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we assumed that a probe was subjected to founder hyper or hypomethylation, if AR > 0.3 or AB
< 0.3 in all the samples of the case, respectively. Progressor methylations were identified as
done for progressor CN alterations; we searched for differentially methylated probes among
every pair of the sample groups divided by mutation-based evolutionary tree. For each probe,
we obtained difference of mean methylation between every pair of the sample groups, and

the maximum difference as a statistic A’B. For a threshold value 8, we obtained probes of which
|A’B| >6 as probes subjected to Progressor methylations. For each case, 8 was adjusted so that
FDR was 0.1. The FDR was calculated by permutation of the samples. The progressor methyla-
tions were further divided into progressor hyper and hypomethylations based on plus and
minus of AB averaged across the samples. For making heat maps of multiregional methylation
profiles in Fig 1, 10000 probes subjected to founder and progressor methylations were ran-
domly sampled, due to the large number of the probes meeting the criteria. Similarly, Fig 44
was made for randomly sampled 6000 probes that had |AB] > 0.3 at least one sample of any
case, which seems sufficient to provide an overview of the methylomes.

Analysis of methylation variance

For each probe, we calculated inter- and intra-variance {(variance among cases and within
cases). Our approach was based on partitioning of the sum of squares, which is utilized in
ANOVA. Assuming that each of k groups has #; variables, x;; the total sum of square $Sr-is
decomposed into between- and within-group sum of squares, SS,, and $S:
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In our setting, case 2-8 can be regarded as the k groups while the B-values of each sample
can be regarded as x; Inter- and intra-variance were measured by $S,, and $S,, respectively.

Expression profiling

mRNA expression profiling were performed with oligonucleotide microarrays (Whole Human
Genome Microarray Kit, 4x44K, Agilent Technologies) as described previously [34]. Multire-
gional gene expression profiles obtained from the microarray experiments were quantile nor-
malized and subjected to the ComBat method [35] to remove batch effects. The EEM method
[38] was then applied to the multiregional gene expression profile and the GO and curated Cp
entries in MSigDB (hitp:/fwwiw broadinstitute.org/gsealmsigdb/), to obtain module activities
of significant expression modules as expression signatures.

Simulation

1) The BEP model.  We computationally simulated BEP employing a cellular automaton
model, which assumes each cell in a tumor as a cellular automaton (516 fig). A cell has a
genome containing # genes, each of which is represented as a binary value, 0 (wild) or 1
(mutated). Namely, the genome is represented as a binary vector g of length #. In a unit time
step, each cell in the simulated tumor dies with a probability 4. If the cell does not die, the cell
then divides with a probability p. Before the cell division, we mutate the genome vector g: each
of 0 elements of g is set to 1 with a probability . The first d genes in g are assumed as driver
genes, whose mutations accelerate the division speed. A normal cell without any mutations has
a division probability pg, and acquisition of one driver mutation increases p by 10"-fold in the

i
next time step; i.e., p = po - 10%, where k = 3~ g, the number of mutated driver genes. The
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death probability is fixed as g = go. Let ¢ and ¢ denote the size of the simulated cell population
and the number of the time steps, respectively. We started a simulation with ¢, normal cells
and repeated the unit time step while population size ¢ < ¢« and time step t <ty A flow-
chart of the simulation was shown as 3214 Fig. In this study, we set parameter values as fol-
lows: 11 = 300, pg = 0.001, go = 1077, ¢y = 10, (e = 10° and t0 = 5x10% 1, £, and d were
subjected to parameter fitting as described below.

2) Simulated tumor growth in a two-dimensional space. We designed a simulated tumor
to grow in a two-dimensional square lattice where each cell occupies one lattice point. In the
beginning, ¢, cells are initialized as close as possible to the center of the lattice, When a cell
dies, the occupied point is cleared and becomes empty. When a cell divides, we place the
daughter cell in the neighborhood of the parent cell, assuming the Moore neighborhood (i.e.,
eight points surrounding a central point). If empty neighbor points exist, we randomly select
one point from them. Otherwise, we create an empty point in any of the eight neighboring
points by the following procedure. First, for each of the eight directions, we count the number
of the consecutive occupied points that range from each neighboring points to immediately
before the nearest empty cell as indicated in $218 Fig. Next, any of the eight directions is
selected with a probability proportional with 171, where [; (1 < i < 8) is the count of the conse-
cutive occupied points for each direction. The consecutive occupied points in the selected
direction are then shifted by one point so that an empty neighboring point appears as shown in
$21C Fig. Note that simulation results are dependent on the order of the division operation in
the two-dimensional square lattice. We first marked cells to be divided and applied the division
operation to the marked cells along an outward spiral starting from the center. In each round
on the spiral, the direction was randomly flipped in order to keep spatial symmetry. An exam-
ple of such spirals was shown in 821D Fig.

3) In silico multiregional sequencing. We also performed multiregional sequencing of
the simulated tumor in silico. We assumed 25 small square lattices of 31x31 that are evenly dis-
tributed in the whole square lattice where the tumor was spread (e.g. boxes in 821F Fig). To
obtain multiregional profiles of s samples, s small square lattices were randomly selected from
the small square lattices where at least a half of lattice points were occupied by cells (e.g. filled
boxes in S21E Fig). In each of the s regions, the proportions of mutated cells for each gene were
obtained as a VAF. We then set VAFs that do not exceed 0.3 were set to 0; this filtering step
was based on an assumption that multiregional sequencing misses low-frequency variants.
Finally, the VAFs were represented as an nxs multiregional mutation profile matrix whose
rows and columns represent genes and samples, respectively.

4) Parameter fitting. We fitted parameters of the BEP model to the real data by employing
an approximate Bayesian computation approach [37]. Since the real multiregional mutation
profiles were commonly characterized by the presence of founder and unique mutations, we
focused on the proportion of founder and unique mutations per sample as summary statistics,
¢ and 6. Namely, for a given multiregional mutation profile matrix, ¢ is obtained as the num-
ber of rows (genes) which have non-zero elements in all columns (samples), while 0 is obtained
by counting the number of rows which have non-zero elements uniquely in each column and
averaging the number over the 5 columns.

We first obtained observed values of the summary statistics in the real multiregional muta-
tion profiles of our 9 cases. Since ¢ and 8 are dependent on the number of multiregional sam-
ples, we fixed s to 5, which is the minimum number of samples in the 9 cases. For case 4 and 9,
which contained 5 samples in cach, we simply calculated ¢ and 8. For the other samples that
contained more than 5 samples, we performed downsampling to obtain 10 mutation profile
matrices of 5 samples, and averaged ¢ and 8 over the 10 trials. $17.4 Fig shows ¢ and 8 while
§17B Fig shows multiregional mutation profiles for each case. From ¢ and 8 of the 9 cases, we
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estimated the observed values as ¢ = 0.71820.115 and 0 = 0.138£0.040 {(meanzstandard
deviation).

We next performed the simulation with different parameter settings to evaluate which
parameter setting leads to summary statistic values similar to the observed ones. Here, d (the
number of driver genes), f (strength of driver genes) and r (mutation rate) were subjected to
parameter fitting analysis. We prepared 10 integers from 1 to 10 as d; 10 numbers from 0.1 to
1.0 incremented by 0.1 as £ and 0.0001, 0.0003, 0.001, 0.003, and 0.01 as r, and take every com-
bination of the parameter values as done in grid search. This leads to 10 x 10 x 5 = 500 parame-
ter settings, for each of which the BEP simulation was repeated 50 times. For the 50 simulated
tumors from each parameter setting, we then performed in silico multiregional sequencing
with s = 5 to obtain ¢ and . Finally, for each parameter setting, the proportion of instances
whose statistics (both ¢ and 6) fall within 1 standard deviation from the mean of the observed
values was calculated and visualized as heat maps in 5184 Fig, From this data, we found that
the BEP model can produce multiregional profiles similar to those of our 9 cases if a high muta-
tion rate, a sufficient number and sufficient strength of driver genes (e.g., r = 0.01, d20.4 and
20.8) are assumed. S18B Fig shows representative multiregional mutation profile matrices
from simulations with such parameter settings.

5) Analysis and visualization of si ion data. Based on the parameter fitting analysis,
we fixed parameter as r = 0.01, d = 6, and f = 0.8 in the following analysis. From a tumor simu-
lated with this parameter setting, we randomly sampled m cells (here, we set m = 500} to obtain
an nxm single-cell mutation profile matrix, each of whose nz columns is the n-dimensional
genome vector g for each cell. We obtained color labels for each cell, as done for the sample
color labels in the real data. Namely, we applied principal component analysis to the single-cell
mutation profile matrix and mixed RGB colors according to dimension-reduced genome vec-
tors. Each cell on the two-dimensional square lattice was colored with the corresponding color
label (Fig 5A). The single-cell mutation profile matrix was visualized as a cluster heat map
together with the color labels on the top (Fig 58). We also applied in silico multiregional profil-
ing with s = 8 to obtain a multiregional mutation profile matrix, which was also visualized as a
heat map (Fig 5C). Its color labels were prepared using the PCA loading vectors calculated
from the single-cell mutation profile matrix. Evolutionary snapshots of the same tumor were
presented in $20 Fig while four other instances from independent simulation trials were pre-
sented in 519 Fig. To calculate the distribution of VAFs (Fig 5D) and proportion of driver
genes (Fig 5E) in different categories of mutations, 20 multiregional mutation profile matrices
were obtained from independent simulation trials. Rows of the 10 matrices were then catego-
rized into “founder” (having non-zero elements in all columns), “shared” (having non-zero ele-
ments in not all but multiple columns), “unique” (having non-zero elements uniquely in any
column), and “unmutated” (having zero elements in all columns). The distribution of VAFs
was obtained by extracting non-zero elements from the rows of each category. The proportion
of driver genes was obtained by counting rows associated with driver genes in the rows of each
category.

Supporting Information

S§1 Fig. Depth of whole exome sequencing. (A) Mean depth of each sample. (B) Fractions of
the target region covered with at least 10x, 20x and 30x depth.
(PDF)

S2 Fig. Evidence of subclonal mixing. We searched for progressor mutations that were shared
by distant branches in the evolutionary trees of the 9 cases, and found clear examples of such
singular mutations in case3 and case7. The heat maps show VAFs of the singular mutations
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from exome and targeted deep sequencing for case3 and case7, respectively. Timings of subclo-
nal mixing events were inferred and indicated by red arrows on the evolutional trees.
(PDF)

S3 Fig. Pathway-level view of genomic ITH. (A) The color table shows whether any member
of the 5 driver pathways was disrupted by founder and progressor genomic alterations (i.e.,
mutations or focal CN alterations) in the 9 cases. The driver pathways and their members were
obtained from the TCGA paper [8]. (B) Genomic alteration profiles of the driver pathway
members in each of the 9 cases.

(PDF)

S4 Fig. The number of founder, shared and unique mutations.
(PDF)

85 Fig. Correlations between mutation counts and patients’ ages. In addition to our data,
multiregional mutation data from previous clear cell renal cell carcinoma [3] and pancreatic
cancer [2] studies were analyzed. p’s are Spearman’s correlation coefficients.

(PDF)

$6 Fig. Validation for using clonal and subclonal mutations as surrogates of founder and
progressor mutations. (A) The Sciclone analysis [38] was performed on three representative
samples. (B) For each of the clonal and subclonal mutations estimated based on cancer cell
fraction, proportions of founder, shared and unique mutations were presented. This analysis
was performed for samples whose purities exceed 0.6. The result demonstrated that, when we
focused on each single sample, founder and progressor mutations tended to exist as clonal and
subclonal mutations, respectively.

(PDF)

S7 Fig. Mutational analysis using TCGA data. (A) Correlations between mutation rates and
patients’ ages. P-values were calculated by The Wilcoxon rank-sum test. (B) Mutational signa-
ture analysis. (C) For each base substitution type, the number of patients having the larger
number of clonal or subclonal mutations was shown. P-values were calculated by the binomial
test,

(PDF)

S8 Fig. Mutational signatures in the trinucleotide context. (A) Founder and progresor muta-
tions in the 9 cases were divided into 96 substitution patterns based on mutated bases and their
5" and 3’ flanking bases, and the percentages of each substitution pattern were plotted as a bar
plot. (B) Clonal and subclonal mutations in the TCGA samples were analyzed as in A.

(PDF)

$9 Fig. Multiregional CN profiles. The heat maps show LRR across chromosomes in each
sample.
(PDF)

$10 Fig. Density plot showing distributions of inter- and intratumor variance for each cate-
gory of probes.
(PDF)

S11 Fig. Classification of the CIMP and non-CIMP subtypes. Methylation datasets of 529
TCGA COADREAD samples were obtained from hittps:/tega-data.ncinih.gov/tega/. For the
2000 probes showing the highest variance in the TCGA samples, we made clustered heat maps
of B values for only the TCGA samples (A) and the TCGA samples mixed with our samples
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(B). Based on this result, we classified cases 5 and 9 into the CIMP subtype.
(PDF)

$12 Fig. Differential contribution of different types of epigenetic domains to intratumor
and intertumor variance. Enrichment scores for intratumor (A) and intertumor (B) variance
were calculated as in Fig 48. Classification of chromosomal regions was based epigenetic status
in normal colon tissue, which is profiled by the NIH Roadmap Epigenomics Consortium [13].
(PDF)

$13 Fig. The number of probes subjected to founder and progressor methylation.
(PDF)

S14 Fig. Multiregional methylation profiles of epigenetic marker genes. The heat map
shows AP values of probes contained by the CpG island promoters of the epigenetic gatekeep-
ers [14] and CIMP-related genes {39].

(PDE

§15 Fig. Correlations between methylation and patients’ ages in the TGGA samples. We
assumed that hyper- and hypomethylated probes have AB> 0.3 and AB< -0.3, respectively.
CpG island hypermethylation was significantly correlated with patients’ ages. r’s are Pearson’s
correlation coefficients and p-values were calculated by the Pearson's correlation test.

(PDF)

816 Fig. A schema of the BEP model. A cell has n genes, d out of which are driver genes. In
this schema, n = 10 and d = 4, and red and blue boxes denote driver and non-drive genes,
respectively. In a unit time step, a cell divides or dies with probabilities p and g, respectively.
During each cell division, each gene is randomly mutated with a probability r, and one driver
mutation, which is denoted by a red cross, increases p by 10' -fold.

(PDF)

S$17 Fig. Parameter fitting 1. (A) Observed values of summary statistics in the real data. The
proportion of founder and unique mutations were obtained for 9 cases. For each of the cases
except cased and case9, downsamplings were performed to obtain 10 multiregional profiles of
5 samples and the statistics were averaged over the downsampling trials. The error bars indicate
standard deviations for the downsampling trials. Finally, an “average” over the 9 cases was
obtained as an estimate of the observed value of each summary statistic. The error bars at
“average” indicate standard deviations over the 9 cases. (B) Multiregional mutation profiles
from the real experiments. For the cases except case4 and case9, representative samples from
the 10 downsampling trials were presented as in Fig 5C.

(PDF)

518 Fig. Parameter fitting 2. (A) The proportion of simulation instances fitted to the real
data. The proportion of simulation instances whose statistics fall within 1 standard deviation
from the mean of the observed values was calculated for each parameter settings and visualized
as heat maps (B) Multiregional mutation profiles from the simulations, Representative
instances from simulation with indicated parameter settings were presented as in Fig 5C. Left
blue bars indicate driver genes.

(PDF)

$19 Fig. Four tumors from independent simulation trials. Simulated tumors, simulated sin-
gle-cell and multiregional mutation profile matrix from four simulation trials are shown as in
Fig 3A-5C.

(PDF)
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520 Fig. Simulated tumor growth. (A) $nap shots of growing tumors in a simulation. Differ-
ently colored cell populations represent each clone. (B) A growth curve of the simulated
tumor. The snap shots were obtained at each plotted point. (C) Single-cell mutation profiles of
the simulated tumor during growth. Timing at which the mutation profiles were obtained are
indicated by red rectangles in (A) and red plotted points in (B). Top colored bars represent
cach clone while left blue bars represent driver genes.

(PDF)

$21 Fig. Illustration of our simulation method. (A) A flowchart of our simulation. (B, C, D,
and E,) illustration of division operation. See the simulation section in Materials and Methods.
(PDF)

S1 Table. Information of 9 colorectal cancer cases.
(XLSX)

$2 Table, Information of 84 analyzed samples.
(XLSX)

S3 Table. Information of detected mutations.
(XLSX)
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Sarcopenia is a poor prognostic factor following hepatic
resection in patients aged 70 years and older with

hepatocellular carcinoma

Norifumi Harimoto, Tomoharu Yoshizumi, Masahiro Shimokawa, Kazuhito Sakata,
Kouichi Kimura, Shinji Itoh, Toru lkegami, Tetsuo Ikeda, Ken Shirabe and Yoshihiko Maehara

Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Aim: The present study investigated the effect of sarcopenia
on short- and long-term surgical outcomes and identified poten-
tial prognostic factors for hepatocellular carcinoma (HCC) follow-
ing hepatectomy among patients 70 years of age and older.
Methods: Patient data were retrospectively collected for 296
consecutive patients who underwent hepatectomy for HCC with
curative intent. Patients were assigned to two groups according
to age {younger than 70 years, and 70 years and older), and the
presence of sarcopenia. The clinicopathological, surgical out-
come, and long-term survival data were analyzed.

Results: Sarcopenia was present in 112 of 296 (37.8%) patients
with HCC, and 35% of patients aged 70 years and older. Elderly
patients had significantly lower serum albumin levels, prognos-
tic nutrition index, percentage of liver cirrhosis, and histological

intrahepatic metastasis compared with patients younger than
70 years. Overall survival and disease-free survival rates in pa-
tients with sarcopenia correlated with significantly poor progno-
sis in the group aged 70 years and older. Multivariate analysis
revealed that sarcopenia was predictive of an unfavorable
prognosis.

Conclusion: This retrospective analysis revealed that
sarcopenia was predictive of worse oversll survival and
recurrence-free survival after hepatectorny in patients 70 years
of age and older with HCC.

Key words: elderly, hepatectomy, hepatocellular carcinoma,
prognosis, sarcapenia

INTRODUCTION

Tf’ll% WORLD'S POPULATION is rapidly ageing. Be-
tween 2000 and 2050, the proportion of the world’s
population aged over 60 years will double from approxi-
mately 11% to 22%' and the age of patients with some
malignancies has also been increasing, In such a society,
abuse of elderly people is an important public health
problem. In 1989, Irwin Rosenberg” proposed the term
“sarcopenia” 1o describe the age-related decline of musdle
mass. Sarcopenia is a syndrome characterized by the pro-
gressive and generalized loss of skeletal musde mass and
strength, with a risk of adverse outcomes such as physical
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disability, poor quality of life, and death.>™” It is the result
of multiple physiologic derangements, ultimately resulting
in an insidious functional decline. Skeletal muscle mass is
highly important in immune function, glucose disposal,
protein synthesis, and mobility; therefore, decreases in
skeletal muscle can result in a plethora of physiologic im-
pairments.® Traditional measures of nutritional assess-
ment, such as body mass index and serum albumin, do
not accurately predict outcome in the injured elderly. In
the future aging society, patients with sarcopenia will be
a social issue,

Sarcopenia represents not only a potential new predictor
for mortality and discharge disposition, but was also iden-
tified as a poor prognostic factor for pancreatic cancer, co-
lorectal liver metastases, melanoma, liver cirthosis, and
Jiver transplantation.”™ ¥ We previously published that
sarcopenia was predictive of a worse 0S8 even when ad-
justed for other known predictors in 186 patients with
HCC after hepatectomy.'? Because of advances in the diag-
nosis and management of HCC, significant improvements
in OS and DFS rates for HCC after hepatectomy have been
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achieved. In particular, sufficient evidence exists that hepa-
tectomy can be safely undertaken in selected elderly pa-
tients.' 1% However, even when curative resection is
carried out, a considerable number of patients develop
intrahepatic or extrahepatic recurrence postoperatively.
The prognostic assessment of patients with HCC after hep-
atectomy and recurrence in this population are important
clinical issues.'”™ " Both tumor- and host-related factors
are related to the clinical outcome, but it is difficult to eval-
uate the general condition of patients excluding liver
function before hepatectomy, especially in elderly pa-
tients. Conventional methods, such as the Child-Pugh
classification, were the first systematic approaches used 10
determine the severity of cirthosis and select the patients
who could tolerate hepatic resection; however, these
methods do not reflect the patient’s general condition.
Given this background, predicting the clinical and prog-
nostic outcome of HCC patients in elderly is of consider-
able importance.

In this study, a retrospective study was carried out at our
institution to investigate the outcome of elderly patients
with sarcopenia who underwent hepatic resection. The
outcome of these patients was compared to that of patients
without sarcopenia undergoing hepatic resection during
the same period.

METHODS

Patient characteristics

LL PATIENTS WHO underwent curative hepatic resec-

tion as initial treatment at the Department of Surgery
I, Kyushu University Hospital (Fukuoka, Japan) from
January 2004 to December 2013 were enrolled in this
study. Curative resection was defined as complete macro-
scopic removal of the tumor. All patients underwent pre-
operative CT in Kyushu University Hospital. A transverse
CT image of the third lumbar vertebrae (1.3} in the inferior
direction was assessed from each scan. Skeletal muscle was
identified and quantified by Hounsfield unit thresholds of
29 10 +150 according (o a previous report.™'* According
to the Hounsfield unit scale, the radiodensity of water is
0 U and that of air is - 1000 U. Multiple muscles were iden-
tified, including the psoas, erector spinae, quadratus
lumborum, transversus abdominis, external and internal
obliques, and rectus abdominis as a previous report. The
CT'measurement was calibrated with water and air at fixed
intervals. The cross-sectional areas {cm?) of skeletal mus-
cles in the L3 region were measured by manual outlining
on the CT images and checked by the radiologist. The for-
mulae to calcudate skeletal musde area were 126.9 » BSA — 66.2
in men and 125.6=BSA— 81.1 in women according 10 a

#2016 The Japan Society of Hepatology
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previous report by Yoshizumi et al*® Using these formulae,
sarcopenia in Japanese patents was defined so that the actual
skeletal muscle area was 85% smaller than the caleulated skeletal
muscle area. The dinicopathological backgrounds and rates of
OS and RFS were compared between the two groups, which
were divided according to the presence of sarcopenia.

The prognostic factors were examined with respect to OS
and RFS on the basis of the following variables: sarcopenia
(absence vs presence); skeletal muscle mass; age; gender
(male vs female); body mass index; HBs Ag (HBs Agl+]
vs HBs Ag|—]); HCV antibody (HCV[+] vs HCV|—-|; serum
albumin level; serum total bilirubin level; serum aspartate
aminotransferase level; platelet number; ICGR15; C reac-
tive protein; PNI; Child-Pugh dlassification (A vs B); histo-
togical liver cirrhosis {normal liver + chronic hepatitis vs
liver fibrosis and liver cirrhosis); tumor size; tumor num-
ber (solitary vs multiple); TNM stage according to the Liver
Cancer Study Group in Japan®' (1+ 1 vs I+ IV); tumor dif-
ferentiation (well differentiated + moderately differenti-
ated vs poorly differendated); microvascular invasion
(absence vs presence); im (absence vs presence); serum -
fetoproiein level; des-y-carboxy prothrombin level; opera-
tive procedure (anatomical vs non-anatomical }; operative
tirne; estimated blood loss; and postoperative complica-
tion {absence vs presence). The patients with diabetes were
defined as the use of oral hypoglycemic agent or insulin.
Postoperative complications within 1 month after hepa-
tectomy, included liver failure, encephalopathy, gastroin-
testinal bleeding, i.p. abscess, abdominal hemorrhage,
bile leakage, pleural effusion, intractable ascites, and
woungd infection. The more severe Clavien-Dindo grade
11 complications,”” which required surgical interventions,
were defined as the presence of postoperative complication.

Surgical procedures

The details of surgical techniques and patent selection
critesia have been reported previously.”” Qur criteria for
hepatic resection were that ascites was not detected or were
controllable by diuretics, serum total bilirubin level was
«<2.0 mg/mi, and the JCGRI5 value was less than 40%.
‘These included a J-shaped incision for routine abdominal
access, a slow and gente hepatic dissection using an ultra-
sonic dissector with a coagulator {CUSA Excel; Integra,
Plainsboro, NJ, USA), with systematic ligation of all siz-
able vessels, and close ultrasonographic guidance along
the transection line. Cholecystectomy was carried out in
all patients if the gallbladder was present. An intraopera-
tive bile leakage test was routinely undertaken to identify
bile leakage. With this procedure, we recognized small bile
leakage sites on the cut liver surface and could repair them
by Z-suturing using 6-0PDSII (Johnson & Johnson, Tokyo,
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Japan). Intraoperative vascular control was achieved by the
Pringle maneuver.”?

Follow-up strategy and recurrence pattern

After discharge, all patients were examined for recurrence
by ultrasonography and tumor markers, such as o~
fetoprotein and des-y-carboxy prothrombin, every month
and by Cl every 6 months, When recurrence was

Sarcopenia in elderly patients with HCC 3

suspected, additional examination such as hepatic angiog-
raphy were carried out. We treated recurrent HCC by repeat
hepatectomy, ablation therapy, and lipiodolization, ac
cording to a strategy described previously.””

Histological study

All of the resected specimens were cut into serial 5-10-
mm-thick slices and fixed in 10% formalin, After

Table 1 Comparison of clinicopathological factors between two groups of patients with hepatocellular carcinoma (HCC), classified by

age

Variables <70 years (n=157) 270 years {(n=139) Pvalue
Male / female 123/34 98/41 0.122
HBV 20 (18.0%) 8 (10.19) 0.243
HCV 65 (58.6%) 51 {68.0%} 0.250
Skeletal muscle mass, cm?/m’ 744119 709£128 0.018
Sarcopenia (+) 55 (35.0%) 57 (41.0%) 0.337
Body mass index, kg/m? 228531 231233 0356
Diabetes mellitus 49 {31.2%) 38 (27.3%) 0495
Albumin, g/dL 4.0£03 39205 0.009
Total bilirubin, mg/dL 0804 0.7+04 0.307
AST, IU/L 5136 5646 0475
Platelet count, 10*/uL 154264 163£6.8 0.230
ICGRI5, % 13.827.6 14.7+74 0.337
CRP 04112 041218 0.997
PN 48.4£6.3 46.126.4 0.002
Child-Pugh A/ B 151/6 131/8 0.190
Hepatitis grade,

none / mild / severe 13/80/18 11/55/9 0.652
Liver cirrhosis, nl+ ch/if + lc 71786 §3/56 0.006
Tumor size, cm 4.0+3.2 4.0x29 0.989
Solitary / multiple 121/36 113/23 0171
Stage, I/ 1/ 1/ IV 24/83/39/11 24/73/35/7 0.884
Differentiation,

well / mod / poor 10/77/24 9/50/16 0.690
mvi () 53 (33.7%) 48 (34.5%) 0.889
im (+) 30 (19.19%) 12 (8.6%) 0.010
AFP, ng/ml 5569 £47 209 74 838+ 15 567 0.529
DCP, mAU/L 383114 797 3685%22463 0.947
Anatomical / non-anatomical 76/35 47728 0.508
Operative time, min 368x114 3554154 0512
Estimated blood loss, g 648£528 88542887 0.398
Blood transfusion (+) 12(10.8%) 10(13.3%) 0.649
Postoperative complications 29 (18.4%) 22 (15.8%]) 0.613
Postoperative hospital stay, days 18218 1715 0.501

Data are expressed as means & standard deviations or number of patients {percentage) as appropriate, AFP,
SRP, Creactive protein; DCP, des-y-carboxy prothrombin; HBV, hepa

notransferase; ch, chronic hepatitis

a-fetoprotein; AST, aspartate ami-
e; HICV, hepatitis C

5 B antigen-post

antibody-positive; ICGR13, indocyanine green dye retention test at 15 min; im, intrahepatic metastasis; e, liver cirthosis; If, liver fibrosis; mod,
moderately differentiated HCC; mvi, microvascular invasion; nl, normal liver; poor, poorly differentiated HCC; PNI, prognostic nutrition index;
Stage, TNM stage defined by the Liver Cancer Study Group of fapan; well, well differentiated HCC.

€ 2016 The Japan Society of Hepatology
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macroscopic examination, the slice with the greatest di-
mensions was trimmed for embedding in paraffin and
cut into 4-um microscopic sections. The sections were
stained with hematoxylin~eosin. Tumor differentiation,
microvascular invasion, i, and histological liver cirrhosis
were examined by the pathologist according 1o the guide-
lines of the Liver Cancer Study Group in Japan.

Statistical analysis

The associations of continuous and categorical variables
with the relevant outcome variables were assessed using
Student’s r-test and the y*-test, respectively. The survival
curves and RFS after hepatectomy of the two groups were
analyzed by the Kaplan-Meier method and compared
with the log-rank test. To identify the prognostic factors af-
ter hepatectomy, all variables over P< 0.1 in univariate
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Figure 1 Overall survival curves in patients with sarcopenia or
without sarcopenia in patients younger than 70 vears {a) and
70 vears and older (b). Overall survival rates in patients with
sarcopenia indicated significantly poor prognosis in the group
aged 70 years and older. n.s., Not significant.
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analysis were included in the multivariate Cox propor-
tional model in the analyses of both OS and RFS.

All analyses were carried out with Statview 5.0 software
(Abacus Concepts Inc, Berkeley, CA, USA). P-values less
than 0.05 were considered statistically significant.

RESULTS

N TOTAL SARCOPENIA was identified in 112 patients

{37.8%): 83 men and 29 women among the 296 pa-
tients with HCC. Sarcopenia was identified in 35% of pa-
tients aged 70 vears or older. The clinicopathological
characteristics of all patients are shown in Table 1. Skeletal
muscle in patients aged 70 years and older was signifi-
cantly smaller than in patients younger than 70 vyears,

100
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Figure 2 Disease-free swrvival rates in patients younger than
70 vears (a) and aged 70 years and older (b) with or without
sarcopenia. Disease-lree swivival rates in patients with sarcopenia
correlated with significantdy poor prognosis in the older age
group. n.s., Not significant.
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but the number with sarcopenia was not different between
the two groups. Elderly patients had significantly lower se-
rum albumin levels, lower level of PN, percentage of liver
cirrhosis, and histological im compared with the younger
patient group. There were no significant differences regard-
ing other host-related factors, tumor-related factors, or sur-
gical outcome between the two groups.

Figure 1 shows OS curves in patients with or without
sarcopenia. Overall survival curves are shown in patients

Sarcopenia in elderly patients with HCC 5

younger than 70 years (Fig. 1a) and those 70 years of age
and older (Fig.1b). Overall survival rates in patients with
sarcopenia were significandy correlated with poor progno-
sis in patients aged 270 years (= 0.002). Figure 2 shows
DFS rates in patients with or without sarcopenia in pa-
tents younger than 70 years (Fig. 2a) and those aged
=70 years (Fig. 2b). Disease-free survival rates in patients
with sarcopenia also significantly assodated with poor
prognosis in the older patient group (P=0.030).

Table 2 Cox proportional hazard model of the all clinical characteristics on overall survival using univariable and multivariable
analyses in patients 70 vears of age and older

Variables

Univariable analysis

Multivariable analysis

Hazard ratio

P-value Hazard ratio Paalue

Gender (male)

HBis Agl+)

HOV ab{+)

Diabetes mellitus
Sarcopenia {+}

Body mass index, keg/m’
Albumin, g/dl.

Total bilirubin, mg/dL
AST, IU/L

Platelet count, 10 /ul.
ICGR15, %

CRP, mg/dL

PNE

Child~-Pugh B

Liver cirthosis, If + Ic
Tumor size, cm
Multiple tumor number
Stage (H1+1V)

Poor differentiation (+)
mvi {+)

im (+}

AFP, ng/ml.

DCP, mAU/L
Operative procedures
(Anatomical)
Operative time, min
Estimated blood loss, g
Blood transfusion (+)

0.869 (0.387, 1.955
1.692 (0.401, 7.142}
1.757 (0.815, 3.787)
0.951 (0.426, 2.118)
3,125 (1.470, 6.622)
0.873 (0.780, 0.978)
0.651 (0.303, 1.403)
0.794 (0.297, 2.126)
0.985 (0.970, 1.001)
0.982 (0.931, 1.035)
1.013 (0.970, 1.059)
1,155 (0.863, 1.547)
0.950 (0.896, 1.008)
7.751 (2.597, 23.25)
1.295 (0.653, 2.564)
1.001 (0.888, 1.127)
2439 (1.157, 5.154)
1.342 (0.646, 2.785)
2375 (1.191, 4.739)
1.639 {0.604, 2.450)
1.644 (0.576, 4.695)
1.000 {1.000, 1.000)
1.000 (1.000, 1.000)

1.479 {0.739, 2.958)
1.001 {0.998, 1.003)
1.000 (1.000, 1.001)
1,960 (0.843, 4.566)

Postoperative complications (+}
Postoperative hospital stay, days

1472 (0.638, 3.401)
1.012 (0.996, 1.029)

0.7349
0.4738
0.1503
0.9028
0.0030 2.544 (1.206, 5.5865) 0.0199
0.0192
0.2736
0.6465
0.0593
0.4965
0.5521
0.3318
(0.0875
0.0002 7.751(1.439, 29.41) 0.0149
0.4591
09911
0.0191 2.695 {1.205, 6.024) 0.0158
0.4302
0.0140 3.521 (1.667, 7.463) 0.0010
0.5826
0.3528
0.3092
0.0638

0.2686
0.7028
0.5013
0.1177
0.3637
0.1353

Values in parentheses are 95% confidence intervals.
AFP, e-fetoprotein; AST, aspartate aminotransferas
tigen-positive; HOCV ab, hepatitis C antibody-positive;
liver cirthosis: If, Hver fibros

CRP, € reactive protein; DCP, des-y-carboxy prothrombin; HBs Ag, hepatitis B surface an-
1CGR15, indocyanine green dye retention test at 15 min; bm, intrahepatic metastasis; Ic,
i, microvascular invasion: PNIL prognostic nutrition index; poor differentiation, poorly differentiated hepato-

cellular carcinoma: Stage, TNM stage defined by the Liver Cancer Study Group of fapan,

#2016 The Japan Society of Hepatology
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The prognostic factors for OS and DFS in patients
70 years of age and older, according to univariate and mul-
tivariate analyses, are shown in Tables 2, 3, respectively.
The significant prognostic factors for OS in the univariate
analysis were presence of sarcopenia, Child-Pugh B, mul-
tiple tumor number, and poor differentation. The signifi-
cant prognostic factors for RFS in the univariate analysis
were presence of sarcopenia, serum C reactive protein
levels, tumor size, multiple tumor number, stage 11+ 1V
disease, presence of im, blood loss, and blood transfusion.
Multivariate analysis identified four poor prognostic

Hepatology Research 2016

factors (sarcopenia, multiple tumor numbey, Child-Pugh
B, and poor differentiation) that influenced 08, and three
poor prognostic factors (sarcopenia, stage 111+ 1V disease,
and blood transfusion} that influenced DFS.

Table 4 shows the comparison of dinicopathaological fac-
tors between the two groups dlassified by sarcopenia in pa-
tents 70 years of age and older. Patients with sarcopenia
had less skeletal muscle, were more likely to be hepatitis B
positive, and less likely to be hepatitis C negative. There were
no significant differences regarding other parameiers be-
tween the two groups in patients 70 years of age and older.

Table 3 Cox proportional hazard model of all clinical characteristics on disease-free survival using univariable and multivariable
analysis in patients with hepatocellular carcinoma aged 70 vears and older

Univariable analysis

Multivariable analysis

Variables

Hazard ratio

Pvalue Hazard ratio Pvalue

Gender (male)
FiBs Ag(+)
HOCVab(+)
Diabetes mellitus
Sarcopenia (+)

Body mass index, ke/m’

Albumin, g/dl

Totat bilirubin, mg/dl.
AST, 1L

Platelet count, 10%/ul.
ICGR15, %

CRP, mg/di.

Prit

Child-Pugh B

Liver cirthosis, 1f + Ic
Tumor size, cm

Multiple tumor number

Stage (11 + V)

Paor differentiation {+)
mvi (+)

im {+)

AFP, ng/mL

DCP, mAU/L

Operative procedures
{Anatomical)
Operative time, min
Estimated blood joss, g
Blood uansfusion {+}

1.733 (0.903, 3.324)
1.244 (0.879, 3.984)
0.829 (0.507, 1.355)
0.675 (0.372, 1.222)
1.766 (1.048, 2.976)
0.958 (0.889, 1.032)
0,940 (0.562, 1.572)
1.043 (0,529, 2.055)
0.998 (0,991, 1.004)
0,985 (0.950, 1.020)
1.021 (0.990, 1.053)
1.347 (1,144, 1.587)
0.976 (0.941, 1.012)
3.058 (1.066, 8.772)
1.075 (0.650, 1.776)
1087 (1.009, 1.171)
2.890 (1.661, 5.025)
2.439 (1,641, 3.606)
1.436 (0.840, 2.457)
1.486 {0.906, 2.433)
3.184 (1.602, 6.329)
1.000 (1.000, 1.000)
1.000 (1.000, 1.000)

1,590 (0.972, 2.597)
1.000 (0.998, 1.002)
1.000 (1.000, 1.001)
2.398 (1.266, 4.545)

0.988 (0.515, 1.893)
1.001 (0.987, 1.016)

Pastoperative complications {+}
Postoperative hospital stay, days

3.0981
0.7133
0.4559
0.1948
0.0324 1.821{1.037, 3,194) 0.0366
0.2555
0.8129
0.9039
0.4929
0.3968
0.1810
0.0004
0.1876
0.0376
0.7786
0.0291
0.002
0.0001 2.044(1.004, 4.167) 0.0487
0.1856
0.1372
0.0009
0.2427
0.1115

0.0647
0.7304
0.0495
0.0073 2,941 (1.086, 8.000) 0.0339
0.9711
0.8472

Values in parentheses are 95% confidence intervals.

AFP, u-fetoprotein; AST, aspartate aminotransferase; CRP, C reactive protein; DCP, des-y-carboxy prothrombin; HBs Ag, hepatitis B surface an-

tigen-positive; HOV ab, hepatits C andbaody-positive; ICGR15, indocyanine green dye retention test at 15
If; liver fibrosis; mvi, microvascudar invasion: PNL progaostic nutrition index; poor differentiation, poorly differentiated hepato-

fiver cirthos

nin; im, intrahepatic metastasis; ke,

cellular carcinoma; Stage, TNM stage defined by the Liver Cancer Study Group of Japan.
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Table 4 Comparison of clinicopathological factors between the two groups of patients with hepatocellular carcinoma (HCC) classified

by sarcopenia, aged 70 years and older

Variables With sarcopenia [i1=57) Without sarcopenia (1= 82) Pvalue
Age, years 765£3.9 759240 0.345
Male / female 40/17 58/24 0.943
HBYV 6 {10.5%) 1(1.2%) 0.019
Hey 27 (47.3%) 56 (68.3%) 0.021
Skeletal muscle mass, cm?/m’ 61.7£10.7 774298 <0.001
Body mass index, kgfm” 233232 230235 0.6445
Diabetes mellitus 15 {26.3%) 25 (30.5%) 04373
Albumin, g/dL 38:04 39205 0.9717
Total bilirubin, mg/dl, 0804 (.820.43 09345
AST, IL/L 4433 49+ 35 0.4086
Platelet count, 10*/ul. 16,1567 16469 0.8190
ICGR15, % 14575 14975 0.7520
CRP 0.601.74 0.28+0.64 0.1427
NI 45759 46308 0.6090
Chikd-Pugh A/B 53/4 7874 0.7164
Hepatitis grade,

none / mild / severe 10/43/4 11/63/8 0.3695
Liver cirthosis, nl + ch/If + Ic 38/19 45/37 0.2176
Tumor size, am 40228 4030 09012
Solitary / multiple 44/13 72/10 0.1095
Stage, 1/ 11/ 1/ IV 9/31/14/3 15/42/21/4 0.9758
Differentiation,

well / mod / poor 3/41/13 10/52/20 0.829
mvi (+) 18 (31.5%) 30 (36.5%) 0.889
im (+) 5 (8.8%) 7(8.5%) 0.961
AFP, ngfmb 3890222 484 2231 £ 7743 0.539
DCP, mAU/L 1923 £ 8969 4910428 291 0.4427
(Anatomical / non-anatomical) 23/34 34748 0.8956
Operative time, min 3294107 344117 0.4649
Estimated blood loss, g 625 = 640 6124540 0.9026
Blood transfusion (+) 9{(17.3%) 14(17.0%) 0.876
Postoperative complications 7(12.2%) 15 (18.3%) 04791
Postoperative hospital stay, days I52 11 18217 0.2330

Data are expressed as means + standard deviations or number of patients (percentage) as appropriate. AFP, a-fetoprotein; AST, aspartate ami-

notransferase;

maoderately diff

. chronic hepatits; CRP, C reactive protein; DCP, des-y-catboxy prothrombin; HBV, hepatitis B antigen-positi
antibody-positive; ICGR15, indocyanine green dye retention test at 15 min; im, intrahepatic metastasis; le, Tiver cirshosis; I, T
rentiated HCC; mvi, microvascular invasion; PNJ, prognostic nutrition index; ni, normal liver; poor, poorly differentiated HCC

1CV, hepatitis C
t fibrosis; mod,

Stage, TNM stage defined by the Liver Cancer Study Group of Japan; well, well differentiated 11CC.

Prognostic nutrition index was correlated with skeletal
muscle mass {PNI=40.019 + 0.086 = skeletal muscle mass,
¥ =0.030, P=0.045) (Fig. 3) in elderly patients,

DISCUSSION

SING MULTIVARIATE ANALYSIS, this retrospective
study indicated that sarcopenia is an independent
prognostic factor for OS and DI'S among patients 70 years

of age and older with HCC. This is the first report to discuss
the relationship between sarcopenia and prognosis in el-
derly patients with HCC after hepatectomy.

Our previous study'” revealed the relationship between
sarcopenia and prognosis, but subgroup analysis regarding
aging was not investigated. With the proportion of elderly
increasing rapidly worldwide, it is feared that the number
of patients with sarcopenia may gradually increase in the
forthcoming vears, especially in cancer patients,

#2016 The Japan Society of Hepatology
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Figure 3 Prognostic nutrition index (PNI) was wealdy correlate
with skeletal muscle mass (PN1=40.019 + 0.086 x skeletal muscle
mass, ©' =0.030, P=0.045) in elderly patients.

There are some reports that muscle mass as measured by
CT is associated with the prognosis of sarcopenia.”” "
Computed tomography is a gold standard for quantifying
skeletal muscle mass, and it constitutes a good resource for
objective and detailed nutritional and metabolic assess-
ment of patients. Moreover, a CT scan is always carried
out before hepatectomy, and it is a feasible method of pre-
cisely assessing sarcopenia. Fowever, the definition of
sarcopenia using CT' measurement has been set using an
unfounded cut-off level, and has not been accurately deter-
mined as yet, especially in Japanese people. We reported’
survival rates in patients with sarcopenia in which cut-off
values for skeletal muscle were 43.75 em’/m’ in men
and 41.10 cm?/m? in women, according 10 a previous re-
port in Germany.® Yoshizumi et al.”° retrospectively stud-
ied healthy Japanese adults to establish formulae to
calculate standard muscle area to enable an easy and accu-
rate definition of sarcopenia. They analyzed skeletal mus-
cle area using CI' data from healthy aduits and found
that BSA significantly correlated with skeletal muscle area.
Sarcopenia can be defined as a difference between mea-
sured and calculated data using this newly established for-
mula. Using this criteria, sarcopenia was present in 37.8%
patients with HCC compared with 40.3% in a previous re-
port,'* which was a similar proportion.

In this study, elderly patients had a significantly lower
serum albumin levels, lower PNI levels, percentage of liver
cirrhosis, and histological im compared with those aged

© 2016 The Japan Society of Hepatology
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younger than 70 years. In aging people, liver function such
as serum albumin level will be gradually decreasing”®
Inflammation-based prognostic scores such as PNI reflect
the nutrition and immune status, which are useful prog-
nostic parameters.””?® The PNI was correlated with skele-
tal muscle mass in elderly patients. Skeletal muscle in
patients 70 years of age and older was significantdy smaller
than that of patients younger than 70 years, but the num-
ber with sarcopenia was not different between the two
groups. To date, sufficient evidence exists that hepatec-
tomy can be safely undertaken in selected elderly patients
who have sufficient skeletal muscle."*™"® The problem
with this study was that it was retrospective and the popu-
lation of elderly was selected.

The Child-Pugh classification was the first systeratic
and conventional approach used to determine the severity
of cirrhosis and select patients who could tolerate hepatic
resection; however, it is not always a reliable indicator of
hepatic reserve, and it has a limited role in predicting post-
operative outcome. To evaluate the general condition of
patients before hepatectomy, no useful, objective, easy,
and precise marker has been identified. The European
Working Group on Sarcopenia in Older People recom-
mends using the presence of both low muscle mass and
low muscle function for the diagnosis of sarcopenia.’
However, muscle function is difficult to evaluate, and thus,
low muscle mass was investigated in this study. Among pa-
tients 70 years of age and older with HCC, there was no
correlation between sarcopenia and age, sex, liver function,
tumor-associated factor, or operative factor except for skel-
etal musde. There is no report concerning the relationship
between viral status and sarcopenia.

Among the significant prognostic factors of OS and DI,
skeletal muscle mass, wmor number, and stage can be
evaluated before hepatectomy. The identification of
sarcopenia patients before hepatectomy might permit
early preventive strategies to maintain muscle mass in or-
der to improve their prognosis or improve the patient se-
lection criteria for hepatectomy.

The mechanism by which sarcopenia shortens the sur-
vival of malignant patients remains poorly understood.
Skeletal muscle was recently identified as an endocrine or-
gan.® It has therefore been suggested that cytokines and
other peptides are produced, expressed, and released by
muscle fibers, such as tumor necrosis factor-a,
interleukin-6, and insulin-like growth factor 1. Low levels
of skeletal muscle also indicate a systemic inflammatory
response. Further study is needed to clarify the molecular
mechanism concerning muscle-liver cross-talk.

This retrospective analysis revealed that sarcopenia was
predictive of a worse O8 and RFS after hepatectomy in
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patients aged 70 vears and older with HCC. As the aging
population increases, this information will be useful for el-
derly peaple who need surgery.
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ARTICLE INFO ABSTRACT

Background: Recently, chronic hepatitis £ has been increasingly reported in organ transplant recipients in

Received 14 July 2015 European countries. In Japan, the prevalence of hepatitis E virus (HEV} infection after transplantation remains
Received in revised form 16 September 2015 unclear, so we conducted a nationwide cross-sectional study to clarify the prevalence of chronic HEV infection
cconted 16 2015 h . o
wcepted 15 Seprember 2015 in Japanese liver transplant recipients.

Available anline 24 September 2015 Methods: Atotal of 1893 liver transplant recipients in 17 university hospitals in Japan were examined for the pres-

ence of immunoglobulin G {1gG). 1gM and IgA classes of anti-HEV antibodies, and HEV RNA in serum.

;\%?;:Z% us Findings: The prevalence of anti-HEY IgG, 1gM and 1gA class antibodies was 2.9% (54/1893), 0.05% {1/1893) and
Chronic hepatitis £ 0% {0/1893), respectively. Of 1651 patients tested for HEV RNA, two patients {0.12%) were found to be positive
Liver transplantation and developed chronic infection after liver rransplantation. in both cases, HEV RNA was alse detected in one of
Transfusion the blood products transfused at the perioperative period, Analysis of the HEV genomes revealed that the HEV

isolates obtained from the recipients and the transfused blood products were identical in both cases, indicating
transfusion-transmitted HEV infection.

» Corre pt)ﬂdlﬂ" author,
F-muil address: nokechi3@md tsukubaacjp (N. Ohikohchi).
! These authors contributed equatly to this work,
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Interpretation: The prevalence of HEV antibodies in Hiver transplant recipients was 2.9%, which is low compared
with the healthy population in Japan and with organ transplant recipients in European countries: however, the
present study found, for the first time, two Japanese patients with chronic HEV infection that was acquired via
blood transfusion during or after liver transplantation,

© 2015 The Authors. Published by Elsevier BV, This is an open access article under the CC BY-NC-ND license

s/by-ne-nd/4.0/7).

{http:/fereativecommons.org/A

1. Introduction

Hepatitis E is caused by infection with the hepatitis E virus {HEV),
and HEV isolates that infect humans are currently categorized into four
genotypes (1-4) {Okamoto, 2007}, Genotypes 1 and 2 are restricted to
humans and mainly waterborne transmitted in developing countries.
In contrast, genotypes 3 and 4 are known to undergo zoonotic transmis-
sion by consumption of uncooked or undercooked meat or viscera of res-
ervoir mammals and autochthonous isolates cause sporadic infections in
industrialized countries {Takahashi et al., 2003; Tei et al., 2003).

Acute hepatitis E varies in severity from inapparent to fulminant.
Mortality has been reported to be between 1% and 4% in the general
population but up to 25% in pregnant women (Datta et al, 1987} HEV
infection has traditionally been considered to be a transient and self-
limiting disease requiring no specific therapy in immunocompetent
individuals {Wedemeyer et al., 2012). However, HEV infection may oc-
casionally cause severe liver dysfunction, fulminant hepatitis, and liver
failure in some patients with an underlying disease (Kamar et al,
2012; Suzuki et al., 2002}, Furthermore, HEV genotype 3 can lead to
chronic hepatitis and liver cirrhosis in immunocompromised patients
such as solid-organ transplant (S0T) recipients (Kamar et al., 2008), pa-
tieats with human immunodeficiency virus infection (Dalton et al.,
2009}, and patients with hematologic cancers receiving chemotherapy
{Otlier et al,, 2009). Various studies have investigated the presence of
HEV infection in SOT recipients in European and American countries
but not yet in japan. We conducted the first nationwide survey to clarify
the prevalence of HEV antibodies and the presence of liver transplant
recipients with chronic HEV infection in Japan.

2, Methods
2.1. Study Subjects

From all the regions of Japan, 17 high-volume centers for liver trans-
plantation participated in this study (from north to south}: Hokkaido
University Hospital in Hokkaido; Tohoku University Hospital in the
‘Tohoku area: University of Tsukuba Hospital, University of Tokyo
Hospital, Keio University Hospital and juntendo University Hospital in
the Kanto area; Shinshu University Hospital in the Chubu area; Kyoto
University Hospital, Osaka University Hospital and Kobe University
Hospital in the Kinki area; Okayama University Hospital and Hiroshima
University Hospital in the Chugoku area; Ehime University Hospital and
Tokushima University Hospital in the Shikoku area; and Kyushu Univer-
sity Hospital, Nagasaki University Hospital and Kumamoto University
Hospital in the Kyushu area. The number of liver transplantations per-
formed in these 17 centers accounts for approximately 75% of the total
performed in Japan (The Japanese Liver Transplantation Society, 2014).

Between April 1, 2013 and December 31, 2014, blood samples were
coltected from 1893 recipients being followed up at the above-
mentioned 17 centers after liver transplantation. Anti-HEV antibodies
were tested for in all 1893 samples. Within all the 1893 participants,
1651 patients who agreed to have HEV RNA testing, including all pa-
tients with detectable anti-HEV Ig (immunoglobulin} G class antibody,
were also tested for the presence of HEV RNA in serum. The samples
were stored at — 80 “C until testing. The clinical data of the patients, in-
cluding medical history, medication profiles and laboratory test results,
were retrieved from medical records. This study was approved by the

institutional review board at every participating hospital and performed
in accordance with the Declaration of Helsinki and ethical guidelines for
clinical research. All the patients gave written informed consent to par-
ticipate in this study.

22. Detection of Anti-HEV Antibodies and HEV RNA

To detect anti-HEV IgA, IgM and 1gG class antibodies, in-house
enzyme-linked immunosorbent assay {ELISA) was performed using pu-
rified recombinant ORF2 protein as described previously (Mizuo et al,,
2002). The optical density (0D} of each sample was read at 450 nm.
The cut-off value used for anti-HEV IgA, 1gM and 16 was 0.642, 0.440
and 0.175, respectively (Takahashi et al., 2005). The samples with OD
vatues for anti-HEV IgA, 1gM, or 1gG equal to or greater than the respec-
tive cut-off value were considered to be positive for each antibody. The
specificity of ELISA was validated by absorption with the same recombi-
nant ORF2 protein that was used as the antigen probe, as described pre-
viously {Takahashi et al., 2005).

Total RNA was extracted from 100 pL of each serum or whole blood
sample and subjected to nested reverse transcription-polymerase chain
reaction {RT-PCR} for the detection of HEV RNA. A nested RT-PCR
targeting the 137-nt ORF2/3 overlapping region was conducted for the
screening of HEV RNA {Inoue et al., 2006}, This method represents a
high sensitivity and is able to detect 1-3 copies of HEV RNA in 100 pb.
serum. For the samples detected positive by the ORF2/3-137 PCR, we per-
formed an additional nested RT-PCR targeting the 457-nt ORF2 region to
confirm the presence of HEV RNA and to assess the subgenotype, as de-
scribed previously (Mizuo et al, 2002}, The HEV genotype/subgenotype
was determined based on the phylogenetic analysis of the ORF2 sequence.

Quantitation of HEV RNA was performed by real-time detection RT-
PCR as described previously {Takahashi et al., 2008).

3. Results
3.1. Characteristics of the Subjects

A total of 1893 liver transplant recipients participated in this study:
their demographic characteristics and laboratory data are presented in
Table 1. Median age was 57 years old and median time since liver trans-
plantation to serum sampling was 81 months. At the time of blood sam-
pling, the median values of aspartate aminotransferase {AST), alanine
aminotransferase (ALT), total bilirubin (T-Bil) and gamma-glutamy!
transferase {(y-GT} were exclusively within normal limits. “Liver injury
episode after transplantation” was defined as the presence of elevated
liver enzymes acquiring the management with re-hospitalization, and
61.3% of the recipients were included.

3.2. Prevalence of Anti-HEV Antibodies and HEV RNA

All of the 1893 serum samples were subjected to ELISA for the detec-
tion of anti-HEV antibodies {Table 2). Fifty-four patients (2.9%) were
found to be positive for anti-HEV IgG class antibody. The age- and sex-
specific prevalence of 1gG class antibody in the recipients is shown in
Fig. 1. The prevalence was slightly higher among the males (3.3%)
than among the females (2.4%), although not statistically significant,
and generally increased with age. Only one patient with detectable
IgG class antibody was also positive for IgM class antibody {0.05%),
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Table 1
Characteristics of liver transplant recipients.a
Total number of recipients n} 1893
Age [years; median {total range}] 57 (0-83}
Sex {n {53 male/female} 970 {51.23/923 {48.8)
Time from transplantation 81 {0-207}

imonths; median {total range}]
Laboratory data at sampling

WBC {4l median {rotal range}]

Lymphocyte [ad; median (total range}}
i redian {total rangel]
median {1otal range)}

T-Bil fmgsdL: median {1ota) range}}

¥-GT UL median {total range)]
Immunosuppression {n {8}

Taerolimus/cyclasporin

5565 (1070-87.000}
1576 (157-24,225)
24 (1-484)

19 (3-619)

0.8 (0.1-40.0

36 {0-3118}

1389 (718327 (17.3)

Mycophenolic acid 685 {36.2)
Corticosteraids 681 {36.0)
Re-Bospitalization dug to liver injury 1161 {61.3)

episode after transplantation” [n (£}]

Note: WBC, white bluod cell; AST. aspartate
ferase; T-Bil, toral bitirubin: vGT, za tr

“ Liverinjusy episode afier transplantation was defined as the presence of elevated hiver
engymes acquiring the with re-hospil i

: ALT, alanine ami -

while none had detectable IgA class antibody. In this patient, who was
positive for IgG and igM antibodies, HEV RNA was also detectable as
noted below.

Two of the 54 patients with anti-HEV 1gG tested positive for HEV
RNA, while none of the remaining 1597 patients without detectable
1gG class antibody who agreed to have the HEV RNA testing were posi-
tive for HEV RNA. Overall, HEV RNA was found to be positive at the prev-
alence rate of 0.12%{2/1651) (Table 2). The detailed clinical information
and laberatory data at the time of diagnosis in these two HEV RNA-
positive patients are shown in Table 3. Case 1 patient was a 60-year-
old female living in the Kanto area who received liver transplantation
for primary sclerosing cholangitis, while Case 2 patient was a 41-year-
old male living in the Kyushu area who received liver transplantation
for non-alcoholic steatohepatitis complicated with hepatocellular carci-
noma. In these two patients, the duration from liver rransplantation to
blood sampling was lower than the 25 percentile {36 months), and
the peripheral blood lymphocyte count was lower than the 25 percen-
tile {1039 /L), Whereas 71.8% and 35.9% of the patients negative for
HEV RNA had been taking tacrolimus and corticosteroids respectively,
both two positive patients had been taking tacrolimus and corticoste-
roids for immunosuppression. The HEV isolates were typed as genotype
3 in both padents {Table 3}, The more detailed clinical courses of these
two patients will be described elsewhere.

3.3. Elucidation of Pessible Infectious Source and Route

To clarify whether these two HEV-viremic patients contracted HEV
infection during or after liver transplantation and to investigate the pos-
sible infectious route of HEV in these patients, we retrospectively tested
anti-HEV antibodies and HEV RNA in stored serum samples from each
pair of patient and liver donor {Table 4.

In Case 1 patient, anti-HEV IgG class antibody was weakly positive;
representing past HEV infection, while HEV RNA was not detected in
the pre-transplant serum. Anti-HEV lgG became high-titer positive

Table 2
Prevalence of HEV antibodies and HEV RNA in liver transplant recipients.a

Positive patient [n] Percent §&1

Anti-HEV 1gG 54/1893 29
Anti-HEV g 1/1883 0.05
Anti-HEV IgA 071893 0
HEV RNA 2/1651° 032

Note: Ig. immunagiobulin,
“ The number of patients whose informed consent for testing HEV RNA was available.
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{OD value: »3.000} on the 255th postoperative day (POD} accompanied
by high-titer HEV RNA (8.1 » 10° copies/mL), and HEV RNA was persis-
tently positive on the 360th POD. In Case 2 patient, anti-HEV IgG and
1gM antibodies and HEV RNA were negative in the pre-transplant
serum. On the 81st POD, the positive conversion of 1zG and 1gM
antibodies was detected accompanied by high-titer HEV RNA
{1.3 % 10° copies/mL). HEV RNA was persistently positive on the
249th POD. These results suggested that both patients acquired their
HEV infecticn during or after liver transplantation and developed
chronic infection of HEV. in addition, retrospective and prospective in-
vestigation of their laboratory data and virological analysis revealed
that these recipients had presented mild liver injury and HEV viremia
for at least more than 6 months. Therefore, these two patients were
finally diagnosed as having chronic hepatitis £

In both cases, HEV antibodies and HEV RNA were undetectable in the
liver donors, excluding the possibility of de novo HEV infection from the
transplanted liver. The two HEV-viremic patients had no history of eat-
ing raw or undercooked meat or shellfish after liver transplantation.
During the perioperative period of liver transplantation, a total of 17
units of blood products {concentrated red blood cells, fresh frozen plas-
ma or platelets) were transfused in Case 1 patient, and 26 units of blood
products (concentrated red blood cells, fresh frozen plasma or platelets)
transfused in Case 2 patient. Pilots of all the blood products transfused
during the perioperative period had been stored in the Japanese Red
Cross Society, and were also tested for the presence of HEV RNA. HEV
RNA was detectable in one unit of the fresh frozen plasma transfused
to Case 1 patient {the viral titer was not available} and one unit of the
platelet preparation transfused o Case 2 patient {the viral titer was
1.8 = 10% copies/mL). Complete nucleotide sequence identity was ob-
tained in the 412-nt sequence of ORF2 of each HEV isolate. As a result,
in both cases, the HEV isolates detected from the recipient and the
biood product were considered to be same, and the transfused blood
products were determined to be the infectious source.

4, Discussion

HEV infection had not been considered responsible for chronic hep-
atitis until Kamar et al. reported the first case series of chronic hepatitis
E in $OT recipients in 2008 {Kamar et al.. 2008). Subsequently, chronic
infections of HEV in transplant recipients have been described in several
studies (Haagsma et al., 2009; Legrand-Abravanel et al., 2010). Accord-
ing to the latest review article in 2014, up to 50-60% of acute HEV infec-
tions can progress to chronic phase in SOT recipients and HEV infection
can take rapid courses leading to liver cirrhosis in patients receiving im-
munosuppressants {Behrendt et al., 2014}, Despite the high prevalence
of HEV in the SOT recipients in European countries, chronic hepatitis E
in Asian countries has been rarely reported {Behrendt et al, 2014).

By 2013, over 7000 liver transplants had been performed in Japan
{The Japanese Liver Transplantation Society. 2014). The number of na-
tional notifications of acute hepatitis E has been increasing since anti-
HEV IgA antibody measurement started to be covered by insurance in
2011 {The National Institute of Infectious Diseases. Infectious Diseases
Weekly Report (IDWR), 2003-2013), and the isolation of autochtho-
nous HEV as a causative agent of acute hepatitis has increased, However,
no nationwide survey of HEV infection in liver transplant recipients had
been performed. So the present study is the first nationwide survey to
investigate the prevalence of HEV infection in liver transplant yecipients
in Japan. This large multicenter severance clarified that the presence of
HEV infection in fiver transplant recipients is not frequent in fapan com-
pared with in Western countries as described below. However, two
cases of transfusion-transmitted hepatitis E were detected; therefore,
recipients have low but certain risk of HEY infection by blood products.

Though more than 60% of the recipients had some kind of episode of
liver injury, the values of liver enzymes, T-Bit and v-G1 were exclusively
within normal limits at the time of sampling. These episodes of liver in-
Jury were most commonly due to the biliary complication or the



