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Abstract

Background  Perihepatic lymph node enlargement (PLNE)
is a common ultrasound finding in chronic hepatitis C
patients. Although PLNE is considered to reflect the inflam-
matory response to hepatitis C virus (HCV), its clinical sig-
nificance remains unclear.

Methods Between December 2004 and June 2005, we
enrolled 846 chronic hepatitis C patients in whom adequate
ultrasound examinations had been performed. PLNE was
defined as a perihepatic lymph node that was at least 1 cm
in the longest axis by ultrasonography. We analyzed the
clinical features of patients with PLNE and prospectively
investigated the association between PLNE and hepato-
cellular carcinoma (HCC) development.

Results  We detected PLNE in 169 (20.0 %) patients.
Female sex, lower body mass index (BMI), and HCV sero-

type 1 were independently associated with the presence of
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PLNE. However, there were no significant differences in liver
function tests, liver stiffness, and hepatitis C viral loads
between patients with and without PLNE. During the follow-
up period (mean 4.8 years), HCC developed in 121 patients.
Unexpectedly, patients with PLNE revealed a significantly
lower risk of HCC development than those without PLNE

{p = 0.019, log rank test). Multivariate analysis revealed that

the presence of PLNE was an independent negative predictor
of HCC development (hazard ratio 0.551, p = 0.042). In
addition, the sustained viral response rate in patients who
received interferon (IFN) therapy was significantly lower in
patients with PLNE than in patients without PLNE.
Conclusions Patients with PLNE had a lower risk of HCC
development than those without PLNE. This study may provide
new insights into daily clinical practice and the pathophysiol-
ogy of HCV-induced hepatitis and hepatocarcinogenesis.

Keywords Perihepatic lymph node enlargement -
Chronic hepatitis C - Hepatocarcinogenesis

Abbreviations

ALT  Alanine aminotransferase

AFP  o-Fetoprotein

PLNE Perihepatic lymph node enlargement
HCV  Hepatitis C virus

HCC  Hepatocellular carcinoma

IFN Interferon
LN Lymph node
us Ultrasonography

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and chronic hepatitis C virus (HCV)
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infection is a major cause of HCC in the United States,

southern European countries, and Japan [1, 2]. The host
immune responses to HCV are often not strong enough to
completely clear the infection, resulting in chronic stimu-
lation of the antigen-specific immune response. Accumu-
lating basic and clinical lines of evidence indicate that a
sustained inflammatory reaction in the liver is the major
contributing factor to HCC development [3-5].

Inflammatory processes in organs frequently lead to
hyperplasia of regional lymph nodes (LNs). Perihepatic LN
enlargement (PLNE) is a common finding in patients with
chronic hepatitis, especially in patients with hepatitis C
[6, 7]. Some studies have revealed that PLNE in chronic
hepatitis C patients was associated with a higher HCV viral
load, [7] higher histological grade of hepatic inflammation
and fibrosis [8, 9], and higher CD8 lymphocyte level in the
blood [10]; therefore, PLNE is considered to reflect an
inflammatory response to HCV. However, such associa-
tions as those noted above are inconsistent among studies
[7-15], and the precise mechanism and clinical relevance
of PLNE are not fully understood. Furthermore, to our
knowledge, there have been no studies designed to inves-
tigate the association between PLNE and hepatocarcino-
genesis. To clarify whether we should pay attention to
the risk of HCC development in patients with PLNE is very
important, because we encounter such situations very
often.

The purpose of this study was to reevaluate the clinical
relevance of PLNE and to carry out a prospective assessment
of the association between PLNE and HCC development. To
clucidate these matters, we investigated a well-characterized
chronic hepatitis C cohort in which we previously reported
the utility of performing transient elastography for risk
assessment of HCC development [16]. In the present study,
we prospectively assessed the association between PLNE
and HCC development in chronic hepatitis C patients in that
cohort.

Patients and methods
Patients and screening for perihepatic LN enlargement

As described previously [16], we enrolled 866 chronic
hepatitis C patients, excluding those with HCC or a past
history of it, who visited the University of Tokyo Hospital
between December 2004 and June 2005. All patients were
positive for HCV-RNA and showed at least a transiently
clevated serum alanine aminotransferase (ALT) level.
Patients with concomitant hepatitis B virus surface antigen
positivity, patients with uncontrollable ascites, patients on

interferon (IFN) therapy, and patients who visited only for

consultation purposes were excluded [rom this study.
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Each subject was screened for HCC with ultrasonogra-
phy (US) at or immediately after the first visit. At the same
time, we surveyed the presence of PLNE with US. The US
examination was performed using the SSD-2000 (Aloka,
Tokyo, Japan). To identify LNs the following criteria were
used, according to a previous report [17]: one or more
masses with an ovoid shape and less echogenic than liver
parenchyma, separated from adjacent organs and vessels by
a clear-cut cleavage on repeated transverse, sagittal, and
oblique scans. LNs were scarched for near the trunk of the
portal vein, hepatic artery, celiac axis, superior mesenteric
vein, and pancreas head. Furthermore, we used Doppler US
to differentiate LNs from vessels.

We defined PLNE as an LN that was at least | cm in the
longest axis. There were two reasons for this definition.
First, we preliminarily investigated the prevalence of
PLNE with US in 465 healthy subjects who had had
medical check-ups and did not have liver disease or other
underlying causes of LN enlargement. We found that only
15 (3.2 %) of these subjects had a perihepatic LN larger
than | cm in the longest axis (unpublished data). Second,
when an LN was smaller than 1 cm, it was sometimes
difficult to distinguish the LN from other structures. If two
or more LNs were detected with US, we determined PLNE
to be present based on the length of the largest LN. In 20 of
the 866 patients in the present study, adequate visualization
of the liver hilum was not achieved with US because of
scvere obesity or excessive meteorism. Therefore, we
analyzed the association between PLNE and the sub-
sequent incidence of HCC in 846 patients.

HCV RNA was measured using Amplicore HCV ver-
sion 2.0 (Roche, Tokyo, Japan), and the HCV serotype was
examined using a serolyping assay (SRL, Tokyo, Japan).
We also monitored IFN therapy and responses during the
follow-up period. A sustained virological response (SVR)
was defined as undetectable HCV-RNA at least 24 weeks
after the end of therapy. All blood tests were performed at
the time of US examination.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

Patient follow up

Patients were followed up every 3-6 months at the out-
patient clinic, when blood tests (including tumor markers)
and US were carried out. Contrast-enhanced computed
tomography (CT) was performed when HCC was sus-
pected, based on US, and/or if the serum a-fetoprotein
(AFP) level showed an abnormal increase. HCC was
diagnosed by dynamic CT, and hyperattenuation in the
arterial phase with washout in the late phase was consid-
ered a definite sign of HCC [18]. When a diagnosis of HCC
was ambiguous, ultrasound-guided tumor biopsy was
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performed and a pathologic diagnosis was made based on
the Edmondson and Steiner criteria. Time to HCC occur-
rence was defined as the interval between the date of the
first US screening and the diagnosis of HCC. Patients were
censored at the time of death without HCC development,
the last visit when lost to follow up, or the end of the study
period. The last observation in this study was made on
December 31, 2010. Thus, the time of observation was
extended from that of our previous study, which was cen-
sored on May 31, 2008 [16].

Transient elastography

Transient elastography was performed using Fibroscan
(Echosens, Paris, France) as described previously [16].

Statistical analysis

Data were expressed as means & standard deviation (SD)
unless otherwise indicated. Categorical variables were
compared by ytests, whereas continuous variables were
compared by the unpaired Student’s r-test (paramelric) or
the Mann-Whitney U-test (non-parametric). Multivariate
logistic regression analysis was used to identify factors
that were independently associated with the presence of
PLNE. Cumulative HCC incidence was estimated using the
Kaplan-Meier method, and the difference between groups
was assessed with the log-rank test. In the analysis of risk
factors for hepatocarcinogenesis, we tested the following
variables in univariate analysis and multivariate Cox pro-
portional hazard regression analysis: age, sex, platelet
count, serum albumin concentration, total bilirubin con-
centration, ALT and aspartate aminotransferase (AST)
levels, higher AFP concentration (>10 ng/ml), prothrombin
activity, heavy alcohol drinking (alcohol intake >80 g/day),
BMI, higher liver stiffness measurement (LSM) (>10 kPa),
HCV serotype, HCV viral load (>100 kIU/ml), IFN treat-
ment, achievement of SVR, and presence of PLNE. A
p value of less than 0.05 on a two-tailed test was considered
significant. Data processing and analysis were performed
using StatView (ver. 5.0; SAS Institute, Cary, NC, USA)
and SPSS (ver. 14.0; SPSS, Chicago, IL, USA) software.

Results

Patient profiles

We detected PLNE in 169 of 846 (20.0 %) patients with
chronic hepatitis C. A representative ultrasound image is

shown in Fig. |. The mean (£SD) length of the longest
axis was 1.7 (£0.5) em (range 1.0-3.5 cm). The clinical
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features of patients with and without PLNE are summarized
in Table I. The proportion of females was significantly
higher in the PLNE-positive group than in the PLNE-neg-
ative group (63.3 vs. 52.9 %), and BMI was slightly but
significantly lower in the PLNE-positive group than in
the PLNE-negative group (21.9 £ 2.6 vs. 22.5 & 2.9). The
proportion of HCV serotype | patients was higher in the
PLNE-positive group than in the PLNE-negative group,
with borderline significance. There was a tendency of a
higher serum ALT level in the PLNE-positive group, but the
difference was without statistical significance. There were
no significant differences in other liver function test results,
or in liver stiffness and hepatitis C viral load between the
two groups. Multivariate logistic regression analysis using
the factors of sex, serum ALT, BMI, and HCV serotype
revealed that female sex, lower BMI, and HCV serotype 1
were independently associated with the presence of PLNE
(Table 2).

Incidence of HCC

The mean follow-up period was 4.8 years, constituting a
total observation of 4,021 person-years. During the obser-
vation period, 70 (8.3 %) patients were lost to follow up:
15 (8.8 %) patients in the PLNE-positive group and 55
(8.1 %) patients in the PLNE-negative group. There were
no patients in whom an enlarged perihepatic LN turned out
to be caused by other underlying discases including
metastasis of HCC. The SVR rate in patients who received
IFN therapy during the follow-up period was significantly
lower in the PLNE-positive group compared with that in
the PLNE-negative group [7/34 (20.6 %) vs. 93/172

Fig. 1 Representative ultrasound image of enlarged perihepatic
lymph node (LN} in a patient with chronic hepatitis C
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Table 1 Clinical features of patients with and without PLNE

Variable PLNE-positive group (n = 169) PLNE-negative group (n = 677) p value
Age (years) 62.4 £ 10.1 (29-83) 62.4 & 11.5 (17-89) 0.58
Male, n (%) 62 (36.7) 319 (47.1) 0.018
Serum albumin (g/dl) 4.0 4+ 0.4 (2.8-4.8) 4.0 £ 0.4 (2.5-5.0) 0.93
Total bilirubin (mg/dl) 0.8 £ 0.3 (0.3-2.1) 0.9 & 0.5 (0.3-4.6) 0.23
AST (1U/1) 52 + 34.1 (17-223) 50 + 33.8 (9-286) 0.16
ALT (1U/1) 57 & 48.7 (4-374) 53 &4 45.2 (2-503) 0.10
Platelet count (x 10%/ul) 16.1 £ 6.6 (2.1-42.2) 16.1 £ 6.7 (3.2-43.6) 0.89
Prothrombin time (%) 86.0 £ 12,1 (50.3-100.0) 85.7 & 12.4 (38.9-100.0) 0.88
AFP (ng/ml) 22.0 £ 67.9 (1-592) 13.4 £ 37.1 (1-563) 0.61
BMI (kg/m?) 21.9 & 2.6 (14.4-28.7) 22.5 4+ 2.9 (15.1-29.8) 0.007
Liver stiffness (kPa) 10,9 4 7.8 (2.8-42.2) 12.0 £ 10.0 (2.5-75.0) 059
Alcohol consumption >80 g/day, n (%) 6 (3.0) 25 (3.7 0.82
HCV viral load (kIU/ml) 549 -+ 646 (5-5000) 651 £ 842 (5-5000) 0.48
HCV serotype 1, n (%) 146 (86.3) 538 (79.5) 0.053
Patients who received IFN, 1 (%) 34 (20.1) 172 (25.4) 0.18
Patients who achieved SVR, n (%) 7(4.1) 93 (13.7) 0.0009

PLNE perihepatic lymph node enlargement, AST aspartate aminotransferase. ALT alanine aminotransferase, AFP w-fetoprotein, BMI body mass

index, HCV hepatitis C virus

Table 2 Factors associated with the presence of PLNE: multivariate

analysis

Variable Odds ratio (95 % p value
confidence interval [CI])

Male sex 0.667 (0.464-0.936) 0.024

ALT level (per | JUN) 1.003 (0.999-1.006) 0.10

BMI (per 1 kg/mz) 0.919 (0.864-0.978) 0.017

HCV serotype | .64 (1.02-2.66) 0.043

(54.1 %), p = 0.0005]. This finding was consistent with
previous reports [12, 19].

By the end of the follow-up period, HCC had developed
in 121 patients (3.0 % per 1 person-year). The cumulative
incidence rates of HCC at 3 and 5 years estimated by the
Kaplan-Meier method were 8.9 and 13.7 %, respectively.
We then assessed the incidence of HCC stratified by the
presence of PLNE. Unexpectedly, the PLNE-positive
group revealed a significantly lower incidence of HCC than
the PLNE-negative group (p = 0.019, log-rank test)
(Fig. 2). The cumulative incidence rates at 3 and 5 years
were 3.6 and 8.2 %, respectively, in the PLNE-positive
group, and 10.1 and 15.1 % in the PLNE-negative group.
These results indicate that patients with PLNE have a lower
risk of HCC development despite having a lower SVR rate
with IFN therapy. '

Risk analyses

We analyzed the risk factors for HCC development. In the
univariate analyses, older age, male sex, lower serum
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Fig. 2 Cumulative incidence of hepatocellular carcinoma (HCC)
development stratified by the presence of perihepatic lymph node
enlargement (PLNE)

albumin concentration, higher total bilirubin concentration,
higher AST level, higher ALT level, lower prothrombin
activity, lower platelet count, heavy alcohol drinking,
higher BMI, LSM greater than 10 kPa, AFP level greater
than 10 ng/ml, HCV serotype 1, not receiving IFN, not
achieving SVR, and absence of PLNE were significant risk
factors for HCC (Table 3). As we had reported previously,
a higher LSM (i.e., greater than 10 kPa) was a strong
predictor of HCC development [hazard ratio (HR) 15.4,
95 % confidence interval (CI) 8.6-27.0, p < 0.0001)].
Multivariate proportional hazard regression analyses

@_ Springer
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Table 3 Risk factors for HCC development: univariate and multivariate analyses

Variable Univariate analysis Multivariate analysis
Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value
Age (per 1 year age) 1.07 (1.05-1.09) <0.0001 1.04 (1.01-1.06) 0.002
Male sex 1.45 (1.02-2.08) 0.041 1.49 (1.02-2.17) 0.039
Platelet count (per l()J/pl) 0.852 (0.823-0.882) <0.0001 0.965 (0.926-1.005) 0.089
Total bilirubin (per 1 mg/dl) 1.88 (1.45-2.45) <0.0001 0.825 (0.567-1.2) 0.32
Serum albumin level (per 1 g/dl) 0.12 (0.084-0.17) <0.0001 0.441 (0.263-0.739) 0.002
AST level (per 1 TU/) 1.01 (1.007-1.014) <0.0001 1.002 (0.991-1.013) 0.71
ALT level (per | TU/) 1.004 (1.002-1.007) 0.002 1.0 (0.991-1.013) 0.94
AFP level >10 ng/ml 6.76 (4.69-9.8) <0.0001 1.9 (1.22-2.97) 0.005
Prothrombin time (per 1 %) 0.973 (0.966-0.979) <0.0001 0.989 (0.976~1.001) 0.072
Alcohol consumption >80 g/day 2.73 (1.43-5.24) 0.002 3.53 (1.76-7.09) 0.0004
BMI (per | kg/m?) 1.09 (1.03-1.16) 0.006 1.09 (1.01-1.17) 0.025
Liver stiffness >10 kPa 154 (8.6-27.0) <0.0001 4.41 (2.24-8.7) <0.0001
HCV serotype | 1.76 (1.03-3.03) 0.04 1.36 (0.774-2.38) 0.29
HCV-RNA >100 kIU/ml 1.36 (0.87-2.13) 0.18 1.24 (0.781-1.97) 0.36
Patients treated with IFN 0.44 (0.262-0.75) 0.002 0.59 (0.315-1.11) 0.1
Patients with SVR 0.175 (0.055-0.549) 0.003 0.621 (0.169-2.28) 0.47
Presence of PLNE 0.53 (0.31-0.91) 0.02 0.551 (0.31-0.978) 0.042
HCC hepatocellular carcinoma, /F°N interferon, SVR sustained viral response
revealed that older age, male sex, lower serum albumin 1.0
concentration, AFP level greater than 10 ng/ml, heavy &)
alcohol drinking, higher BMI, LSM greater than 10 kPa, (:i:) 084
and absence of PLNE were independent risk factors for B )
HCC (Table 3). These results suggest that the presence of 8 “" gtzg-negiﬁ ve
PLNE is an independent negative predictor of HCC _g’ 0.6+ - -posiiive
development in chronic hepatitis C patients. e
o ‘ g 04y
Subgroup analysis of non-obese patients :g 0=0.02
£ 0.21 -
To further rule out the possibility that obesity acted as a 3 e ammmmem T
confounder in the association between the presence of e
PLNE and HCC development, we reanalyzed the contri- 0.0 . . . .
bution of PLNE to HCC development in a subgroup of 0 2 4 6
non-obese patients, defined as those with BMI <25 kg/m? Patients at risk Time (year)
. . . PLNE-negative 546 492 411 341 164
(n = 695), because we could clearly visualize the liver PLNE-positve 149 143 127 11 53

hilum in such individuals. As shown in Fig. 3, the PLNE-
positive group had a significantly lower incidence of HCC
than the PLNE-negative group even in the non-obese
subgroup (p = 0.02). Thus, we further confirmed that the
presence of PLNE was negatively associated with HCC
development independently of obesity.

Significance of the size of perihepatic LNs
To examine the significance of the size of perihepatic LNs,
we divided patients with PLNE into two groups: a smaller

LN group (longest axis of LN 1 ecmto 2 cm, n = 122) and
a larger LN group (longest axis of LN >2 c¢m, n = 47).

@ Springer

Fig. 3 Cumulative incidence of HCC development stratified by the
presence of PLNE: subgroup analysis of non-obese patients (body
mass index [BMI] <25 kg/m?)

The characteristics of each group are summarized in
Table 4. The proportion of male patients and the LSM
value tended to be higher in the larger LN group than in the
smaller LN group, but the difference was not statistically
significant for either factor. There were no significant
differences in other factors between the two groups.
Furthermore, there was no significant difference in HCC
incidence rates between the two groups (Fig. 4), although
the larger LN group revealed a slightly higher incidence of
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Table 4 Comparison of clinical features between patients with small perihepatic lymph nodes (LNs) and those with large perihepatic LNs

Variable LN size | cm to <2 cm, (n = 122) LN size =2 cm (n = 47) p value
Age (years) 62.7 = 10.4 (29-83) 61.5 9.2 (32-77) 0.32
Male, n (%) 40 (32.8) 22 (46.8) 0.092
Serum albumin (g/dl) 4.0 £ 0.3 (3.0-4.8) 4.0 &+ 0.4 (2.8-4.8) 0.96
Total bilirubin (mg/dl) 0.8 £ 0.3 (0.3-1.6) 0.8 4 04 (0.3-2.1) 0.98
AST (1U/) 53 4 36.0 (17-223) 50 £ 28.7 (17-181) 0.83
ALT (1U/1) 56 + 49.0 (4-374) 59 + 48.2 (6-308) 0.48
Platelet count (x 10*/ul) 163 £ 6.2 (2.1-36.4) 15.4 4 7.4 (4.8-42.2) 0.25
Prothrombin time (%) 86.7 = 11.7 (57.4-100.0) 84.2 4 13.0 (50.3-100.0) 0.27
AFP (ng/ml) 13.0 4= 27.7 (1-168) 453 & 118.6 (1-592) 0.19
BMI (kg/m*) 21.8 4 2.6 (16.8-28.0) 22.0 = 2.6 (14.4-28.7) 0.75
Liver stiffness (kPa) 10.2 4+ 7.1 (2.8-37.4) 12.5 £ 9.3 (4.2-42.2) 0.064
Alcohol consumption >80 g/day, n (%) S5 4.1) 1@.n 0.54
HCYV viral load (kIU/mt) 658 + 788 504 + 582 0.17
HCYV serotype 1, 11 (%) 107 (87.7) 39 (83.0) 0.58
Patients who received IFN, n (%) 24 (19.6) 10 (21.2) 0.98
Patients who achieved SVR, n (%) 5 4.1 2 (4.3) 0.99
1.0- those without PLNE. To our knowledge, this is the first
O study reporting a negative association between the pres-
(j:) 0.8 ence of PLNE and HCC development.
E ~— LN size 2 2cm Belore we started this study, we expected that patients
2 o6l -==+ LN size 1 cm to 2 cm with PLNE would have a higher risk of HCC development,
S based on previous reports showing positive associa-
e tions between PLNE and liver inflammation and fibrosis
g 0.41 p=0.27 [8, 13-15]. However, in our study, neither inflammatory
g markers, such as serum AST and ALT levels, nor fibrosis
E 0.24 markers, such as the platelet count and LSM, had statisti-
O cally significant associations with the presence of PLNE.
0.04 On the contrary, patients with PLNE revealed a signifi-
0 2 4 & cantly lower risk of HCC development. One possible
Patients a sk a7 s Time (year )37 -t © explanation for this result is that obesity may affect the
LN 1cemio2cm 122 116 103 89 45 ability of US to detect perihepatic LNs, although patients

Fig. 4 Cumulative incidence of HCC development in patients with
PLNE stratified by the size of perihepatic LNs: i.e., smaller (longest
axis of LN I to <2 cm) and larger (longest axis of LN =2 cm)

HCC. These results suggest that the size of perihepatic LNs
in chronic hepatitis C patients may not be clinically as
important as the presence of PLNE itself.

Discussion

Although PLNE is a common finding in patients with
chronic hepatitis C, its clinical significance has remained
unclear. In the present study, we reevaluated the clinical
relevance of PLNE in a large cohort of chronic hepatitis C
patients. We found, by prospective analysis, that patients
with PLNE had a lower risk of HCC development than
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with severe obesity were excluded from the study. To rule
out the effect of confounders, especially obesity, we per-
formed multivariate analysis and subgroup analysis of non-
obese patients, and the results showed that the presence of
PLNE was an independent negative predictor of HCC
development. Additionally, of the 846 patients enrolled in
this study, 175 patients underwent abdominal computed
tomography (CT) within one year from the date of the US
cxamination. The concordance rate for the diagnosis of
PLNE between CT and US in these patients was 91.4 %
(160/175). Therefore, we consider that the diagnostic
accuracy of US for PLNE was acceptable in this study.
Although the mechanism of PLNE in patients with
hepatitis C is still unknown, hyperplasia of regional LNs is
generally considered to reflect inflammatory responses in
the adjacent organs. The volume of perihepatic LNs has
been reported to significantly decrease after antiviral
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therapy, especially in patients with an SVR, supporting the
hypothesis that PLNE reflects the inflammatory response Lo
HCV [19-21]. In fact, PLNE was reported to be associated
with CD8 lymphocyte counts in the peripheral blood [10].
Furthermore, HCV-specific IFN-y production and prolif-
erative responses of T cells were found most commonly in
perihepatic LNs rather than in liver tissue or in the
peripheral blood, indicating that there was ongoing T-cell
activation in perihepatic LNs [22]. Our results, taken
together with these previous reports, suggest that the
presence of PLNE may reflect an adequate host immune
response to HCV. T-cell immunity is very important in the
control of HCV infection and in the prevention of
hepatocarcinogenesis [23-25], and a T-cell response that is
too weak may accelerate hepatocarcinogenesis, as seen in
patients co-infected with HCV and human immunodefi-
ciency virus [26, 27]. Thus, a weak T-cell response may be
one explanation of the higher risk of HCC development in
patients without PLNE. On the other hand, too strong an
anti-HCV  T-cell response may induce hepatocellular
damage and lead to subsequent hepalocarcinogenesis [28],
50 patients with larger perihepatic LNs may have a slightly
higher tendency to develop HCC. However, from the
present type of observational study, we cannot evaluate a
causal relationship between PLNE and hepatocarcinogen-
esis, so further studies are needed to clarify this point.

As mentioned above, several studies have shown that
PLNE was positively associated with the degree of liver
inflammation or fibrosis [8, 13—15], but, in the present study
we could not find such associations, except for slight serum
ALT eclevation. However, because of ethical concerns
regarding the performance of liver biopsy, we did not assess
liver histology, so we cannot conclude whether or not PLNE

is really associated with liver inflammation and fibrosis. Of

note, the reported relationships of PLNE to liver function
tests and liver inflammation and fibrosis are inconsistent
among studies [7-15]. One reason may be that these find-
ings were based on relatively small samples. Another reason
is that there is a lack of established criteria for the diagnosis
of PLNE. The lack of definite criteria may also contribute to
the wide variation in the prevalence of PLNE among studies
(from 20 to 100 %) [8~10, 21]. We defined PLNE as an LN
that was at least 1 cm in the longest axis, and this definition
was based on the report by Grier et al. [21] and our pre-
liminary investigation in healthy subjects. Some studies
have used more detailed measurements of LNs with cal-
culations of node volume and shape [8, 10, 20]. These
methods are certainly more accurate in terms of the
assessment of nodal volume, but may be too complicated in
the clinical setting, as discussed by Grier et al. [21]. We
used a simpler method, because our study included a large
number of patients and was conducted to examine the sig-
nificance of PLNE in daily clinical practice. Admittedly, a
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more detailed method would be appropriate to elucidate
more clearly the involvement of PLNE in the pathophysi-
ology of hepatitis and hepatocarcinogenesis.

In the present study, female sex, lower BMI, and HCV
serotype 1 were independently associated with the presence
of PLNE. Soresi et al. [29] also reported that PLNE was
observed significantly more often in female patients than in
male patients with chronic hepatitis C. Although we cannot
clarify the mechanism underlying this association, this
finding may be interesting from the point of view of gender
differences in immune systems and hepatocarcinogenesis.
In the study by Soresi et al., BMI in patients with PLNE
tended to be lower than that in patients without PLNE,
although the difference was not statistically significant [29],
and this finding may be in line with our present results.
Regarding BMI in patients with chronic HCV infection, an
anti-HCV specific immune response was reportedly asso-
ciated with lower BMI through the expression of adipo-
nectin, one of the major adipokines [30]. Thus, the active
immune response to HCV in patients with lower BMI might
cause PLNE. Recent studies have reported that obesity and
obesity-induced dysregulation of adipokines play important
roles in hepatocarcinogenesis [31-33], so the examination
of adipokine expression may help to explain the relationship
of PLNE to BMI and hepatocarcinogenesis.

Another important finding in our study was that the SVR
rate in patients who received IFN therapy was significantly
lower in patients with PLNE than in patients without
PLNE. This finding is consistent with previous reports
[12, 19]. Although the proportion of individuals with HCV
serotype 1 was higher in our patients with PLNE than in
patients without PLNE, subgroup analysis of the patients
with HCV serotype 1 also revealed a significantly lower
SVR rate in patients with PLNE than in patients without
PLNE (data not shown). Thercfore, further analyses are
planned to clarify the relationship of PLNE to HCV sero-
type and response to IFN therapy.

In conclusion, the presence of PLNE is an independent
negative predictor of HCC development in chronic hepa-
titis C patients. This study may provide new insights into
daily clinical practice and the pathophysiology of HCV-
induced hepatitis and hepatocarcinogenesis.
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Percutancous tumor ablation methods, such as ethanol injection
and microwave coagulation, have played an important role as
nonsurgical (reatments that can achieve high local cure rates
without reducing bdd\gwuncl liver function [9-12]. Radiofic-
quency ablation (RFA) is currently considered to be the most
cffective first-line perentancous ablation protocol because of its
greater eflicacy in terms of local cure compared with cthanol
injection  [13-16]. The survival outcomes for patients who
achieved a complete response by RFA are comparable to that
among patients treated by hepatic resection [17-20],

Hepatic resection is supposed to have the advantage over RFA

Introduction

Hepatic resection is regarded as the most appropriate first-line
treatment for patients with solitary hepatocellular  carcinoma
(HCC) who are non-cirvhotic or cirrhotic without portal hyper-
tension [1]. Hepatice resection is also indicated for HCC patients
with more advanced cirrhosis in countries like Japan where the
option of performing a liver transplantation is limited by the
scarcity ol cadaveric donor organs [2]. As a surgical procedure,
anatomical reseetion, which is the systematic removal of a hepatic
segment containing tumor tissue, iy considered to be preferable

based on the concept that tumor cells disseminate through the
portal vein |3-8].
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as an cfleetive intervention as it involves the systematic vemoval of
a hepatic segment containing the tumor. Indeed, microscopic
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satellite nodules, not detected by radiological examination prior to
resection, are often observed in the resected specimen 5,6,21].
However, this does not necessarily mean that microscopic lesions
will have been confined to the reseeted segment. Indeed, even after
anatomical rescetion, the cumulative recurrence rale at 3 years is
as high as 50-70% [6-8], and it is not known to what extent
anatomical rescetion can reduce HGC recurrence as compared
with RFA.

Whereas RFA can reliably climinate target nodules together
with some of the surrounding tissue, most of the liver parenchyma
of the tumor-bearing segment is left unablated. In contrast to
anatomical rescection, it is possible (o observe and analyze intra-
and extra-subsegmental recurrence by following up patients after
ablation. "The aim of our present study was to assess the frequency,
risk factors and swrvival owtcomes associated with intra-subseg-
mental HCG recurrence after RFA in comparison with extra-
subsegmental recurrence.

Patients and Methods

Patients

This retrospective study was conducted according to the cthical
guidclines for epidemiological rescarch designed by the Japanese
Ministry of Education, Gulture, Sports, Science and Technology
and Ministry of Health, Labour, and Wellare. The study design
was included in a comprehensive protocol of vetrospective study at
the Department- of Gastroenterology, The University of T'okyo
Hospital approved by The University of Tokyo Medical Research
Clenter Ethies Commitice (approval number 2058). ‘The following
statements were posted at a website (http://gastro.m.u-tokyo.ac,
ip/med/0602A.hum) and participants who do not agree to the use
of their clinical data’ can claim deletion of them,

Department of Gastroenterology at The University of T'okyo
Hospital contains data from our daily practice for the assessment
of short-term (lreatment success, immediate adverse events cte.)
and long-term (late complications, recurrence ete.) outcomces.
Obtained data were stoved in an encrypted hard disk separated
from outsicle of the hospital, When reporting analyzed data, we
protect the anonymity of participants for the sake of privacy
protection. I you do not wish the utilization of your data for the
chinical study or have any question on the rescarch content, please
do not hesitale to make contact with s,

From 1999 to 2004 a total of 569 patients with HCG underwent
RFA as the initial treatment for naive HCC, Of them, 304 patents
had a single nodule. We enrolled 303 of these patients in our
current study excluding one patient who could not achieve
complete ablation. The inclusion eriteria for REFA had been as
follows: a total bilirubin level of less than 3 mg/dL, o platelet
count of no less than 50x10%*/mm® and prothrombin activity
levels of no less than 50%. Patients with a portal vein tumor
thrombosis, refractory ascites, or extrahepatic metastasis were
excluded. In general, we performed RFA on patients with three or
fewer lesions of 3 cm or less in diameter. However, we also
performed ablation on patients beyond these criteria if it was
predicted to be cinically eflective [22,23]. We enrolled patients
who underwent transcatheter arterial chemoembolization (FACE)
prior RFA when the treatments were sequentially performed.

Diagnosis of HCC

HCC was diagnosed using dynamic computed tomography
(CT), with a consideration of hyperatienuation in the arterial
phase with washout in the late phase as a definite sign of this
discase [24]. Most nodules were also conlirmed histopathologically
via an ultrasound-guided biopsy.
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Treatment and evaluation

All patients received dynamic G with a slice thickness of 5 mm
within one month prior to ablation for comparison. The interval
between the initiation of contrast material infusion and CT image
recording was 30 and 120 sce for single détector-row spiral G717
(Highspeed Advantage; GE Medical Systems; Milwaukee, WI) and
25, 40 and 120 sce for multidetector-row CT' (LightSpeed QX/i
GE Medical Systems). "The images were presented after axial
reconstruction with a slice thickness of 5 mm, RFA was performed
on an in-patient basis using a cooled-tip clectrode (Covidien,
Mansficld, MA) under real-time ultrasound guidance. After [ o 2
sesstons of RFA, dynamic €1 was performed to evaluate the
treatment efficacy. During the treatment evaluation, we compared
the CT findings lor carly and late phase before ablation and late
phase after ablation. A lesion was judged to be completely ablated
when the non-enhanced arca shown in the late phase of G'T post-
ablation covered the entire lesion shown in both early and late
phase of C'I" pre-ablation with a safety margin in the surrounding
liver parenchyma. We conflirmed complete ablation in all slices on
which the target nodule  was  visualized,  Patients: reccived
additional sessions until complete ablation was confirmed in cach
nodule. Finally, 303 ol the 304 patients enrolled in this study were

Jjudged to be completely ablated:

Assessment of tumor recurrence
The follow-up regimen consisted ol blood tests and monitoring
of tumor markers in an outpatient setting. Ultrasonography and

Table 1. Baseline Characteristics of the HCC Patients analyzed
in this study (n = 303).

Variable n(%)

Male sex

Viral infection

HBsAg positive only

Both positive

 Both negative -

Alcohol consumption >80

43 (14.2)
Child-Pugh classification e

g/day

213 {703}

Class A
Class | 548
Class C

6 (2.0)

Size of tumor (cm} LR
mEsp 25%11
1063500
121 {40.0) /
68 (22.4)
39029
44 (14.5)

AFP-L3 >15%

AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP;
Anti-HCVAD, anti-hepatitis C virus antibody; DCP, des-gamma-carboxy
prothrombin; HBsAg, hepatitis B surface antigen.
doi:10.1371/journal.pone.0061367.t001
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dynamic C'T" were also performed every four months, Tumor
recurrence was defined as a newly developed lesion on a dynamic
CT that showed hyperattenuation in the arterial phase with
washout in the Jate phase. "The nomenclature used for the hepatic
scgments conformed o The General Rules for the Clindcal and
Pathological Study of Primary Liver Cancer, Second linglish Idition |25].
According to these rules, subscgments 1 to 8 correspond to
Couinaud’s segment 1 o 8, respectively [26]. All images were
independently reviewed by two experienced radiologists (MLA. and
JS), and a consensus reading was subsequently  performed.
Recurrence was categorized as cither intra- or extra-subsegmental
based on the subsegment of the original nodule. When a tumor
was located on two or more subsegments, the subsegment.where
the major part of the tumor was present was adopted. Local tumor
progression and neoplastic seeding through a needle tract were
considered 1o be an intrasubsegmental recurrence. Extrahepatic
recurrence was defined as extrasubsegmental.

Treatment of recurrent HCC and Survival Outcomes
When HCC recurrence was identified, patients who met the
same criteria used for primary HCC underwent RFAL Survival
analysis was performed on a per patient basis, Patients without an
indication for RFA due to a multiplicity of recurrent nodules
underwent ‘TACL if liver function was categorized as Ghild-Pugh
class B or better. Patients with localized portal tumor invasion
were treated by radiotherapy [27], Patients with tumor invasion to
the first branch or main tract of the portal vein were treated with
intra~arterial 3-lluorouracil and systémic interferon-o combination
therapy [28]. Those with extrahepatie tumor metastasis received
systemic chemotherapy il they had well-preserved liver function
and a good performance status. Survival time was delined as the
interval between the diagnosis of recurrence and the last visit to
the outpatient clinic or death up to December 31, 2010, We also

Intrasubsegmental Recurrence of HCC

analyzed overall survival after the inital RFA. For the analysis
start date was set at the day when we perform the first RFA for
cach patient,

Statistical analysis

Data were expressed as the mean & standard deviation (SD)
unless otherwise indicated. To assess whether the location of
recurrent nodules was independent of the subsegment of the
original nodule, we calcalated the kappa cocflicient and its 95%
conlidence interval (CI) [29]. A coeflicient of T indicates that the
subscgments of the original and recurrent nodules are identical,
whereas a kappa coeflicient of 0 indicates that tumor recurrence
occurs completely at random. P values were also caleulated on the
null hypothesis of kappa cqual to zero.

To assess the exclusively intra-subsegmental recurrence rate
separately [rom all kinds of recurrence, we used cumulative
incidence estimation with competing risk methods [30]. On this
analysis, all types of recurrence were categorized as exclusively
intra-subscgmental recurrence, exclusively extrasubsegmental re-
currence, or simultancously intra- and extra-subscgmental recur-
rence. The hazard function of each type of recurrence was
estimated using kernel-based methods deseribed by Muller and
Wang [31].

We assessed the risk factors for intra- and extra-subscgmental
recurrence independently using univariate and multivariate Cox
ing the risk factor for

proportional hazard regression. In ass
intra-subsegmental recurrence, patients with exclusively - extra-
subsegmental recurrence were treated as censored data and viee
versi. The following [actors were used for these analyses: age,
gender, hepatitis B surface antigen positivity, hepatitis G antibody
positivity, platelet count, alanine aminotransferase (ALT), tumor
size, alpha-fetoprotein (AFP),  des-gamma-carboxyprothrombin
(DCP) and lens culinaris agglutinin-reactive fraction of AP

569 Patients with naive HCC were
treated by RFA from1999 to 2004

267 Were excluded

266 had 22 nodules
1 incomplete ablation

303 Were followed-up

fallow-up period

201 Encountered recurrence during

3

40 (20%) had exclusively
intrasubsegmental recurrence

110 (55%) had exclusively
extrasubsegmental recurrence

51 (25%) had both intra- and
extra-subsegmental recurrence

Figure 1. Patient enroliment flow.
doi:10.1371/journal.pone.0059040.g001
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Figure 2. Figure 2A: Overall recurrence. Figure 2B: Recurrence rates of according to the mode of recurrence.

doi:10.1371/journal.pone.0059040.g002

(AFP-L3). Factors showing statistical significance as a predictor in
univariate analysis were further analyzed using @ multivariate Cox
proportional hazard regression model with stepwise selection of
variables based on the Akaike information eriterion (ALC).

We plotted survival curves according (o the mode of recurrence
(i.c., intra-, extra-subscgmental or both) using the Kaplan-Mcicr
method. Statistical signilicance among these three groups was
assessed using the Jog-rank test. We also caleulated adjusted
hazard ratios Tor survival according to the mode of recurrence
using multivariate Cox proportional hazard regression with factors
that showed statistical significance in a univaviate analysis of
survival. Differences with a2 value of less than 0.05 were
considered  statistically  significant. All statistical analyses were
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performed with S-Plus Ver, 7 (FIBCO Software Inc., Palo Alto,
CA) and R 2.13.0 (hup://www.R-project.org).

Results

Patient profiles

The enrolled HCC patient cohort in this study consisted of 191
males and 112 females with a mean age of 67.5 years (Table 1).
The mean tumor size was 2.5% 1.1 ¢ in diameter. The number of
the nodules distributed in subsegments 1 to 8 was 7 (2.3%), 12
(4.0%), 30 (9.9%), 43 (14.2%), 37 (12.2%), 32 (10.6%), 46 (15.2%),
and 96 (31.7%), respectively. One hundred one patients under-
went TACGE before RFAL The median (range) interval between
TACE and RFA was 23 (6-71) days.
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HCC recurrence

During the follow-up period (mean, 2.3 years; range 0.2 1o
7.3 years), tumor recurrence in the HCC patient cohort was
identified in 201 cases, The recurrent nodules were distributed in a
total of 340 subscgments, Recurrent nodules were exclusively
intra-subsegmetal in 40 patients (20%), and exclusively extra-
subsegniental in 110 patients (55%, Fig. ). Simultancous intra-
and extra-subsegmental recurrence was observed in the remaining
51 patients (25%). The diagnosis of recinrrence revealed that 104,
39, 22, 17 and 19 patients had 1, 2, 3, 45, and >5 tumors,
respectively. Local tumor progression was identified in 10 patients,
among which two individuals had simultancous extra-subsegmen-
tal recurrent nodules. Two patients with extrahepatic recurrence
(one lymph node and one lelt adrenal grand) were categorized as
extra-subsegmental. Neoplastic sceding, which was categorized as
intra-subscgmental recurrence, was observed as the first recur-
rence in two patients. Details of the distribution of original and
recurrent nodules based on subsegments are listed in Table 2. The
observed proportion of recurrent nocules in the same subscgment
as the original nodule was 0.268, whereas the expected probability
that the subsegments of original and recurrent nodules were the

Intrasubsegmental Recurrence of HCC

same, assuming a random distribution, was 0.154. The kappa
cocflicient was caleulated as 0.135 (95% Cl, 0.079-0.190;
P<0.001). When patients with a Jocal tumor progression or
neoplastic seeding were excluded from this caleulation, the kappa
statistic decreased to 0.101 (95% CI, 0.046-0.156; P<0.001). The
cumulative rates of overall recurrence at 1, 3, and 5 years were
19.6%, 61.8%, and 78.3%, respectively (Iig. 2A). Cumulative
rates of exclusively intra-subscgmental, exclusively extrasubseg-
mental and simultancously intra- and extra-subsegmental recur-
rence were 3.4%, 8.1%, and 7.1% at 1 year, 12.7%, 32.7%, and
16.4% at 3 years, and 135.3%, 43.6%, and 19.4% at 5 years,
respectively (Mg, 2B). The estimated hazard function curves
according to the three types ol recurrence showed a similar pattern
over the first 4 years. Then only the hazard rate of exclusively
extra-subsegmental recurrence inereased whereas the hazard rate
of the other two types of recurrence decreased (Fig, 3).

Risk factors related to intra- and extra-subsegmental
recurrence

Univariate  Cox  proportional regressions revealed that the
following factors were significantly associated with intra-subseg-
mental recurrence: tumor size, AP, DCP, AI'P-L3, platelet count
and anti-HCV antibody positivity. The final model for predicting
intra-subsegmental recurrence with stepwise variable  selection
included tumor size, AFP, platelet count and anti-HCGV antibody
positivity (Table 3). Factors related to extra-subsegmental recur-
rence that were found to be significant by wnivariate Cox
proportional hazard regression were age, platelet count, tumor
size, AFP and AFP-L3. Multivariate analysis with  step-wise
variable sclection showed that the risk factors for extra-subseg-
mental recurrence were age, platelet count, tumor size, and AFP

(Table 4).

Treatment of recurrent HCC and associated survival
outcomes

Among the 40, 110 and 51 patients in whom recurrent HGC
was found to be exclusively intra-subsegmental, exclusively extra-
subsegmental, and simultancously intra- and extra-subsegmental,
37 (92.5%), 99 (90.8%) and. 42 (82.3%), respectively, were treated
using RFA. Of the three patients with an exclusively intra-
segmental recurrence, one individual was treated by hepatic
resection and one patient was (reated by TACE. The remaining
patient received best supportive care because of deterioration in
liver function. During the follow up period up to December 31,

Table 2. Distribution of the Original and Recurrent Tumors Divided by Subsegment.

Subsegment of recurrent tumor, n

egment of original tumor,

doi:10.1371/journal.pone.0061367.t002
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Table 3. Univariate and Multivariate Analysis of
Intrasubsegmental Recurrences (n=303).

Intrasubsegmental Recurrence of HCC

Table 4. Univariate and Multivariate Analysis of
Extrasubsegmental Recurrences (n = 303).

Multivariate

Univariate

Univariate Mulitivariate

Variable  ARGS%CH

1.00 (0.97-1.02)
0.64 (0.30-1.40)

HBsAg, positive

anti-HCVAB, positi

0.09

0.009
<0001

1.28/(1;06-1.54)
5 R
1:66 {1.18-2.33)

1.02 (1.00-1.04) 0.03

Age per year 0.001

Male gender 113 (083-156) 044 o

HBsAg, positive 091 (0.30-1.40) 069

anti-HCVAD, positive 149 (100-220) 0049

Platelet count, 0.94(097-0.97) <0001 0.94 (092-097)  <0.001

%10%7uL
ALT >80 IUL
Size per 1 cm

log(AFP)
log(DCP)

105 (072-156) 078

132(1.16-151) <0001 139 (121-160)

153(127-1.85) <0001 137 (1.12-168) 003
129096173 01

166 (1.00-252) 0

HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface antigen;
Anti-HCVADb, anti-hepatitis C virus antibody; ALT, alanine aminotransferase, AFP,
alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin; AFP-L3, lens culinaris
agglutinin-reactive fraction of AFP.

doi:10.1371/journal.pone,0061367.t003

2010, 130 patients died and 9 patients were lost to follow-up. The
median survival time (95% Cl) was 5.72 (3.51-NA) years in
patients  with exclusively  intra-subscgmental  recurrence, 4.95
(#.19-5.76) years in paticnts with exclusively extra-subsegmental
recurrence, and 2,43 (1.90-4.26) years n patients with simulta-
ncously intra- and extra-subscgmental recurrence, respectively
(P<0.001 by log-rank test, Fig. 4). Univariate Cox regression
analysis revealed that patients with simultancously  intra- and
extra~subsegmental recurrences had a significantly poorer survival
than those with an exclusively intra-subsegmental recurrence
(hazard ratio, 2.39; 95% CI, 1.32-4.02; P=0.001), whearcas this
difference became non=significant (HR, 1.91; 95% CI, 0.96--3.80;
P=0.07) when . adjusted  using  other  significant factors  in
univariate analysis (Table 3}, No dilferences in the survival
outcomes between patients with exclusively intra- and  extra-
subsecgmental  recurrences were  observed by univariate and
multivariate analysis. Finally overall survival rates alter the initial
RFAat 1, 3,5, 7 and 10 years were 96.7%, 81.4%, 62.4%, 49.0%,
and 31.1%, respectively.

Discussion

Recurrences of HCC are more complicated than those of other
solid tumors as they can arise in two distinet forms: de novo
carcinogenesis and  intrahepatic metastasis  [32]. Systematic
subscgmentectomy may be clfective in treating such patients il
the distribution of the hematogenous spread of cancer cells
correlates with the physical distance from the original tumor or
local portal venous flow. Indeed, in the present study we showed
from our data that the location of recurrent nodules was weakly
but significantly related to that of the original tumor, even afier the
exclusion of local tumor progression from the analysis. Given that
exclusively intrasubsegmental recurrence in this study could be
prevented by subscgmentectomy, through a simple caleulation,
one fifth of patients who received locally curative RFA might have
benelitted i they had received systematic subsegmentectomy.
However, it should be mentioned in this vegard that those patients
who had avoided an intrassubscgmental recurrence owing to a
systematic subsegmentectomy would have subsequenty encoun-
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HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface antigen;
Anti-HCVAD, anti-hepatitis C virus antibody; AST, aspartate aminotransferase:
ALT, alanine aminotransferase, AFP, alpha-fetoprotein; DCP, des-gamma-
carboxy prothrombin; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP.
doi:10.1371/journal.pone.0061367.1004

tered tumor recurrence in the remnant liver, and the actual risk
reduction of recurrence would  therefore be smaller. Actually
recurrence-lree survival at 10 years alter systematic subscgmen-
tectomy was reported to be only 9.4% in a previous nation-wide
survey [33].

The risk factors related o de novo  carcinogenesis and
hematogenous intrahepatic metastasis would be expected to he
different. The factors responsible for HCC development, such as
{ibrosis stage, age, gender, and presence of viral hepatilis, may also
afleet de novo carcinogenesis [34,35]. On the other hand, factors
related to the primary tumor, such as the size and number of
tumor nodules, pathological grade(s), the presence of vascular
invasion, and positivity of tumor markers, may alleet the possibility
of intrahepatic occult metastasis at the time of initial treatment.
We speculated that there would be differences between the rvisk
factors for intra- and extrasubsegmental recurrence sinee the
former  would more strongly  correlate with  hematogenous
intrahepatic metastasis, However the risk factors related to intra-
and extrasubsegmental recurrence were found to be quite similar
except that old age was a risk factor for only extrasubsegmental
recurrence.

Previous reports suggested  the hazard function of de novo
carcinogenesis and hematogenous intrahepatic mietastasis would
be different [36,37]. The hazard function of the former is assumed
1o be gradually increasing over time whercas that of the latter has a
peck within two years, And the actual hazard function represents
the sum of the two curves, The estimated hazard function of
exclusively extra-subsegmental recurrence in this study scemed
compatible with the previous reports. However we should be
carcful to interpret the results because the number at risk at year 4
or & was limited.

A previous large scale cohort study of the prognosis of patients
with HCC weated by liver transplantation has reported  that
microvascular invasion is the most important predictor of a poor
outcome [38]. This suggests that even i the whole liver is
removed, there may be remaining cireulating tumor cells that have
resulted rom tumor nodule invasion of the microvessels. It has
also been reported  that microsatellite: metastatic nodules sur-
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Exclusively intrasubsegmental

1.0 - )
recurrence

0.9 4 Exclusively extrasubsegmental

0.8 recurrence

j

Probability of survival
[=}
4
1

Simultaneously intra- and
extrasubsegmental recurrence

P<0.001 by log-rank test

0.4 -
0.3 - ™
0.2
0.1 A
0.0 -
I T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Years after recurrence
Patients at risk
Intrasubsegmental 40 37 32 26 23 19 " 8 2 1
Extrasubsegmental 110 102 90 82 683 40 18 4 2
Both 51 43 29 24 17 8 7 3 2 1

Figure 4. Cumulative survival probability after the diagnosis of recurrence according to the mode of recurrence.

doi:10.1371/journal.pone.0059040.g004

rounding the main tumor arc associated with microvascular
invasion and indicate a higher risk of tumor recurrence alter liver
transplantation [39]. Hence, the impact of removing a tumor-
hearing subsegment, including microvascular invasions or micro-

satellite nodules, which is thought to be a major advantage of

rescetion over RFA; might be more limited than previously
considered.

In this study factors that were supposced to be velated to de novo
carcinogenesis (¢.g., lower platelet count and HCV infeetion) were
risk factors for intra-subsegmental recurrence as well as extra-
subsegmental recurrence. The risk of recurrence due to de novo
carcinogenesis might be reduced by a subsegmentectomy accord-
ing to the resceted liver volume. However, as most patients with
HCC have chronie liver disease, removal ol non-cancerous liver

Table 5. Univariate and Multivariate Analysis of Survival after Recurrence*.

Univariate

Multivariate

Exclusively extra-subsegmental recurrence vs.
exclusively intra-subsegmental recurrence

1.02 {(1.00-1.05)
0.74 (0.40-1.38)

HBsAg, positive
anti-HCVAb, posi

1.45 (1.28-1.63)

Multinodular
loglAFP)
log(DCP)

1.04 (1.02-1.07)

1.44 (1.27-1.63)

154(106-2.23)
1.02 (0.63-1.66)

*Clinical data at the diagnosis of recurrence were adopted.

doi:10.1371/journal.pone.0061367.t005
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parenchyma may have a negative impact on long-term survival,
especially for those individuals with impairved liver regencration,
Thercfore, the key issue is to what extent the liver parenchyma
should be removed 1o sufliciently treat the patient on a case by
case basis. It may be speculated that extensive resection could be
tolerable and beneficial to those who have a well-preserved
capacity for liver regeneration {40].

There is no doubt that tumor recurrence deteriorates the long-
term prognosis for HCC patients. However itis also true that there
are cflective, sometimes  potentinlly  curative  treatments  for
recurrent HCC. The re-resection after recurrence of HCGC s
indicated in 10-30% of patients [41-43) and percutancous

ablation can be upcmdl) performed [20,44,45]. Indeed, 37 of

40 patients analyzed in this study who had recurrent nodules
confined to the same subsegment as the original tumor were
successfully re-treated with RFA. No dillerences in the survival
outcomes were observed between patients with solely intra- or
extrassubsegmental recurrences. Henee, the impact of the first
recurrence on overall survival may be smaller for HOC compared
with other gastrointestinal malignancies such as stomach cancer or
colorectal cancer.
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Abstract

Hepatitis C virus (HCV) infection is the major cause of hepatocellufar carcinoma (HCC) in Japan. We previously identified the
association of SNP rs2596542 in the 5' flanking region of the MHC class | polypepnde-related sequence A (MICA) gene with the
risk of HCV—mduced HCC. In the current study, we performed detailed functional analysis of 12 candidate SNPs in the"
promoter region and found that a SNP rs2596538 located at 2.8 kb upstream of the MICA gene affected the binding of a
“nuclear protein(s) to the genomic segment mcludmg this SNP. By electrophoretic mobility shift assay (EMSA) and chromatin
lmmunoprecxpxtatton (ChiP) assay, we identified that ‘transcription factor Specificity. Protein 1 (SP1) can bind to the
protective G allele, but not to the risk A allele. In addition, reporter construct containing the G allele was found to exhibit
higher transcriptional activity than that containing the A allele. Moreover, SNP 52596538 showed stronger association with
HCV-induced HCC (P=1.82 %107% and OR=1.34) than the previously identified SNP rs2596542. We also found sngmfucantly;
higher serum level of soluble MICA (sMICA) in"HCV-induced HCC patients carrying the G allele than those carrying the A
allele (P=0.00616). In summary, we have 1denttﬁed a functional SNP that is associated with the expressnon of MICA and the
risk for: HCV-\nduced HCC.
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Introduction MICA is a membrane protein which is up-regulated in various
tumor cells and also induced in response to various cellular stresses
) ) ) such as infection, hypoxia, and heat shoek [7]. It is an important
in the world. 1t is well-known 1o be associated with the chronic omponent of the innate inmnme response, as MICA can bind to
infection of Hepatitis B (l"ll?\’) and Hepatitis C (HCV) viruses. In the NKG2D receptor and subscquently activate natural killer
Japan, nearly 70% ol HCC ]);\Iicrl}ls are infected with HCV [1). (NK) cells, CD84+ cells, and ¥8 T cclls [8,9]. Morcover, membrane
The annual rate of developing HCGC among patients with HCV- MICA can be shed by nw!;xl]oprolitinascs, including MMP9,
related liver cirrhosis in Japan is estimated to be about 4-8 pereent ADAMI0, and ADAM17, and seereted into serum as a soluble
[2]. Recent analyses have identified various genetic factors that are

Hepatocellular carcinoma (HCC) is one of the comimon cancers

form [10,11]. Since these metalloproteinases are ofien activated in

related with viral induced liver diseases [3--3]). In our pn\xuus two- HCC, the expressions of both membrane-bound MICA and
stage  genome-wide  association  study ((;\\z\ﬂ) using a total sMICA arc increased [12,13]. SNP 152596542 was found to be
number of 1,394 cases and 3,486 controls, a SNP 1s2596542 ;

associated with the progression from chronic hepatitis C (CHC) 10
located on chromosome 6p21.33 was shown to be significantly HCC and also with serum sMICA level, Hence, both 152596542
associated  with  HCV-induced  HCCG (P=4.21%107" and and sMICA would be possible prognostic biomarkers for GHC
OR=1.39) [6]. This SNP is located within the class 1 major paticnts, However, their underlying molecular mechanisms were
histocompatibility complex (MHC) region and is at about 4.8 kb not fully clucidated so far.

upstream of MIIC class 1 polypeplide-related sequence A (MICA) gene. We hypothesize that MICA vaviations could afeet sMICA level
We also identified that the risk A allele of SNP 152596542 was by cither one or both of the following two possible mechanisms: (1)
strongly associated with the Jow expression of soluble MICA the genetic variation(s) in the codinhg region affecting the protein
(MICA) in the serum ol HCV-related HGG patients [6]. stability and (2) the transeriptional regulation. Previously, variable
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numbers of tandem rvepeats (VNTRs) in exon 5 of MICA were
identificd to affect MICA subcellular localization and serum
MICA level [14]. The exon 5 of MICA encodes the transmem-
brane domain and the insertion of an extra G nucleotide in the
domain” would result in a premature stop codon that would
generate MICA protein without a transmembrane domain and
subsequently allect sMICGA level {14]. However, our previous
results indicated  that. MICA VNTR  was  not significantly
associated with the sMICA level or HCC risk [6]. Therclore, in
the current study, we have tried to investigate whether the MICA
variations would alleet the MICA transcription in the liver cancer
cells. Through the functional analysis of genetic variations in the
MICA promoter region, we here report a causative SNP 152596538
that increases the binding aflinity of the tanscription factor
Specificity - Protein 1 (SP1) and the risk ol progression of the
discase. :

Materials and Methods

Samples and genotyping

DNA samples for direet sequencing (50 HCGVerclated HCGC
cases), imputation analysis (721 HCGV-rclated HCCG cases and
5,486 HCV-negative controls), and serum samples for sMICA
ELISA (246 HCV-rclated HCGC) were obtained from BioBank
Japan [15,16]. Genotyping of SNPs from 1,394 HCG patients and
measurement of sSMICA expression by ELISA were performed in
the previous study [6]. Genotyping of SNP 12596542 in 1,043
CHC was performed previously in RIKEN  using Hlumina
HumanHap610-Quad  BeadChip [17]. All GHC subjects had
abnormal levels of serum alanine transaminase for more than 6
months and were positive for both HCV antibody and serum
HCV RNA. The SNP 152596542 in liver cirrhosis samples without
hepatocellular carcinoma from BioBank Japan (n=420) and the
University of Tokyo (n=166) were genotyped using IHhumina
HumanHap610-Quad  BeadChip or invader assay [18]. All
subjects were cither subjected (o liver biopsy or diagnosed by
nop-invasive methods including hepatic imaging, biochemical
data, and the presence/absence of clinical manifestations of portal
hypertension [18]. The samples used in the current project were
histed in Table SI. Case samples with HBV co-infection were
excluded from this study. The subjects with cancers, chronic
hepatitis B, diabetes or tuberculosis were excluded from non-HCGV
controls. All subjects were Japanese origin and provided written
informed consent. This research project was approved by the
cthical committees of the University of "T'okyo and RIKEN.

Imputation study

The imputation study was performed by using a hidden Markoy
model programmed in MACH [19} and haplotype information
from 1000 genomes database [20]. The imputation results were
conlirmed by divcet DNA scquencing in 50 randomly sclected
samples.

Cell culture

Human liver cancer cell lines HLE and HepG2 were purchased
from JHSE (Osaka, Japan) and ATCC. These cells were grown in
Dulbeceo’s modificd Eagle's medivm (Invitrogen) with 10% [etal
bovine serum. Cells were cultured at 37°C with 3% CO,.

EMSA
HLE cells were grown in 15 em culture plate until they reached
95% conllucncy. The plate was then sealed with paralilm and

immersed ina water bath at 42.5°C for 1.5 hours [21]. Nuclear

extracts from these cells were prepared according to the standard
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protocol [22]. EMSA was carvied out using DIG Gel Shift Kit, 2
Generation (Roche) according o the manufacturer’s instructions.
The sequences of the 12 probes were listed in the Table S2. In
brief; 30 fmol of labeled probes were hybridized with 5 pg nuclear
extract for 15 minutes al room temperature. The mixtures were
then loaded into a 6% TBE gel, separated by clectrophoresis at
4°C and transferred onto a nylon membrane. The membrane was
then hybridized with anti-digoxigenin-AP antibody and developed
by CSPD solution. For competition study, nuclear extracts were
incubated with non-labeled oligonucleotides first before adding
labeled probe. For supershift assay, SP1 antibody (SC-59X, Santa
Cruz Biotechnology) was added into the nuclear extract and
incubated on ice for 30 minutes first belore adding labeled probe.
The mixtures were then separated by clectrophoresis using 4%
TBE gel. Al EMSAs were vepeated twice for reconfirmation of the
results,

Chip

The HLE cells (G allele homozygote) and HepG2 o cells
(heterozygote) were used in the ChIP assay. The  plasmid
pCAGGS-SPI was transfected into both cells by using FuGENEG
Transfection Reagent (Roche). The ChIP assays were carried out
using  Chromatin - Immunoprecipitation Assay  Kit  (Millipore)
according to the manufacturer’s protocol. In briel, the cells were
treated with formaldehyde o crosslink DNA-protein complexes at
48 hours post-transfection. DNA-protein complexes were then
sheared by sonication and immunoprecipitated by rabbit poly-
clonal anti-SPI antibody (SC-59X, Santa Cruz Biotechnology).
The resulting DNAs were analyzed by PCR (Table 52). In order to
determine the binding specilicity of SPI o the SNP 12596538
allele, the PCR products from HepG2 cells were Turther sub-
cloned into pCR 2.1 vector and sequenced to assess G to A ratio in
both input DNA and immunoprecipitant.

Dual luciferase reporter assay

Three copies of 31 bp DNA fragments equivalent to the EMSA
oligonucleotides of SNP 152596538 were cloned into pGL3-
promoter vector (Promega). The plasmids were co-transfected with
pCAGGS-SPL and pRL-TK plasmids (Promega) into HLE cells
by FuGENEG Transfection Reagent (Roche). The pCAGGS-SPI
plasmid provided the expression of ranseription factor SP1, and
pRL-TK plasmid served as internal control for transfection
eflicieney [23]. "The cells were lysed at 48 hours post-transfection,
and relative luciferase activities were measured by Dual Luciferase

Assay System (Toyo B-Net).

Western blotting

Cancer cell lysates were prepared by using pre-chilled RIPA
buffer, and 25 pg of cach lysate was loaded into the gel and
separated by SDS-PAGE. Western  blotting was  performed
according to the standard protocol. Rabbit anti-MICA antibody
(ab63709, abcam: 171000) and rabbit anti-SP1 antibody (17-601,
Upstate Biotechnology: 1/500) were used in the experiment,

Statistical analysis

The case~control association was analyzed by Student’s ~test
and Fisher’s exact test as appropriate. The association of allele
dependent sMICA expression was studied by Kruskal-Wallis test
using R statistical environment version 2.8.1. The LD and
cocllicients (D and ) were caleulated by Haploview version 4.2
[24].
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Table 1. Association of rs2596542 with the progression from
CHC to LC and HCC.

Control
Case MAF  MAF F OR 95% C.I.
LC vs CHC 0.3797 0.3442 004842 1.166 ~ 1.01-1.35
HCC vs LC 04012 0.3797 020296 1094  0.95-1.26

MAF, minor allele frequency; OR, odds ratio for minor allele. C.l, confidence
interval. SNP rs2596542 was analyzed in 1,043 chronic hepatitis C (CHC), 586
liver cirrhosis without hepatocellular carcinoma (LC) and 1,394 HCV-induce
hepaticellular carcinoma patients (HCC). “calculated by Armitage trend test.
doi:10.1371/journal.pone.0061279.t001

Results

Analyses of SNP rs2596542 in HCV-infected patients at
different disease stages

Since the development of HCC consists of multiple steps, we
investigated the role of SNP 152596542 with discase progression.
SNP 1rs2596542 was genotyped in patients at three  different
discase categories of GHC {chronic hepatitis G) without liver
cirrhosis (LC) or HCC, LC withowt HCC, and HCC. 'The
statistical analysis indicated that SNP 12596542 was significantly
associated with discase progression from CHG to LC with P-value
0l 0.048 and odds ratio of 1.17 (Table 1), The risk allele frequency
among HCOC patients (40.1%) was higher than that among LC
patients (38.0%), but the association was not statistically significant
(P-value of 0.203 and odds ratio of 1.09). These results suggested
the involvement of A/CA with both liver fibrosis and hepatocel-
lular carcinogenesis

HCV-HCC risk is not associated with MICA copy number
variation

A previous veport has indicated the deletion of the entive MICA
locus in 3.2% of Japanese population [25] and this deletion was
shown to be associated with the risk of nasopharyngeal carcinoma
(NPCY, especially in male [26]. 'To identify the functional SNP that
may aflect AMIEE mRNA expression, we analyzed the relation
between the AMCA copy number variation (CGNV) and the HCCG

Functional Variant of MICA Associated to HCV-HCC

susceptibility, We quantified this GNV by real-time PCR in 375
HCV-rclated HCG patients and 350 HCV-negative controls. As
shown in Table S3, we found no difference in the copy numbers
between HCC cases and controls, indicating that this CNV is
unlikely to be causative genetic variation for the risk of HCC.

Direct sequencing of 5' flanking region of MICA

We then focused on the variations in the 5° flanking region of
the MIGA gene which may be associated with its promoter activity.
We had conducted direet DNA sequencing of the 3-kb promoter
region which included the marker SNP 152596542 using genomic
DNAs of 50 HCC subjects and identified 11 SNPs showing strong
linkage discquilibrium with the marker SNP 152596542 (D7>0.953
and 7>0.832) (Fig. S1, Table 2).

Allele specific binding of nuclear protein to genomic
region including SNP rs2596538

To investigate whether these genctic variations would aflect the
binding allinity of some transcription factors, we had conducted
the clectrophoretic mobility shift assay (EMSA) using the nuclear
extract of HLE human hepatocellular carcinoma cells. Since
MICA is a stress-inducible protein |21, we fivst treated the cells
with heat shock treatment at 42°C for 90 minutes and confirmed
significant induction of MICA expression as shown in Fig. la.
Then we performed EMSA using 24 lub(:lccl-oligfmuclcolidc'
corresponding to cach allele of the 12 candidates’ SNPs. The
results of EMSA demonstrated  that an oligonucleotide corre-
sponding to a G allele of SNP 12596538 exhibited stronger
binding aflinity to a nuclear protein(s) than that to an A allele
(Fig. 1b). We then confirmed the specific binding of nuclear
proteins to the G allele by competitor assay using non-labeled
oligonucleatides (Fig. le). The sell (G allele) oligonucleotides
inhibited the formation ol DNA-protein complex in a dose-
dependent manner, but the non-sclf’ (A allele) oligonucleotides
showed no inhibiton effect. Taken together, some nuclear
protein(s) in hepatocelular carcinoma cells would interact with a
DNA fragment including the G allele of SNP rs2596538.
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Table 2. Linkage disequilibrium between 11 candidate SNPs and SNP 152596542,

SNP ID Relative position® A1 A1 frequency D’ r

152506542 —4815 A 036

152428475 w4"/88 G 0.36

528366144 4585 ST 03

152428474 4387 G 0.39

12251731 Zapas A 039

r52844526 —3703 C 0.38

12596541 3572 vy 038

rs2523453 3285 G 0.38

1s2523452 ~2870 G 0.953 ' 0.832

rasoes3s el g SR R R
rsi8445£2 ~2710 C 0953 d.832

Note: Direct DNA sequence of 5-kb promoter region of MICA from 50 HCV-HCC subjects. D’ and r* were calcu!ated by comparing the genotypes of these SNPs to the
marker SNP 152596542 by Haploview. A1, minor allele; “Relative position to exon 1 of the MICA gene.

doi:10.1371/journal. pone.0061279.t002
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