liver trans-
plantation (LT) or the competitive survival
achieved by thermal ablation with a lower cost
and safer profile. In the most recent update of the
EASL clinical practice guidelines on the manage-
ment of HCC, the panel suggested extended cri-
teria based not only on the presence of CSPH, but
also on the accurate assessment of liver function
and the extent of hepatectomy and surgical inva-
siveness, the latter closely depending on tumour
size and localization.8 The emergence of a mini-
mally invasive laparoscopic approach has been
associated with less surgical-related complications
and similar survival outcomes.48,49 In selected per-
ipherally located cases, in which a percutaneous
approach is suboptimal, surgical resection
emerges as a safe and effective treatment strategy
even in the presence of CSPH.47,50,51 Another unre-
solved question is the potential superiority of sur-
gical resection over locoregional therapies,
particularly transarterial chemoembolization
JHE
(TACE), in patients withmultifocal disease. Several
retrospective analyses have shown survival benefit
of resection compared to TACE in intermediate
patients, but these studies suffered from uninten-
tional selection bias because those patients who
are selected for hepatic resection rather than
TACE have features that gave the surgeon confi-
dence that a good outcome would be achieved,
whereas those selected for TACE probably lacked
such characteristics, immediately introducing a
bias against TACE.52 Finally, despite the accurate
selection of patients with early tumours and the
success of resection for the complete tumour
removal, the patients are at high risk of tumour
recurrence. Unfortunately, none of the molecular
classifications of HCC that have been proposed so
far predict disease progression or recurrence after
resection.53 Several agents and procedures have
been evaluated for preventing and/or delaying
tumour recurrence,54 including sorafenib,55 but
all trials to date have failed to demonstrate any
survival benefit. There is an ongoing, randomized
phase II trial evaluating the usefulness of immune
checkpoint inhibitors in this scenario,56 the results
of which are eagerly awaited.

Liver transplantation: Surpassing Milan
criteria
The excellent outcomes achieved with LT in the
last years were at the expense of the worldwide
acceptance of the restrictive Milan criteria57

imposed in part because of the organ shortage.8

Nowadays, this situation has dramatically changed
because of the high efficacy of direct-acting anti-
virals (DAAs) for hepatitis C virus (HCV) treat-
ment, which have led to a dramatic decrease in
the number of patients at need of LT for decom-
pensated cirrhosis in areas with a high prevalence
of HCV infection, thus increasing organ availabil-
ity.58,59 This evolving scenario has motivated
referral centres to consider criteria beyond Milan,
expanding the pool of patients who can benefit
from LT and achieve acceptable long-term out-
comes. The expanded criteria published during
the last decade considered only the morphologic
features of the tumour defined by the size and
number of nodules.60–65 Very recently, several
authors have proposed considering the biological
tumour behaviour. In that sense, some criteria
take into consideration the use of tumour grading
as a tool for patient selection (LT is contraindicated
in patients with poorly differentiated tumours),
but its real applicability is hampered by the
tumour heterogeneity that prevents a reliable
assessment of tumour degree by pre-LT
biopsy.66,67 More clinically appealing is the use of
tumour markers such as AFP as a surrogate of
tumour aggressiveness. In that regard, several
proposals have been reported that combine
different AFP cut-offs with morphological
characteristics.68–70 Regrettably, no consensus
P Reports 2019 vol. 1 | 17–29 19



has been reached on which AFP cut-off value is the
most appropriate and how to combine them with
the tumour burden, but all proposals agree that
regardless of the morphological characteristics,
AFP beyond 1,000 ng/ml is associated with a dis-
mal prognosis that discourage the LT
indication.69,70

Controversies in intra-arterial treatments
There are 2 TACE techniques, namely conventional
TACE (cTACE), which uses lipiodol as a vehicle for
chemotherapy (mainly doxorubicin or cisplatin)
followed by embolization with particles (more fre-
quently gelfoam), and drug-eluting bead (DEB)-
TACE, which uses non-resorbable and embolic
microspheres preloaded with chemotherapy that
enable the slow release of the cytotoxic agent
into the tumour and a calibrated embolization.52,71

The OS benefit of cTACE over best supportive care
was firstly demonstrated by 2 randomized clinical
trials in 200272,73 and then confirmed by a meta-
analysis74 showing the superiority of cTACE with
higher 2-year OS (odds ratio 0.53; 95% CI
0.32–0.89; p = 0.017). Accordingly, the EASL and
European Society for Medical Oncology guidelines
recommend, with the highest level of evidence,
the use of TACE as the first-line therapy in inter-
mediate stage or, according to the stage migration
principle, in early stage HCC when resection, abla-
tion or LT have failed or are not feasible.8,10 TACE is
able to offer median survival beyond 30–40
months with both cTACE75,76 and DEB-TACE.77,78

Despite the current evidence supporting the
use of TACE, there are still some critical questions
that remain unanswered. Firstly, there are contro-
versies regarding the real benefit of adding che-
motherapy to the embolization. The trial by
Llovet et al.72 was a 3-arm study including cTACE,
transarterial-embolization without chemotherapy
(TAE) and best supportive care arms. The study
was prematurely stopped in an interim analysis
because cTACE was shown to be superior to best
supportive care, but at that point no differences
were observed between cTACE vs. TAE and TAE
vs. best supportive care. In the study of Malagari
et al.,79 84 patients were randomized to receive
DEB-TACE or TAE with a fixed schedule and the
9-month overall response rate (ORR) and time to
progression (TTP) were higher in the DEB-TACE
group than the TAE group (42.4 vs. 36.2 months;
p = 0.008), but there was no difference in the 1-
year survival rate. In the phase II/III trial conducted
by Meyer et al.,80 and more recently in the phase II
trial conducted by Brown et al.,81 no differences in
survival were observed between cTACE and TAE
and DEB-TACE and TAE respectively, suggesting
the equivalence of both techniques. Unfortunately,
the median OS of patients treated with TACE
(17.380 and 20.881 months) was far from the cur-
rent expected survival with TACE,75,77,78 undoubt-
edly because of the inclusion of patients who are
JHE
not candidates for TACE (BCLC C or D stage or
decompensated patients), thus limiting the inter-
pretability of these results. Another controversial
point is whether combining TACE with thermal
ablation improves outcomes based on the theore-
tically higher tumour response obtained by the
combination of both approaches.82 Two single-
centre randomized clinical trials83,84 from the
same group in Asia, and a recent meta-analysis,85

showed that the combination of cTACE and radio-
frequency ablation (RFA) was superior to RFA
alone in terms of OS rate and recurrence-free sur-
vival, without a significant difference in major
complications. In 2012, Peng et al.83 included 139
patients with recurrent solitary tumours of up to
5 cm or 3 nodules <3 cm and the reported 1-, 3-,
and 5-year survival rates were 94%, 69%, and 46%,
vs. 82%, 47%, and 36% in the combination and the
RFA alone group, respectively (p = 0.037). In the
subgroup analysis, no significant difference was
observed in small HCC <3 cm, mainly because of
the high rate of complete necrosis after RFA
alone. In 2013, in the study by Peng et al.84 189
patients with solitary tumours of up to 7 cm or 3
nodules <3 cmwere randomized; the combination
arm was associated with better OS (hazard ratio
[HR] 0.53; p = 0.002) and recurrence-free survival
(HR 0.58; p = 0.009). Regrettably, trials evaluating
combined TACE and RFA have either recruited
patients with early stage disease, and/or compared
TACE and RFA with RFA alone, instead of TACE and
RFA vs. TACE alone, making it impossible to evalu-
ate the real impact of adding RFA to TACE in inter-
mediate HCC. In addition, these promising results
have not yet been validated in Western countries
and the combination of the 2 techniques on the
same occasion is quite demanding in terms of
resources, so cost-effective analysis should be
required before accepting this approach.

Since the local hypoxia and ischaemic necrosis
achieved by TACE triggers the activation of pro-
angiogenic factors, the combination of TACE with
anti-angiogenic agents might constitute an effec-
tive strategy to improve outcomes. Sorafenib86–88

and brivanib89 have been evaluated in combina-
tion with TACE but both failed to demonstrate a
survival benefit.

Finally, one of the most controversial issues in
the field of intra-arterial treatments is the clinical
value of selective internal radiation therapy
(SIRT) with yttrium-90 (Y90), also known as
radioembolization.90 Several groups have reported
the outcome of patients treated with SIRT with
some promising signs of efficacy in terms of
tumour response and OS,91–94 but up to now, no
randomized clinical trial has been able to show a
survival benefit in advanced HCC. In that regard,
2 phase III trials designed to demonstrate survival
superiority of SIRT over sorafenib have recently
been reported.95,96 In both of them, despite radi-
ologic tumour response and TTP being better in
P Reports 2019 vol. 1 | 17–29 20
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the SIRT arm, the primary objective (survival ben-
efit) was not achieved in the intention-to-treat
analysis. Furthermore, both studies showed that
the treatment applicability of these techniques
was around 75% despite the inclusion of patients
theoretically suitable for SIRT.95,96 Additionally, a
recent phase III trial failed to demonstrate a survi-
val benefit of the combination of SIRT with sorafe-
nib over sorafenib alone (SORAMIC trial).97 There
is still an ongoing trial evaluating if SIRT combined
with sorafenib offers better survival than sorafenib
alone (STOP HCC trial, NCT01556490), and the
preliminary results of the 2 first interim analyses
support the continuation of the study.98 Therefore,
according to the available evidence, SIRT cannot be
recommended in advanced HCC.8 More controver-
sial is the data on intermediate HCC. There are no
phase III trials evaluating the efficacy of SIRT in
this scenario so far, and all available data come
from prospective studies and phase II trials. For
instance, Salem et al.99 conducted a randomized,
phase II trial including 179 BCLC A or B patients
who were randomly assigned to SIRT with Y90 or
cTACE, with TTP and OS as primary and secondary
aims, respectively. The TTP was significantly
longer in the SIRT than in the cTACE group (26
vs. 6.8 months; p = 0.012) while OS was similar
(18.6 and 17.7 months; p = 0.99), thus reinforcing
the perception that radiological response does not
necessarily translate into better survival. Similarly,
a multicentric cohort study100 including 86 BCLC B
stage patients treated with SIRT or cTACE reported
no difference in terms of OS (16.4 vs. 18 months;
p = 0.4) and TTP (13.3 vs. 6.8 month; p = 0.12).
Noticeably, in both studies the median survival in
the cTACE group was far from the expected survi-
val between 30 and 40 months achieved in well
selected candidates with both DEB-TACE77,78 and
cTACE,75,76 limiting the significance of these
results. Although well-designed phase III trials
are needed to demonstrate the superiority of
SIRT over TACE, the complexity of the technique
and the need for a large number of patients (prob-
ably more than 1,000 patients) to demonstrate a
significant and clinically relevant survival advan-
tage make these requested trials unaffordable.

Systemic therapy in HCC: Current scenario
Systemic therapy should be considered in patients
with advanced disease, defined as presence of
extrahepatic spread, macrovascular invasion and/
or mild cancer-related symptoms, and for those
who are not candidates for locoregional modal-
ities, if the patient has preserved liver function.
Over the last decade, drug development has bro-
ken paradigms. The systemic treatment for HCC
changed dramatically after the demonstration of
a survival benefit with sorafenib in 2007.1,2 Until
this landmark, no effective option was available.
Efforts to test cytotoxic drugs used for other solid
tumours, such as doxorubicin, platinum salts and
JHE
5-fluorouracil, provided disappointing results
characterized by prohibitive treatment-related
toxicities.101–103 Meanwhile, increasing knowl-
edge of the hallmarks that drive hepatocarcino-
genesis, including angiogenesis and molecular
signalling pathways, provided the basis for the
design of clinical trials.

Sorafenib, a multikinase inhibitor that exerts
antiproliferative and anti-angiogenic effects,
became the standard of care after the results of 2
phase III randomized placebo-controlled trials;
the SHARP trial1 and the Asia-Pacific trial.2 Both
consistently demonstrated that sorafenib
improved OS with a manageable toxicity profile.
In the following years after its approval, real-
practice data validated the efficacy and safety of
sorafenib and consolidated this drug as the corner-
stone of systemic therapy for advancedHCC.104–107

The search for a predictive biomarker of sorafenib
response was justified by the weak correlation
between response rate and OS. Sorafenib extended
survival without any measurable sight of tumour
shrinkage, once the response rate by conventional
radiologic criteria was less than 5%. Angiopoietin-
2, KIT and vascular endothelial growth factor
(VEGF) seem to be prognostic rather than a tool
to guide treatment decisions.108 A better prognosis
was reported for patients who present early der-
matologic adverse events within the firsts 2
months of treatment.109,110 Additionally, the defi-
nition of sorafenib failure surpasses the simplistic
evaluation of radiological progression by conven-
tional criteria. The SHARP trial allowed patients to
be treated until symptomatic and beyond radiolo-
gical progression. Prospective data showed that
new extrahepatic lesions confer a worse prognosis
than the growth of pre-existing lesions or new
intrahepatic nodules.107,111–113

Several drugs tested in phase III trials published
after sorafenib approval did not reproduce the
promising results of their earlier development
phases114–119 (Table 1). These failures can prob-
ably be explained by a lack of anti-tumoral activ-
ity, unsuitable trial designs and impaired safety
profiles.120

In the second-line setting, regorafenib, an oral
multikinase inhibitor targeting angiogenesis and
oncogenesis,121 exhibited a survival improvement.
The RESORCE trial was a phase III placebo-
controlled trial that enrolled patients who pro-
gressed on sorafenib, had preserved liver function
and tolerated sorafenib at least 400 mg/day for 20
or more of the last 28 days of treatment.111 Regor-
afenib was shown to significantly prolong survival
and became the standard second-line therapy in
HCC. Treatment-related adverse events were simi-
lar to those described for sorafenib and included
hypertension, hand-foot skin reaction, fatigue
and diarrhoea.

These results led to an unprecedented scenario
in the treatment of HCC. The sequence sorafenib-
P Reports 2019 vol. 1 | 17–29 21



Table 1. Targeted therapies evaluated in phase III – overall survival results.

Study Randomisation Survival, months p value

First-line
SHARP1 Sorafenib vs. placebo 10.7 vs. 7.9 <0.001

Asia-Pacific2 Sorafenib vs. placebo 6.5 vs. 4.2 0.001

SUN1170117 Sunitinib vs. sorafenib 7.9 vs. 10.2 n.s.

BRISK-FL114 Brivanib vs. sorafenib 9.5 vs. 9.9 n.s.

SEARCH119 Sorafenib + erlotinib vs. sorafenib 9.5 vs. 8.5 n.s.

LIGHT118 Linifanib vs. sorafenib 9.1 vs. 9.8 n.s.

REFLECT123 Lenvatinib vs. sorafenib 13.6 vs. 12.3 <0.001⁎

Second-line
RESORCE111 Regorafenib vs. placebo 10.6 vs. 7.8 <0.0001

CELESTIAL130 Cabozantinib vs. placebo 10.2 vs. 8.0 0.005

BRISK-PS115 Brivanib vs. placebo 9.4 vs. 8.2 n.s.

EVOLVE116 Everolimus vs. placebo 7.6 vs. 7.3 n.s.

METIV112 Tivantinib vs. placebo 8.4 vs. 9.1 n.s.

REACH133 Ramucirumab vs. placebo 9.2 vs. 7.6 n.s.

REACH-2134 Ramucirumab vs. placebo (AFP ≥400 ng/ml) 8.5 vs. 7.3 0.0199

AFP, alpha-fetoprotein. n.s., non-significant.

*non-inferiority
regorafenib extended survival beyond what has
been previously reported. In an exploratory analy-
sis of the patients treated with regorafenib in the
RESORCE trial, the median OS was 26 months
(95% CI 22.6–28.1), independently of the TTP on
sorafenib and the last sorafenib dose.122 Notably,
this advance laid the foundation for the develop-
ment of new strategies and, recently, novel drugs
were tested in successful trials.

Lenvatinib a multikinase inhibitor targeting
VEGF receptor 1-3, fibroblast growth factor recep-
tor 1-4, platelet-derived growth factor receptor,
RET and KIT, has recently shown to be non-
inferior to sorafenib, according to the results of
the REFLECT trial, and represents an alternative
to sorafenib in the first-line setting.123 It is note-
worthy that patients with main portal vein throm-
bosis, bile duct invasion or more than half of the
liver affected were not included in this trial. The
median OS for the lenvatinib arm was 13.6
months, non-inferior to 12.3 months in the sorafe-
nib arm (HR 0.92; 95% CI 0.79–1.06). The toxicity
profile was slightly different between the 2 arms.
Sorafenib was more commonly associated with
hand-foot reaction while lenvatinib led to higher
rates of hypertension. Secondary, the ORR with
lenvatinib was 24.1% (vs. 9.2% with sorafenib)
based on modified RECIST criteria (mRECIST),
and progression-free survival (PFS) was 7.4 vs.
3.7 months, respectively. The median TTP of lenva-
tinib was 7.4 months vs. 3.7 months with sorafenib
(HR 0.60; 95% CI 0.51–0.71). However, median
lenvatinib treatment duration was 5.7 months vs.
3.7 months for sorafenib. The gap betweenmedian
TTP and treatment duration observed in the lenva-
tinib arm suggest the occurrence of early disconti-
nuations, probably due to adverse events.
Moreover, the mRECIST evaluation may be dis-
torted by the effect of vasoconstriction induced
by the tyrosine-kinase inhibitors directed to
VEGFR,124–126 since the vasoconstrictor effect
reduces the contrast uptake without necessarily
reflecting effective response to therapy. As a con-
sequence, all endpoints based on mRECIST
response are potentially faulty. The defence of
mRECIST as a tool to detect response not captured
by RECIST was never properly validated,127,128 and
there is a weak correlation between TTP and OS in
HCC.129

For patients who progressed on sorafenib,
cabozantinib (a MET and VEGF receptor inhibitor)
was tested in a placebo-controlled phase III
trial.130 The CELESTIAL trial analysed patients
who received at least 1 prior systemic therapy,
with 72% having received only sorafenib and 28%
having been previously treated beyond second-
line. For cabozantinib vs. placebo group, median
OS was 10.2 months vs. 8.0 months (HR 0.76;
95% CI 0.63–0.92). Treatment-related adverse
events were comparable to those of other multiki-
nase inhibitors, with hand-foot reaction and
JHE
hypertension the most frequent grade 3-4 adverse
events. The PFS also favoured cabozantinib vs. pla-
cebo (5.2 vs. 1.9 months). A subgroup analysis of
the CELESTIAL trial with patients treated with the
sequence sorafenib-cabozantinib reported benefit
in survival with cabozantinib regardless of the
duration of sorafenib treatment.131

As no predictive factor is recognised in
advanced HCC, a biomarker-driven approach
was analysed in patients with tumoral
overexpression of c-MET. C-MET is the receptor
of the hepatocyte growth factor, which is overex-
pressed more often after sorafenib exposure and
represents a negative prognostic factor.112

Tivantinib, a drug developed as a selective inhi-
bitor of c-MET, was tested in placebo-controlled
trials enriched with patients with c-MET overex-
pression after sorafenib. The METIV trial112 did
not meet the primary endpoint of improved OS,
and the JET-HCC trial in Japan132 did not demon-
strate a benefit in PFS.

The subset of patients who present with AFP
≥400 ng/ml benefit from second-line ramuciru-
mab, a monoclonal antibody that selectively inhi-
bits VEGF receptor 2. This was recently depicted
by the sub-analysis of the REACH trial, that com-
pared ramucirumab vs. placebo.133 Although the
trial did not prove survival benefit for ramuciru-
mab, the subgroup of patients with AFP ≥400 ng/
ml had better OS. This result was further con-
firmed with the phase III REACH-2 trial that exclu-
sively included patients with AFP ≥400 ng/ml.134

The molecular mechanism explaining why this
benefit was only observed in this subset of
patients is unknown.

It is crucial to critically analyse the phase III
results already available, as we are facing a shift
P Reports 2019 vol. 1 | 17–29 22
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towards incorporation and approval of new thera-
pies with different oncologic targets. Sorafenib and
regorafenib are widely used, yet physicians dis-
pose of sufficient data to guide treatment manage-
ment and patient selection. The most recent
agents, such as lenvatinib, cabozantinib and ramu-
cirumab are rapidly being incorporated into clini-
cal management worldwide. Thus, establishing
the optimal strategy and selecting the most suita-
ble treatment for the appropriate subgroup will
become major issues.

Immunotherapy in HCC: Hopes and facts
The concept that immune activation inhibits
tumour growth is not new.135 But it was the find-
ing that blocking immune checkpoints induces an
anti-tumour response that formed the basis for
the development of novel immunotherapies.136

In several solid tumours, the blockage of pro-
grammed death-1 (PD-1)/programmed death 1
ligand-1 (PDL-1) or cytotoxic T-lymphocyte
associated protein-4 (CTLA-4) has produced out-
standing improvement in clinical outcomes, mak-
ing it a key part of the treatment paradigm for a
number of cancers.

HCC is unique not only because of the under-
lying cirrhosis but also because of the particular
immunobiology of the liver. In response to the
continued antigen exposure, the liver has
evolved a myriad of mechanisms of immune
regulation and tolerance. The coexistence of
hepatitis B or C virus infection driving chronic
Table 2. Efficacy and safety data of immune checkpoint inhibi

Agent
(mechanism)

Trial Phase Design

Monotherapy
Nivolumab
(anti-PD1)

CHECKMATE 040138

(NCT 01658878)
I/II Cohort

(dose
Cohort
(dose

Pembrolizumab
(anti-PD1)

KEYNOTE 224140

(NCT02702414)
II Non-ra

single-

Tremelimumab
(anti-CTLA4)

NCT01008358151 II Non-ra
single-

Durvalumab
(anti-PDL1)

NCT01693562⁎,152 II Non-ra
single

Combination
Atezolizumab
(anti-PDL1)+
Bevacizumab
(anti-VEGF)

NCT02715531⁎,144 Ib Non-ra
single-

Lenvatinib
(kinase inhibitor)+
Pembrolizumab
(anti-PD1)

NCT03006926⁎,143 Ib Non-ra
single

AEs, adverse events; DCR, disease control rate; HCC, hepatocellular car
progression-free survival; PD1, programmed cell-death.
Median survival given in months
*non-published data.
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inflammation are suggested to result in an
immunosuppressive phenotype, and some
mechanisms of immune evasion are present in
the HCC microenvironment.136

The interest in studying immune checkpoint
inhibitors such as PD-1/PDL-1 and CTLA-4 in HCC
promptly translated into clinical phases and, actu-
ally, early data have already been published137

(Table 2). In the CHECKMATE 040 trial, a phase I/
II trial that enrolled patients with advanced HCC,
both sorafenib-naïve and -experienced as well as
with or without HBV/HCV, nivolumab (an anti-
PD1 agent) showed a manageable safety profile
and a response rate of 20% with a median duration
of response of 9.9 months (95% CI 8.3-not calcul-
able) in the dose expansion phase compared to a
response rate of 15% for a median duration of 17
months (95% CI 6–24) in the dose-escalation
phase.138 Based on these results, nivolumab was
granted accelerated approval by the FDA for
sorafenib-experienced HCC.139 By the same
token, pembrolizumab, an anti-PD1 agent,
received accelerated approval based on an ORR of
17%, with a duration of response of ≥9 months
reported in 77% of patients in KEYNOTE 224, a
single-arm phase II trial that included patients
after sorafenib progression or intolerance.140,141

Although the toxicity profile of the anti-PD-1
agents seems favourable with about 10% of
patients experiencing grade 3-4 adverse events,
the risk of immune-mediated toxicities warrants
strict vigilance concerning symptoms of colitis,
tors in advanced hepatocellular carcinoma.

n Target population Response
rate

Median
survival

Grade
3/4 AEs

ORR DCR OS PFS

1
escalation)/
2

expansion)

48/
214

Advanced HCC:
HCV, HBV or non-infected;
sorafenib-naïve or treated

15%
/20%

58%
/64%

15
/NR

NR
/4

25%/
19%

ndomised,
arm

104 Advanced HCC:
sorafenib-treated

17% 62% 12.9 4.9 25%

ndomised,
arm

21 Inoperable HCC:
Naïve or previously treated

17.6% 76.4% 8.2 NR 45%

ndomised,
arm

40 Stage III or IV
Fail, ineligible, refusal or
progression to first-line

10.3 NR 13.2 2.7 20%

ndomised,
arm

103 Unresectable HCC:
Non-previous treated;
HBV, HCV or non-infected

32% 96% NR 14.9 28%

ndomised,
arm

30 Unresectable HCC:
sorafenib-naïve or treated;
HCV, HBV or non-infected.

46%
26.9

92% NR 9.69 60%

cinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; NR, not reported; ORR, overall response rate; PFS,
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pneumonitis and especially hepatitis in patients
with HCC.142 In February 2019, the company
responsible for pembrolizumab development
announced that the phase III KEYNOTE-240 trial
failed to show an increase in survival of this
agent compared to placebo in patients previously
treated with sorafenib. The presentation of the
final results is pending.

Final results of the CHECKMATE 040
(NCT01658878) are pending, with an estimated
completion date of late 2019. This study also eval-
uated cohorts on Child-Pugh B, HBV/HCV infected,
combinations of ipilimumab (anti-CTLA-4) and
nivolumab, nivolumab and cabozantinib and nivo-
lumab plus ipilimumab and cabozantinib.

Combination therapy using an immune check-
point inhibitor and a targeted therapy is also an
approach currently under investigation. The
rational for combinations relies not only on the
additive therapeutic effect, but also on the poten-
tial immunomodulatory property of targeted
agents and their impact on the immunosuppres-
sive tumour microenvironment. In that sense,
results of an open-label phase Ib trial that assessed
the efficacy of lenvatinib plus pembrolizumab in
94 patients were recently reported. The combina-
tion induced a confirmed response rate of 26.9%,
with a median PFS of 9.69 months (95% CI 5.55-
not calculable). Sixty percent of the patients had
dose interruptions or reductions, 5 patients
Table 3. Clinical trials on immune checkpoint inhibitors for ad

Agent Clinical trial

Phase II and III trials with immune checkpoint inhibitors
Nivolumab vs. sorafenib NCT0257650

Pembrolizumab vs. best supportive care NCT0270240

Atezolizumab + bevacizumab vs. sorafenib NCT0343437

Durvalumab ± tremelimumab vs. sorafenib NCT0329845

BGB-A317 vs. sorafenib NCT0341277

Avelumab NCT0338912

Targeted therapy + immune checkpoint inhibitor combinatio
Nivolumab + cabozantinib NCT0165887

Nivolumab + lenvatinib NCT0341892

Nivolumab + sorafenib NCT0343989

Nivolumab + bevacizumab NCT0338288

Pembrolizumab + lenvatinib NCT0300692

Pembrolizumab + regorafenib NCT0334729

Avelumab + axitinib NCT0328953

PDR001 + sorafenib NCT0298844

Immuno-oncology agents in combination
Nivolumab + ipilimumab NCT0165887

Durvalumab ± tremelimumab NCT0251934

Nivolumab + galunisertib NCT0242334

Nivolumab + pexastimogene devacirepvec NCT0307109

*Status on December 1st, 2018 at clinicaltrial.gov.
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experienced serious adverse events and there
were 2 treatment-related deaths.143 Further survi-
val analyses are pending. In 2018, the combination
of atezolizumab, an anti-PDL1 inhibitor, and beva-
cizumab, a monoclonal antibody against VEGF,
was designated a breakthrough therapy for first-
line HCC treatment by the FDA. The designation
was based on a phase Ib study in which, after a
median follow-up of 10.3 months, the combina-
tion induced an ORR of 65% among 23 evaluable
patients (11 of them with extrahepatic spread).
The safety analysis included 43 patients and
treatment-related grade 3-4 adverse events
occurred in 28%.144 The data was further updated
showing a 32% (23/73) ORR and a median PFS of
14.9 months.145 Actually, the ongoing phase III
IMbrave150 trial (NCT03434379) is comparing
this combination with sorafenib in the frontline
setting. The most relevant ongoing clinical trials
on immune checkpoint inhibitors for advanced
HCC are summarized in Table 3.

Open questions: Challenges in interpreting
upcoming data
Radical changes in therapeutic modalities require
innovative concepts. The positive results of first-
and second-line treatments for HCC stress the
importance of evaluating pre and post-trial treat-
ment, which is a relevant issue in malignancies
with several active treatment lines.
vanced hepatocellular carcinoma.

number Phase, design Primary end point Status⁎

9 Phase III, first-line Overall survival Active, not recruiting

1 Phase III, after sorafenib Overall survival and
progression-free survival

Active, not recruiting

9 Phase III, first-line Overall survival and
progression-free survival

Recruiting

1 Phase III, first-line Overall survival Recruiting

3 Phase III, first-line Overall survival Recruiting

6 Phase II, after sorafenib Response rate Recruiting

ns
8 Phase I/II, multicohort Safety and response rate Active, not recruiting

2 Phase I Safety Recruiting

1 Phase I/II Safety and response rate Recruiting

6 Phase I Safety Recruiting

6 Phase I Safety Recruiting

2 Phase I Safety Recruiting

3 Phase I Safety Recruiting

0 Phase I Safety Recruiting

8 Phase I/II, multicohort Safety and response rate Active, not recruiting

8 Phase I/II Safety and response rate Recruiting

3 Phase I/II Safety, response rate,
progression-free and
overall survival

Recruiting

4 Phase I/II Safety and response rate Recruiting
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While the final results of the ongoing
immunotherapy-based clinical trials for HCC are
eagerly awaited, accumulated experience in other
solid tumours allows us to anticipate future chal-
lenges in HCC. Patients who receive immunother-
apy might develop atypical response patterns,
wherein they initially meet conventional criteria
for progressive disease, but later show a decrease
or stabilization in tumour burden. This phenom-
enon, called pseudoprogression, can be explained
by immune-cell infiltration and delayed anti-
tumoral activity.144 The use of adapted immune
criteria to define progression revealed that
patients who met this definition of pseudopro-
gression can have similar outcomes as those who
did not progress according to conventional radi-
ological criteria.146 However, a reliable marker to
discriminate which mechanism is behind the
increase in tumour burden remains to be identi-
fied, precluding a formal recommendation regard-
ing continuation of treatment beyond progression.

Meanwhile, a subset of patients may experi-
ence accelerated progression after immune check-
point inhibitors, resulting in poor short-term
survival. This is referred to as hyperprogression,
which is estimated to occur in around 10% of
patients treated for lung cancer, but there is no
clear understanding of its pathophysiology.147 As
reported in lung cancer, hyperprogression in HCC
may be a devastating event due to the short liver
reserve capacity, as well as being an important
determinant of treatment efficacy.

An interesting finding in melanoma and renal
cell carcinoma is that around 10–30% of the
patients present long-term disease control, result-
ing in unprecedented survival figures. It suggests
that there is a subgroup of outlier patients that
JHE
probably have a sensitive tumoral phenotype or
a specific predictive biomarker. Improved PFS
and OS have been shown in patients with
advanced melanoma and lung cancer when com-
paring PD-L1-positive vs. PD-L1-negative sub-
groups.148,149 Mutation burden, tumour-
infiltrating lymphocytes and immune gene signa-
tures are also being investigated as potential
tools.150 For HCC, the PDL-1 expression seems to
be around 20–25%, but no correlation between
PDL-1 expression and better response has been
established so far.138

Considering that regulatory agencies are prior-
itizing accelerated approval based on response
rates and duration of response, it is important to
state that survival improvements should be the
real endpoint to be pursued. Since we still do not
have final results from the ongoing phase III stu-
dies, it is not possible to correlate the available
results of response rate with real survival benefit.
Early phase studies do not always reflect the popu-
lation enrolled in controlled trials, particularly
regarding the pattern of tumour progression rate
and whether tumours are stable or under recent
progression at the point of trial inclusion. Both
parameters are relevant and may justify discre-
pant results between suggestive early phase data
and negative phase III trial outcomes.

The current scenario of systemic therapy
in HCC is likely to change in the near future. If
the encouraging data on immunotherapy materia-
lizes, a major challenge would be to evaluate the
potential benefit of sequenced strategies or combi-
nation between active agents. Undoubtedly,
proper patient selection and an accurate and criti-
cal interpretation of trials results will remain
crucial.
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