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The management of hepatocellular carcinoma (HCC), the
third most lethal solid tumour, is currently limited by the
incomplete dissection of the pharmacologically actionable
drivers underlying its clinical progression. In stark contrast
to lung, colorectal cancer, melanoma and many other
malignancies where molecularly based disease stratification
has led to improvements in survival through a perfected
allocation of available treatments, HCC has remained rela-
tively untouched by the 'molecular revolution' that has
affected cancer therapeutics over the past two decades [1].
Whilst HCC is acknowledged as a molecularly composite
disease, previously published tissue genomic signatures
have been largely descriptive and substantially unhelpful to
qualify stratifying biomarkers to optimise clinical decision
making [2]. Whole-exome sequencing studies have con-
firmed an overall rate of two mutations per megabase in
HCC, with a median of 45 non-synonymous variants,
mostly affecting genes related to DNA repair, cell cycle
progression and chromatin remodelling including TP53,
CTNNB1 and many others [3]. Evidence of potentially
'actionable' mutations is present in up to 28% of tumours,
with little evidence, though, regarding their true oncogenic
potential [4].

In this issue of Oncogene, Lagbaa et al. [5] present the
results of a pilot study of ultra-deep sequencing of
circulating-free tumour DNA (ctDNA) in a small cohort of
early-stage HCC patients. Using a targeted exome sequen-
cing approach followed by orthogonal validation by digital
droplet polymerase chain reaction (PCR), the authors con-
firm serum and plasma detection of somatic variants span-
ning from renowned HCC-specific pathogenic loci such as
TERT promoter, TP53 and CTNNB1, as well as a number

of oncogenes for which targeted therapies exist including
JAK1, PDGFRB and BRAF. In addition, the authors
demonstrate the high concordance between ctDNA and
tissue-based profiling, qualifying ctDNA as surrogate bio-
marker of tumour mutational status.

Compared to other malignancies, the prospect of a 'liquid
biopsy' is of greatest appeal in HCC, a disease where his-
tologic confirmation of the diagnosis is rarely sought [6],
depriving clinicians of an opportunity to incorporate the
molecular makeup of the tumour in clinical decision
making.

By re-conducting the role of ctDNA to the Barcelona
Clinic Liver Cancer (BCLC) model, the staging algorithm
that guides prognostication and treatment allocation in HCC
(Fig. 1), ctDNA shows great potential in dissecting the
clinical heterogeneity that characterises patients with HCC
across a broad range radical and palliative treatments [6].

Following radical therapies such as tumour resection,
ablation or liver transplantation, longitudinal monitoring of
HCC-specific somatic variants is expected to improve risk
stratification by enabling pre-symptomatic identification of
relapse. Whilst the high reproducibility observed between
ctDNA and tumour genomic features described in this study
is certainly promising, ctDNA-based identification of
minimal residual disease (MRD) in HCC might be biolo-
gically and conceptually different from leukaemias and
lymphomas, a setting where the level of MRD is an
established guide to prognosis and relapse risk [7]. First,
markers used for DNA-based tests of MRD are often
chromosomal translocations that are highly oncogenic,
universally present and easily detectable with PCR-based
techniques [8]. In contrast, the pathogenesis of HCC cannot
be traced to a single, specific genetic abnormality [9].
Whilst panels of HCC-specific point mutations have been
optimised [10], the reliance on next-generation sequencing
for their identification might represent a technical and a cost
barrier to the routine implementation of ctDNA-based
diagnostics, more so if ultra-deep, high-coverage approa-
ches are required.
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A second and perhaps even more crucial issue that might
affect surrogacy of ctDNA in portraying the genomic fea-
tures of HCC is intra-tumour heterogeneity (ITH) [11]. ITH
is a recognised feature of evolving malignancies where the
diverse coexisting neoplastic sub-clones accumulate serial
genetic and epigenetic modifications in space and time, with
ultimate implications in their differential sensitivity to
treatment [12] and impact on patients survival [13]. Evol-
ving evidence in early-stage HCC has unveiled a significant
degree of ITH in 87% of HCCs, as defined by immune-
histological criteria and mutational status of highly pre-
valent mutational drivers such as TP53 and CTNNB1 [14].

Whilst limited by the choice of a small cohort of early-
stage patients, where ITH might be a less prominent feature
compared to advanced disease, an important contribution of
the study by Lagbaa is the confirmation of a clonal dis-
tribution of TP53, CTNNB1 and TERT promoter mutations
using multi-region sequencing, mirrored by evidence of
sub-clonal variants in a subset of loci including APOB,
ALB and BRAF.

The impact of clonality is of greater consequence in the
qualification of ctDNA as a clinically available test for the
diagnosis and therapeutic monitoring of HCC, more so in
light of the multi-factorial nature of HCC relapse. Following
resection or tumour ablation, early intra-hepatic recurrence
is traditionally attributed to true disease re-occurrence after
radical treatment as opposed to de novo tumour formation
[15]. Whether ctDNA might capture the genomic hetero-
geneity between primary, relapsed disease or de novo dis-
ease re-occurrence remains to be tested in prospective
studies and its performance in this setting is likely to dictate
the fate of ctDNA as a biomarker in early-stage HCC.

In this context, the yet unaddressed question of tumour-
specific origin of mutations identified in circulating-free
DNA (cfDNA) adds a further layer of complexity to the
biologic qualification of this biomarker. With systemic
DNA release being directly proportional to tissue turnover
and necro-inflammatory injury, the relative contribution of
the pro-inflammatory cirrhotic milieu in determining qua-
litative and quantitative changes in cfDNA deserves further
investigation [16]. A number of studies have confirmed that
cfDNA can be detected in a number of non-malignant
conditions including, for instance, non-alcoholic fatty liver
disease [17]. This reinforces the need for comprehensive
genomic profiling of patients with cirrhosis, where detection
of somatic variants in circulating DNA released from pre-
neoplastic hepatocytes might be a reflection of the 'field
cancerisation' process typical of the progression from end-
stage liver disease to HCC [18].

The potential benefits of ctDNA in the HCC clinic are
reaching far beyond early diagnosis and therapeutic mon-
itoring after curative treatment. In intermediate-stage HCC
(BCLC B), the detection of residual active disease follow-
ing loco-regional therapy with trans-arterial chemoemboli-
sation (TACE) can be challenging. A subset of BCLC B
patients, in fact, do not respond to TACE or become
refractory after initial treatment and despite attempts to
identify non-responders using clinical or imaging para-
meters, characterisation of this poor prognostic group
remains elusive. Multiple levels of evidence suggest ctDNA
to reflect tumour burden [10] and dynamic changes in the
allelic frequency of HCC-specific mutations could serve as
a minimally invasive test integrating with imaging re-
assessment to guide the need for further re-treatment.
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Fig. 1 Schematic representation of the potential applications of ctDNA-based diagnostics across the various Barcelona Clinic Liver Cancer stages
of HCC. LRT loco-regional therapies
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Perhaps, a far more appealing translational implication
that develops from this preliminary study is the promise of
ctDNA to act a source of disease-stratifying genomic bio-
markers for systemic therapy. A decade after the approval
of sorafenib as the first systemic agent capable of producing
a significant survival benefit [19], the provision of systemic
anticancer treatment in HCC is still unsupported by pre-
dictive correlates of response [20], a point of greater con-
sequence now that treatment options for HCC are
expanding [21]. The lack of molecularly defined disease
phenotyping has adversely impacted drug development,
which has recognised a period of profound stagnation in the
last decade [22].

CtDNA-based disease phenotyping has rapidly reached
the clinic in non-small cell lung cancer, where identification
of epidermal growth factor receptor (EGFR) T790M
mutations in peripheral blood has become an Food and
Drug Administration-approved test to facilitate insight into
therapeutic resistance to first-generation EGFR inhibitors
[23].

Whilst similar candidate-based approaches using
BEAMing technology have been reproduced in malig-
nancies with robust genomic classifiers such as RAS/RAF/
PI-3-kinase mutant colorectal cancer [24], the genomic
complexity of HCC makes plasma genotyping far more
challenging. In phase II trials of refametinib in RAS mutant
HCC, for instance, ctDNA-based screening of RAS muta-
tions demonstrated to be a feasible strategy to enrich for
molecularly defined patient populations. However, the low
prevalence of RAS mutations (∼6%) required screening of
>1300 plasma samples to derive a small cohort of 16 RAS
mutant patients [25], highlighting the challenge of adopting
somatic variants as response predictors in a disease where
the majority of core 'actionable' mutations have a prevalence
of <10% and a fairly undefined linkage with response to
targeted inhibition [26]. The clinical development of pro-
grammed cell-death 1-targeted immune checkpoint inhibi-
tors, for which no reliable response predictor exists in HCC,
might overcome the issues surrounding the low prevalence
of 'actionable' variants and high prevalence of 'undruggable'
mutations, by affording ctDNA the role of minimally
invasive and dynamic estimate of the overall tumour
mutational burden, a renown determinant of response to
immunotherapy [27].

As ctDNA becomes a more prominent source of genomic
information across malignancies, the study by Lagbaa
published in this issue of Oncogene represents a pre-
liminary, yet important step in the biomarker qualification
roadmap for potential diagnostic, prognostic and predictive
applications of ctDNA in HCC. Prospective studies should
validate whether ctDNA will hold the promise of improving
disease phenotyping and address the uncertainties imposed

by a rapidly evolving treatment landscape in HCC by
deciphering its heterogeneous molecular pathophysiology.
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