Table 2 Validated somatic non-synonymous substitutions and small indels in coding regions of a liver cancer genome

Allele Amino acid Copy Mutant allele (%) in Mutant allele (%) in Expression
Gene Chr. Strand  Position change change number whole-genome sequencing whole-exome sequencing ratio (T/N)  Functional
PLEKHGS 1 - 6,452,224 G>T Asp>Tyr N 49.0 27.7 1.86 Deleterious
KIAA1026 1 + 15,294,007 C>A Ala>Glu N 45.7 nd 0.15 Tolerated
MYCL1 1 - 40,139,080 T>G Phe>Cys N 54.5 nd 1.93 Tolerated
PDE4B 1 + 66,231,185 C>A Ala>Glu N 57.1 42.9 0.83 Tolerated
ClLCcCI 1 - 109,284,236 A>G Tyr>Cys N 333 39.3 1.61 Deleterious
CNRIP1 2 - 68,397,833 C>T Thr>Met N 40.0 333 1.39 Deleterious
ANKRD36 2 + 97,181,397 A>G Lys>Glu N 17.8 nd 9.49 Tolerated
UBR3 2 + 170,611,073 A>C Glu>Asp N 57.1 nd 18.10 Tolerated
cuL3 2 - 225,070,790 G>A Ser>Asn N 429 52.8 12.80 Tolerated
COPS7B 2 + 232,369,129 A>G {le>Val N 44.4 41.5 1.82 Tolerated
RAF1 3 - 12,625,811 A>G Asn>Ser N 40.0 50.0 2.31 Tolerated
ITIH3 3 + 52,813,002 A>G Met>Val N 43.9 nd 1.25 Deleterious
ERCZ 3 - 56,148,636 G>C Glu>Gln N 40.0 nd 1.33 Tolerated
TBC1D23 3 + 101,496,868 del AAG Deletion (E) N 14.8 nd 4.90 na
ATR 3 - 143,671,657 del AT Deletion (frame shift) N 20.0 nd 4.49 na
SLC7A14 3 - 171,701,666 G>A Ser>Asn N 52.8 46.3 2.19 Deleterious
PCDH7 4 + 30,333,134 G>A Arg>His N 47.1 47.8 1.74 Tolerated
FAM13A 4 - 89,872,188 A>T His>Leu N 52.0 47.4 0.85 Tolerated
MFSD8 4 - 129,090,435 A>T Met>Leu Loss 62.5 743 1.15 Tolerated
DMGDH 5 - 78,375,996 T>A Leu>Gln N 50.0 37.6 3.04 Tolerated
. PCDHA13 5 + 140,244,063 C>T Pro>Ser N 45,1 348 na Deleterious
E CCDC99 5 + 168,960,950 G Ser>Arg N 37.1 39.4 13.30 Deleterious
E GABBR1 6 - 29,706,345 C>T Thr>Met N 42.0 37.8 0.59 Tolerated
[ ] CSNK2B 6 + 31,745,659 A>T Ser>Cys N 37.3 nd 1.41 Deleterious
g Mocs1 6 - 40,003,210 G>T Ser>lle N 34.4 nd 1.54 Tolerated
; GTPBPZ 6 - 43,699,685 A>T Glu>Val N 58.0 56.3 1.36 Tolerated
E KHDRBS2 6 - 62,662,692 G>T Arg>Leu N 34.1 nd 0.88 Deleterious
) SLC29A4 7 + 5,303,324 AST His>Leu N 43.8 nd 7.00 Deleterious
= TMEM195 7 - 156,567,887 C>G Pro>Ala N 41.2 38.3 1.03 Deleterious
—_ RFC2 7 - 73,302,032 AST Glu>Asp N 26.0 41.9 1.09 Tolerated
< ADAM22 7 + 87,653,951 A>T Arg>Trp N 41.2 331 0.55 Deleterious
o TRRAP 7 + 98,417,359 G>T Trp>Leu N 39.0 nd 2.07 Deleterious
E XRCC2 7 - 151,977,231 G>A Arg>Gin N 56.2 36.5 4,18 Deleterious
« MTDH 8 + 98,781,211 G>T Val>Phe N 33.3 46.9 14.40 Tolerated
o SLA 8 - 134,141,539 C>A Pro>Thr N 43.6 nd 1.18 Deleterious
qh, JAK2 9 + 5,045,703 T>G lle>Ser Loss 100.0 84.2 4.84 Tolerated
E NTRK2 9 + 86,532,391 G>A Ala>Thr Loss 90.0 85.9 0.84 Tolerated
< TsC1 el - 134,767,848 C>T Arg>stop Loss 13.3 13.0 1.85 Deleterious
E CREM 10 + 35,496,706 A>G Glu>Gly N 44.8 42.3 3.28 Tolerated
3 C100rf95 10 - 104,200,839 T>C Cys>Arg N 39.7 nd 3.05 Tolerated
(] PSTK 10 + 124,730,061 C>T Leu>Phe N 53.6 nd 6.94 Deleterious
4 ATHL1 11 + 283,903 C>T Ala>Val N 40.9 26.8 1.12 Tolerated
: Mucs58 11 + 1,213,214 G>T Val>Leu N 338 nd 0.83 Tolerated
8 DENND5A 11 - 9,181,879 C>T Pro>Ser N 21.4 29.9 2.43 Deleterious
© GIF 11 - 59,369,438 C>T Thr>lle AMP (3) 29.2 nd 0.83 Tolerated
STIP1 11 + 63,719,763 G>A Glu>lys Loss 66.7 nd 1.28 Tolerated
FAT3 11 + 91,727,805 C>G Thr>Ser Loss 73.1 nd na Tolerated
PTMS 12 + 6,749,421 A>G Glu>Gly Loss 55.0 nd 0.56 Tolerated
ARID2 12 + 44,530,716 ins T insertion (frame shift) N 31.9 nd 2.35 na
ClZ2orf51 12 - 111,134,825 del CCTGCCACGTCA  Deletion (GDVA) N 21.6 nd 1.44 Torelated
RBMI19 12 - 112,868,641 C>T Pro>Leu N 49.3 42.2 1.32 Deleterious
AACS 12 + 124,142,015 G>T Gly>Val N 349 26.0 1.75 Deleterious
KHNYN 14 + 23,971,333 del CCT Deletion (L) N 24.1 nd 2.17 Tolerated
NOVA1 14 - 25,987,233 A>T Leu>Phe N 36.7 38.1 0.91 Tolerated
LTBP2 14 - 74,045,780 G>A Gly>Glu N 38.1 nd 3.43 Deleterious
CYFIPI1 15 + 20,498,517 C>T Ala>Val N 55.1 41.4 1.88 Deleterious
GABRB3 15 - 24,357,328 G>T Met>lle N 39.4 43.4 0.15 Tolerated
EIDI1 15 + 46,957,688 C>G Ser>Cys N 40.4 nd 8.60 Deleterious
HCN4 15 - 71,402,254 G>A Arg>His N 43.6 nd 0.61 Tolerated
AKAP13 15 + 84,060,152 del T Deletion (frame shift) N 34.5 nd 0.88 na
AXIN1 16 - 287,910 C>T Arg>stop Loss 78.7 nd 0.94 Deleterious
LITAF 16 - 11,554,943 del G Deletion (frame shift)  Loss 61.3 nd 0.97 na
TP53 17 - 7,518,985 G>T Val>Leu Loss 78.0 73.1 0.06 Deleterious
NEKS8 17 + 24,092,271 G>A Gly>Asp N 36.7 39.1 1.44 Deleterious
CPD 17 + 25,773,820 A>G Tyr>Cys N 47.1 52.3 2.28 Deleterious
LRRC30 18 + 7,221,594 C>G Ser>Cys N 52.0 456 na Deleterious
ZNF560 19 - 9,439,794 A>C lle>Leu N 58.8 48.3 0.86 Tolerated
SCRT2 20 - 593,073 T>A Tyr>Asn N 53.7 nd 0.51 Deleterious
Usp25 21 + 16,119,227 Cc>T Thr>Met N 44.4 nd 13.00 Deleterious
Usp25 21 + 16,125,626 A>C Glu>Asp N 35.3 38.1 na Tolerated
ARVCF 22 - 18,341,717 C>G Ser>Cys N 53.0 50.0 1.30 Deleterious
UsP26 X - 131,988,824 T>C Leu>Pro AMP (4) 93.8 94.4 0.85 Tolerated

Except for ANKRD36 and 75C1, all 63 somatic non-synonymous substitutions were predicted by whole-genome sequencing and in-house informatics method using stringent analysis criteria (Online Methods). One somatic missense
substitution in ANKRD36 was predicted under less stringent criteria. One somatic nonsense substitution in 7SCI was predicted only by whole-exome sequencing. Chr., chromosome; N, copy neutral; AMP, amplicon; nd, not detected;
na, not applicable.
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Table 3 Validated somatic structural alterations in a liver cancer genome

Intervening

Type Chr. A Break point A CNV (Chr. A) Chr. B Break point B CNV (Chr. B) sequence Associated genes Fusion genes
Deletion 3 111,866,468 BCNC 3 111,868,894 BCNC 0
Deletion 4 57,529,004 BCNC 4 57,530,452 BCNC 0 C4orf14 (exon 4 is deleted)
Deletion 4 92,895,135 BCNC 4 93,151,201 BCNC 0
Deletion 5 18,130,563 BCNC 5 18,133,946 BCNC (+) 29bp
Deletion 6 90,130,109 BCNC 6 90,819,100 BCNC 0 LYRM2, ANKRDE, BACH2, MDN1,

CASP8AP2, RRAGD, GJAIO
Deletion 7 69,321,043 N 7 69,404,639 N 0 AUTS2
Deletion 9 132,763,157 BCNC 9 132,764,920 BCNC 0
Deletion 10 75,477,784 BCNC 10 75,956,310 BCNC (+) 1 bp AP3M1, VCL, ADK VCL, ADK
Deletion 11 67,126,436 BCNC 68,254,241 BCNC 0 SUVA20H1, SAPS3, ACY3, ALDH3B2, CHKA, TCIRG1,

LRP5, GAL, ALDH3B1, TBX10, NDUFVI1,

UNC93B1, NUDTS8, Cl11orf24
Deletion 47,394,203 BCNC 15 47,467,920 BCNC 0 GALK2, C150rf33
Deletion 17 15,902,440 BCNC 17 16,056,159 BCNC 0 NCOR1I {(homozygous deletion)
Inversion 4 60,946,299 N 4 60,947,151 N 0
Inversion 4 172,703,199 Loss 4 172,706,239 Loss (+) 4bp
Inversion 11 57,305,269 BCNC 11 62,352,275 BCNC 0 CTNNDI (UTR), STX5 CTNND1, STX5
Inversion 11 57,770,822 BCNC 11 67,133,985 BCNC 0 NDUFVI
Inversion 11 62,309,952 BCNC 11 70,746,006 BCNC 0 TAF6L
Inversion 11 69,067,231 AMP 11 69,317,424 AMP 0
Inversion 11 69,093,978 AMP 11 69,098,117 AMP 0
Inversion 11 69,871,206 AMP 11 69,877,391 AMP (+) 6bp PPFIAI
Inversion X 129,015,072 N X 129,029,501 BCNC (+) 23bp BCORL1, ELF4 BCORL1, ELF4
Inversion X 129,016,981 N X 129,031,425 BCNC 0 BCORL1, ELF4 BCORLI1, ELF4
Tandem 11 67,043,308 BCNC 11 67,318,685 BCNC 0 ACY3, ALDH3B2, GSTP1, TBX10, NDUFV1, NUDTS, CABP2,
duplication CABP2, LOC645332 LOC645332
Translocation 11 69,316,960 AMP X 129,030,346 BCNC 0 ELF4

The inversions at Xq25 occurred from one rearrangement event and the total number of inversion is counted as nine. Chr., chromosome; BCNC, boundary of copy number change; N, copy neutral; AMP, amplicon.

which harbors only the rearranged allele (Fig. 2d and Supplementary
Fig. 9). We screened for the presence of these four chimera transcripts
by RT-PCR, but we detected no recurrent fusion event in 47 cases of
primary HCC, possibly due to the low frequency of these rearrange-
ments in HCC or because of the technical difficulty in detecting all
variant fusion transcripts.

We also sequenced the whole exomes of the same samples using
an in-solution gene enrichment system® (Fig. 3a). Capture probes
for whole-exome sequencing were designed to cover the protein
coding exons using the consensus coding sequences, excluding highly

Figure 2 Characterization of rearrangements in a
liver cancer. (a) Top, schematic representation
of the intra-chromosomal inversion at Xg25.

Bottom left, RT-PCR analysis of the fused 5 12348878 o10t

Intra-chromosomal inversion

BCORLI-ELF4 transcript in tumor (T) and non-
cancerous liver (N) tissues. We detected no ELF4-
BCORL1 transcript (data not shown). Bottom
right, sequence chromatography of the fusion
transcript revealed an in-frame protein. Mw,
molecular marker. (b) Schematic representation
of the BCORL1-ELF4 fusion protein. BCORL1 (top)
contains a CtBP1 binding domain (PXDLS
sequence), a binuclear localization signal (NLS),
two LXXLL nuclear receptor recruitment motifs
(NR box) and tandem ankyrin repeats (ANK).
ELF4 (bottom) contains an ETS (E Twenty Six)
DNA binding domain and a proline-rich domain.
Transactivating domains are indicated by the

red bars'6. The BCORL1-ELF4 chimeric protein
includes most of BCORL1 (1-1,618 amino [¢) N <
acids) lacking the NR box2 and the carboxyl-
terminal portion of ELF4 containing the proline-
rich domain. The number of amino acids is

Mw TN
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homologous regions. The average coverage of the whole exome
sequences (41.3 Mb in total) was about twice (76.8x for HCC and
74.3x for lymphocytes) that of the whole genome sequences and had
one twelfth of the total sequence amount (8.9 Gb for HCC and 8.6 Gb
for lymphocyte) (Supplementary Table 3). Whole-exome sequencing
detected 47 non-synonymous somatic substitutions, 40 of which were
validated by Sanger sequencing. Among the validated substitutions, a
nonsense substitution (p.Arg785X) in TSCI, located in the hemizygous
region (9q34), was not detected by whole-genome sequencing (Fig. 3b).
Capillary sequencing validated the same substitution with a very low
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indicated on the right. (c) Wild-type BCORL1, ELF4-CT (395-664 amino acids) and the BCORL1-ELF4 chimera were expressed as Gal4-DBD fusion
proteins, and their relative transcriptional activities were compared to the Gal4-DBD protein (C) as shown. (d) Characterization of the CTNND1-STX5

fusion gene. Bottom left, RTPCR analysis of the fused CTNNDI1-STX5 transc

ript in tumor (T) and non-cancerous liver tissue (N). Bottom right, sequence

chromatography of the fusion transcript. Data is the mean £s.d. (n=3). *P < 0.001.
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Figure 3 Intra-tumoral genetic het'erogenelty a o Chr 3p25: Chr 13qta: b
detected by exon-capture sequencing. CN status: loss  CN status: neutral CN status: amplified 100 B Whole-genome
(a) Specific enrichment and high sequence ., 300 g sequencing
coverage of the target genome regions Whole-genome é§ 200 g 75 B Whole-exome
. . . b= @ il
indicated by the sequence viewer (copy sequence 3 = “’g T TR 2 sequencing
number (CN) status is shown above). The : £ 50
distribution and number of reads (black, 5@ 300 %
forward read; gray, reverse read) from W;‘;’Li::gzg £8 fgg | (| { i T 25

- i zZ'5 £
whole-genome sequencing (tpp) and Capturetaget = © 0 d sl il l Lebor. | 2 ‘
whole-exome sequencing (middle) are region |

¢ oo e e o N

shown. The location of the capture target Exon N
regions (red box) and the exons (green box) R TSC1  AACS DENNDSA

along the genome are shown at the bottom.
Note that the number of reads is dependent c

on copy number status. (b) Mutant allele Tumor

Lymphocyte Tumor

TSC1 WT allele

Lymphocyte
frequency detected by whole-genome
sequencing and whole-exome sequencing.

4
s bl
TSC1, AACS (whose heterogeneity is shown L
in Supplementary Fig. 10) and DENND5A T
are indicated. (¢) TSCI mutation in the
liver cancer subpopulation. Sequence

TSC1 MUT allele

Mutant allele fraction: 117/(770+117) = 13.2%

chromatograms of TSCI in lymphocytes and whole-tumor tissue are shown. Note the small peak for the mutant T allele (indicated by the arrow) in
the tumor DNA. (d) Determination of mutant TSC1I allele frequency by digital PCR genotyping. WT, wild type; MUT, mutant.

signal peak (Fig. 3¢), and digital genotyping showed that 13.2% of the
tumor alleles harbored this substitution (Fig. 3d), suggesting that this
substitution occurred in a minor population of cancer cells. Whole-
exome sequencing missed 25 non-synonymous somatic substitutions
that were detected by whole-genome sequencing. These missed sub-
stitutions were located in regions where sequence coverage was low or
where further optimization of the probe design was required.

The number of non-synonymous somatic substitutions validated in
this HCC (63) was greater than those for acute myeloid leukemia!! (10),
basal-like breast cancer!? (22), lobular carcinomal? (32), glioblas-
toma multiforme* (32) and pancreatic cancer!'® (43) but is in the
range of those previously reported for colorectal'® (70) and breast!6
(88) cancer. We have shown that the pattern of somatic substitu-
tions in a HCV-associated HCC genome is different (predominance
of T>C, especially at ApT sites, and C>T, especially at CpG sites)
compared to smoking-related!”® and ultraviolet light-relatedS
cancers. Preferential C>T/G>A transition may partly be due to the
higher frequency of CpG methylation in the genome sequence and
is a common form of mutation in cancers!®. Therefore, the T>C/
A>G transition could be a characteristic mutational signature of
HCV-associated cancer, which would be consistent with a previous
observation that HCV induces error-prone DNA polymerases that
preferentially cause the T>C/A>G mutation?0. It is also possible that
this mutation pattern is independent of viral infection and is organ
specific, as a comparable substitution spectrum has been reported
in renal cancer!®. Additionally, only T>C changes, but not C>T
changes, were effectively repaired on the transcribed strand. Similar
enhanced transcription-coupled repair on preferentially acquired
substitutions has been reported in other cancers®!7+18 and could be
a common phenomenon in cancer mutation.

Because single-molecule sequencing has the capability to detect
every individual somatic event in parallel, higher sequence cover-
age will enable us to clarify the intra-tumoral heterogeneity that is
associated with diverse aspects of clinical behavior such as metas-
tasis?!. The TSCI complex, which is inactivated in a subpopulation
of tumors, negatively regulates the mammalian target of rapamycin
signaling, which is an important oncogenic pathway related to the
growth, metabolism and stemness of cancer cells?223, and could be a
promising molecular therapeutic target in HCC progression2*.

URLs. International Cancer Genome Consortium, http://www.icgc.
org/; Catalogue of Somatic Mutations in Cancer, http://www.sanger.
ac.uk/genetics/CGP/cosmic/; BLASTN, ftp://ftp.ncbi.nlm.nih.gov/
blast/executables/release/LATEST.

METHODS
Methods and any associated references are available in the online version
of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Whole-genome sequencing. High molecular weight DNA was extracted from
freshly frozen tumor tissue and lymphocytes. DNA was fragmented using an
ultrasonic solubilizer (Covaris) using a combination of quick bursts (20%
duty, 5 intensity with 200 cycles per burst for 5 s) and sonication (10% duty,
5 intensity with 200 cycles per burst for 120 s) for the short fragment DNA
library. DNA of the appropriate size was gel purified to exclude any inappro-
priate DNA fusions during library construction. The short fragment DNA
libraries were generated using a paired-end DNA sample prep kit (Illumina)
following the manufacturer’s protocols. The concentration of the libraries was
quantified using a Bioanalyzer (Agilent Technologies); 4~8 pM/lane of DNA
was applied to the flow cell, and paired-end sequencing was performed using
the GAIIx sequencer (Illumina).

Whole-exome capture sequencing. Whole-exome capture sequencing
was performed using the SureSelect Target Enrichment System (Agilent
Technologies) in accordance with the manufacturer’s protocol with slight
modifications. Briefly, the same Illumina sequence libraries as those prepared
for the whole-genome sequence were amplified with six cycles of PCR, and
then 500 ng of the amplified libraries was hybridized with the capture probes
for 24 h. The hybridized sequence libraries were collected and further ampli-
fied with 14 cycles of PCR. We generated 51-nucleotide-long paired-end reads
using the GAIIx sequencer (Illumina). We used five lanes of a paired-end flow
cell for each sample.

Bioinformatics (Supplementary Fig. 11). Sequence alignment to the human
genome and removal of PCR duplications. Paired-end reads were aligned to the
human reference genome (hg18, NCBI Build 36.1) using Burrows-Wheeler
Aligner (BWA) (version 0.4.9)25. Because there were duplicated reads which were
generated during the PCR amplification process, paired-end reads that aligned
to the same genomic positions were removed using SAMtools (version 0.1.5¢)%6
and a program developed in house. We removed 12.5% (14.6/117.1 Gbp) of the
aligned reads for tumor and 7.1% (6.1/86.3 Gbp) for lymphocytes.

Detection of somatic single nucleotide variations (SNVs) (Supplementary
Fig. 12). Based on the genotyping data from two SNP arrays, appropriate
thresholds for base quality, mapping quality and frequency of non-reference
alleles were determined to obtain the highest confidence calls for SNV
detection (Supplementary Table 4). To predict somatic SNVs, the align-
ment results were classified, and three datasets were constructed. Dataset 1
included paired-end reads with both ends aligned uniquely and with proper
spacing and orientation. Dataset 2 included paired-end reads that aligned
uniquely for at least one read and with proper spacing and orientation of the
reads. Dataset 3 included dataset 2 and paired-end reads for which both ends
aligned uniquely but with improper spacing or orientation or both. Dataset 1
likely contains false positive somatic SNVs because of the low sequence depth
of the lymphocyte genome, and dataset 3 likely contains false positives due
to misalignments of the sequence reads. To reduce the number of false posi-
tives, the following filters were applied to these three datasets, and concord-
ant somatic SNVs among the three datasets were selected: (i) a mapping
quality score of 20 was used as a cutoff value for read selection; (ii) base
quality scores of 10 and 15 were used as cutoff values for base selection for
the tumor and lymphocyte genomes, respectively; (iii) SNVs were selected
when the frequency of the non-reference allele was at least 15% in the tumor
genome and 5% in the lymphocyte genome; (iv) SNVs located within 5 bp
from a potential insertion or deletion were discarded; (v) SNVs with a root
mean square mapping quality score of the reads covering the SNV less than
40 were discarded; (vi) when there were three or more SNVs within any
10-bp window, all of them were discarded; (vii) SNVs with a consensus
quality score less than 20 as calculated by SAMtools (version 0.1.5c) were
discarded; (viii) when a base with a consensus quality score less than 20 was
located within 3-bp on either side of a SNV, the SNV was discarded; (ix) for
the tumor genome, SNV found in at least two sequence reads with the same
SNV were selected; (x) for the lymphocyte genome, SNVs covered by at least
six sequence reads were selected; and (xi) the repetitive regions within 1 Mb

of a centromeric or telomeric sequence gap were excluded. By comparing
the predicted nucleotide variations in the tumor and lymphocyte genomes,
somatic SNVs which occurred only in the tumor genome were identified.
If somatic SNV's were not covered in the lymphocyte genome by at least six
sequence reads, they were discarded.

Using this approach, 66 non-synonymous and 24 synonymous somatic
SNVs in protein-coding regions were predicted. These 90 substitutions
were examined by Sanger sequencing of both the tumor and lymphocyte
genomes, and 81 of them were validated as somatic mutations. Of the
remaining nine substitutions, three could not be amplified by PCR, four
could not be sequenced because of the surrounding repetitive sequences,
and two could not be validated likely because they were located in highly
homologous segmentally duplicated or processed pseudogene regions,
suggesting a high prediction accuracy (specificity, 81/83 = 97.6%) for
our approach for detecting somatic SNVs in protein-coding regions. An
additional 36 non-synonymous somatic SNVs were also predicted using
only dataset 3 and filtering methods (i-iv) (less stringent filtering condi-
tion). Five of these SNVs were not validated and 30 of them were found
to be germline variations by Sanger sequencing, and only the one remain-
ing was validated as a somatic mutation. These findings suggest that our
filtering method (stringent condition) effectively removed false-positive
somatic SNVs.

Detection of somatic structural alterations. To detect structural alterations,
paired-end reads for which both ends aligned uniquely to the human reference
genome, but with improper spacing or orientation or both, were used. First,
paired-end reads were selected based on the following filtering conditions:
(i) sequence reads with mapping quality scores greater than 37; and
(ii) sequence reads aligned with two mismatches or less.

Rearrangements were then identified using the following analytical condi-
tions: (i) ‘clusters’ which included reads aligned within the maximum insert
distance were constructed from the forward and reverse alignments, respec-
tively (two reads were allocated to the same cluster if their end positions
were not further apart than the maximum insert distance); (ii) clusters whose
distance between the leftmost and rightmost reads were greater than the maxi-
mum insert distance were discarded; (iii) paired-end reads were selected if
one end sequence was allocated in the forward cluster’ and the other end
was allocated in the ‘reverse cluster’ (we called these ‘forward cluster and
reverse cluster’ paired clusters); (iv) if a cluster overlapped another cluster, all
of the overlapping paired-clusters were discarded; (v) for the tumor genome,
rearrangements (paired-clusters) predicted by at least four paired-end reads
which included at least one paired-end read perfectly matched to the human
reference genome were selected; and (vi) for the lymphocyte genome, rear-
rangements (paired clusters) predicted by at least one paired-end read were
selected. By comparing the predicted rearrangements in the tumor and lym-
phocyte genomes, somatic rearrangements that were only detected in the
tumor genome were identified.

Lastly, rearrangements predicted due to variations in the analyzed genomes
were removed. For this analysis, paired-end reads contained in paired clusters
were aligned to the human reference genome using the BLASTN program
(see URLs). If one end sequence was aligned to the region of paired clusters
(the flanking region of the rearrangement breakpoint) and the other end was
aligned with proper spacing and orientation, the rearrangement was removed.
An expectation value of 1,000 was used as a cutoff value for BLASTN so that
paired-end reads with low similarity to the human reference genome could
also be aligned.

Using this method, 33 somatic rearrangements were predicted and 22 of
these were validated by Sanger sequencing of the rearrangement breakpoints
in both the tumor and lymphocyte genomes.

Exome capture sequence analysis. To analyze the capture sequencing data, the
Hlumina sequencing pipeline version 1.4 and in-house programs were used.
The sequence reads were mapped to the human reference sequence (NCBI
Build 36.3) using GERALD (Illumina), and only high-quality (‘pass filter’)
reads with base-call quality scores more than ten were used for SNV detection.
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SNVs were determined using the frequency (>20%) of the highest non-refer-
ence base call with a read depth greater than 20x.

Other molecular analyses. SNP genotyping and copy number detection were
determined using the Affymetrix Mapping 500K Array, the Agilent Human
Genome CGH microarray and the Illumina Human 610-Quad BeadChip sys-
tem. Gene expression levels of the tumor were measured using the Agilent
Whole Human Genome Oligo Microarray. Wild-type and mutant allele fre-
quencies were determined using the Digital PCR system.

Detailed experimental methods and additional bioinformatics procedures
are described in Supplementary Note. The somatic substitutions and inser-
tions/deletions found are listed in Supplementary Tables 5-9.

25. Li, H. & Durbin, R. Fast and accurate short read alignment with Burrows-Wheeler
Transform. Bioinformatics 25, 1754-1760 (2009).

26.Li, H. et al. The Sequence alignment/map (SAM) format and SAMtools.
Bioinformatics 25, 2078-2079 (2009).
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Objective: The aim of this study was to assess the safety and efficacy of transcatheter arter-
ial infusion chemotherapy using a fine-powder formulation of cisplatin for patients with
advanced hepatocellular carcinoma refractory to transcatheter arterial chemoembolization.
Methods: We retrospectively examined the data of 84 consecutive patients with transcatheter
arterial chemoembolization-refractory hepatocellular carcinoma who underwent transcatheter
arterial infusion chemotherapy with a fine-powder formulation of cisplatin. Cisplatin was admi-
nistered at the dose of 65 mg/m? into the feeding artery of the hepatocellular carcinoma. The
treatment was repeated every 4-6 weeks, until the appearance of evidence of tumor pro-
gression or of unacceptable toxicity.

Results: Of the 84 patients, one patient (1.2%) showed complete response and two patients
(2.4%) showed partial response, representing an overall response rate of 3.6% (95% confi-
dence interval, 0.7-10.1). Of the remaining, 38 patients (45.2%) showed stable disease and
41 (48.8%) showed progressive disease. The median overall survival, 1-year survival rate
and median progression-free survival in the entire subject population were 7.1 months, 27%
and 1.7 months, respectively. Major Grade 3 or 4 adverse events included thrombocytopenia
in 12 patients (14%) and elevation of the serum aspartate aminotransferase in 33 patients
(39%). The gastrointestinal toxicities were mild and reversible.

Conclusions: Transcatheter arterial infusion chemotherapy using a fine-powder formulation
of cisplatin appears to have only modest activity, although the toxicity was also only mild, in
patients with transcatheter arterial chemoembolization-refractory hepatocellular carcinoma.

Key words: hepatocellular carcinoma — transcatheter arterial infusion chemotherapy — cisplatin —
transcatheter arterial chemoembolization

INTRODUCTION

liver transplantation or local ablation therapy. However, the

Hepatocellular carcinoma (HCC) is treated by one or more
of a wide variety of treatment options available, depending
on the tumor characteristics, including the number and size
of tumors, and the presence/absence of tumor thrombosis
and extrahepatic metastases (1,2). In patients with early-stage
HCC, curative therapies can be applied, including resection,

prognosis of patients with HCC is still unsatisfactory, mainly
because of the high frequency of recurrence post-therapy
(3—9). Transcatheter arterial chemoembolization (TACE) has
been performed for unresectable advanced HCC in patients
who are unsuitable candidates for local ablation therapy or
surgical treatment. To date, nine randomized control trials

© The Author (2011). Published by Oxford University Press. All rights reserved.
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(RCTs) of transcatherter arterial embolization or TACE
versus best supportive care have been reported (10—18).
Three of these RCTs and two meta-analyses have demon-
strated a survival benefit of this treatment modality in HCC
patients (10,16,17,19,20). On the basis of these results,
TACE has been the most commonly employed treatment
modality in patients with unresectable advanced HCC,
especially those with intermediate-stage disease, who are
unsuitable candidates for local ablation therapy (21).
However, unfortunately, the disease eventually progresses to
becoming refractory to TACE.

Transcatheter arterial infusion chemotherapy (TAI) could
be expected to have better antitumor efficacy and lesser tox-
icity than systemic chemotherapy, because it is associated
with only a local increase in the concentrations of anticancer
drugs, and therefore, a lower incidence of systemic adverse
effects. The reported response rates to TAI with a single
agent vary in the range of 9—33% (22-25), and those to
TAI using combination regimens vary in the range of 44—
73% (26—29). Thus, TAI has high antitumor activity and is
widely used in clinical practice, especially in Japan, although
no survival benefit has been established yet, because no ran-
domized studies of TAI have been conducted until date.

Cisplatin for Intra-arterial Injection (IA-call®, Nippon
Kayaku Co., Ltd) is a powder formulation and represents an
improvement over the standard liquid type of cisplatin formu-
lation for intra-arterial administration. Since the solubility of
this agent is 2.86 times higher than that of standard cisplatin,
the injection time can be shortened. In a clinical study of this
agent for advanced HCC, a favorable tumor response rate of
33.8% was reported (25), and this agent was approved for use
in the treatment of HCC by the Ministry of Health, Labour
and Welfare of Japan, in July 2004. However, it has not been
clarified whether this agent might also be effective for
TACE-refractory HCC. Therefore, we conducted a retrospec-
tive investigation of the efficacy and safety of TAI using cis-
platin in patients with HCC refractory to TACE.

PATIENTS AND METHODS
PATIENTS AND TREATMENT

From July 2004 to September 2008, 84 consecutive patients
with TACE-refractory HCC underwent TAI using cisplatin at
the National Cancer Center Hospital, Tokyo, or the National
Cancer Center Hospital East, Chiba, Japan. TACE-refractory
tumors were defined as those showing an increase in size or
<25% reduction in size of the hypervascular lesions visual-
ized on dynamic computed tomography (CT) and/or mag-
netic resonance imaging (MRI) at 1 month after TACE (30).
TAI was performed by introducing a catheter into the
proper, right or left hepatic artery, or another feeding artery
by the Seldinger technique, and injecting cisplatin at the
dose of 65 mg/m?* over 20—40 min. Until the appearance of
evidence of tumor progression and/or of unacceptable
toxicity, the treatment was repeated every 4—6 weeks for

Jpn J Clin Oncol 2011;41(6) 771

up to six cycles. Antiemetic prophylaxis with a 5-
hydroxytryptamine3 antagonist (granisetron 1 mg) plus
dexamethasone 8 mg was used at the physician’s discretion.
Patients received adequate hydration for protection against
cisplatin-induced renal dysfunction, and the urine output was
carefully monitored, especially during the first 3 days after
intra-arterial administration of cisplatin, and intravenous
furosemide was administered if the output was judged to be
inadequate. In principle, the cisplatin dose was reduced
if the patient’s creatinine clearance decreased to below
50 ml/min.

This retrospective study was conducted with the approval
of the Institutional Review Board of the National Cancer
Center and conducted in accordance with the ethical prin-
ciples stated in Japanese ethics guidelines for epidemiologic
studies.

REsPONSE AND ToxICITY EVALUATIONS

The antitumor effect was evaluated by dynamic CT and/or
MRI performed | month after each treatment cycle, and after
the completion of six cycles, follow-up examinations were
performed every 1—3 months. Responses were evaluated
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) (31). The best overall response was
recorded for each patient. Progression-free survival was
defined as the interval between the date of the initial TAI
treatment using cisplatin and either the date of documen-
tation of disease progression (either radiologic or sympto-
matic progression) or the date of death owing to any cause.
Overall survival was measured from the date of the initial
TAI treatment using cisplatin to the date of death or last
follow-up. Survival curves were estimated using the
Kaplan—Meier method. Toxicities were assessed using the
Common Terminology Criteria for Adverse Events, version
3.0. Statistical analyses were performed using Dr SPSS II
(SPSS Japan Inc., Tokyo, Japan).

RESULTS
PATIENT CHARACTERISTICS

The baseline characteristics of the 84 patients enrolled in
this study are shown in Table 1. The diagnosis of HCC was
made either by histologic examination (44 patients, 52%), or
distinctive findings on CT, MRI and/or angiography associ-
ated with elevated serum levels of a-fetoprotein or protein
induced by vitamin K antagonist 11 (40 patients, 48%). Of
the total, 42 patients each were classified as the Child—Pugh
classes A and B, whereas there were no patients of the
Child—Pugh class C. Twenty-six patients (31%) had tumor
thrombosis in the main and/or first portal vein. Prior thera-
pies other than TACE were hepatectomy (37 patients, 44%),
local ablation therapy (33 patients, 39%), TAI (13 patients,
15%) and systemic chemotherapy (10 patients, 12%) with
non-platinum-containing regimens. The median number of
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772 TAI with cisplatin for TACE-refractory HCC

Table 1. Patient characteristics (n = 84)

Age, median (range) 68 (37-82)
Gender, n (%)

Male 69 (82)

Female 15 (18)
ECOG performance status, n (%)

0 56 (67)

1 26 (31)

2 0(0)

3 2(2)
T factor”

Tl 2(2)

T2 34 (40)

T3a 17 (20)

T3b 31 (37)
Portal vein tumor thrombosis, 7 (%)

Present 26 (31)

Absent 58 (69)
Ascites, n (%)

Present 24 (29)

Absent 60 (71)
Hepatitis virus marker status, n (%)

HBsAg-positive 12 (14)

HCVAb-positive 55 (65)
Child—Pugh class, n (%)

A 42 (50)

B 42 (50)
Number of previous TACE sessions

Median (range) 4 (1-17)
Reason for TACE-refractory disease, n (%)

Progressive disease 69 (82)

Stable disease (under 25% decrease) 15 (18)

AFP (ng/dl)
Median (range)
PIVKA II (mAU/ml)

660.2 (1.7—4 06 500)

Median (range) 600 (1196 390)

ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B surface
antigen; HCVADb, hepatitis C virus antibody; TACE, transcatheter arterial
chemoembolization; AFP, a-fetoprotein; PIVKA, protein induced by
vitamin K antagonist.

T factor was evaluated according to Sobin et al. (32).

previous sessions of TACE was 4 (range 1—17), and the
median period from the first TACE to the date on which the
tumors were judged to be TACE-refractory was 15.8 months
(range 1.0—78.0). The anticancer agents used for the pre-
vious TACE sessions were epirubicin in 79 patients, adria-
mycin in 17 patients and mitomycin C in 5 patients.

TREATMENT DELIVERY AND EFFICACY

In total, 167 cycles of TAI were administered to the 84
patients, with a median of one cycle (range 1—7) per patient.
The median cisplatin dose per treatment session was 100 mg
(range 50—135). A total of 83 patients received the standard
dose of cisplatin in the first session, and the remaining one
patient required a 50% reduction in the dose of cisplatin
even from the first treatment cycle because of pre-existing
renal dysfunction.

Of the study population, one patient showed complete
response and two showed partial response, representing an
overall response rate of 3.6% [95% confidence interval (CI),
0.7—10.1]. Stable disease was noted in 38 patients and pro-
gressive disease in 41 patients. The remaining two patients
were not evaluable as they were lost to follow-up. After
treatment discontinuation, 50 (60%) patients received sup-
portive care only, 32 (38%) received additional anticancer
therapy and 2 (2%) were lost to follow-up. The additional
anticancer therapies were TACE with epirubicin or mitomy-
cin in 18 patients, TAI using non-platinum drugs in 7
patients (including 5-fluorouracil with systemic interferon in
3 patients, epirubicin in 3 patients and zinostatin-stimalamer
in 1 patient), systemic chemotherapy in 5 patients (including
S-1, i.e. a mixture of tegafur, 5-chloro-2,4-dihydropyrimidine
and potassium oxonate, in 3 patients and uracil—tegafur plus
mitoxantrone in 2 patients) and immunotherapy in 2 patients.
By the time of the analysis, except for eight patients who
were still alive but showed disease progression, all of the
patients had died. The median progression-free survival was
1.7 months (95% CI, 1.1-2.3) and the median overall survi-
val was 7.1 months (95% CI, 4.9-9.3), with a l-year survival
rate of 27% (Fig. 1).

ADVERSE EVENTS

Data of all 84 patients were analyzed for adverse events. The
adverse events are summarized in Table 2. In regard to the
hematologic adverse events, thrombocytopenia was the most
common, with 12 (14%) patients developing Grade 3 or 4
thrombocytopenia; however, none of the patients required
platelet transfusions. Grade 3 or 4 leukopenia and neutrope-
nia occurred in only 6 and 4% of the patients, respectively.
There were no events of febrile neutropenia.

The main non-hematologic adverse events were elevation
of the serum aspartate aminotransferase (AST) and serum
alanine aminiotransferase (ALT). Grade 3 or 4 elevation of
the AST and ALT was observed in 33 (39%) and 5 (6%)
patients, respectively. Gastrointestinal adverse events, such
as nausea, vomiting and anorexia, were frequently observed
after intra-arterial administration of cisplatin, but most were
transient and manageable with appropriate medical treat-
ment, such as antiemetic drug administration and intravenous
hydration. There was no serious renal toxicity. Four patients
died within 30 days of the last treatment session: two of
disease progression, one of acute coronary syndrome,
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Figure 1. Overall survival (continuous line) and progression-free survival
(dotted line) in the 84 patients. The marks on the curve represent censored
cases.

Table 2. Adverse events

No. of patients Gr 3/4 (%)

Grl Gr2 Gr3 Gr4

Hematologic toxicity

Leukocytopenia 30 29 5 0 6.0
Neutropenia 11 24 3 0 3.6
Anemia 55 18 6 1 8.3
Thrombocytopenia 36 22 12 0 14.3
Non-hematologic toxicity
Anorexia 45 16 3 0 3.6
Nausea 40 9 3 0 3.6
Vomiting : 11 6 0 0 0
Fatigue 59 11 3 0 3.6
Diarrhea 3 1 0 0 0
Constipation 20 0 0 0 0
Hypoalbuminemia 38 41 1 0 1.2
Elevated serum total bilirubin 28 33 4 1 6.0
Elevated serum aspartate 20 26 31 2 393
aminotransferase
Elevated serum alanine 37 30 4 1 6.0
aminotransferase
Elevated serum alkaline 53 s 1 0 1.2
phosphatase
Elevated serum creatinine 12 1 0 0 0
Gr, grade.

showing no causal relationship with the treatment, and the
remaining one due to known pulmonary artery tumor
embolism.

Jpn J Clin Oncol 2011;41(6) 773

DISCUSSION

In the current study, the response rate to TAI using cisplatin
was only 3.6% in patients with TACE-refractory HCC.
Moreover, the median progression-free survival of only 1.7
months was extremely disappointing. The efficacy of TAI
using cisplatin  for advanced HCC limited to
TACE-refractory tumors was much worse than that reported
from a previous Phase II study in patients with advanced
HCC (response rate, 33.8%) (25). One possible explanation
for this discrepancy in the response rate may be the differ-
ences in the characteristics of the enrolled patients between
the two studies. Most patients in the previous Phase II trial
were TACE-naive, whereas only patients with
TACE-refractory disease were included in the current study.
In our previous study (30), TAI using epirubicin was
reported to have unfavorable efficacy in a subset of patients
with TACE-refractory HCC (response rate, 5%). When HCC
is treated by TACE and/or becomes resistant to TACE, it
might acquire resistance to cytotoxic agents, such as cispla-
tin or epirubicin. Furthermore, to select suitable candidates
for this treatment, the predictive factors for disease control
and survival for more than 12 months were also investigated,
but could not be clarified (data not shown). Therefore, TAI
using cisplatin or epirubicin cannot be recommended at
present for this patient population in clinical practice.
Recently, systemic chemotherapy has become an impor-
tant treatment modality for advanced HCC, because two
RCTs (the SHARP trial and the Asia-pacific trial) of sorafe-
nib versus placebo demonstrated significantly improved
time-to-progression and overall survival in the drug-treated
group, although sorafenib yielded a far-from-satisfactory
response rate of only 2.3—3.3% (33,34). On the basis of the
results of these RCTs, sorafenib is acknowledged as a stan-
dard agent for systemic chemotherapy in patients with
advanced HCC. The efficacy of sorafenib for advanced HCC
refractory to TACE has not yet been clarified, but in both of
the aforementioned studies, the results of exploratory sub-
group analyses in patients treated previously by TACE were
reported. In the subset of patients with a previous history of
treatment by TACE in the SHARP trial, the disease control
rate (DCR) was significantly greater in the patients who were
treated with sorafenib (44.2%) than in those who had
received placebo (34.4%) (35). In addition, a trend towards a
beneficial effect of sorafenib was also observed in relation to
the median overall survival in this subpopulation of patients
{11.9 vs. 9.9 months [hazard ratio (HR), 0.75; 95% CI,
0.49—1.141}. In the Asia-pacific trial, 41% of the enrolled
patients had a previous history of undergoing TACE. The
DCR for sorafenib (24.6%) in these patients was higher than
that for placebo (9.1%) (36). Moreover, a tendency [HR for
death was 0.84 (95% CI, 0.52—1.36)] towards favorable
overall survival was also noted in the HCC patients with a
previous history of TACE treated with sorafenib when com-
pared with that in the same subpopulation of patients who
received placebo. Sorafenib appeared to benefit patients with
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774 TAI with cisplatin for TACE-refractory HCC

advanced HCC, regardless of whether or not they had pre-
viously been treated by TACE. Thus, molecular-targeted
agents, including sorafenib, which exhibit mechanisms of
action different from those of cytotoxic agents, may be
superior for the treatment of HCC refractory to TACE.
Therefore, patients with TACE-refractory HCC are receiving
new molecular-targeted agents in clinical trials, and sorafe-
nib is used as the standard agent for the treatment of
advanced HCC in clinical practice.

In the current study, the most common Grade 3 and 4
adverse events were elevated AST, thrombocytopenia and
anemia, which frequently also reflected the underlying cir-
rhosis. In terms of the gastrointestinal toxicities, only 4% of
the patients experienced Grade 3 anorexia and nausea, and
the symptoms resolved within a few days. Thus, the gastroin-
testinal toxicities were mild and manageable in the current
study. There was no need for dose reduction or discontinu-
ation of cisplatin on account of development of toxicities,
except in one patient each with Grade 2 elevation of the
serum creatinine and Grade 2 fatigue. Thus, advanced HCC
patients showed good overall tolerability to TAI using cispla-
tin, which has also been reported to show favorable efficacy
in these patients (25); in our study confined to
TACE-refractory patients, however, the treatment showed
only modest antitumor activity. TAI using cisplatin may
therefore be easy to administer in combination with some
molecular-targeted agents, such as sorafenib, since its tox-
icity is generally mild and its toxicologic profile is distinct
from that of sorafenib.

In conclusion, TAI using cisplatin appeared to have only
modest activity against TACE-refractory HCC, although this
treatment was feasible and well tolerated. Further develop-
ment of novel treatments is necessary to improve the progno-
sis of patients with TACE-refractory HCC.
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Incidence of hepatocellular carcinoma and response to interferon therapy in
HCV-infected patients: effect of factors associated with the therapeutic

response and incidence of HCC

To the Editor:

Several previous studies reported a significantly
lower incidence of hepatocellular carcinoma (HCC) in
hepatitis C virus (HCV)-infected patients who showed
sustained virological response (SVR) to or relapsed on
antiviral therapy with interferon (IFN) or peginterfer-
on (PEG-IFN), with or without ribavirin compared
with no responders (NR; i.e. partial response, viral
breakthrough, or null-response) (1, 2). The reduction
in HCC incidence was especially marked in patients
with SVR. These results have been taken as evidence
that antiviral therapy has an effect of suppressing the
development of HCC.

Recently reported viral and host factors that are
strongly associated with response to anti-HCV therapy
(3, 4) may also be associated with the pathogenesis of
HCC. Amino acid substitution in the HCV core
region, a viral factor reportedly associated with
response to PEG-IEN and ribavirin therapy (3), is also
associated with the development of HCC (5). Regard-
ing host factors associated with response to anti-HCV
therapy (4), genetic polymorphisms near the IL28 gene
are reportedly associated with hepatic steatosis (6) and
interact with amino acid substitutions in the HCV
core region (7), both of which are associated with the
development of HCC (5, 8).

We analysed the incidence of HCC in 448 patients
who completed anti-HCV therapy with IFN or PEG-
IFN and in whom the genetic polymorphisms near
IL28B gene were analysed after the approval of the
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hospital ethics committee and obtaining written
informed consent. We found significant differences in
the incidence of HCC between patients with SVR
(n = 247), relapse (n=122), and NR (n=79)
(Fig. 1A, P < 0.0001 by Log-rank test). However, the
prevalence of patients having TT genotype at
1s8099917 near the IL28B gene, which is associated
with favourable response to anti-HCV therapy, was
significantly lower in patients with NR (SVR, 85.8%;
relapse, 80.3%; NR, 39.2%; P < 0.0001 by Chi-square
test). In addition, we found significant differences in
the incidence of HCC also according to the genotype
of 158099917 (Fig. 1B, P = 0.0156). Although multi-
variate analysis using Cox proportional hazard model
including age, gender, HCV genotype, and the out-
come of therapy, but not IL28B polymorphisms identi-
fied SVR (P =0.0083) and relapse (P = 0.0493) as
independent factors that were associated with lower
incidence of HCC, it failed to detect an independent
factor that was associated with the incidence of HCC
when IL28B polymorphisms were included. These
results suggested that the previously reported differ-
ences in the incidence of HCC by anti-HCV response
may not have been due to the ability of antiviral ther-
apy to suppress HCC, but rather simply they may
reflect the ability of such treatment to better identify
patients at high-risk for HCC based on response to
anti-HCV therapy.

It is not elucidated whether the results in our pres-
ent analyses were simply due to the small number of
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Fig. 1. Cumulative incidence of hepatocellular carcinoma (HCC) after antiviral therapy with interferon or peginterferon. (A) Incidence of
HCC is significantly lower in patients with sustained virological response (SVR), those with relapse, and those with no response (NR) that
includes partial response, viral breakthrough, or null-response, in that order. (B) Incidence of HCC s significantly lower in patients with
TT genotype at rs8099917 near the /L28B gene, which is associated with the favourable response to antiviral therapy.
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patients analysed or the incidence of HCC after antivi-
ral therapy is similar regardless of response, when they
are stratified by host and viral factors. In addition, our
present analyses failed to examine the association
between amino acid substitutions in the HCV core
region and the incidence of HCC due to the small
number of patients in whom the information of this
substitution was available. Nonetheless, with the emer-
gence of factors that can be independently associated
with both the response to antiviral therapy and the
development of HCC, the effect of response to antivi-
ral therapy with IFN or PEG-IFN on the incidence of
HCC will require re-examination taking IL28B poly-
morphisms and amino acid substitutions in the HCV
core region into consideration.

Hidenori Toyoda and Takashi Kumada
Department of Gastroenterology, Ogaki Municipal Hospital,
Ogaki, Japan
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CLINICAL STUDY

Transarterial Chemoembolization for Hepatitis B
Virus—-Associated Hepatocellular Carcinoma:
Improved Survival after Concomitant Treatment
with Nucleoside Analogues

Hidenori Toyoda, MD, Takashi Kumada, MD, Toshifumi Tada, MD,
Yasuhiro Sone, MD, and Masashi Fujimori, MD

ABBREVIATIONS

AFP = alpha-fetoprotein, HBV = hepatitis B virus, HCC = hepatocellular carcinoma

Transarterial embolization was initially used to treat hepa-
tocellular carcinoma (HCC) by Doyon et al (1) in 1974, and
chemoembolization with gelatin sponge particles and anti-
cancer agents was subsequently developed in Japan to treat
inoperable HCC (2). Despite the increase in the number of
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patients who undergo complete curative treatments such as
hepatectomy or radiofrequency ablation (3), transarterial
chemoembolization continues to have an important role,
both as an initial treatment and as a therapeutic alternative
for recurrent disease (4) because of the advanced nature of
HCC at diagnosis and the high rate of recurrent disease (5).
The benefits resulting from chemoembolization have long
been a subject of debate (6—10), but two randomized trials
found that chemoembolization was associated with higher
survival compared with symptomatic treatment (4,11,12).
Because of poor liver function, patients with HCC do
not always receive chemoembolization. Repeated chemo-
embolization treatments for HCC may cause liver function
to deteriorate despite the fact that the deterioration of liver
function by each chemoembolization treatment would be
mild (13). If repeated chemoembolization treatments are to
be used in cases of HCC recurrence, it is important to
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prevent the worsening of liver function in the intervals
between the treatments for longer survival (14).

Nucleoside analogues against hepatitis B virus (HBV)
have been used since the late 1990s to suppress the repli-
cation of HBV and to normalize transaminase levels. Ther-
apy with nucleoside analogues against HBV is known to
arrest the progression of hepatic dysfunction in patients
with chronic hepatitis B. More recent studies have shown
that these drugs prevent the development of liver failure,
even in the patients with advanced liver fibrosis (15-19).
However, it is unknown whether this beneficial effect of
antiviral therapy translates into longer survival for patients
with concomitant HCC who undergo chemoembolization.
We conducted a retrospective review of our experiences
using chemoembolization to treat HCC in patients with
chronic HBV infection.

MATERIALS AND METHODS

Patients

The complete study protocol was approved by the institu-
tional review board of our hospital and was performed in
compliance with the Helsinki Declaration. Between July
1997 and December 2010, 1,359 patients were diagnosed
with primary HCC at our institution. Chronic HBV infec-
tion was confirmed in 260 of these patients, and 95 of these
260 patients were treated with chemoembolization. Of these
95 patients, 14 underwent treatments other than chemoem-
bolization for recurrent HCC (4 underwent hepatectomy
and 10 underwent radiofrequency ablation), and the remain-
ing 81 patients had been treated with chemoembolization
alone for recurrent HCC tumors. Our study retrospectively
examined these 81 patients.

HCC was diagnosed based on clinical criteria (20) in
all 81 patients. Specifically, the patients had a pertinent
clinical background (chronic HBV infection) and typical
imaging results. The tumor usually was detected by B-mode
ultrasonography with typical HCC imaging features, in-
cluding a hypoechoic tumor or a tumor with a mosaic
pattern with a halo. HCC was diagnosed when a high-
density mass was detected on arterial phase dynamic com-
puted tomography (CT) images combined with a low-den-
sity mass on portal phase dynamic CT images obtained with
a single or multidetector helical CT scanner. All of the
patients with possible HCC tumors underwent angiography
using a unified CT-angiography system (Interventional-CT;
Toshiba, Tokyo, Japan) (21,22). CT during arterial portog-
raphy and CT during hepatic arteriography were also per-
formed to evaluate the progression of HCC (23).

The patients included 67 men (82.7%) and 14 women
(17.3%), with a mean age of 60.6 years = 9.2. The liver
function at diagnosis was Child-Pugh class A in 49 patients
(60.5%). At the time of diagnosis, 52 patients (64.2%) had
multiple initial HCC tumors. HCC was accompanied by
branch portal vein invasion in 18 patients (22.2%), but no

patients had HCC invasion of the main portal vein trunks or
the left or right main portal vein (Table E1).

Chemoembolization for
Hepatocellular Carcinoma

and Follow-Up after Treatment

The treatment decisions were based principally on the Jap-
anese HCC treatment guidelines (24). The patients were
initially assessed for their eligibility for hepatic resection
and subsequent local ablative therapies, including percuta-
neous ethanol injection, percutaneous microwave thermo-
coagulation, and radiofrequency ablation. The patients who
were not eligible for curative treatment with surgery, local
ablative therapies, or a combination of both were offered
chemoembolization. The patients with Child-Pugh class C
(25) liver function and the patients with HCC invasion of
the main portal vein trunks and left or right main portal vein
were not offered chemoembolization. Chemoembolization
was performed by injecting an emulsion of 50 mg of
farmorubicin hydrochloride (Epirubicin; Adria Laborato-
ries, Columbus, Ohio) or 100 mg of cisplatin (IA-Call;
Nihon-Kayaku, Tokyo, Japan) dissolved in 5 mL of iop-
amidol (Iopamiron, 370 mg I/mL; Schering, Tokyo, Japan)
and mixed with 5 mL of iodized oil (Lipiodol Ultra Fluid;
Guerbet, Paris, France). This procedure was followed by an
injection of gelatin sponge particles (Gelfoam; Upjohn,
Kalamazoo, Michigan). The total dose of the injected emul-
sion was determined by the volume of the liver that would
be embolized. An unenhanced CT scan was obtained to
confirm complete deposition of the iodized oil in the lesion
and to complete the treatment.

After the first chemoembolization treatment, the pa-
tients were followed for 2.39-118.6 months (median fol-
low-up period 19.3 months) at our institution with ultra-
sonography and CT or magnetic resonance imaging performed
every 3—6 months. Serum tumor markers (alpha-fetoprotein
[AFP], Lens culinaris agglutinin-reactive AFP, and des-
gamma-carboxy prothrombin) were monitored every 3
months. When elevated tumor markers were detected, an
additional imaging examination (usually CT or magnetic
resonance imaging) was performed to check for recurrence
or progression of HCC. If recurrence or progression was
confirmed, retreatment was considered. Retreatment deci-
sions were also based on the Japanese HCC treatment
guidelines. Repeat chemoembolization was considered as a
retreatment option in patients who had HCC recurrence or
progression.

Statistical Analyses

The intergroup differences were analyzed using x* and
Mann-Whitney U tests for categorical and quantitative data.
The date of the initial HCC treatment (chemoembolization)
was defined as time zero when calculating the patient
survival rates. Surviving patients and patients who died
from causes other than liver disease were censored in the
survival analysis. Patients whose death was caused by HCC
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Volume xx ® Number x m Month m 2012

Nucleoside Analogues (+)

Nucleoside Analogues (—)

(n = 21) {n = 60) P Value
Age (mean = SD, y) (range) 60.3 = 8.9 (46-81) 60.6 = 9.3 (37-78) .7957
Sex ratio (female/male) 3(14.3%)/18 (85.7%) 11 (23.3%)/49 (76.7%) 9274
Child-Pugh class (A/B) 14 (66.7%)/7 (33.3%) 35 (58.3%)/25 (41.7%) 6773
Albumin (mean *+ SD, g/dL) 3.65 = 0.45 3.33 £0.79 .0372
Total bilirubin (mean = SD, mg/dL) 1.22 = 0.72 0.98 = 0.85 .0844
15-minute retention rate of ICG (%)* 24.8 +12.3 19.6 = 13.8 .0691
Prothrombin (%) 81.1 £ 19.5 79.7 £20.4 .8209
Platelet count (X 1,000/mL) 112 = 52 143 £ 82 .1867
Tumor size {mean + SD, cm) (range) 4.30 + 2.94 (1.2-11.5) 4.40 + 3.24 (1.0-16.0) .8083
Tumor size (= 2cm/>2cm and = 5cm/>5cm)  4(19.0%)/11 (52.4%)/6 (28.6%) 17 (28.3%)/25 (41.7%)/18 (30.0%) 6282
Tumor number (single/multiple) 9(42.9%)/12 (57.1%) 20 (33.3%)/40 (66.7%) 4333
Portal vein invasion (absent/present) 18 (85.7%)/3 (14.3%) 45 (75.0%)/15 (25.0%) 4744
AFP (median, ng/mL) (range) 56.7 (0.9-3,132) 61.4 (0.8-1,304,200) 7836
AFP (= 20 ng/mL/< 20 ng/mL) 13 {61.9%)/8 (38.1%) 35 (58.3%)/25 (41.7%) 9746
AFP-L3 (median, %) (range) 0.5 (0-64.0) 6.2 (0-60.7) .3658
AFP-L3 (= 10%/< 10%) 7 (33.3%)/14.{66.7%) 24 (40.0%)/36 (60.0%) 7769
DCP (median, mAU/mL) (range) 94.0 (16-8,000) 62.0 (10-75,000) 7997
DCP (= 40 mAU/mL/< 40 mAU/mL) 13 (61.9%)/8 (38.0%) 41 (68.3%)/19 (31.7%) .7854

AFP = alpha-fetoprotein; AFP-L3 = Lens culinaris agglutinin-reactive AFP; DCP = des-gamma-carboxy prothrombin; ICG =

indocyanine green test.
* ICG test was not performed in 14 patients.

or liver failure were not censored. The survival function
was estimated using the Kaplan-Meier product-limit
method (26), and the log-rank test (27) was used to analyze
the differences in survival.

The Cox proportional hazards model (28) was used to
perform a multivariate analysis of the factors related to
survival. The following variables were analyzed: patient
age and sex, Child-Pugh class (A/B), tumor size (< 2 cm/>
2 cm and = 5 cm/> 5 cm), number of tumors (single/
multiple), portal vein invasion (absent/present), and treat-
ment with nucleoside analogues against HBV. The data
analyses were performed using JMP statistical software,
version 6.0 (Macintosh version; SAS Institute, Cary, North
Carolina). All P values were derived from two-tailed tests;
P < .05 was considered statistically significant.

RESULTS

Comparison of Patient Characteristics

According to Nucleoside Analogue Intake

The anti-HBV nucleoside analogues had been administered
to 21 of the 81 patients (25.9%). Among the 21 patients
who had received nucleoside analogues, 7 patients had
already been taking nucleoside analogues at the initial HCC
diagnosis, and the remaining 14 patients started nucleoside
analogues after diagnosis of HCC. Seven patients were
taking 100 mg of lamivudine (Zefix; GlaxoSmithKline,
Tokyo, Japan), eight patients were taking 0.5 mg of ente-
cavir (Baraclude; Bristol-Myers Squibb, Tokyo, Japan), and

six patients were taking lamivudine and 10 mg of adefovir
dipivoxil (Hepsera, GlaxoSmithKline) because of the emer-
gence of lamivudine-resistant HBV. Table 1 compares the
background characteristics of the patients who had and had
not been treated with nucleoside analogues. There were no
significant differences between these two groups in patient
age and sex, liver function, and tumor progression, although
the serum albumin levels were higher in the patients who
received nucleoside analogues.

Influence of Nucleoside Analogue
Treatment on Survival and

Progression-Free Survival

Table 2 shows the number of chemoembolization treat-
ments that were performed for initial and recurrent HCC
with respect to the nucleoside analogue intake. Chemoem-
bolization could not be performed more than four times in
the patients who had not received nucleoside analogues;
however, it was performed more than four times in one-
third of patients who did receive them. The number of
chemoembolization treatments was significantly higher in
the patients who had received nucleoside analogues than in
the patients who were not treated with nucleoside analogues
(P = .0022). In the patients who underwent chemoembo-
lization treatments repeatedly, the interval between two
chemoembolization treatment sessions did not differ signif-
icantly between the patients who were and were not treated
with nucleoside analogues (6.27 months % 2.66 in patients
without nucleoside analogues vs 6.71 months + 2.71 in
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No. Transarterial

Chemoembolization Procedures 1 2 3 4 5 6 7 8
Nucleoside analogues (=) (n = 60) 28(46.7%) 20(33.3%) 7(11.7%) 5(8.3%) 0 0 0 0
Nucleoside analogues (+) (n = 21) 5(23.8%) 4(19.0%) 5(23.8%) 0 3(14.3%) 1(4.8%) 1(4.8%) 2(9.5%)

= Nucleoside analogues (-) (n=60) e Nucleoside analogues (-) (n=60)

------- Nucleoside analogues (+) (n=21)
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Figure 1. Plot of the Kaplan-Meier product-limit functions for
survival after transarterial chemoembolization for initial HCC in
the patients who did and did not receive nucleoside analogues.

patients with nucleoside analogues; P = .3893). The rea-
sons for not offering further chemoembolization treatments
to patients who did not receive nucleoside analogue therapy
were emerging signs of liver failure (including ascites,
jaundice, and hepatic coma) in 29 (48.3%) patients, pro-
gression to Child-Pugh C liver function in 18 (30.0%)
patients, and progression of HCC (including extrahepatic
metastases and invasion of the main portal vein trunks and
left or right main portal vein) in 13 (21.7%) patients. The
reasons for not offering further chemoembolization to the
patients who did receive nucleoside analogue therapy were
emerging signs of liver failure in 6 (28.6%) patients, pro-
gression to Child-Pugh C liver function in 4 (19.0%) pa-
tients, and HCC progression in 11 (52.4%) patients. Further
chemoembolization was denied because of HCC progres-
sion more frequently in patients who were treated with
nucleoside analogues (P = .0174).

Figure 1 shows the survival curves for the two patient
groups. The 1-year, 3-year, and 5-year survival rates were
89.5%, 66.8%, and 40.5% in the patients treated with nu-
cleoside analogues and 72.6%, 27.5%, and 14.3% in the
patients who did not receive nucleoside analogues. The
survival rate was significantly higher in the patients who
were treated with nucleoside analogues (P = .0051). By
contrast, there was no difference in the progression-free
survival rates between the two groups (P = .2556) (Fig 2).

A multivariate analysis was performed to examine the
factors that influenced survival after chemoembolization for
the initial HCC (Table 3). Multiple tumors and portal vein

----- Nucleoside analogues (+) (n=21)
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Progression-free
survival rate (%)
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Figure 2. Plot of the Kaplan-Meier product-limit functions for
progression-free survival after transarterial chemoembolization
for initial HCC in the patients who did and did not receive
nucleoside analogues.

invasion at the initial HCC diagnosis independently re-
duced the survival rate, and nucleoside analogue intake was
an independent factor that increased the survival rate. When
multivariate analysis included the number of chemoembo-
lization treatments as an independent variable, the number
of chemoembolization treatments was an independent fac-
tor associated with improved survival, and the statistical

significance of nucleoside analogue intake disappeared
(Table E2).

DISCUSSION

The results of the present study showed an association of
nucleoside analogue therapy with longer survival in pa-
tients with HBV-associated HCC who were treated with
chemoembolization for initial and recurrent disease. A mul-
tivariate analysis showed that nucleoside analogue intake
was an independent factor that affected patient survival.
However, the statistical significance of nucleoside analogue
intake for improved survival disappeared when the multi-
variate analysis included the number of chemoembolization
treatments as an independent variable, and the number of
chemoembolization treatments was the factor that most
affected survival. The patients who had received nucleoside
analogues underwent a significantly greater number of che-
moembolization treatments for HCC than the patients who
were not treated with nucleoside analogues. Taken together,
these results suggest that the association between nucleo-
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