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3,,Inﬂammatory markers ‘have been assocrated with mcreased risk of several cancers |nclud|ng colon lung, breast and llver but :
the evidence is mconsrstent We conducted a nested case-control study in the longitudinal cohort of atomlc-bomb survivors.
The study |ncluded 224 hepatocellular carcmoma (HCC) cases and 644 controls mdrvrdually matched to cases on gender, age,

: city and time and method of serum storage, and countermatched on radiz ,on dose We measured C- reactlve protern (CRP) o

: and mterleukm (Il) 6 usmg stored sera obtf ned wrthm 6 years before HCC dlagnosrsfrom 188 HCC cases and 605 controls ;

‘ing habtt body mass mdex (BMI) and radratmn dose showed that relatlve nsk (RR) of HCC [95% conf‘dence mterval (Cl)] in.
the hrghest tertile of CRP levels was 1.94 (O 72—5 51) compared to the lowest tertlle (p =0.20). RR of HCC (95% CI) inthe
highest tertile of IL-6 levels ) was 512 (1.54-20. 1) compared to the lowest tertlle (p =0. 007) Among sub]ects with BMI >

~25.0 kg/m a stronger assocratlon was found between al- -standard. dewatlon (SD) i increase in log IL- 6 and HCC rlsk compared
to sub;ects rn the middle qumtrle of BM! (21 3 22 9 kg/mz), resultmg m ad;usted RR (95% Ch of 3.09 (1.78-5. 81 p=
0.015). The restlts indicate that hlgher serum levels of IL-6 are assocrated with increased HCC nsk mdependently of hepatrtrs‘
virus infection, llfestyle -related factors and radiation exposure The assocratron is especrally pronounced among subjects with

obesity.
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Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide. Chronic infections with hepatitis B virus
(HBV) or hepatitis C virus (HCV) are recognized as crucially
important risk factors for HCC, whereas an increase of HCC
without HBV and HCV infection (non-B, non-C HCC) has
been noted recently in Japan."? Although periodic follow-up
with imaging, tumor markers such as alpha-fetoprotein
(AFP) and fibrosis markers are recommended, these strat-
egies have not been sufficient for early detection of HCC in
chronic liver disease, especially in non-B, non-C liver disease.
Therefore, it is necessary to identify biomarkers that may be
useful to narrow down a high-risk subgroup for HCC.

A large number of epidemiologic studies have shown that
obesity and diabetes mellitus are associated with increased risks
of such malignant tumors as colon, prostate and breast, as well
as HCC.>™™ OQur earlier study also demonstrated that obesity
[body mass index (BMI) > 25.0 kg/m?] 10 years before HCC
diagnosis was significantly associated with increased risk of
HCC, independently of HBV and HCV infection, alcohol
consumption, smoking habit and radiation exposure.'? It has
been suggested that cell proliferation activity of insulin due to
hyperinsulinemia or chronic inflammation may promote
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; atomrc bomb surwvors, whrch took into account hepatm vrrus mfectron llfestyle related factors and radlatron exposure ele- :
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carcinogenesis by DNA damage, enhancement of cellular pro-
liferation and inhibition of apoptosis.*!® In recent years, some
studies have suggested that blood levels of inflammatory
markers or cytokines also related to insulin resistance—such as
C-reactive protein (CRP), interleukin (IL)-6 and tumor necro-
sis factor (TNF)—may reveal a biological mechanism by which
risks of colon, lung and breast cancers increase,"*™” but other
studies have not supported such associations.'®*°

Several studies have demonstrated that elevated serum lev-
els of IL-6 are associated with increased risk of HCC in
female chronic hepatitis C patients,” and that the combina-
tion of serum levels of IL-6 and alpha-fetoprotein improves
sensitivity in diagnosing HCC or predicting future HCC
development in chronic hepatitis B patients.*’ A few experi-
mental studies using a mouse model have demonstrated that
estrogen-mediated inhibition of IL-6 production by Kupffer
cells reduces liver cancer risk in females,® and that obesity-
promoted HCC development was bound up with elevated
production of the tumor-promoting cytokines, such as IL-6
and TNF, which cause hepatic inflammation and activation
of the oncogenic transcription factor STAT3.”® In several
other cancers,”™ it has been suggested that IL-6 and STAT3
may also contribute toward a general enhancement of cancer
risk by high BMI.

With the aim of investigating whether serum levels of
CRP and IL-6 are associated with risk of HCC and, if so,
whether that risk is independent of HBV and HCV infection,
alcohol consumption, smoking habit, BMI and radiation
exposure, we conducted a nested case-control study using
sera collected from a prospective cohort study of atomic-
bomb survivors. We subsequently evaluated whether the
association between serum IL-6 levels and HCC risk is modi-
fied by alcohol consumption, smoking habit, BMI or radia-
tion dose to the liver using analyses based on subgroups of
those factors.

Material and Methods

Cohorts

The Atomic Bomb Casualty Commission (ABCC) and its
successor, the Radiation Effects Research Foundation (RERF),
established the prospective Adult Health Study cohort in
1958, in which more than 20,000 gender-, age- and city-
matched proximal and distal atomic-bomb survivors and per-
sons not present in the cities at the time of bombings have

Int. J. Cancer: 134, 154-163 (2014) © 2013 UICC

been examined biennially in outpatient clinics in Hiroshima
and Nagasaki.

Cases and controls

Incident cancer cases were identified through the Hiroshima
Tumor and Tissue Registry and Nagasaki Cancer Registry,
confirmed and supplemented by additional cases detected via
pathological review of related diseases.® As described in our
previous studies,”” 359 primary HCC cases were diagnosed
among 18,660 Adult Health Study participants between 1970
and 2002, who visited our outpatient clinics before their diag-
nosis. Of these, 229 cases had serum samples obtained within
6 years before HCC diagnosis (average: stored sera obtained
1.2 years before diagnosis). After excluding five cases with
inadequate stored serum, 224 cases remained for our previ-
ous studies. There were no important differences in charac-
teristics such as alcohol consumption, smoking habit, BMI or
radiation dose to the liver (among exposed persons) between
HCC cases excluded because of nonavailability of stored
serum and those included in our study.

As described in our previous studies,””” 644 controls were
selected from the at-risk cohort members matched to the
case on gender, age, city and time and method of serum stor-
age, and countermatched on radiation dose in nested case-
control fashion.”® Counter matching (to increase statistical
efficiency for studying joint effects of radiation and other fac-
tors) was performed using four strata based on whole-body
(skin) dose: zero dose (<0.0005 Gy), <0.05 Gy, <0.75 Gy
and > 0.75 Gy (nonzero categories correspond roughly to
tertiles of skin dose among all eligible exposed cases). At the
time of each case diagnosis, one control serum was selected
at random from each of the three dose strata not occupied
by the case in the cohort risk set.

Laboratory tests

Virological assays of HBV and HCV were performed on 211
cases and 640 controls with sufficient stored sera for these
assays as previously described’**° HBV infection (HBV+)
status was defined as positive for HBsAg or having a high
titer of anti-HBc Ab (positive for anti-HBc Ab of samples
diluted 200-fold). HCV infection (HCV+) status was defined
as positive for HCV RNA. Non-B, non-C status was defined
as negative for HBsAg and not having a high titer of anti-
HBc Ab (HBV-) as well as negative for HCV RNA (HCV-).
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Serum levels of CRP were measured using an autoanalyzer
(Hitachi 7180, Hitachi, Tokyo, Japan) and a high-sensitivity
assay kit (Nissui Pharmaceutical, Tokyo, Japan) containing
anti-CRP monoclonal antibodies. The detection limit of CRP
was 0.08 mg/L. The intra-assay variability was determined by
assaying two pooled serum samples (mean CRP level: 0.62 and
1.68 mg/L, respectively) 20 times in a single day, and the
respective coefficients of variation (CVs) were 1.12 and 0.95%.
The interassay variability was determined by assaying two
quality control samples (mean CRP level: 2.14 and 4.71 mg/L,
respectively) once a day 12 for days; the respective CVs were
4.1 and 1.2%. Serum levels of IL-6 were measured using the
multiplex bead array assay on the Luminex Complete System
200 (Luminex Corp., Austin, TX),”" with MILLIPLEX™ MAP
kits (Millipore, Billerica, MA) according to the manufacturer’s
instructions. Human serum adipokine panel B (HADK2-61K-
B) was used for IL-6. The intra-assay variability was deter-
mined by assaying two pooled serum samples with and with-
out including a quality control sample (mean IL-6 level: 4.29
and 144.82 pg/ml, respectively) 15 times in a single day, and
the respective CVs were 8.6 and 7.5%. The interassay variabili-
ty was determined by assaying two quality control samples
(mean IL-6 level: 31.02 and 171.62 pg/mlL, respectively) once
a day for 7 days; the respective CVs were 7.9 and 13.7%.

Radiation dose
Radiation dose to the liver was estimated for each subject
according to Dosimetry System DS02.°2 A weighted sum of
the gamma dose in gray plus ten times the neutron dose in
gray was used.

Alcohol consumption, smoking habit and BMI
Self-administrated questionnaires on lifestyle-related factors
were given to Adult Health Study participants in 1965 during
attendance at the outpatient clinic and in 1978 by mail sur-
vey. Information on alcohol consumption was obtained from
the 1965 questionnaire when available, with missing data
complemented using the 1978 mail survey. Mean ethanol
amounts were calculated as grams per day, as previously
described.® Information on smoking habit was obtained
from the 1965 questionnaire. Subjects were categorized as
never, current or former smoker. BMI (kg/mz) was calcu-
lated from height and weight measured in the outpatient
clinic of the Adult Health Study. Subjects were classified
based on BMI quintiles with cut points of 19.5, 21.2, 22.9
and 25.0. Following the recommendations for Asian people
by the WHO, the International Association for the Study of
Obesity and the International Obesity Task Force,** 21.3-
22.9 kg/m? was considered as normal, 23.0-25.0 kg/m” as
overweight and >25.0 kg/m” as obese.

Ethical consideration

This study (RERF Research Protocol 1-09) was reviewed and
approved by the Research Protocol Review Committee and
the Human Investigation Committee of RERF.

IL-6 associated with hepatocellular carcinoma risk

Statistical analyses

The nested case-control design is analyzed using a partial
likelihood method analogous to that used for cohort follow-
up studies,”® which is in practice the same as the
conditional binary data likelihood for matched case-control
studies™ except that the subjects (cases and controls) in the
study are not completely independent owing to the possibil-
ity of repeated selection. Radiation risk was estimated using
an excess relative risk (ERR) model (ERR = RR — 1) to
conform to other analyses of the atomic-bomb survivor
cohort.>**” Bias in control doses due to selecting controls
using countermatching was corrected using weights as
described elsewhere.®® Risks for all other factors were
assessed using a log-linear model. In analyses based on con-
tinuous values, CRP and IL-6 were transformed using the
natural logarithm. Analyses using CRP or IL-6 groups used
tertiles computed among controls. A two-degree-of-freedom
heterogeneity test was performed by comparing the deviance
of the model with tertiles to that without, using the lowest
tertile as the comparison group. We fit log-linear regression
models for the effect of a 1-standard deviation (SD) increase
in IL-6 and tested for interaction with each of the other risk
factors individually using the same heterogeneity test, with
degrees of freedom depending on the number of categories
of the other risk factor; we report the p value for the pair-
wise test comparing the interaction parameter in the highest
to lowest level of each other risk factor. We also assessed
various models for log relative risk of HCC with continuous
level of IL-6—Ilinear, linear-quadratic and linear spline—
using the Akaike information criterion (AIC).® Analyses
were conducted using Epicure (HIROSOFT International
Corp., Seattle, WA).

Results

Characteristics of cases and controls

Table 1 shows characteristics of HCC cases and matched
controls. Because of matching, cases and controls were com-
parable with respect to gender, age, city and time and
method of serum storage. Prevalence of HBV and/or HCV
infection status in HCC cases is higher than in controls.
Compared to the controls, higher proportions of HCC cases
had a history of alcohol consumption exceeding 40 g of etha-
nol per day, were obese (BMI > 25.0 kg/m”) and were cur-
rent smokers. Median serum levels of CRP were 0.72 mg/L
among HCC cases and 0.59 mg/L among controls. Median
serum levels of IL-6 were 4.88 pg/mL among HCC cases and
290 pg/mlL among controls. HCC cases also received on
average higher radiation doses to the liver compared to
controls.

Correlations among CRP, IL-6, alcohol, BMI

and radiation dose

Table 2 shows Spearman rank-correlation coefficients (r)
between serum levels of CRP and IL-6, alcohol consumption,

Int, ). Cancer: 134, 154-163 (2014) © 2013 UICC
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, HCC cases ~ Controls
. Number with o Numberwith
Study variables complete data n) ~complete data o n (%)
Matched variables , ) ) )

Age at HCC diagnosis (years)® 224 67.6 (10.1) e S

Age at serum storage {years)’ 224 66.4 (10.2) 644 63.7 (9.8)

Gender ‘ 534 - . 64h e
Mate 136 (60.7) 387 (60.1)

" Female 88 (39.3) 1257 39.9)

City 224 B - 644
Hiroshima © 155 (69.2) ' 444 (68.9)
Nagasaki 69 (30.8) 200 (31.1)

Unmatched variables o L

Viral etiology 211 640

HBV—/HCV— - 45013  579(005)
HBV+ and/or HCV+ 166 (78.7) 61 (9.5)

Alcohol consumption (g ethanol/day) '199 77 el
‘None’ “ 97 (48,7) ’ 315 (54.6)

. 0< <40 5786 194 (33.6)
240 45 (22.6) 68 (11.8)
Smoking habit 199 o ; 578 s
Never 80 (40.2) 283 (49.0)

 Current smoker 107(53.8) 262 (45.3)
Former smoker 12 (6.0) 33 (5.7)

BMI (kg/m?) 10 years before diagnosis 210 L 633 ‘ e
<19.5 38 (18.1) 122 (19.3)
19.6-21.2 33(15.7) 136 215
21.3-22.9 36 (172) 142 (22.4)
23.0-25.0 49 (23.3) 124 (19.6)
>25.0 54 (25.7) 109 (17.2)

Inflammatory markers . - - ‘

CRP (mg/L), median (IQR) 188 0.72(0.18,1.89) 605 0.59 (0.25, 1.52)

~ IL-6 (pg/mL), median (IQR) 182 488 (2.88,8.77) 589 2.90 (1.53, 5.42)

Radiation dose to the liver (Gy)*? 204 0.46 (0.69) 606 0.34 (0.56)

Mean (SD).
2Control values were adjusted for countermatched selection.

BMI 10 years before HCC diagnosis and radiation dose to
the liver. Serum levels of CRP were positively correlated with
serum levels of IL-6 among both cases (r = 0.46) and con-
trols (r = 0.29). Serum levels of CRP were modestly corre-
lated with BMI among both cases (r = 0.15) and controls
(r = 0.28), whereas correlations between serum levels of IL-6
and BMI were not significant among either cases (r = 0.11)
or controls (r = 0.06). Neither alcohol consumption nor
radiation dose showed any evidence of correlation with either
marker.

Int. J. Cancer: 134, 154-163 (2014) © 2013 UICC

Risk of HCC according to serum levels of CRP and IL-6

Table 3 shows the association between CRP and HCC
risk based on tertiles of serum CRP levels. Analyses with
adjustment for HBV and HCV infection, alcohol con-
sumption, smoking habit, BMI 10 years before HCC
diagnosis and radiation dose showed that relative risks
(RRs) of HCC [95% confidence interval (CI)] in the mid-
dle tertile (0.37-0.96 mg/L) and highest tertile (>0.96
mg/L) of CRP levels were 2.11 (0.73-6.54; p = 0.17)
and 1.94 (0.72-5.51; p = 0.20), respectively, compared to
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Table 2, Spearman rank-correlation coefficients between CRP, IL-6, alcohol, BMI and radiation dose among HCC cases and controls

L e - 6 :
Variables Comelation ~ pValue  Comelation p Value
HCC cases
CRP e . Ziad e e
IL-6 ) ) 0.46 <0.001 - -
Alcohol 'consumpytio‘n (g ethanol/day) 001 0.9 - 002 0.83
BMI 10 years bgfore diagnosis 0.15 0.049 0.11 0.14
Radiation dose to the liver 009 . 0.26 ©20.08 1030
Controls ’
IL-6 ’ 0.29 <0.001 - -
,Alcbhbl‘ct)nsumypt'ion (g ethanoi/day) -0.003 0.94 : 0.05 ' 0.28
BMI 10 years before diagnosis 028 <0.001 0.06 0413
Radiation dose to the liver = - 002 s o - —0.06 : 043
Table 3. Relative risks of HCC by tertile of serum levels of CRP
' | e el vt
o o low<037mg/L Middle 0.37-0.96 mg/L°  ~ High>0.96 mg/L =~ heterogeneity
" No. of cases/controls’ 49/120 29/98 ' 59/109 ok '
Crude RR (95% Cl) 1.0 0.64 (0.36-1.15) 116 (0.71-1.88) 0.10
pvalue - 0.14 5050
Adjusted RR (95% C)* 1.00 1.54 (0.62-3.92) 1.90 (0.87-4.36) 0.28
pvave 036 k 0.11 ;
Adjusted RR (95% CI’ 1.00 2.11 (0.73-6.54) 1.94 (0.72-5.51) 032
Copvalue 0 017 000
*Number of subjects for whom information available for all factors included in a log-linear model: 137 HCC cases and 327 controls.
Adjusted for HBV/HCV infection, excluding three HBV+ /HCV+ individuals.
Adjusted for HBV/HCV infection, alcohol consumption, smoking habit, BMI 10 years before diagnosis and radiation dose to the liver.
Table 4. Relative risks of HCC by tertile of serum levels of IL-6
. - low<201pg/m.  Middle 2.01-446 pg/mL High>446 pg/mL heterogeneity
No.of casesjcontrals® 13203 agor ;s
Crude RR (95% C) 1.00 3.78 (1.87-8.26) 6.44 (3.24-14.0) <0.001
pValue - o o <0001 20,001 i
Adjusted RR (95% C)* - 1.00 2.87 (1.02-8.91) 4.09 (1.46-12.9) 0.025
pale e 0045 oooz
Adjusted RR (95% C1)’ 385 (1L16-149) 5125200 0023
’ pV ,U,e'”, e : 0027 . e s .

INumber of subjects for whom information available for all factors included in a log-linear model: 132 HCC cases and 313 controls.

2Adjusted for HBV/HCV infection, excluding three HBV+/HCV+ individuals.

3Adjusted for HBV/HCV infection, alcohol consumption, smoking habit, BMI 10 years before diagnosis and radiation dose to the liver.

those in the lowest tertile (<0.37 mg/L; heterogeneity
p = 0.32).

Table 4 shows the association between IL-6 and HCC risk
based on tertiles of IL-6. Analyses with adjustment for HBV

and HCV infection, alcohol consumption, smoking habit,
BMI 10 years before HCC diagnosis and radiation dose
showed that RRs of HCC (95% CI) in the middle tertile
(2.01-4.46 pg/mL) and highest tertile (>4.46 mg/L) of IL-6
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Figure 1. (a) Continuous risk of HCC by CRP. RR (95% ClI) of HCC
with adjustment for alcohol, smoking habit, BMI and radiation
dose is plotted according to serum levels of CRP. A test for overall
significance of the log-linear curve was not significant (p = 0.23,
dashed line). Fit of a linear-quadratic model (solid line) was not as
good as the log-linear model according to the AIC model-
comparison criterion. (b) Continuous risk of HCC by IL-6. RR (95%
Cl) of HCC with adjustment for alcohol, smoking habit, BMI and
radiation dose is plotted according to serum levels of [L-6. A test
for overall significance of the log-linear curve was significant (p =
0.015, dashed line). Fits of linear-quadratic (solid line) and linear
spline (dotted line) were not as good as the log-linear model
according to the AIC model-comparison criterion.

levels were 3.85 (1.16-14.7; p = 0.027) and 5.12 (1.54-20.1;
0.007), respectively, compared to those in the lowest tertile
(<2.01 pg/mL; heterogeneity p = 0.023).

Additional analyses were conducted to examine the associ-
ation between CRP or IL-6 and non-B, non-C HCC risk,
although there were relatively few cases with non-B, non-C
status (31 cases). Analyses with adjustment for alcohol con-
sumption, smoking habit, BMI 10 years before HCC diagno-
sis and radiation dose showed that RRs of non-B, non-C
HCC (95% CI) in the middle and highest tertiles of CRP
were 7.77 (1.13-78.5) and 7.40 (1.26-64.6), respectively, com-
pared to those in the lowest tertile (heterogeneity p = 0.065).
RRs of non-B, non-C HCC (95% CI) in the middle and
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highest tertiles of IL-6 were 56.3 (4.27-2,000) and 98.0 (6.74-
4,500), respectively, compared to those in the lowest tertile
(heterogeneity p < 0.001) after the same adjustment. The
wide confidence bounds are presumably due to the small
numbers of non-B, non-C HCC cases.

We also examined the possibility of a nonlinear relation
between serum levels of CRP or IL-6 and HCC risk. There
was no evidence of any systematic relationship between CRP
and HCC risk (Fig. 1a). The log RR of HCC increased line-
arly with logarithm of serum IL-6 level after adjustment for
alcohol consumption, smoking habit, BMI and radiation dose
(p = 0.015, AIC = 132.63; Fig.lb). Although HCC risk
appears to level off or decline at high values of IL-6 (Fig.1b),
neither a negative quadratic term (p = 0.17, AIC = 132.73)
nor a linear spline (p = 0.10, AIC = 133.95, with best fit
obtained using a join point at log IL-6 = 1.6 or IL-6 = 4.95)
revealed any statistically significant departure from the log-
linear model. Although the appearance of a downturn at high
values of IL-6 may be spurious, lack of statistical significance
could also be due to the large uncertainty in estimated risk
for IL-6 (high upper bound on confidence intervals for IL-6

groups).

Interaction between IL-6 level and gender, lifestyle-related
factors or radiation for risks of HCC

Table 5 shows the association between IL-6 and HCC risk by
selected subgroups. Stronger association was found between a
1-SD increase in log IL-6 and HCC risk among subjects with
BMI of >25.0 kg/m* (obese) 10 years before diagnosis than
among subjects with BMI of 21.3-22.9 kg/m? (normal),
resulting in adjusted RR (95% CI) of 3.09 (1.78-5.81; p for
interaction = 0.015). However, there was no significant dif-
ference in association between IL-6 and HCC risk among
females compared to males, among subjects with alcohol con-
sumption of 40 g of ethanol per day compared to never
drinkers, among current smokers compared to never smokers
or among subjects exposed to >1.0 Gy radiation compared
to subjects exposed to <0.001 Gy radiation.

Additional analyses were conducted to examine the associ-
ation between IL-6 and non-B, non-C HCC risk by selected
subgroups. Similarly, a stronger association was found
between a 1-SD increase in log IL-6 and non-B, non-C HCC
risk among subjects with BMI of >25.0 kg/m> than among
subjects with BMI of 21.3-22.9 kg/m?, resulting in adjusted
RR (95% CI) of 5.01 (1.51-34.0; p for interaction = 0.025).
The results suggest that elevated serum levels of IL-6 among
obese subjects are more strongly associated with increased
risks of non-B, non-C HCC as well as overall HCC compared
to subjects with normal weight. '

Discussion

Our study demonstrated that elevated serum levels of IL-6
are associated with increased risk of HCC, independently of
hepatitis virus infection, lifestyle-related factors—such as
alcohol consumption, smoking habit and BMI—and radiation
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Table 5. Relative risks of HCC associated with a 1-SD increase in log IL-6 level

L p Value for .
RR . 95%Cl- interaction®
All HCC 1.84 1.50, 2.28

Gender

Males 1.78 1.36, 2.38 )

Females . . ... 1.91 1.41;2.68 >0.5
Alcohol consumption (g ethanol per day)
None : : 1.91 1.40,2.69 -

240 ‘ ’ 1.88 1.69, 3.53 >0.5

' ‘Smoking’habi’t"w’k B g

Never o 2.09 1.48, 3.07 )

Current smoker r e 1.61 1.19,2.23 0.28
BMI (kg/m?) 10 years before diagnosis

213-229 ' 1.26 0.80, 1.99

}25~0 ’ 3.09 1.78, 5.81 0.015
Radiation dose to the liver (Gy) .~ : : ‘

: 0< <’0-001 2.01 1.43, 2.89

>1.0 2.50 1:38,5.10 0.5

Non-B, non-C HCC 1.62 1.14, 2.39
. Gender .o ‘

Males 1.09 0.60, 1.96

Females 213 1.32,3.84 0.09
Alcohol consumption(g ethanol per day)
. None.. 1.86 1.09,3.73 :

240 2.09 0.57, 11.0 >0.5
~Smoking habit : k

Never ’ 2.04 1.13, 4.16 .
C'u’rré'nt smoker 1.35° 078,239 -0.33. -
BMI (kg/m?) 10 years before diagnosis
L 21.3-229 0.84 1 0.31,2.02

‘ >25.0 ’ 5.01 1.51, 34.0 0.025
‘Radiation dose to the liver Gy) = - i .

0< <0.001 1.71 0.89,3.44

>1.0 2.66 1.06,101 047

'p Value for interaction is from the likelihood ratio test for a difference in IL-6 risk between high-risk and ref-
erence categories of the other factor, while adjustment was made for main effects and interactions of all cat-

egories of the other factor.

exposure. Significant association was observed between ele-
vated serum levels of IL-6 and increased risk of non-B, non-
C HCC, whereas the association with elevated serum levels of
CRP was only marginally significant. Among subjects with
obesity, an even stronger association was observed between
elevated serum levels of IL-6 and increased risk of HCC
(non-B, non-C HCC as well as all HCC).

Several studies have demonstrated that elevated serum
level of CRP is associated with poor prognosis in HCC
patients, whereas few cohort studies have shown a significant

association between CRP level and HCC risk.* In our study,
the association between serum level of CRP and HCC risk
was not significant, after adjusting for HBV and HCV infec-
tion, lifestyle-related factors and radiation dose. However, it
has been reported that positive association between CRP level
and degree of hepatic steatosis occurs among obese patients
with nonalcoholic fatty liver disease,*” and CRP level is useful
not only for distinguishing nonalcoholic steatohepatitis
(NASH) from simple nonprogressive fatty liver but also for
predicting the severity of liver fibrosis in steatohepatitis
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cases.*’ In our study, analyses with adjustment for lifestyle-
related factors and radiation dose in non-B, non-C subjects
showed that the risk of non-B, non-C HCC is significantly
higher in the middle or highest tertile of serum CRP levels
than in the lowest tertile, and that the risk increases with ele-
vated serum levels of CRP (though only with marginal statis-
tical significance). This result is consistent with published
findings that background liver disease of non-B, non-C HCC
may be partially caused by NASH or steatohepatitis.'**!
Several studies have reported that higher serum IL-6 level
precedes the development of HCC in female chronic hepatitis
C patients or chronic hepatitis B patients.”™*' Estrogen-
mediated inhibition of IL-6 production by Kupffer cells may
explain such gender disparity in HCC development.®***™**
An animal study also showed gender-based differences in IL-
6 production associated with liver cancers.” Previous studies
have also demonstrated that serum IL-6 level increases in
patients with established HCC.*® IL-6 is a multifunctional
cytokine that plays a prominent role in immune response,
cell survival, apoptosis and proliferation.*® IL-6 produced by
inflammatory and stromal cells within the tumor microenvir-
onment binds to gp80 (IL-6 receptor)/gpl30 complex, lead-
ing to constitutive Janus kinase (JAK) activation and STAT3
phosphorylation, which regulates oncogenic gene expression
mediating proliferation and preventing apoptosis.** Early
studies reported that IL-6 and STAT3 are involved as protu-
morigenic agents in many cancers, including those of the
colon, lung, breast, prostate and ovary, as well as hematologi-
cal cancers.*® In our study, the association between serum
levels of IL-6 and HCC risk was significant after adjusting for
HBV and HCV infection, lifestyle-related factors and radia-
tion dose. Elevated serum levels of IL-6 were associated with
increased risk of HCC irrespective of gender. Additionally,
analyses with adjustment for lifestyle-related factors and radi-
ation dose in HCC cases and controls of non-B, non-C type
showed that non-B, non-C HCC risk is significantly higher
in the middle or highest tertile of serum IL-6 levels than in
the lowest tertile, and that the risk significantly increases
with elevated serum levels of IL-6. These results are consist-
ent with published findings that elevated IL-6 level is associ-
ated with the development of type 2 diabetes or insulin
resistance,”” which are considered to be factors contributing
to progression in non-B, non-C HCC as well as HCC.
Obesity and diabetes mellitus have recently earned recog-
nition as risk factors for HCC.*® Our previous study’ also
demonstrated that obesity 10 years before HCC diagnosis
was an independent risk factor for HCC, and that there was
a significant multiplicative interaction in HCC risk between
obesity and HCV infection. Obesity contributes to a high rate
of visceral fat storage. Increases in production of cytokines
such as TNF-a, IL-6, monocyte chemoattractant protein-1
and leptin secreted from adipose tissue and/or macrophages
accumulated in such tissues cause hepatic steatosis and oxi-
dative stress through insulin resistance, resulting in the devel-
opment of HCC. A recent experimental study using a mouse
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model indicated that obesity promotes HCC development by
enhancing production of the tumor-promoting cytokines
such as IL-6 and TNF, which cause hepatic inflammation
and activation of the oncogenic transcription factor STAT3.”
In our study, elevated serum levels of IL-6 were significantly
associated with increased risk of HCC, especially among sub-
jects with obesity, after adjusting for all other categories of
the other risk factor. That trend changed little when the asso-
ciation between IL-6 levels and non-B, non-C HCC risk was
examined. Other factors related to HCC risk among obese
subjects such as genotype may affect the interaction between
IL-6 and obesity, when taking into account the fact that cor-
relations between serum levels of IL-6 and BMI were not sig-
nificant among HCC cases and controls. Nevertheless,
monitoring of IL-6 levels may be crucial to early detection of
HCC irrespective of HBV and/or HCV infection, especially
for individuals with chronic liver disease or fatty liver disease
with obesity.

The strengths of our study include its prospective cohort
base with high follow-up rate and nested case-control design,
which minimize selection bias. It is difficult and expensive to
perform full cohort analyses of serum biomarkers such as IL-
6 and CRP, whereas the nested case-control design used here
can provide substantial reductions in cost and effort with lit-
tle loss of statistical efficiency.*® We also incorporated, in a
strict and in-depth manner, hepatitis virus infection status of
HCC cases measured before diagnosis (measured at compara-
ble ages among matched controls). Furthermore, we included
such potential HCC risk factors as alcohol consumption,
smoking habit and BMI in the multivariate analyses, because
several studies have demonstrated that inflammatory markers
including CRP and IL-6 levels are associated with such
lifestyle-related factors.'®'” However, we cannot completely
exclude the possibility of residual confounding.

A limitation of our study is that use of hormones, aspirin
and nonsteroidal anti-inflammatory drugs, which are related
to CRP levels, could not be adjusted as confounders, because
participants have only been asked detailed information on
such kinds of medication since 1991. Another is that we used
stored sera obtained within 6 years before HCC diagnosis.
The reason is that to render primary diagnosis of HBV
and/or HCV infection status of cases and controls of serum
samples obtained from study participants between 1970 and
2002, de novo HCV infection in particular could not be
denied outright regarding those obtained between 1970 and
1989. Therefore, the findings of elevated IL-6 levels associated
with HCC risk (also measured within 6 years of diagnosis)
may include a mixture of precancerous change and defense
against tumor formation or growth. It suggests that elevated
IL-6 levels may represent not cause but effect for increased
risk of HCC, although causality cannot be inferred from our
study. However, for early identification and management of
HCC, measurement and monitoring of IL-6 levels for indi-
viduals with chronic liver disease or fatty liver disease may
be meaningful, irrespective of HBV and/or HCV infection.
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In conclusion, elevated serum levels of IL-6 were associ-
ated with increased risk of HCC, even after adjusting for
HBV or HCV infection, alcohol consumption, smoking habit,
BMI and radiation dose. Elevated IL-6 levels associated with
non-B, non-C HCC risk were also observed, although it was
estimated among a relatively small number of non-B, non-C
HCC cases. Moreover, elevated serum levels of IL-6 were sig-
nificantly associated with increased risk of HCC, especially
among subjects with obesity. Elevated serum levels of CRP
were only marginally associated with increased risk of non-B,
non-C HCC, whereas monitoring of CRP and IL-6 levels in
combination with tumor markers may be more robust in pre-
dicting subsequent HCC among individuals with non-B,
non-C liver disease. An in-depth understanding of the mech-

IL-6 associated with hepatocellular carcinoma risk

anisms by which IL-6 levels are associated with increased risk
of HCC, independently of hepatitis virus infection, lifestyle-
related factors and radiation exposure, should lead to better
prevention and therapeutic strategies.
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Percutaneous transvenous embolization for portosystemic
shunts associated with encephalopathy: Long-term

outcomes in 14 patients
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Aim: To evaluate the clinical outcomes of percutaneous
transvenous embolization (PTE) for portosystemic shunt (PSS)
associated with encephalopathy

Methods: Fourteen patients with portosystemic encephal-
opathy (PSE) were enrolled in this retrospective cohort study.
We evaluated technical success, clinical success, complica-
tion and outcomes.

Results: In cases in which PSS was one of main causes of
PSE, three also had splenorenal shunts, four gastrorenal
shunts, four superior mesenteric vein systemic shunts, one
inferior mesenteric vein systemic shunt and two main trunk of
portal vein inferior vena cava shunts. We used only ethanola-
mine oleate (EO) in five; EO and coils in five; EO, coils and
n-butyl 2-cyanoacrylate (NBCA) in two; and coils and NBCA in
two patients as embolic materials. The rate of primary and
secondary technical success was 93% (13/14 patients) and
100%, respectively. No major complications were encoun-

tered related to PTE. Follow-up period was a median of 27
months (range, 12-79). All patients had sustained disappear-
ance of PSE. PSE recurred in one patient because of another
PSS development. Thus, clinical success was achieved in 93%
(13/14 patients). The ammonia levels 1 year after PTE were
significantly improved compared with pre-PTE (median, 102 vs
41 wmol/L) and maintained lower levels 2 and 3 years later.
Child-Pugh scores did not change significantly. Esophageal
varices were aggravated in 29% (4/14 patients). Five patients
died, but no death of hepatic failure related to PTE was
encountered.

Conclusion: PTE could be one of the useful treatment
options for PSE.

Key words: balloon-occluded retrograde transvenous
obliteration, encephalopathy, percutaneous transvenous
embolization, portal systemic shunt

INTRODUCTION

HERE ARE TWO types of hepatic encephalopathy:
portosystemic encephalopathy (PSE) and end-stage
hepatic encephalopathy in decompensated cirrhosis.”?
PSE is caused by portosystemic shunts (PSS), including
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splenorenal (SR) shunts, gastrorenal (GR) shunts, supe-
rior mesenteric vein (SMV) systemic shunts, inferior
mesenteric vein (IMV) systemic shunts and portal vein
(PV) inferior vena cava (IVC) shunts. PSE can be treated
with surgery or interventional radiology,*”® or medica-
tion.”’® Surgical treatment is ligation of shunts.!’!?
However, surgery is an invasive strategy and may be
limited due to severe liver dysfunctions. Medical treat-
ment is to eliminate ammonia from the gastrointestinal
tract, for example, osmotic diarrhea, reduction of dietary
protein intake and administration of lactulose to reduce
serum ammonia levels. Neomycin also may be given
to suppress bacterial flora preventing them from con-
verting amino acids into ammonia. Neomycin is admin-



2 N. Naeshiro et al.

istrated p.o. or by retention enema.”'* But these medical
managements have not been always sufficient, espe-
cially in PSE.

Balloon-occluded retrograde transvenous obliteration
(B-RTO) has been used for the treatment of solitary
gastric varices,'*"'” and it has been reported as a useful
therapy for PSE recently,'**' mainly for SR and GR
shunts, but rarely for SMV and IMV systemic shunts
among others. Ethanolamine oleate (EO) has been used
in B-RTO for an embolic material as a sclerosing agent.
Also, coils®®® and n-butyl 2-cyanoacrylate (NBCA)***
have been used in embolization of PSS.

We defined occlusions of PSS including B-RTO using
a catheter by percutaneous transvenous embolization
(PTE). PTE has been safely performed for PSE with
almost complete eradication. At present, however, the
majority of reports have been case reports or short-term
results.*® The long-term outcome of more than 1 year
after PTE has not yet been fully demonstrated.

In the present study, we described the technical and
clinical success rate, the complications, and the outcome
in long-term periods of more than 1 year.

METHODS

HIS STUDY WAS conducted according to the tenets

of the Declaration of Helsinki. Written informed
consent was obtained from all patients or their families
before treatment and at the time of enrollment.

Patient

Fourteen consecutive patients with PSE treated with PTE
at our institution between April 2006 and October 2011
were enrolled in this retrospective cohort study. All
of these patients were poorly responsive to medical
therapy for PSE.

Patient characteristics are shown in Table 1. The study
included nine men and five women with a median age
of 71 years (range, 55-74). All patients had liver cirrho-
sis, the causes were viral liver cirrhosis in 10 patients
(nine patients were positive for anti-hepatitis C virus
antibody and one patient was positive for hepatitis B
surface antigen), and alcoholic liver cirrhosis in four
patients. Child-Pugh scores® were 6 in one, 7 in five, 8
in four, 9 in one and 10 in three patients. All patients
had dominant encephalopathy and the grade of
encephalopathy by criteria based on the West Haven
Criteria?” were grade 1 in five, 2 in six, 3 in two and 4 in
one patient. The median serum ammonia level was
104 umol/L (range, 79-175). Other blood test results
are shown in Table 1.
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Table 1 Patient characteristics

Parameters n=14

Age (years)t 71 (55-74)
Sex (male/female) 9/5

Etiology (HBV/HCV/alcohol) 1/9/4
Child-Pugh score (6/7/8/9/10) 1/5/4/1/3
Grade of hepatic encephalopathy 5/6/2/1

(1/2/3/4)t

Ammonia (pmol/L, range)¥ 104 (79-175)

Total bilirubin (mg/dL, range)# 34 (19-92)
Aspartate aminotransferase (IU/L, range)¥ 35(18-81)
Alanine aminotransferase (IU/L, range)# 22 (13-67)
Alkaline phosphatase (IU/L, range)+ 346 (190-713)
v-Glutamyltransferase (IU/L, range)$ 20 (7-145)
Albumin (g/dL, range)# 3.3 (2.6-3.7)
Creatinine (mg/dL, range)+ 0.84 (0.36-1.23)
Platelet count (X10*/uL, range)% 8.4 (3.5-29.7)
Ascites (present/absent) 6/8

HCC (present/absent) 9/5

HCC stage (I/11/11/IVa/IVb) 2/3/3/0/1

tGrade is by West Haven Criteria.

tData are mean values (range).

HBV, hepatitis B virus; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus.

Nine patients had complicating hepatocellular carci-
noma (HCC). HCC staging by the Liver Cancer Study
Group of Japan®® were I in two, II in three, III in three
and IVb in one patient.

PTE

Selective angiography from the celiac and superior
mesenteric arteries, and computed tomography during
arterial portography via superior mesenteric or/and
splenic arteries using an angio-CIT system (Miyabi
[Siemens, Erlangen, Germany] or INFX-8000C+ Aquil-
ion [Toshiba, Otawara, Japan]) were performed before
PTE in order to evaluate portosystemic collaterals via
unilateral femoral artery.

We inserted a 5-Fr catheter with a 1 or 2-cm diameter
balloon (Selecon balloon catheter; Terumo Clinical
Supply, Gifu, Japan) into the draining vein of the PSS
through an IVC via a right femoral or right jugular vein
under local anesthesia. PTE was commonly performed
using 5% EO (Oldamin; Takeda Pharmaceutical, Osaka,
Japan) mixed with iopamidol (EOI) (Iopamiron 300;
Bayer Health Care, Osaka, Japan) under balloon occlu-
sion, so-called B-RTO (patient no. 1-8, 10-12 and 14)
(Fig. 1, Table 2). If necessary, minor collateral vessels of
the PSS were embolized by 50% glucose solution and
microcoils before EOI injection. The amount of EOI was
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Figure 1 Percutaneous transvenous embolization (PTE) with 5% ethanolamine oleate iopamidol (EOI) for gastrorenal (GR)
shunts (patient no. 5). (a) 3-D image obtained by computed tomographic arterial portography via a superior mesenteric artery
shows GR shunt (large arrowheads) from a right gastric vein (large arrow) to a left renal vein (small arrow). Small arrowheads
indicate the calcified lymph nodes’ swelling around a stomach. (b) Fluoroscopic spot image shows a total of 15 mL (0.29 mL/kg
bodyweight) of 5% EOI injected from a 5-Fr balloon catheter (large arrow) via a right jugular vein into the GR shunt (arrowheads).
Small arrows indicate microcoils at a right gastric and gastroduodenal arteries for hepatic arterial infusion chemotherapy using an
implanted hepatic arterial port system for hepatocellular carcinoma treatment, which was removed during PTE. (c) 3-D image
obtained by intravenous contrast-enhanced CT 27 months after PTE shows no appearance of the GR shunt.

defined as below 0.4 mL/kg bodyweight in one session Detachable Coil [Boston Scientific/Target, Fremont,
to reduce the side-effects. In some cases, we combined CA, USA], Guglielmi Detachable Coil [Boston Scientific,
some types of microcoils (Tornado Coil [Cook, Bloom- Cork, Ireland], Interlock Coil [Boston Scientific] and
ington, IN, USA], Micronester Coil [Cook], Interlocking C-stopper Coil [Piolax, Yokohama, Japan]) and/or

Table 2 Results of PSS and PTE

Patient PSS Diameter of Embolic materials Technical success Clinical
no. PSS (mm)t . success
Amount of No.of  Amount of Primary Secondary
5% EOI (mlL) coils NBCA (mL)
1 SR 21 20 - - Complete - Achieved
2 SR 12 12.5 3 - Complete - Achieved
3 SR 21 20 3 - Partial Complete Achieved
4 GR 19 20 - - Complete - Achieved
5 GR 10 15 - - Complete - Achieved
6 GR 20 31 4 - Complete - Achijeved
7 GR 16 17 - - Complete - Achieved
8 SMV-IVC 10 20 5 - Complete - Achieved
9 SMV-IVC 15 - 14 5 Complete - Achieved
10 SMV-IVC 23 20 12 55 Complete - Achieved
11 SMV-IVC 8 4.5 2 0.2 Complete - Achieved
12 IMV-IVC 15 5 6 - Complete - Achieved
13 MPV-IVC 11 - 9 0.5 Complete - Recurrence
14 MPV-IVC 24 15 - - Complete - Achieved
tMean.

EOI, 5% ethanolamine oleate with iopamidol; GR, gastrorenal; IMV, inferior mesenteric vein; IVC, inferior vena cava; MPV, main trunk
of portal vein; NBCA, n-butyl 2-cyanoacrylate; PSE, percutaneous transvenous encephalopathy; PSS, portal systemic shunt;
PTE, percutaneous transvenous embolization; SMV, superior mesenteric vein; SR, splenorenal.
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Figure 2 Percutaneous transvenous embolization (PTE) with coils and n-butyl 2-cyanoacrylate (NBCA) for a large superior
mesenteric vein (SMV) inferior vena cava (IVC) shunt (patient no. 9). (a) 3-D image obtained by computed tomographic arterial
portography via a superior mesenteric artery shows a large SMV-IVC (arrowheads) shunt. Large and small arrows indicate the inflow
from an SMV and outflow to an IVC, respectively. (b) A superior mesenteric angiography shows a large SMV-IVC shunt similar to
(a) (arrowheads). (c) A superior mesenteric angiography still shows an appearance of SMV-IVC shunt (white arrowheads) after
placements of 25 microcoils at the main outflow vein to the IVC (large arrows) and 11 microcoils at the collateral vein (small arrow)
via a right femoral vein using a 3-Fr microcatheter through a 5-Fr balloon catheter (black arrowhead). (d) NBCA-lipiodol mixture
(5 mL; ratio 1:1) (arrows) was injected from a microcatheter under balloon occlusion to fill the gaps between the coils for a more
complete blockage of the shunt. (e) A superior mesenteric angiography shows no appearance of the shunt after coils and NBCA

embolization.

NBCA (Histoacryl; Aesculap, Tuttlingen, Germany)-
lipiodol (André Guerbet, Aulnay-sous-Bois, France)
mixture with EOI in order to reduce the amount of EOI
using a microcatheter. We left the balloon catheter in
the draining vein with the balloon inflated overnight
and removed it after retrograde venography from the
balloon catheter revealed complete obliteration. If oblit-
eration of PSS was insufficient on retrograde venogra-
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phy, additional PTE was subsequently performed until
disappearance of inflow vessels. To prevent renal dys-
function related to hemolysis occurring as a side-effect
of EOI, 2000-4000 units of haptoglobin were adminis-
trated to all patients before PTE.

When the PSS was large (Fig. 2) or the connection
between the shunt and portal vein was too short
(Fig. 3), PTE was performed with NBCA and 0.035-inch
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Figure 3 Percutaneous transvenous embolization (PTE) with coils and n-butyl 2-cyanoacrylate (NBCA) for a short portal vein (PV)
inferior vena cava (IVC) shunt (patient no. 13). (a) Coronal reconstructed images of intravenous contrast-enhanced computed
tomography (CT) shows a short PV-IVC shunt (white arrowheads). Right, ventral slice image; left, dorsal slice image. Large and
small arrows indicate the inflow from IVC to the outflow to PV (black arrowhead). Note another PSS of splenorenal (SR) shunt
(elliptic circles). (b) Retrograde venography from a 5-Fr balloon catheter via a right femoral vein shows the outflow of the shunt
(large arrows) into IVC (small arrow). Arrowhead indicates the tip of a balloon catheter. (c) Outflow vein was embolized alone with
nine microcoils and 0.5 mL NBCA-lipiodol mixtures, ratio 1:2 (arrow), using a coaxial technique. (d) Coronal reconstructed
images of intravenous contrast-enhanced CT 7 months after PTE shows no appearance of PV-IVC shunt. But it reveals the
development of SR shunt (elliptic circle) compared with that before PTE (elliptic circles in [a]) together. Arrow indicates the coils

and NBCA in PV-IVC shunt embolization.

coils (MReye Embolization Coil; William Cook Europe,
Bjaeverskov, Denmark) or microcoils to occlude the PSS
at the short portion.

In the above procedures, we used a 3-Fr microcatheter
through the balloon catheter co-axillary in case of neces-
sity. Diameters of coils ranged 4-30 mm. The ratio of
NBCA-lipiodol mixtures varied 1:1, 1:2 or 1:5.

Technical success

The therapeutic effects were evaluated by intravenous
contrast-enhanced CT approximately 1 week after the
treatment. When the contrast-enhanced CT scan showed
PSS with low attenuation, partial enhancement and
whole enhancement, we considered the obliterations to
be complete, partial and failure, respectively.

Primary technical success was defined to be complete
obliteration of PSS in CT after the first session. Second-
ary technical success was defined to be complete oblit-
eration after the second session.

198

Clinical success

Clinical success was evaluated by grade of coma. Disap-
pearance of encephalopathy for more than 1 week was
defined as clinical success. If not, it was defined as
failure. After achievement of clinical success, relapse of
encephalopathy was defined as recurrence.

Complications

We adequately assessed complications related to the
procedures according to the Society of Interventional
Radiology” for PTE. Minor complications did not
to require medical attention. Major complications
required therapy, or resulted in permanent adverse
sequelae and death.

Outcomes

The serum ammonia level and hepatic functional
reserves based on results of blood tests of serum total

© 2013 The Japan Society of Hepatology
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bilirubin level, albumin and prothrombin time per-
centage activity were estimated consecutively 1 day, 3
months, and 1, 2 and 3 years after PTE. The changes of
Child-Pugh scores were calculated at 3 months, and 1, 2
and 3 years later. Diagnostic imaging by CT was per-
formed simultaneously. Endoscopy also was performed
after PTE in the follow-up periods. Also, the overall
cumulative survival rate and the cause of death were
reviewed.

Statistical analysis

Changes of serum ammonia levels and serum laboratory
values of total bilirubin, albumin and prothrombin
time percentage activity were assessed by repeated mea-
sures ANOVA. Analysis was performed using the Mann-
Whitney U-test. P < 0.05 was considered significant. All
analyses were performed with SPSS software ver. 11.

RESULTS

PSS

ORTOSYSTEMIC SHUNTS AS the main cause of PSE

included SR shunts in three, GR shunts in four, SMV
systemic shunts in four, IMV systemic shunt in one and
PV-IVC shunts in two patients. One patient had both SR
and SMV systemic shunts, the other patient had both SR
and PV-IVC shunts. The median maximum diameter of
PSS was 15.5 mm (range, 8-24) (Table 2).

PTE procedures

Percutaneous transvenous embolization with 5% EOI
alone (patient nos. 1, 4, 5, 7 and 14) (Fig. 1), EOI and

Table 3 Complications

Hepatology Research 2013

coils (patient nos. 2, 3, 6, 8 and 12), and EOI, coils and
NBCA (patient nos. 10 and 11) were performed in five,
five and two patients, respectively. The median amount
of 5% EOI was 18.5 mL (range; 4.5-31) and median
dose of EOI for bodyweight was 0.23 mL/kg (range,
0.07-0.4) in these patients.

Percutaneous transvenous embolization with coils
and NBCA was performed for large (patient no. 9)
(Fig. 2) and short shunts (patient no. 13) (Fig. 3)
(Table 2).

Technical success

Primary technical success was achieved in 93% (13/14
patients). One patient (patient no. 3) achieved a partial
success after the first session. This case obtained occlu-
sion by re-PTE 13 months after the first PTE. Thus, sec-
ondary technical success was 100% (14/14 patients).

Clinical success

Portosystemic encephalopathy reversed rapidly in all
patients on the day following PTE. One patient (patient
no. 13) had recurrence 2 weeks after PTE. Thus, clinical
success was achieved in 93% (13/14 patients). This
recurrent case had both PV-IVC and SR shunts, but we
achieved occlusion with PV-IVC shunt alone in this
patient (Fig. 3).

Complications

Complications are shown in Table 3. There were no

major complications and all complications were minor:
pain in one (patient no. 4), fever of over 38°C in 10

Variety of embolic materials

EOI EOI and EOI, coils and Coils and Total
(n=5) coils (n=75) NBCA (n=2) NBCA (n=2)
Major complications - - - None
Minor complications
Pain 1 - - - 1
Fever elevationt 4 3 2 10
Gross hematuria 3 1 1 - 5
Increased transaminase¥ - 1 - - 1
Jaundice§ 3 - 4
Renal dysfunction§ - - - 1

tMore than 38°C.

tMore than threefold.

§Increased total serum bilirubin >2.0 mg/dL.
{Increased serum creatinine >1.5 mg/dL.

EOI, 5% ethanolamine oleate with iopamidol; NBCA, n-butyl 2-cyanoacrylate.

© 2013 The Japan Society of Hepatology
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(patient nos. 1, 3, 4, 6, 8, 9-12 and 14), gross hematuria
in five (patient no. 1, 3, 4, 6 and 8), increased transami-
nase (less than three times the upper limit of normal) in
one (patient no. 8), jaundice (total serum bilirubin,
2.0-3.0 mg/dL) in four (patient nos. 4, 6, 8 and 12) and
renal dysfunction (serum creatinine, 1.5-2.0 mg/dL) in
one patient (patient no. 5).

Outcomes

No one was lost to follow up. The median follow-up
period in all patients was 27 months (range, 12-79).
Figure 4 shows the transitional change of serum
ammonia, prothrombin time activity percentage,
albumin and total bilirubin. With respect to changes in
regular laboratory data, the ammonia levels 1 year after

Embolization for portosystemic shunt 7

the PTE (median, 41 pumol/L; range, 13-98 pmol/L)
were significantly improved compared with the base-
line (median, 102 pmol/L; range, 79-175 umol/L)
(P<0.001). Furthermore, the ammonia levels were
maintained at low levels 2 and 3 years later. On the
other hand, there were no changes in the level of pro-
thrombin time activity percentage (60% [55-76%] vs
77% (39-112%), P = 0.128), albumin level (3.3 [2.6-
3.7] vs 3.3 [2.6-4.0] g/dL, P = 0.927) and total bilirubin
(1.1 [0.4-4.0] vs 1.0 [0.4-1.8] mg/dL, P=0.282).
Child-Pugh scores were also significantly unchanged (8
[6-10] vs 7 [5-11], P=0.104).

Re-canalization of PSS did not appear in 14 patients
on follow-up CT after achievement of technical success.
However, an SR shunt was further implemented after
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Figure 4 Transitional changes of (a) serum ammonia, (b) prothrombin time activity percentage, (¢) albumin, (d) total bilirubin
and (e) Child-Pugh score before and after treatment of percutaneous transvenous embolization (PTE). (a) Ammonia level was
significantly improved (102 [79-175] vs 41 [13-98] umol/L; P < 0.001) 1 year after the PTE compared with the baseline. (b-e)
Prothrombin time percentage activity, albumin level, total bilirubin level and Child-Pugh score were not changed significantly
between those before and 1 year after the PTE.
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Figure 5 Kaplan-Meier analyses of cumulative aggravated
esophageal varices.

the obliteration of PV-IVC shunt alone in one patient
(patient no. 13).

Four patients (patient nos. 1, 5, 7 and 8) developed
aggravated esophageal varices between 1 and 14 months
after PTE. Figure 5 shows the rate of aggravated esoph-
ageal varices using the Kaplan-Meier method. Esoph-
ageal varices were found to have become aggravated
from F1 to F2 or F3 and from RCO to RC1 or RC2 or
RC3.* The rate of bleeding was 14% (2/14 patients).
The overall rate of aggravated esophageal varices was
21.4%, 28.6%, 28.6% and 28.6% at 3, 6, 12 and 24
months after PTE, respectively. These cases were
resolved by endoscopic injection sclerotherapy or endo-
scopic variceal ligation. No patient had a hemorrhage
from gastric varices in the follow-up periods.

Five patients died in the follow-up periods. The causes
of death were HCC in two (patient nos. 4, 2 at 17 and 30
months after PTE, respectively), hepatic failure in one
(patient no. 3 at 30 months after PTE), lung cancer in
one (patient no. 1 at 76 months after PTE) and pulmo-
nary hypertension in one (patient no. 6 at 31 months
after PTE). The overall cumulative survival rate was
100%, 90% and 45% at 12, 24 and 36 months after PTE,
respectively (Fig. 6).

DISCUSSION

N THE PRESENT study, we analyzed the outcome

and complications of 14 patients with PSE after
PTE in long-term follow-up periods of more than 1 year.
Primary and secondary technical success rates were 93%
(13/14 patients) and 100% (14/14 patients). No major
complications related to PTE procedures were encoun-
tered in any of the patients, but aggravated esophageal
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varices were developed in four patients during follow
up. Clinical success rates were 93% (13/14 patients).
The cause of failure in one patient was development of
another PSS. Ammonia level had been significantly
improved after PTE. Child-Pugh scores as hepatic func-
tional reserves had not changed significantly.

We used 5% EOI, coil and NBCA as embolic materials
for PTE. The most common embolization techniques
were B-RTO with EOL This procedure involves occlu-
sion of blood flow of PSS by dilation of a balloon
catheter, and injection of EOI. We sometimes feared that
embolization using too much EOI would induce com-
plications. Therefore, we defined the amount of EOI as
below 0.4 mL/kg bodyweight. The required amount of
EOI generally varies according to the diameter and
length of the shunt. A case of technical failure in the first
session had a too long and large shunt. Although we
tried to inject EOI under balloon inflation in this case
(patient no. 3), the sclerosing agent did not stay in the
PSS in spite of also using coils. After the experience of
this case, we used NBCA in addition to coils for the
complete blockage, to fill the gaps of coils in the longer
or larger PSS (patient no. 9).2*

Usually, B-RTO leads to thrombus formation in
whole shunts. On the other hand, we embolized short-
range PSS when NBCA with coil embolization was
adopted in two patients (patients no. 9 and 13). There-
fore, we question whether it is necessary that the whole
shunt between the in- and outflow vessel should be
embolized in PSE with PSS like B-RTO. From our
limited experience, whole shunt occlusion may not
always be necessary. We think cases with gastric varices
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Figure 6 Kaplan-Meier analyses of overall cumulative survival
rate. PTE, percutaneous transvenous embolization.
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should be embolized up to the inflow vessel beyond
varices to prevent variceal rupture in the future.

If embolization of the draining vessel alone would
lead to a good outcome, the amount of EOI could be
lessened. When coil and NBCA are combined, the
amount of EOI could be further lessened. We think that
embolization of the draining vessel alone may achieve
good outcomes. Recently, embolization with foam has
been reported in B-RTO. This may reduce the amount of
EOI.SI,SZ

When the length of PSS is too short, it is difficult to use
EOI because of the possibility of overflow into the portal
vein. In such cases, embolization with a combination
coils and NBCA may be a safe and useful technique.

The median follow-up period in this study was 27
months, and all patients were observed for more than 1
year. None of the routes of embolized PSS showed
re-canalization on CT examinations. We think that once
PSS was embolized, the route itself maintained occlu-
sion. If PSE recurred after clinical success, we should
consider the development of another PSS route like in
patient no. 13. It should be ideal that all major shunts
are completely embolized step by step to achieve good
outcome in long-term periods.

Major complications were not encountered in any
of the patients. PTE may be safe for PSS treatment.
However, minor complications occurred frequently.
Fever elevation, gross hematuria and jaundice tended to
occur when EOI was used (Table 3). We think that com-
plications related to PTE can be mainly attributed to EOI
in our experience. The least possible amount of EOI is
preferable.

In addition, we have to be careful of elevation of
portal venous flowing blood aggravating complications
of portal hypertension, including worsening of esoph-
ageal varices, ascites and splenomegaly after PTE. PTE
may be generally contraindicated for patients with
severe liver dysfunctions.*® Child-Pugh score is evalu-
ated by five clinical measures: (i) serum albumin; (ii)
total bilirubin; (iii) prothrombin time activity percent-
age; (iv) ascites; and (v) encephalopathy. This score was
not significantly changed in our patient before (median,
8; range; 6-10) and after PTE (median, 7; range, 5-11).
From our experience, patients with a score of less than
10 points may tolerate PTE procedures. We experienced
worsening of esophageal varices in 28.6% (4/14
patients), but all of these worsening varices were
resolved by endoscopic therapy. For reduction of portal
venous pressure after PTE, splenic embolization or sple-
nectomy would be helpful after PTE.***** We consider
that the analysis of hepatic vein wedge pressure (i.e.
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portal vein pressure) before and immediately after PTE
can be a predictive factor of aggravating complications
of portal hypertension in the follow-up period.*

Five of fourteen patients died during the follow-up
periods (median; 27 months). Although one of five
patients died of hepatic failure, we consider that this
hepatic failure was not related to PTE because the time
of death was 30 months after PTE. The cause of death
also was unrelated to PTE in the other four patients.

A limitation of this study was that it included only 14
cases and was retrospective. More cases and longer
observation would be necessary for patients with PSE to
establish the efficient PTE in the future.

In conclusion, PTE could be one of the useful treat-
ment options for PSE caused by PSS. Patient status after
successful PTE can be improved by PSE in the long term,
but we should be careful of development of esophageal
varices in particular.
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