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CORRESPONDENCE

Shibata and Aburatani1 (Exploration of liver 
cancer genomes. Nat. Rev. Gastroenterol. 
Hepatol. 11, 340–349 [2014]) reviewed the 
latest understanding of the genomic profile 
of hepatocellular carcinoma (HCC) using 
next-generation sequencing approaches. We 
agree with the authors that the molecular 
pathogenesis of HCC is extremely complex 
and heterogeneous, and molecular informa-
tion should guide HCC drug development. 
Considering that multiple carcinogenesis is 
a major characteristic of HCC, we would like 
to raise some further points for discussion.

Multifocal HCC can arise synchronously 
or metachronously as new tumours (multi-
centric occurrence) or as intrahepatic meta-
stases of the primary cancer.2,3 In two patients 
with HBV infection and multifocal HCC, 
Miao et al.4 found that the primary cancer, 
portal vein tumour thrombus (PVTT) and 
all three intrahepatic metastases had similar 
mutation patterns in all regions (coding, 
noncoding, genic and intergenic), whereas 
ratios of nonsynonymous to synonymous 
substitution were significantly higher in the 
metastatic lesions (1.49) than in the primary 
tumour (0.96) (P <0.05). This finding indi-
cates a positive Darwinian selection favour-
ing the growth of metastatic subclones. By 
contrast, two tumours from a patient with 
multicentric occurrence had distinct muta-
tion profiles, but with comparable nonsyn-
onymous to synonymous substitution rates 
(0.83 versus 0.81).4 Similarly, in HCV-related 
multifocal HCC,5 whole-exome sequencing 
revealed no commonly mutated genes in two 
multicentric tumours from one patient, with 
29 and 225 independent somatic mutations 
in each tumour, respectively. However, in two 
other patients,5 32 (64.0%) and nine (24.3%) 
mutated genes were shared in their synchro-
nous tumours, respectively, suggesting an 
origin from common tumour-precursor cells 
or through intrahepatic dissemination.

We identified 5, 72 and 180 somatic 
mutations in a dysplastic nodule and two 
tumours, respectively, in a patient with  
HBV infection and HCC.6 MUC16 and 
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UBE3C were commonly mutated, but in 
distinct exonic regions and in both tumours 
rather than in the dysplastic nodule, indi-
cating the nature of multicentric occurrence. 
Similarly, whole-genome sequencing of two 
pairs of multicentric tumours in patients 
with HCV-related HCC showed no common 
somatic mutations or structural alterations.7 
ATM, FSIP2 and LRFN5 were mutated in 
both tumours of one patient, but in different 
locations of the genes. Notably, the pairs of 
each multicentric tumour clustered together 
with respect to overall mutational spectra, 
indicating similar somatic substitution 
p atterns at the whole-genome level.

PVTT marks the typical onset of HCC 
with intrahepatic metastasis.8 Whole-exome 
sequencing of nine pairs of matched primary 
tumour and PVTT revealed that 324 (94.2%) 
mutations were identical in these paired 
tumours and PVTTs, whereas four (1.1%) 

and 16 (4.7%) were detected only in primary 
tumours or PVTTs, respectively, suggesting 
that PVTTs inherit most genetic alterations 
from primary tumours.9 Whole-genome 
sequencing of a primary HCC and two 
metachronously developed tumours after 
resection10 showed that 205 (95.8%) muta-
tions were observed at similar frequencies 
across all three tumours, with nine (4.2%) 
observed at varying frequencies among 
tumours, indicating that these tumours were 
highly clonal. Interestingly, four different cell 
lineages were detected in the primary HCC, 
and the two recurrent tumours derived from 
one of the lineages each.

Collectively, these findings indicate that 
multicentric tumours develop through an 
accumulation of highly different sets of 
genetic alterations, whereas intra hepatic  
metastases share similar genetic profiles 
(Figure 1) to the primary tumour. Surprisingly,  
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Figure 1 | Simplified evolution of multicentric occurrence and intrahepatic metastatic HCC. 
a | Multicentric HCC develops through accumulation of highly different sets of genetic alterations 
(although these alterations share the same genetic and environmental backgrounds). b | The 
primary HCC spreads along the portal vein to form a tumour thrombus, resulting in extensive 
intrahepatic metastases. Circles in different colours represent genetically distinct clones. 
Branch colours indicate different sets of genetic alterations. Abbreviations: IM, intrahepatic 
metastasis; MC, multicentric occurrence.
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30–70% of synchronous or metachronous 
tumours are independent lesions,2,3,11 which 
is important when considering treatment 
selection. For example, patients with intra-
hepatic metastases could receive targeted 
therapy based on the molecular profile of 
the original tumour, whereas patients with 
multicentric tumours might benefit from 
managing the underlying liver disease, 
considering that these tumours share the 
same genetic and environmental back-
grounds. Assessing the pathogenesis of all 
tumours by multi-omics profiling might 
provide a full view of the heterogeneous 
genomic landscape of HCC to facilitate 
p ersonalized management.
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