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Materials and methods
Patiet selection

“he study protocol was approved by the Institutional Eihics Committee of Ogaki
Municipal Hospitaf in January 2011, and was in compliance with the Declaration
of Helsinki. Writren informed consent for the use of stored sevam samples for the
study was obtained from all patients,

Between 1908 and 2008, 1220 consecutive HBsAg-positive pasients, who vis-
itedthe L 3 of and logy at Ogaki icipal Hos~
pital, were prospectively enrolled in our HCC susveillance program. Of these, 785
patients met the following inclusion criteria; HBsAg positive for more than
& months, no evidence of 1ICV co-infection, exclusion of other causes of clranic
liver disease {alcohol ion >80 gfday. ic drugs, i
bapatitis, primary biliary cirrhosis, hemochromazosis, ar Wilsow's disease), fol-
tow-up duration of greater thag 3 yeass, no evidence of HCC for at least | year
from the stant of the follow-up period, recefving ro intecferon treatment, and
receiving NA therapy for more than 1 year before the detection of HCC {Fig. 1).
In patients on NA therapy, the date of NA therapy initiation was considered the
starting point of the follow-up period.

Qf these 785 patients, 148 received NA therapy (NA group) and 637 patients
did not receive WA therapy {nos-NA group) during the follow-up perivd. To
reduce the ing effects of covar we used ity scores to match
NA paients to unique nen-NA patients. Six covariates including age, sex. HBV
DA concentration, hepatitis B e antigen (HBeAg), platelet count, and alanine
aminotransferase {ALT} activity were taken into account at the start of follow-
up. We compuied the propensity score by using logistic regression with the inde-
pendent variable including age (<40 years or >40 years), sex {female or male),
HBV DNA concentration (5.0 log copiesfml or »5.0 log cupms,ml‘ HBeAg (nega-
sive or positive}, platelet count (>150 = 10%/m? ar £150 » 10%mP), and ALT activ-
ity (x40{Ufmt or »4010ml), as shown in previous reporied cut-off values
aceording 10 the indication for NA therapy [16-19]. This model yiclded a ¢ statis-
tic of 0,85 {95% confidence interval [Cl}, 0.52-0,48), indicating very good abifity of
the propemsity score wedel to predict trcatmant status, We sought to match each
patient wha received MA therapy to a patient who did not receive NA therapy,
having a propensity by using greedy 5-1 digit matching [20]. Once this threshold
was exceeded, a patient with NA therapy was excladed, This score ranged from
009198 to 098967 and, in effect, represented the probability that a patient
waould be receiving NA. We were able to match 117 patients with NA therapy
0 117 unique patients without RA therapy. The follow.up period ended on 31
December, 2011 or the date when HCC occurrence was identified.

Swrveillonce and diagrosis

All patients were fullowed up at our Bospical at least every 6 months, Daring each
follow-up examination, platelet count, ALT, gamma glutamyl ranspeptidase
(gamma-G1P), total bilirubin, alkaline phosphatase (ALP), albumin, and alpha-
fetoprotein {AFP} levels were measared. We used commerdially available kits to
sest blnod samples for HBsAg. HiBeAg, and anti-HBe {Abbott Japan Co, Ltd., Tokyo.

All pafients with HBY betveen 1998 and 2008 (n = 1220) |

Eligibility criteria

1. HBsAg positive for more than 6 mo

2. Follow-up period >3 yr

3. Noevidence of HCC for atieast 1 yr
from the start of the follow-up period

4. NA therapy for more than 1
[NA group (n = 148) “‘"“““‘”’F - Hon-NA group {11 = 637
soore
matching

Japan}. Before November 2007, the serum HBV DNA concentration was monitored
by a palymerase chain reaction assay (COBAS Amplicor HBY monitor test, Roche
Diagnostics K. K. Tokyo, Japan} with a tower detection it of approximately
2.6 log copiesfml and after December 2007, it was monitored with another poly-
merase chain reaction assay {COBAS AmpliPrep-COBAS Tagblan HBV Test, Roche
Diagnostics K. K.), with a Yower detection limit of approximately 2.1 log copies}
mb, HBV ing was as described {21). Serum levels
of HBV core-related artiges THBcrAg) were measured using a chemiluminescence
enzyme immunaeassay (CLEIA} as described previously [22,23), Precore nucieotide
1896 and basal core promoter {BCP) dinucleotide 1762{1764 were determined
usmg the line probe assay (INNO-LIPA HBY PreCore assay; Innagenetics NV}
‘The probes were designed to determine the nucleatides at position
1896 {G vs. A) in the precore segion and positions 1762 (A vs. T} and 1764 (G
vs. Aand G vs. T) in the BCP region. A line probe assay was nsed to identify any
emergence of YMDD mutations {INNO-LIPA HBY DR assay; innogenstics NV).

Plazeler count, ALY, gamma-GTP, total bilirubin, ALP, albumin, AFP, and LIBY
DNA valties were expressed as average integration vatues [26,27) after the stagt
of follow-up.

According to the Clinjcal Practice Guidelines for Hepatocellular Carcinona in
Japan {28} we p {US} and itoring of 3 biomavkers (AFP,
Lens culinaris agglutini tive fraction of alph in [AFP-L3], and des-
samma-carboxy prothrombin [DCP]) every 3- 4 momhs and dynagaic magnetic
resopance imaging (MRI) every 12 months, for patients with civihosis under sur-
veillance. For patients with chronic hcpatu we puw(mcd US and menitoring of
the 3 biamarkers every 6 months. Hi ions were in
91 out of 234 patients, Amang them, cirrhosis was diagnosed in 32 patients. in
the remaining 143 patients, the disgnosis of cirthosis was made according to typ-
ieal US findings, e.g. superficial nodularity, a coarse parenchymal echo patiemn,
and signs of portal hypertension (splenamaegaly >120 mm, dilated postal vein
diameter >12 mam, patent collateral veins, or ascites) {29-31]. Patients who did
not satisfy these criteria were classified as having chronic hepatitis. One hundred
and farty-two patients were diagnosed with chronic hepatitis and 92 patients
with cirrhosis. For diagaostic confirmation of HCC, patients underwent dynamic
MRE, A histological diagnosis of HCC was made in 28 patients {surgical specimen,
23 patients; US-puidded needie biopsy spacimen, 3 patients). The remaining 29
patienzs were diagnosed with HCC based on typical dynamic MRI findings, includ-
ing hypervaseulatity in the anterial phase with washout in the portal venous or
delayed phase [32].

Treatments

Iy the NA group, 117 patients received NA therapy including 18 patients with
lamivadine, patients with lamivadive and adefoviy dipivoxil, and 71 patients
with emecavir, The mdications for NA therapy followed the gaidelines of the
Amesicar: Association for the Study of Liver Diseases (AASLD), the Europca: ASS0-
ciation for the Srudy of the Liver (EASL), or the Asian Pacific Association for the
Study of the Liver {APASL) [33~35]. In contrast, of the 117 patients nm on KA
therapy, 104 did nat receive treatment before NA was not yet approved in Japan
and the remajzing 13 patients declined NA therapy.

Staristical analysis

3 The Mann-Whitney U
quare test with Yates' correc-

Continueus variables are expressed as medians {1
test veas used for continuous variables, and the Chi
tion of Fisher's exact test was used for categorical \Mnab!es Acuarial analysis of
the ve incidence of hepatetard was using the
Kaplan~Meier method, and differences were tested with the Jog-rank sest, The
Cox propartional bazards model and the forward selection metbod were used
10 estimate the relative risk of HCC associated with age {40 years or >40 yoais),
ifemale ar male), meatment (NA ar no NAj HBsAg (<730 log Uiml or

L HBV DRA fevel (5.0 log copiesiml or »5.0 fog copiesfmi}, HBeAy
ve or positive), precare region {wild type or mutanty BCP {wild type
ar peant z,rp,n HBerAg (2.3, Uil or »3.0fogUfml). plateler count
(150 % 107w or 2150 x(?’m‘) (40 1wt or »40 1Us otal bilinbin,
samma-GTR, ALR. albumin, and AFF (<10 ngimi or » 10 ngiml} for univariate and
muliivariate analyses. We used the minimun or maximum of the reference val-
3465 a1 our instiranon as cut-off vatoes for wotal bitirubio, gamma-G1)
albusyin. We conduczed a sensitivisy analysis to determine the magnitude of an

(WA group (n= 1170} [blon-NA group {r

Fig. 1. Flowchart of the patient seleation process.
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Table 1. Baseline characteristics of alf patients.
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NA group Non-NA group p value Standardized
{n=148) {n =637) difference in %
Age (yr} 53 (26-81) 48 (4-85) <0.0001 40.6
Sex {fermale/male) 6088 2851352 0.5378 6.1
Genotype (A/BIC/DIFin.d.} 21513700112 24/60/389/2/01162 <0.0001 37.6
HBsAg (log,, W/mi) 3.5 (-0.1-5.5) 33(-1.37.9) <0.0001 52.8
HBY DNA {log,, copies/ml) 7.0 (2.8-9.8) 3.8(2.3-9.9) <0.0001 99.9
HBeAg () 76/72 151/486 <0.0001 62.8
Precore region (W/M/n.d.) 30/109/8 68/381/168 0.4652 0.0
BCP (WiM/n.d) 33/123/10 13512791205 - 0.0074 27.3
HBerAg (log,, Ulml) 5.9(2.97.0) 3.0 (2.9-7.0) <0.0001 96.7
Platelet count (x10%m?) 150 (32-388) 188 (37-503) 20.0001 59.7
ALT (IU/mi) 65 (7-1088) 26 (5-3410) <0.0001 441
AFP (ng/ml). . 3.9 (0.8-3363) 2.9 (0.8-3686) 0,0062 6.2
Cirrhosis (presence/absence) 62/86 91/546 <0.0001 59.1
Child-Pugh classification (A/B) 132116 618119, - 0.0002. - 327
Follow-up duration {yr} 12.8(3.1-19.6) 13.7 (3.1-20.0) 0.1565 -16.9
Administration period (yr) 6.5(1.5-11.0) L ; L -
Propensily score 0.58093 (0.09198-0.98686)  0.95253 (0.12913-0.98067)  <0.0001 -132.3

A, nucleositfide analogue: n.d.. not done; HisAg. hepatitis B surface antigen; HBY, epatitis B virys: HBeAg, hepatitis B e antigem; W, wild type: M, mutant type; BCP, basal
> L .

core promaoter; HBerAg, hepatitis B core- -related antigen; ALT, alanine
dxﬂcr' see inki 1000w - Xoon
and .S,,.,M are the correspanding sampie variances,

c.?

Results
Patient characteristics

Table 1 shows baseline chavacteristics of all 785 patients before
propensity matching. There were significant differences in age,
HBV genotype, HPsAg, HBY DNA concentration, presence of
HBeAg, BCP mutations, HBcrAg, platelet counts. ALT level, AFP
jevel, presence of cirrhosis, and Child-Pugh classification. The
baseline characteristics of the 234 study patients after propensity
matching are summarized in Table 2. There are no significant
differences in age. sex, HBV genotype, HBsAg, HBV DNA concen-
tration, presence of HBeAg, precore region mutations, BCP muta-
tions, platelet counts, ALT  concentration,  Child-Pugh
classification, and follow-up duration. HBcrAg concentration
was significantly higher in the NA group than in the non-NA
group. NA was administered a median of 6,1 years (range: 1.5-
10.7 years),

Factors associated with the incidence of hepatocarcinogenesis

Factors associated with the incidence of HCC as determined by
the Cox proportional hazard models and the forward sejection
method were analyzed in all 785 patients. High age (hazard ratio,
6.43 [95% 1, 2.71-15.26, p <0.001), male sex (3.43 [1.67-7.02},
p = 0.002), NA treatment {0.28 {0.21-0.85], p = 0.017}, BCP muta-
tion {1996 [2.27-141.90}. p=0.03}, high HBcrAg levels (8.21
[2.40-19.85), p<0.001} and high AFP levels {249 [1.43-4.34),
p= 0001} were significantly associated with the incidence of
HCC

HCC developed in 57 of 234 patients (24.4%) during follow-up
after propensity matching. The S-year, 7-year, and 10-year cumu-
lative incidences of HCC were 9.6%, 20.4%, and 33.4%, respec-
tively. The
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car, 7-year, and 10-year cumulative incidences of

Child-Pugh ification, reference no {50}, Standardized

D
bt Nl 20 where for cach covariate X and anm i A0¢ the sample means in NA and nan-NA groups, respectively, and 5%,

HCC were 2.7%, 3.3%, and 3.3%, respectively, in patients on NA
therapy {n=117) and 11.3%, 26.0%, and 40.0% in patients not
on NA therapy (n = 117). Hepatocarcinogenesis occurred at sig-
nificantly higher rates in the non-NA group {p = 0.0094, Fig. 2).
The S-year, 7-year, and 10-year cumulative incidences of HCC
were 0.0%, 0.0%, and 0.0%, respectively, in patients with wild type
BCP (n=38) and 11.0%, 25.2%, and 41.9% in patients with mutant
BCP {n = 112; p = 00008, Fig. 3. Factors associated with the inci-
dence of HCC as determined by the Cox proportional hazard mod-
els and the forward selection method are listed in Table 3. Higher
age (hazard ratio, 4.36 [95% (1, 1.33-14.29}, p = 0.015), NA treat-
ment {0.28 [0.13-0.62], p=10.002}, BCP mutation {12.74 {1,74~
93.11], p=0012) high HBuAg levels (277 11.07-7.17)
p=0.036), and high gamma-GTP Jevels (2.76 [1.49-5.12],
p=0.00T) were significantly associated with the incidence of
HCC, In addition, 2 patients died due to hepatic failure during
the follow-up period in the non-NA group.

The sensitivity analysis found that the observed relationship
between NA treatment and HCC incidence could be diminished
by the unmeasured confounder that the high prevalence of the
unmeasered confounder is greater in the non-NA group than in
the NA group. For example, suppose a binary unmeasured con-
founder that increased the hazard of HCC incidence {(hazard ratio,
1.50) weas present in 40% of those who were treated with NA and
30% of those who were not treated with NA. Then, the study's
result would become less extreme and would no longer be statis-
tically significant (hazard ratio under sensitivity analysis, 0.48
{95% €, 0.22~1.05])

Feollow-up data of various parameters in patients on or not on NA
therapy

For this analysis, we used the average integration vakie during
the follow-up period {Table 4). ALT, gamma-GTP, ALP, AFP, and
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Table 2. Baseline characteristics of patients on NA therapy and propensity-nnatched controls.

NA group Non-NA group pvalue Standardized
=117} {n=117) difference in %
Age (yr) 52 (27-77) 52 (21-77) 0.8223 17
Sex (female/male) 44/73 45/72 0.8929 6.1
Genolype (A/B/C/n.d.) 1/41109/3 417185421 0.1232 268
HBsAg (log,,, IUmi) 3.6 (0.9-5.5) 3.6{0.9-7.9) 0.1440 299
HBY DNA (log,, copies/ml) 6.7 (2.6-9.6) 6.5(2.3-9.6) 0.1273 205
HBeAg (%) 57150 58/59 0.8960 2.0
Precore region (W//n.d.} 2218718 16/75/26 0.6399 5.1
BCP {WiMn.d.) 2218817 17170/30 0.9359 0.0
HBorAg {log,, Umi} 5.8 (2.9-7.0) 4.9(2.9-7.0) 0.0022 41.2
Platelet count (x10%m?%) 143 (32-262) 146 (57-396) 0.6340 -12.1
ALT (Ui} 68 (7-1088) 55 (9-3410} 0.0977 1.9
AFP (ng/ml} 2.8(0.8-402) 3.9 {0.:8-1010} 03118 -13.5
Cirrhosis (presence/absence) 48169 44173 0.6882 6.1
Child-Pugh classification (A/B) 108/9 104/13 0.5024 3.1
Follow-up duration {yr) 12.3 (3.1-19.4) 11.6(3.1-18.3) 0.7346 -4.5
Administeation period {yr} 6.1 (1.5-10.7} - - -
Propensity score 0.65895 (0.11449-0.96977)  0.65895 (0.12913-0.96989)  0.9931 0.0

A, nuclens{tide analogues nd, notdone: HBsAg, hepatitis B surface antigen: HBV, hepatitis B virus; HBeAg, hepatitis B ¢ antigen: W, wild type; M, mutant type: BCP, basal

core promoter: HBarAg, hepatitis -related antig
dillference 5 000%ns ~ Voo (5% + Shnnal )
and 52, s ave the corresponding sample variances.

y; ALT, alanine

80
«-- NAtreatment (+) n= 117
50 — NAlrgatiment (-} n= 117

Cumutative incidence (%)

Years

Treatment:
NAG+) 117 117 15 108 98 FT &5 32 16 10 7
NALY 7 147 118 111 108 100 85 73 67 84 47

Fig. 2. tnci of i {HCC) to nucle-
os{i)ide analogue {NA} treatment status. The NA group had a significantly
Higher raze of progression to HCC than the non-MA group {p =~ 0.0094).

HBV DNA levels were significantly lower in patients on NA ther-
apy than in patients not on NA therapy. in contrast, platelet
counts and albumin levels were significantly higher in patients
on NA therapy than in patients not on NA therapy.

Discussion

Qur study shows that long-term NA maintenance therapy is asso-
ciated with the suppression of progression to HCC Liaw et al
reported that lamivadine decreased the risk of HCC in cirrhotic
patients [7]. However, it is unclear whether the observed

3 AFP, aipt in; Child-Pugh o . reference no [SOL Standardized

L where for each covariate Xua and Xoopaa 3ve the sample means in NA and non-NA groups, respectively, and };fm

100
80
-« - Wild type n = 39
50 e fAtHANE type 1 = 158

\

|

Cumulative incidence (%)

(=
i
i

Ydtype 33 39 3% 380 38 51 7 20 W 1412
Hutant 158 158 154 1456 133 118 92 65 St 35 29

Fig. 3. lnrh of (HCC) according to basal core
prometer (BCI) il Patients with mg ype BCP Gad a significantly

highey rate of pragression to HCC than those with wild type BCP {p = G.O008)

decreased risk of HCC with NA therapy was due to the short
observation period in their study. It is very difficult to prove
the preventive effect of NA on the development of HCC, because
randomized control studies are not ethically possible. In this
study, patients on NA therapy were compared to propensity
score-matched untreated controls. In these control patients, NA
therapy had not yet been approved or was not routinely used
for chronic hepatitis B at the time, or was declined by the patient.
As opposed to the entize population, these propensity-matched
patients were well matched to patients on NA: significant differ-
ences included higher HBarag fevels in the NA group.

Large community-bosed  studies have confirmed  that
advanced age, male sex, HBeAg positivity, low platelet count,
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Table 3. Fattors i with p ion to f
among propesnsity-matched patients (Cox proportional hazard mode),

Adjusted hazard  pvalue

ratio (85% Cl)
Age (yr) =40 1 0.015
B o >a0 4,35 (1.33-14.29)
Treatment no NA 1 0.002
S NA  0.28(0.13-0.82)
BCP wild-type 1 0.012
i TP 12,74 (1,74
HBerAg (log,, Umi) 3.0 1 ]
S i 2.77 (1.07-7.17) )
V-GTP (IUL) <56 1 0.001
>56 2.76{1.49-5.12)

KA, nuclens{tjide analozue: BCR, basal core promoter; HBcrAg, hepatitis B core-
related antigen; 7-GTP. gamma ghuamyl sranspeptidase.

higher ALT levels, elevated AFP levels, and presence of cirrhosis
are factors associated with the development of cirrhosis and
HCC [17,18]. Platelet count is a useful surrogate marker for the
diagnosis of cirrhosis [37]. All subjects were not histologically
diagnosed in this study. Therefore, we selected platelet count as
a marker of hepatic fibrosis instead of cirrhosis. An elevated
ALT level indicates the presence of active disease, and persis-
tently elevated AFP levels are a reflection of an enhanced regen-
erative state in the liver {16} In the REVEAL study, a high HBV
DNA load was associated with an increased rate of HCC develop-
ment [17]. A direct correlation was observed between baseline
HBV DNA levels and the incidence of HCC, independent of serum
ALT concentration. In a model that integrated baseline and fol-
low-up HBV DNA Jevels, the cumulative incidence of HCC ranged
from 1.3% in patients with undetectable levels of HBV DNA to
14.9% in patients with HBV DNA levels greater than or equal to
10°% copies/ml. Therefore, we have selected factors, such as age,
sex, HBeAg serostatus, HBV DNA concentration, platelet count,
and ALT for propensity matching.

Although the exact mechanisms of hepatocarcinogenesis by
HBY remain unclear, two mechanisms have been proposed
{38,381, One mechanism involves chronic necroinflammation of
hepatocytes, ceflular injury, and hepatocyte regeneration [40).
The other mechanism involves the direct carcinogenicity of
HBV through chromosomal integration [41]. Complete and sus-
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tained viral suppression by NA might block both pathways and
prevent the development of HCC. It is well known that the rate
of HCC is significantly higher in patients with virclogical break-
through or no response. In our study, when virological or bio-
chemical breakthrough was observed and the YMDD mutation
was detected in patients on lamivudine, adefovir dipivoxil was
immediately added. In patients with cirrhosis, especially in the
decompensated stage, sustained viral response on NA therapy
was not necessarily associated with a preventative effect against
the development of HCC, even though the incidence was lower
than in a group not on NA [14}. 1t is not surprising that viral sup-
pression decreased but did not eliminate the risk of HCC, because
HBY DNA may have already integrated into the host genome
before the initiation of therapy and may have resulted in genomic
alternations, chromosomal instability, or both [42,43].

it is reported that patients with HBV genotype € infection
have higher HBV DNA levels, higher frequency of pre-S deletions,
higher prevalence of BCP T1762/A1764 mutations, and signifi-
cantly higher chances of developing HCC [ 16,44-46]. In our study,
T1762{A1764 mutations were observed in 158 {(80.2%) out of 197
patients and were associated with a higher risk of developing
HCC {adjusted hazard ratio, 12.740 [95% C 1.743-93.108]), inde-
pendent of NA therapy. However, the BCP T1762/A1764 muta-
tions were detected in HCC patients from Asia and Africa,
where HBV genotype C infection is predominant [16].

HBerAg is a new HBV marker that reflects HBV lead and cor-
responds to HBV DNA levels [21]. HBcrAg is comprised of HBY
core antigen (HBcAg) and HBeAg: hoth are products of the pre-
covefcore gene and share the first 149 amino acids of HBcAg.
The HBcrAg assay measures HBrAg and HBeAg simultancously
by using monoclonal antibodies that recognize hoth denatured
HBeAg and HBeAg [47]. Serum HBcrAg concentration is well cor-
related with intrahepatic levels of covalently closed circular DNA
{cccDNA) [48]. 1t s reported that HBcrAg is a useful marker for
guiding cessation of NA therapy and evaluation of disease activity
[21,49). In our study, elevated serum HBcrAg concentration was
associated with a highey risk of developing HCC {adjusted hazard
ratio, 2.767 [95% (} 1.067-7.172]). This is the first report demon-
strating a relationship between HBerAg and HCC,

The present study has several limitations, The retrospective
design might have introduced an unintended bias. The propensity
matching method was adopted to reduce the confounding effects
of covariates. Characteristics of patients whe did or did not
receive NA therapy were similar except for HBerAg concentration.

Table 4. Average integration values of various parameters in patients who did or did not receive NA theeapy.

NA group Mon-NA group £ value
n=117) n=117)
Platelet count (x10%n1%) 17.0(3.3-37.2) 14.8 {3.3-206} 0.0060
ALT (iUfmb 28.2 (8.5-88.9) 39.1(12.2-737 .5} <0.0001
y-GTP (UL} 27.0 (10.9-267.8} 36.2 {9.5-269.7) 0.0427
Total bitirubin (mg/dl) 0.7 {0.3-2.0) 0.7 {0.3-2.8) 0.1884
ALP (JUA 242.7 (113.5-1028.8) 265.2 (140.5-1247.6) 0.0527
Adsumin (gfdl) 4.4 (3.0-5.0) 4.0(2.4-4.23) <0.0001
toprotein (ngfml) 2.2 {0.8-106.0) 4.5 {0.8-723.8) <0,0001

NA tlog,, copiesiml)

<(1.0001

anak
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However, the non-NA group included many historical cases when
NA therapy was not yet available. n addition, the HBV DNA assay
used between 1998 and 2007 was oot the most sensitive one.

In conclusion, NA therapy reduces the risk of HCC compared
with untreated controls. Higher serum HBcrAg levels and BCP
mutations are associated with development of HCC, independent
of NA therapy.
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Abstract

Background The Japan Society of Diabetes Mellitus
reported that the leading cause of death in patients with
diabetes mellitus (DM) was chronic liver disease; however,
there are limited studies investigating the cause of liver
injury in these patients. Qur study aimed to clarify the
clinicopathological features of liver injury and the char-
acteristics of nonalcoholic fatty liver disease (NAFLD) in
DM patients.

Methods  In total, 5,642 DM patients and 365 histologi-
cally proven NAFLD patients were enrolled. Clinical and
laboratory parameters and liver biopsy results were,
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respectively, recorded and analyzed for the two sets of
patients.

Results  Positivity rates for Hepatitis B surface antigens
(HBsAg) and anti-hepatitis C virus antibodies (anti-HCV
Ab) were 1.7 and 5.1 %, respectively. The proportion of
drinkers consuming 20-59 g and >60 g alcohol daily was
14.9 and 4.3 %, respectively. The percentage of DM
patients with elevated serum alanine aminotransferase
(ALT) levels (=31 IU/L) was 28.6 %. Alcohol consump-
tion had no significant effect on serum ALT levels. Sev-
enty-two percent of HBsAg-positive patients were serum
hepatitis B virus (HBV)-DNA negative, whereas 10 %
exhibited high levels of the same (>4.0 log copies/ml).
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Thirty-eight percent of anti-HCV Ab-positive patients were
serum HCV-RNA negative. Among the NAFLD patients,
the frequencies of NASH and advanced stage NASH were
significantly higher in male DM patients than in male
patients without DM.

Conclusions  Although HBsAg- and anti-HCV Ab-posi-
tivity rates were high in our Japanese DM patients, a
majority of liver injuries could be associated with NAFLD/
nonalcoholic steatohepatitis.

Keywords Nonalcoholic fatty liver disease -
Nonaicoholic steatohepatitis - Diabetes mellitus - Hepatitis
virus carrier - Alcoholic liver disease - Nationwide study

Abbreviations

HCC Hepatocellular carcinoma
NAFLD Nonalcoholic fatty liver disease
DM Diabetes mellitus

NASH Nonalcoholic steatohepatitis
HBV Hepatitis B virus

HCV Hepatitis C virus

AST Aspartate aminotransferase
ALT Alanine aminotransferase

GGT Gamma glutamy! transpeptidase
FPG Fasting plasma ghicose
HOMA-IR The homeostasis model assessment of

insulin resistance index
HBsAg Hepatitis B surface antigen
anti-HBc Ab  Anti-hepatitis B core antibody
anti-HCV Ab  Anti-hepatitis C virus antibody

HBV-DNA Hepatitis B virus-deoxyribonucleic acid
HCV-RNA Hepatitis C virus-ribonucleic acid

OR QOdds ratio

CI Confidence interval

Intreduction

As per the International Diabetes Federation, the number of
diabetes mellitus (DM) sufferers rose to 366 million in
2011, representing 8.3 % of the global adult population,
which is increasing in every country {1]. Worldwide,
hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third most common cause of cancer mor-
tality [2]. HCC largely occurs in patients with chronic liver
disease. Persistent hepatitis C virus (HCV) or hepatitis B
virus (HBV) infections are the main causes of HCC;
however, non-HCV- and non-HBV-associated HCC cases
are increasing in Japan [3].

In 2007, the Japan Society of DM reported that the most
frequent cause of death among 18,385 DM patients who
died in hospitals during 1991-2000 was malignancy
(34.1 %), followed by ischemic heart discase (10.2 %) and

&\ Springer

cerebrovascular disease (9.8 %) [4). Among the malig-
nancies, HCC showed the highest frequency (8.6 %), fol-
lowed by lung (5.3 %), pancreatic (4.8 %), and gastric
cancer (3.5 %). Furthermore, the frequency of deaths
caused by liver cirrhosis was 4.7 %, and in total, 13.3 %
DM patients died of liver diseases. The cancer death rate in
that study was quite different from that reported in the
general Japanese population, in which lung (5.7 %), gastric
(4.7 %), and colon (2.5 %) cancer occur with high fre-
quencies [5]. Moreover, the death rate from liver diseases
(13.3 %) was three times higher than that in the general
Japanese population (HCC 3.2 %, liver cirthosis 1.5 %,
total 4.7 %) [6]. However, the incidences of HBV and
HCV infection and the details of alcohol intake were not
analyzed in that report.

The Japan Nonalcoholic Steatohepatitis NASH) Study
Group was founded in 2007 to investigate the cause of
death in DM patients, the genetic factors in nonalcoholic
fatty liver disecase (NAFLD) patients, and the background
of NASH-HCC patients [7]. This study focused on clari-
fying the cause of liver injury in Japanese DM patients and
investigating the histological distribution of NAFLD in
patients with and without DM.

Patients and methods
Patients

Intotal, 5,642 DM patients (3,238 males, 2,404 females) who
visited nine DM clinics belonging to the Japan NASH Study
Group (Saiseikai Suita Hospital; Kagoshima University
Graduate School of Medical and Dental Sciences; Graduate
School of Medicine, The University of Tokyo; Kanazawa
University Graduate School of Medical Science; Depart-
ment of Medicine, Asahikawa Medical College; Yamagata
University Faculty of Medicine; Kyoto Prefectural Univer-
sity of Medicine; Okayama Saijseikai General Hospital;
Fukui-ken Saiseikai Hospital) between January 2008 and
Decemnber 2009 were enrolled in this observational study.

Three hundred and sixty-five NAFLD patients (182
males, 183 females) who visited Saiseikai Suita Hospital
were enrolled in the histopathological study.

The study protocol was approved by the Human Ethics
Committee of each participating hospital. Informed consent
was obtained from all patients in accordance with the
Declaration of Helsinki,

Clinical and laboratory assessment
Demographic parameters, including age, sex, height, weight,

and body mass index (BMI), and comorbidities, including
alcohol consumption, hypertension, and dyslipidemia, werc
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recorded for all subjects in addition to the treatment
administered for DM and the frequency of HCC occurrence.
Clinical laboratory tests were conducted to measure aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyl transpeptidase (GGT), albumin,
total cholesterol, triglyceride (TG), ferritin, wic acid,
hemoglobin Alc, fasting plasma glucose (FPG), and insulin
levels. The homeostasis model assessment of insulin resis-
tance (HOMA-IR) index; platelet (PLT) count; and hyalu-
ronic acid, type IV collagen 7S, hepatitis B surface antigen
(HBsAg), anti-hepatitis B core antibody (anti-HBc Ab), anti-
HCV antibody (anti-HCV Ab), HBV-DNA, and HCV-RNA
levels were also measured.

Blood samples were procured in the morning after
overnight fasting. HOMA-IR was only calculated for sub-
jects with FPG <140 mg/dL. HBV-DNA levels were
measured by PCR (Amplicor HBV-DNA kit, Roche
Diagnostics) or real-time PCR (TagMan HBV-DNA kit,
Roche Diagnostics) for HBsAg-positive, whereas HCV-
RNA levels were measured by PCR (Amplicor HCV-RNA
kit, version 2.0, Roche Diagnostics) or real-time PCR
(TagMan HCV-RNA kit, Roche Diagnostics) for anti-HCV
Ab-positive patients.

Histopathological examination

In total, 365 patients (177 non-DM and 188 DM) at Sais-
eikai Suita Hospital fulfilled the criteria for NAFLD,
namely serum HBsAg and anti-HCV Ab negativity, no
alcohol consumption, and the absence of autoirmnune liver
diseases or hereditary liver injury. These patients under-
went an ultrasound-guided liver biopsy using a 16G needle.

Specimens were fixed in formalin, embedded in paraffin,
and subjected to hematoxylin-eosin, Masson trichrome,
and Perl’s iron staining. Histological features of samples
were interpreted according to a method described by
Matteoni et al [8]. NASH stage was classified according to
Brunt’s classification [9].

Statistical analysis

All statistical analyses were performed using SPSS for
Windows (SPSS Japan Inc.). Data were summarized by
frequency for categorical variables and mean = standard
deviation (SD) for continuous variables. The Chi-square
test was used to determine the differences between cate-
corical variables. Student's ¢ test was used to compare
means of continuous valuables with equal variance, and the
Mann-Whitney U test was used for non-normally distrib-
uted variables, The Cochran-Armitage test was used to
study the trend of continuous variables. Forward stepwise
logistic regression analysis was used to identify indepen-
dent variables related to elevated serum ALT (=31 IU/L)

levels. A p value of <0.05, obtained by a two-tailed test,
was considered statistically significant,

Since there is no official report on the HBV and HCV
carrier rate in the general Japanese population, we utilized
blood donor data for comparison with our patients [10].

Results
Baseline characteristics

The mean age and BMI of male and female DM patients
was 622 and 64.8 years and 245 and 24.7 kg/m?,
respectively (Table 1). Hypertension and dyslipidemia
occurred in 51,0 and 63.3 % of DM patients, respectively.
Respective DM treatment types in DM patients were as
follows: no medication, 20.5 %; oral drugs, 47.7 %; insu-
lin, 28.9 %; and oral drugs and insulin, 2.8 % (Table 2).

Mean ALT level was significantly higher in males
(30.6 1IU/L) than in females (Table 1). Abnormal serum
ALT levels (=31 IU/L) were found in 28.6 % of DM
patients (males 32.8 %, females 23.0 %). When the healthy
upper limit of abnormal serum ALT level in feales was
defined as 20 TU/L according to Prati et al.’s [11] criteria,
the frequency of abnormal ALT (=21 IU/L) levels in
females was 43 %. The mean PLT count was 20.8 x 10Y
L in males and 21.9 x 10%pL in females. Mean values of
other clinical laboratory tests are shown in Table 1.

Prevalence of HBV and HCV infection and drinking
and their effects on liver function tests

HBsAg positivity was detected in 1.7 % of DM patients (M
1.8 %, F 1.6 %) (Table 2); this was significantly higher
than that (total 0.9 %, M 1.0 %, F 0.7 %) detected in
1.7 million blood donors aged >40 years (» < 0.001). For
both sexes, the HBsAg detection rate was significantly
higher in DM patients than in blood donors in the 50- to 59-
and 60- to 69-year age groups (» < 0.05) (Fig. 1). There
were no significant differences in serum AST, ALT, and
GGT levels between HBsAg-positive and HBsAg-negative
DM patients of both sexes.

Seventy-two percent of HBsAg-positive patients (M

69 %, F 79 %) demonstrated HBV-DNA negativity -

(<2.6 log copies/ml) (Table 3). Of the HBsAg-positive
patients, only 10 % showed high serum HBV-DNA levels
(=4.0 log copies/ml); these could be HBV infection-
induced liver injury cases. Mean values of age, serum ALT
level, and PLT counts in HBV-DNA-negative HBV carri-
ers were G63.6 years, 253 IU/L, and 205 x [04/}1]..,
respectively, IBV-DNA-negative HBV carriers were older
and exhibited Jower ALT levels and higher PLT counts;
however, the differences were not significant.
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TFable 1 Backgrounds of diabetes mellitus patients (1)

Characteristic Total subjects Males Females
" Mk SD n M £ SD n M=+ SD p
Age (years) 5,510 63.3 £ 12.7 3,164 62.2 & 12.5 2,346 64.8 4 12,9 <0.001
BMI (kg/m?) 5,173 24.6 £47 2,987 24.5 £ 4.2 2,186 247 £52 0.629
Aspartate aminotransferase (TU/L) 5,568 264 £17.2 3,188 27.1 £ 180 2,380 25.5 % 15.9 <0.001
Alanine aminotransferase (IU/L) 5,569 282 £ 24.5 3,190 30.6  26.9 2,379 249 4 20.5 <0.001
GGT (IU/L) 5,476 483 £ 725 3,131 59.6 & 86.7 2,345 33.1 £ 429 <0.001
Albumin (g/dL) 5,031 4.2 04 2,869 42405 2,162 4.1 04 <0.001
Platelet (x10%/pL) 5419 213 6.1 3,112 208 & 6.0 2,307 21.9 6.1 <0.001
Fasting plasma glucose (FPG; mg/dL) 5,123 152.7 = 61.7 2,945 156.0 -+ 63.9 2,178 148.3 & 58.2 <0.001
HbAle (%) 5,479 72% L7 3,143 7.2 1.7 2,336 7.2+ 1.6 0.744
HOMA-IR (FPG <140) 1,005 2.55 £ 2.60 570 2.51 £ 2.59 435 2.61 & 2.60 0.209
Total cholesterol (mg/dL) 5,260 195.1 £ 39.5 3,016 191.6 == 40.0 2,244 199.6 £ 38.5 <0.001
Triglycerides (mg/dL) 5,443 136.3 & 102.7 3,112 145.1 & 111.9 2,324 124.5 + 87.5 <0.001
Hyaluronic acid (ng/mL) 559 74.5 & 98.6 319 59.3 & 73.0 240 94.6 & 122.1 <0.001
Type 4 collagen 78 (ng/mL) 474 49420 269 48 £20 205 49 +19 0.544
Ferritin (ng/mL) 1,838 142.0 £ 157.0 1,084 171.9 £ 174.9 754 99.1 & 114.1 <0.001
Uric acid (mg/dL} 3,645 54%15 2,043 57 %14 1,602 49:k 1.4 <0.001
Results are shown as mean =% SD
GGT gamma glutamyl transpeptidase, HOMA-IR homeostasis model of insulin
Table 2 Backgrounds of diabetes mellitus patients (2)
Characteristic Total subjects Males Females
n Positive n Positive n Positive P
(%) (%) (%)

Hepatitis B surface antigen 4,867 83 (1.7 %) 2,796 50 (1.8 %) 2,071 33 (1.6 %) 0.604
Anti-hepatitis B core antibody 3,211 958 (29.8 %) 1,824 572 (31.4 %) 1,387 386 (27.8 %) 0.030
Anti-hepatitis C virus antibody 4,877 247 (5.1 %) 2,812 144 (5.1 %) 2,065 103 (5.0 %) 0.834
Alcchol 4,443 2,554 1,889 <0.001

<20 glday 3589 (80.8 %) 1769 (69.3 %) 1820 (96.3 %)

20-59 g/day G61 (14.9 %) G09 (23.8 %) 5228 %)

>60 g/day 193 (4.3 %) 176 (6.9 %) 17 (0.9 %)
Hypertension 4,936 2515 (51.0 %) 2,841 1419 (49.9 %) 2,095 1096 (52.3 %) 0.100
Dyslipidemia 5,423 3434 (633 %) 3,091 1882 (60.9 %) 2,332 1552 (66,6 %) <0.001
Diabetes mellitus {intervention) 5,227 3,013 2,214 0.002

None 1072 (20.5 %) 629 (20.9 %) 443 (20.0 %)

Oral drugs 2495 (47.7 %) 1489 (49.4 %) 1006 (45.4 %)

Insulin 1513 (289 %) 810 (26.9 %) 703 (31.8 %)

Oral drugs + insulin 147 (2.8 %) 85 (2.8 %) 62 (2.8 %)
Hepatocellular carcinoma 4,700 67 (1.4 %) 2.696 48 (1.8 %) 2,004 19 (0.9 %) 0.017

Anti-HCV Ab positivity was detected in 5.1 % (M
5.1 %, F 5.0 %) of DM patients; this rate was significantly
higher than that (total 1.0 %, M 1.1 %, F 1.0 %) in blood
donors of every age group of both sexes (p < 0.001),
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except for females aged 50-59 years (Table 2; Fig. 2).
ALT and GGT levels were significantly higher in male
anti-HCV  Ab-positive patients than in their negative
counterparts (p < 0.001, p < 0.05) (Fig. 2). For both sexes,
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Fig. 1 Prevalence of HBV A @ Male ()] Female
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Table 3 Serum HBVDNA and HCVRNA levels, age, serum ALT level,
Ab-positive patients

, and platelet (PLT) counts in HBsAg-positive patients and anti-HCV

%o (n) Mean age (years) Mean ALT levels (IU/L) Mean PLT count(x10%L.)

Serum HBV-DNA®
Negative (<2.6 log copy/ml) 72 (29 63.6 253 205
Pasitive (=2.6 log copy/mi) 28 (11) 55.6 280 18.5
=2.6<4.0 18 (7N 61.9 26.6 189
=40 104 50.0 305 17.8

Serum HCV-RNA”
Negative (<2.7 log 1U/ml) 38 (57 67.2 282 17.7
Positive (=2.7 log IU/ml) 62 (91) 674 517 153
=27<5.0 34 65.1 28.0 164
=50 59 (87) 67.5 52.7 152

* Resulls are presented as either frequency or mean in 40 HBsAg-positive patients
b Results are presented as either frequency or mean in 148 anti-HCY Ab-positive patients

the PLT count was significantly lower in anti-HCV
Ab-positive DM patients than in their negative counterparts
(» < 0.001).

Thirty-eight percent of anti-HCV Ab-positive patients
M 36 %, F 42 %) demonstrated HCV-RNA negativity
(Table 3), and 96 % of HCV-RNA-positive patients
exhibited high scrum HCV-RNA levels (5.0 log 1U/ml).
Serum ALT levels in anti-HCV Ab-positive patients with

HCV-RNA positivity and those with HCV-RNA negativity
were 51.7 £ 39.7 and 28.2 & 18.1 IU/L, respectively,
whereas those in anti-HCV Ab-negative patients were
27.7 £ 22.8 TU/L. Serum ALT levels were significantly
higher in HCV-RNA-positive patients than in HCV-RNA-
negative patients (p < 0.001).

The proportion of DM patients consuming >60 g and
20-59 g alcohol daily was 4.3 % (M 6.9 %, F 0.9 %) and
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14.9 % (M 23.8 %, F 2.8 %), respectively (Table 2). The
highest percentage of drinkers were males in the 60- to
69-year age group and females in the <40-year age group.
Male drinkers consuming >60 g alcohol daily had signifi-
cantly higher serum AST and GGT levels compared with
nondrinkers (patients consuming <20 g of daily alcohol
intake) (p < 0.001). Serum ALT levels in drinkers con-
suming >60 g alcohol daily were comparable with those in
nondrinkers. Drinkers of both sexes consuming 20-59 g
alcohol daily had significantly higher serum GGT levels
(» < 0.001) (Fig. 3).

Factors related to serum ALT levels

With increasing age in both sexes, the number of DM
patients with elevated serum ALT levels and high BMI
decreased, whereas those with decreased PLT counts
increased. The number of DM patients with elevated serum
ALT levels increased with increasing BMI in both sexes
(Fig. 4).

A forward stepwise logistic regression model yielding
odds ratios (ORs) and 95 % confidence intervals (Cls) was
used to analyze the factors related to clevated serum ALT
levels. The model included BMI, age, drinking status,
HBsAg status, anti-HCV Ab status, PLT count, hyperten-
sion status, and dyslipidemia status as independent
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variables. The odds ratio shown indicates the change in
odds for one SD increase in each varjable.

Multivariate analysis showed that age (M: OR 0.674, CI
0.613-0.741; p < 0.001; F: OR 0.767, CI 0.683-0.861;
p <0.001), PLT count (M: OR 0.806, CI 0.732-0.886;
p <0.001, F: OR 0.714, CI 0.632~0.808, p < 0.001), anti-
HCV Ab status (M: OR 1.321, CI 1.218-1.433; p < 0.001;
F. OR 1.232, CI 1.117-1.359; p <0.001), and BMI
(M: OR 1.509, CI 1.374-1.657; p < 0.001; F: OR 1.487, CI
1.330-1.663; p < 0.001) were significantly associated with
elevated serum ALT levels (Table 4}.

For both sexes, AST and ALT levels were similar in
drinkers consuming 20-59 g alcobol daily and those con-
suming <20 g alcohol daily (Fig. 3). After eliminating
HBV-positive patients and/for HCV carriers and heavy
drinkers consuming >60 g alcohol daily, the number of
male, female, and total DM patients with elevated serum
ALT levels were 33.4, 23.3, and 28.3 %, respectively.
These values were comparable with those in all DM
patients, including those with hepatitis and/or those con-
suming alcohol (M 32.8 %, F 23.0 %, total 28.6 %).

Liver histology in DM patients

The median age of histologically proven, DM- (7 = 87)
and non-DM-associated (n = 95) male NAFLD patients
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Fig. 4 Influence of age on the ratio of patients with elevated serum
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Tahle 4 Multivariate analysis L
1o identify independent chre5§|on Standard qus ?S % confidence P
. ) . coefficient error ratio interval
variables related to
serum ALT level (=31 IU/L) Males
Age ~0.394 0.048 0.674 0.613-0.741 <0.001
Platelet -0.216 0.049 0.806 0.732-0.886 <0.001
Anti-hepatitis C 0.278 0.042 1321 1.218-1.433 <0.001
virus
Body mass index 0411 0.048 1.509 1.374-1.657 <0.001
Females
Age —0.265 0.059 0.767 0.683-0.861 <0.001
Platefet -0.336 0.063 0.714 0.632-0.808 <0.001
Anti-hepatitis C 0.208 0.050 1.232 1.117-1.359 <0.001
Body mass index 0.397 0.057 1.487 1.330-1.663 <0.601
was 60 and 45 years, respectively; in corresponding Male ) Female
females, the median age was 66 (2 = 101) and 61 years 100% v g 100%
(n = 82), respectively. No significant difference was noted 20% 20%
in BMI between DM and non-DM NAFLD patients (M
26.0 and 27.5 kg/im?, respectively; F 26.0 and 27.0 kg/m?, 60% aypod  60% 4
respectively). Male NAFLD patients without DM were Vs atypod a1ypo3
espe v 40% - <l wypez 0% aype2
significantly younger than those with DM (» < 0.001). ' wymod apo 1
NAFLD patients were classified according to Matteoni’s 20% = 20% 1- - -
classification. Type 1, 2, 3, and 4 cases were 14 (16 %), 14
(16 %), 4 (5 %), and 55 (63 %), respectively, among male non-DM. DM 0% non-DM DM
(n=85)  (n=87) (n=82)  (n=101)

DM patients and 28 (29 %), 23 (24 %), 11 (J2 %), and 33
(35 %), respectively, among male non-DM patients. Type
1, 2, 3, and 4 cases were 16 (16 %), 8 (8 %), 4 (4 %), and
73 (72 %), respectively, among female DM patients and 9
(11 %), 9 (11 %), 7 (9 %), and 57 (69 %), respectively,
among female non-DM patients (Fig. 5). The frequency of
Type 4 NASH was significantly higher in male DM
patients than in male non-DM patients (» < 0.001).The rate
of Type 4 NASH was high in both female DM and non-DM
patients.

In total, 244 (M 103, F 141) NASH patients were
classified according to Brunt’s classification. The number
of patients with stage 0 (Matteoni Type 3), 1, 2, 3, and 4
were 2 (3 %), 27 (46 %), 10 (17 %), 17 (29 %), and 3
(5 %), respectively, among inale DM patients and 10
(23 %), 16 (36 %), 8 (18 %), 9 (21 %), and 1 (2 %),
respectively, among male non-DM patients. Stage 0, 1, 2,
3, and 4 cases were 4 (5 %), 25 (33 %), 24 (31 %), 13
(17 %), and 11 (14 %), respectively, among female DM
patients and 4 (6 %), 28 (44 %), 20 (31 %), 10 (16 %), and
2 (3 %), respectively, among female non-DM patients
(Fig. 6). The frequency of advanced stage NASH was
significantly higher in male DM patients than in male non-
DM patients (» < 0.05).The rate of Stage 4 NASH was
higher in female DM patients than in female non-DM
patients; however, the difference was not significant
(» = 0.198).

a Springer

Fig. 5 Distribution of Matteoni’s type classification in individual
status of glucose metabolism among NAFLD patients. The frequency
of type 4 NASH was significantly higher in male DM patients than in
male non-DM patients (p < 0.001). The mate of type 4 NASH was
high in both female DM and non-DM patients
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Fig. 6 Distribution of Brunt's stage in individual status of glucose
metabolism among NASH patients. The frequency of advanced stage
NASH was significantly higher in male DM patients than in male
non-DM patients { < 0.05). The rate of stage 4 NASH was higher in
female DM patients than in female non-DM patients; however, the
difference was not significant (p = 0.198)

HCC incidence in DM patients

In total, 67 (M 48, F 19) HCC cases (1.4 %) were reviewed
(Table 2). HCC incidence was significantly higher in males
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than in females. Five of 67 HCC patients consumed >60 g
alcohol daily, and two of these five patients were anti-HCV
Ab positive. HBsAg positivity, anti-HCV Ab positivity,
and non-B non-C prevalence in the HCC patients was 8.6,
50.0, and 41.4 %, respectively. In a Japanese nationwide
survey of 19,499 HCC patients [3], HBsAg positivity, anti~
HCV Ab positivity, and non-B non-C prevalence was 15.0,
67.7, and 17.3 %, respectively, Non-B non-C prevalence
was higher in our DM patients with HCC than in the
nationwide HCC survey participants (p < 0.001). Mean
PLT count in DM patients with HCC was as follows:
HBsAg-positive patients, 12.4 & 6.8; anti-HCV Ab-posi-
tive patients, 124 &= 5.6; and non-B non-C patients,
16.0 £ 7.0 (x 10*uL); PLT count was significantly higher
in the non-B non-C patients than in the anti-HCV-positive
patients (p < 0.05). Mean BMI in these three patient
groups was as follows: HBsAg-positive patients,
232 £ 5.1; anti-HCV Ab-positive patients, 22.8 == 3.3;
and non-B non-C patients, 27.2 + 4.4 (kg/m?); BMI was
significantly higher in the non-B non-C patients than in the
anti-HCV Ab-positive patients (p < 0.001).

Discussion

This is the first multicenter study, as per our knowledge,
that clarifies the cause of liver injury in DM patients in
Japan, Most Japanese HBV camriers are genotype C,
acquired via perinatal vertical transmission or early child-
hood infection [12]. The HBV carrier rate in Japan is
higher than that in western countries and significantly
lower than that in other Asian countries [13]. In 1986, the
Japanese govermment initiated a nationwide hepatitis B
immunization program for infants born to HBV carrier
mothers to prevent perinatal transmission. Consequently,
the number of young serum HBsAg-positive individuals is
extremely low. In our study, although the HBV carrier rate
in DM patients was significantly higher than that in blood
donors, 72 % of HBsAg-positive patients were serum
HBV-DNA negative. Only 10 % of HBsAg-positive
patients exhibited high serum HBV-DNA levels (4.0 log
copies/ml), which is likely to induce hepatitis. These
results indicate that a majority of DM patients who are
HBV carriers may be asymptomatic.

Chronic hepatitis C may result in life-threatening com-
plications, including cirthosis and HCC. Worldwide, cir-
rhosis can be attributed to HBV (30 %) and HCV infection
(27 %) [14]). The leading cause of cirrhosis among HBV
and HCV sufferers and alcohol consumers varies with
individual countries. A recent nationwide Japanese survey
reported the ctiology of cirthosis in Japan as follows: HCV
60.9 %, HBV 13.9 %, alcoholism 13.6 %, primary biliary
cirthosis 2.4 %, NASH-related 2.1 %, and autoimmune

hepatitis 1.9 % [15]. However, we must consider that
hepatic triglycerides diminish with liver fibrosis progres-
sion in NASH patients {so-called “burned-out™ NASH),
resulting in difficulty in diagnosing NASH. Sixty-two
percent of anti-HCV Ab-positive DM patients were HCV-
RNA positive; these patients showed significantly higher
serum ALT levels compared with HCV-RNA-negative
patients. These results indicate that HCV infection is
involved in the etiology of liver disease in DM patients.

There is no doubt that the positive rates of serum
HBsAg and anti-HCV Ab in the general population are
higher than in blood donors, Unfortunately, there were no
data in the distribution of the rate of hepatitis virus car-
riers in each age group in Japan. In the present study, the
positive rates of HBsAg and anti-HCV Ab in DM patients
were significantly higher than that in blood donors.
However, the present study demnonstrated that most of
HBsAg positive patients were negative for serum HBV
DNA or had low serum HBV DNA levels and around
one-third of anti-HCV Ab positive patients were negative
for serum HCV RNA.

These results indicate the possibility that the frequency
of hepatitis virus carriers in DM patients is higher than
that in general population but no significant differences
might be noted between DM patients and the general
population.

Alcohol consumption is reportedly a significant factor
associated with the risk of HCC development in patients
with NASH-associated cirthosis [16]. In our study, serum
AST and ALT levels were comparable between drinkers
consuming 20-59 g alcohol daily and nondrinkers. The
ratio of heavy drinkers consuming >60 g alcohol daily
was low (4.3 %) in our study. Moreover, drinking was not
chosen as a variable related to elevated serum ALT levels.
These results suggest that alcohol intake is not an
important factor in the pathogenesis of liver disease in
DM patients.

In our study, the frequency of anti-HCV Ab-positive
DM patients was 5 %, whereas the serum HCV-RNA
positivity rate in anti-HCV Ab-positive patients was 62 %.
Therefore, the HCV carrier rate was calculated as 3 %.
Since the proportion of HCV carriers and patients with
elevated ALT levels were 3 % and up to 29 %, respec-
tively, the influence of HCV infection is estimated to be no
more than 10 % (3 % divided by 29 %) among DM
patients with elevated ALT levels. There was no significant
change in the number of DM patients with clevated ALT
levels before and after elimination of HBV and/or HCV
carriers and heavy drinkers. These results suggested that
the major cause (up to 90 %) of liver injury in DM patients
may be NAFLD.

In the present study, the frequency of advanced stage
NASH was significantly higher in male DM patients than
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in male non-DM patients. Neuschwander-Tetri et al. [17]
reported that patients with advanced stage NASH were
more likely to have DM. Mayaaki et al. [18] also examined
the relationship between hepatic fibrosis stage and DM
prevalence. In the mild fibrosis group, only 42 % were
complicated with DM, whereas in the severe fibrosis group,
the prevalence was as high as 71 % (p = 0.020). Lo et al.
[19] reported that DM exacerbated diet-induced NASH
fibrosis in mice. Therefore, DM may be an important factor
in hepatic fibrosis development in NAFLD patients.

HCC frequency is significantly higher in obese and DM
patients than in non-obese and non-DM patients [20, 21].
Recently, Tokushige et al. [22] reported on the back-
grounds of Japanese HCC patients, and non-B non-C HCC
accounted for 16 % of cases. A recent report has shown
that NASH patients are likely to develop HCC in an earlier
stage of fibrosis compared with chronic hepatitis C patients
[23]. Our previous study analyzed 87 histologically proven
NASH-HCC patients [24]; 37 % (20/54) of male HCC
patients had a mild to moderate stage of liver fibrosis (Fl or
F2); however, no female HCC patients were F1 stage, and
only 15 % (5/33) were F2 stage. In the present study, DM
patients with non-B non-C HCC exhibited a tendency to
have higher PLT counts than those in DM patients with
HCV-HCC, indicating that non-B non-C HCC is more
likely to occur in DM patients with less advanced liver
disease than in those with viral hepatitis.

In conclusion, HBsAg and anti-HCV Ab positivity rates
were high; however, most of these patients were HBV-
DNA negative or had low serum HBV-DNA levels, One-
third of anti-HCV Ab-positive patients were HCV-RNA
negative, and 4.3 % patients were drinkers whose ALT
levels were comparable with those of nondrinkers. From
these results, we conclude that up to 90 % of Japanese DM
patients with liver injury may have NAFLD/NASH.
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A follow-up survey of hepatitis virus carriers after
notification of their infection in Okayama prefecture
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In Okayama prefecture we investigated by question-
naires whether hepatitis B virus (HBV) (n =549) or
hepatitis C virus (HCV) carriers (n = 803) consulted a
doctor after they had been informed of their infection
at their initial checkup for viral hepatitis between 2002
and 2006. The ratio of patients who consulted a doctor
after notification of infection was 384% (211/549) of
HBV carriers and 49.4% (397/803) of HCV carriers, re-
spectively. Among those patients, 53.1% of HBV carri-
ers and 73.4% of HCV carriers were on follow care at
the start of this investigation. These results indicated
a need to establish a more effective follow up system
for hepatitis virus carriers following notification at the
initial medical checkup.
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Abstract

Background  Prolonged hyperbilirubinemia (HB) follow-
ing living donor liver transplantation (LDLT) can be a risk
factor for early graft loss and mortality. However, some
recipients who present with postoperative hyperbilirubi-
nemia do recover and maintain a good liver function.
Aim  The purpose of this study was to investigate the risk
factors for hyperbilirubinemia following LDLT and to
identify predictors of the outcomes in patients with post-
transplant hyperbilirubinemia.

Methods A total of 107 consecutive adults who under-
went LDLT in Nagasaki University Hospital were inves-
tigated retrospectively. The patients were divided into two
groups according to postoperative peak serum bilirubin
level (HB group: >30 mg/dl; non-HB group: <30 mg/dl).
These two groups of patients and the prognosis of patients
in the HB group were analyzed using several parameters.
Results  Seventeen patients (15.9 %) presented with
hyperbilirubinemia, and their overall survival was signifi-
cantly worse than patients in the non-HB group (1 = 90).
Donor age was significantly higher in the HB group
(P < 0.05). Of the 17 patients in the HB group, nine sur-
vived. The postoperative serum prothrombin level at the
time when the serum bilirubin level was >30 mg/dl was
significantly higher in surviving patients (P < 0.01).
Conclusions 'The use of a partial liver graft from an aged
donor is a significant risk factor for severe hyperbilirubi-
nemia and a poorer outcome. However, those patients who
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maintain their liver synthetic function while suffering from
hyperbilirubinemia may recover from hyperbilirubinemia
and eventually achieve good liver function, thus resulting
in a favorable survival.

Keywords Living donor liver transplantation -
Hyperbilirubinemia - Partial graft - Small-for-size graft
syndrome - Acute cellular rejection

Introduction

Hyperbilirubinemia following living donor liver trans-
plantation (LDLT) can be caused by several mechanisms,
such as initial poor function, acute cellular rejection, sur-
gical complications, small-for-size syndrome, drug toxic-
ity, among others. Hyperbilirubinemia has also been
reported to be a risk factor for early graft loss and mortality
[}]. However, some recipients can overcome hyperbiliru-
binemia, and these patients subsequently achieve and
maintain a good liver function after their eventual recovery
from hyperbilirubinemia. The aim of this study was to
retrospectively clarify the risk factors for the development
of postoperative severe hyperbilirubinemia and to identify
any predictors for the outcomes in patients who present
with hyperbilirubinemia following LDLT.

Patients and Methods

We retrospectively analyzed the data of 107 consecutive
adult patients (67 males, 40 females, median age 55 years,
age range 16-68 years) who underwent LDLT in the
Department of Surgery of Nagasaki University Hospital
between November 1997 and January 2010. The etiologies
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of the liver disease were hepatitis C virus infection (35
patients), hepatitis B virus infection (25 patients), non-viral
causes (40 patients), and fulminant liver failure (7 patients)
(Table 1). During this period, we occasionally treated
patients with a postoperative bilirubin level of >20 mg/dl.
Marubashi et al. [ 1] reported that a postoperative peak serum
bilirubin level of >27 mg/dl could be a predictor of short-
term graft outcome. Therefore, we defined those patients
who had presented with a postoperative peak serum bilirubin
level of >30 mg/dl as having hyperbilirubinemia (HB
group); the remaining patients formed the non-HB group.

The two groups of patients were compared for preop-
erative serum bilirubin level; donor age; the postoperative
peak alanine aminotransferase (ALT); mode] for end-stage
liver disease (MELD) score; graft weight (GW)/standard
liver volume ratio {SLV; SLV (ml) = 706.2 x body sur-
face area (m?) + 2.4] [2]; type of graft; development of
acute cellular rejection [as proven by biopsy within post-
operative day (POD) 60]; ABO compatibility; the devel-
opment of biliary complications. We defined a biliary
complication as anastomotic stenosis that needed inter-
ventions by means of balloon dilatation, stent placement, or
re-operation. We divided the types of grafts into those for
the right lobe and left lobe, respectively. The right lobe
included the right lateral sector, and the left lobe included
the left lateral segment.

In the HB group, we compared surviving and non-surviv-
ing patients for all of the above-mentioned parameters as well
as for serum prothrombin [PT (%)] and creatinine levels at the
time when the serum bilirubin level was >30 mg/dl. Inthe HB

Table 1 Indication for liver transplantation

Cause of liver disease Total HB group Non-HB group
n=107) (m=17) (n = 90)

Liver cirrhosis 35 6 29
(hepatitis virus C)

Liver cirrhosis 25 4 21
(hepatitis virus B)

Alcoholism 11 2 9

Primary biliary 8 3 5
cirrhosis

Fulminant hepatitis 7 0 7

Liver cirrhosis (non-B 6 0 6
non-C)

Primary sclerosing 3 0 3
cholangitis

Budd-Chiari 1 0 1
syndrome

Caroli’s disease 1 0 1

Graft failure 4 2 2

Others 6 0 6

HB Hyperbilirubinemia

group, no patients received administration of fresh frozen
plasma at the time of diagnosis. We used log-rank test for
survival comparison. Group data were compared with the
Mann-Whitney U test, and differences between proportions
of categorical data were compared with the %* test. Further-
more, several factors detected in the univariate analysis with
P values of <0.15 were entered into a multivariate analysis.
We used multivariate logistic regression analysis for the
multivariate analysis. A P value <0.05 was considered to be
statistically significant.

Results

Of the 107 consecutive adult patients who underwent
LDLT at our hospital during the study period, 17 (15.9 %)
met our criteria for HB and were included in the HB group;
the remaining 90 patients (84.1 %) formed to the non-HB
group. The overall survival rate was significantly different
between the groups (P < 0.01) (Fig. 1). Time-zero biopsies
showed no apparent differences between patients in the HB
and non-HB group. Protocol biopsy was not performed
postoperatively except in cases of cellular rejection or
recurrence of hepatitis was suspected. The median donor
age was significantly higher in the HB versus the non-HB
group [50 (range 22-63) vs. 36 (19-67) years, respectively;
P < 0.05], and ABO incompatibility was identified as a
risk factor for posttransplant hyperbilirubinemia. The
median preoperative serum bilirubin level tended to be
higher in the HB group than in the non-HB group [5.4
(range 1.1-39.5) vs. 3.3 (0.6-42.7) mg/dl, respectively;
P = 0.06]. The median postoperative peak ALT level was
significantly higher in the HB group than in the non-HB
group [569 (range 120-1,907) vs. 339 (79-3,359) IU/,
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Fig. 1 Kaplan—Meier curves of the postoperative survival of patients

with hyperbilirubinemia (HB group) and without hyperbilirubinemia
(non-HB group)
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Table 2 Analysis of predictive

ilirubi . Predictive factors
factors for hyperbilirubinemia redictivi T

HB group" (n = 17)  Non-HB group” (n = 90) P value

(univariate analysis)

GWI/SLV (%) 39.9 (24.9~56.3) 44.1 (23.6-85.3) 0.139

Donor age (years) 50 (22-63) 36 (19-67) 0.035
MELD score 22 (9-32) 18 (7-40) 0.217
Preoperative serum total bilirubin (mg/dl) 5.4 (1.1-39.5) 3.3 (0.642.7) 0.061
postoperative peak ALTIU/M) 569 (120-1,907) 339 (79-3,359) 0.02

GW/SLV Graft weight/standard tw % + o %

liver volume ratio, MELD Acute cellular rejection (<POD 60) 5117 29 26/90 29 0.804

?i:::slefo;; S;})d—;(t):é:pleﬁelfve Biliary complication 017 0 18/90 20 0.07

days, ALT alanine Type of graft

aminotransferase Right lobe 10/17 59 36/90 40

" Values are presented as the Left lobe 7 41 54/90 60 0.241

median with the range in ABO incompatibility 6/17 35 9/90 10 0.01

parenthesis

Table 3 Multivariate analysis of postoperative hyperbilirubinemia

Preoperative risk factors Yes/no P value
GWI/SLV (%) - 0.107
Donor age (years) - 0.0125
Preoperative serum total bilirubin (mg/dl) - 0.032
ABO incompatibility Yes 0.163

respectively; P = 0.02]. There were no significant differ-
ences in the GW/SLV, MELD score, type of graft, and
incidence of biliary complication and acute cellular rejec-
tion between the groups (Table 2). The multivariate
logistic analysis identified donor age (P = 0.0125) and
preoperative serum bilirubin level (P = 0.032) as preop-
erative risk factors for postoperative hyperbilirubinemia
(Table 3).

Of the 17 patients in the HB group, nine were alive at the
writing of this manuscript. The results of the comparison
between surviving and non-surviving patients are shown in
Table 4. The median postoperative PT (%) at the time when
the serum bilirubin level was >30 mg/dl was significantly
higher in surviving patients than in those that did not survive
[52 (range 26-59) vs. 33.5 (20-60) %, respectively;
P < 0.01]. The median postoperative serum creatinine level at
the time when the serum bilirubin level exceeded 30 mg/dl
tended to be lower in surviving patients than in those that had
not survived [1.2 (range 0.5-2.9) vs. 1.86 (0.4-3.1) mg/dl,
respectively; P = 0.06]. There were no significant differences
between surviving patients and non-surviving patients for
donor age, GW/SLV, preoperative serum bilirubin level,
MELD score, postoperative duration when the serum bilirubin
level was >30 mg/dl, ABO incompatibilty, and acute cellular
rejection (Table 4). The multivariate logistic analysis was not
performed because of the small number of patients. Table §
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summarizes the characteristics and the postoperative course of
patients in the HB group. Eight patients did not survive—one
patient due to severe acute cellular rejection and seven patients
due to infection. The indications for liver transplantation for
non-surviviors were liver cirrhosis (hepatitis C virus; 3
patients), primary biliary cirrhosis (3 patients), (hepatitis B
virus; 1 patient), and graft failure (1 patients) (Table 5). None
of these patients had suffered from short-term recurrence of
viral hepatitis and hepatocellular carcinoma after transplan-
tation. One patient (Table 5, case no. 10) was considered to be
small-for-size syndrome with massive ascites and prolonged
hyperbilirubinemia without arterial or portal occlusion and
rejection. However, she had maintained PT (%) and survived.
Although postoperative biopsies were performed for 11
patients in the HB group, no specific causes of hyperbiliru-
binemia were detected besides the findings of acute cellular
rejection or recurrent hepatitis.

Discussion

In this study, we analyzed the risk factors for postoperative
HB and the prognosis of patients who belonged to the HB
group. Our results indicate that the donor age was most
strongly correlated with the development of HB. A multi-
variate analysis also identified donor age and patient pre-
operative total bilirubin level as significant risk factors for
post-transplant HB. The outcome of liver transplantation
from aged donors is controversial. Some studies have
shown that the outcomes of using grafts from donors older
than 50 years without additional risk factors are similar to
those of using grafts from donors younger than 50 years
[3, 4]. However, the data from a registry of the Japanese
Liver Transplantation Society show that patients who
received a graft from an older donor had a significantly



00S

Dig Dis Sci (2013) 58:1410-1414 1413

gi?;:sd}of(;‘n;rp:;?;;‘;’?;?k Risk factors (S’:lrli\;i)ng group” l(\’Il()fsgx)rviving group® P value

group (univariate analysis) _ —
GW/SLV(%) 40 (24.9-56.3) 39.2 (26.9-48.4) 0.847
Donor age 50 (22-61) 50.5 (22-63) 0.847
MELD score 22 (13-32) 22 (9-40) 1
Preoperative total bilirubin (mg/dl) 3.2 (1.9-39.5) 14.2 (1.1-28.7) 0.289
Timing of diagnosing HB 19 (5-28) 17 (6-32) 0.885
Prothrombin time (%) at HB diagnosis 52 (26-59) 33.5 (20-60) 0.004
Serum creatinine (mg/dl) at HB diagnosis 1.2 (0.5-2.9) 1.86 (0.4-3.1) 0.067

=+ (n) 3 + (n) %

? Values are presented as the ABO incompatibility 3/9 33 3/8 38 1

median with the range in Acute cellular rejection (<POD 60) 2/9 22 3/8 38 0.619

parenthesis

Table 5 Characteristics and postoperative courses of patients in HB group

Case  Gender Age Indication for ABO GW/  Timing of Prothrombin (%) at HB  Outcomes Cause of

no. transplantation incompatibility SLV diagnosing HB diagnosis® death

1 Male 63 B-LC, HCC + 369 36 45 Dead Infection

2 Female 61  PBC + 26.9 26 25 Dead Infection

3 Female 61  C-LC, HCC - 43.6 12 29 Dead Infection

4 Female 62  PBC - 384 45 31 Dead Infection

5 Male 57 C-LC, HCC - 40 8 37 Dead Infection

6 Male 57 C-LC, HCC - 48.4 15 36 Dead Infection

7 Male 41 PBC - 44.6 16 31 Dead ACR

8 Female 56 Graft failure + 36.3 14 43 Dead Infection

9 Female 54  C-LC, HCC + 41.2 28 61 Alive

10 Female 59  C-LC, HCC - 24.9 26 45 Alive

11 Male 58 B-LC, HCC - 29.7 17 46 Alive

12 Male 56  B-LC, HCC - 442 37 76 Alive

13 Female 53 C-LC + 40 11 55 Alive

14 Male 22 Graft failure - 56.3 5 41 Alive

15 Male 52 B-LC, HCC + 36.1 34 52 Alive

16 Male 62 Alcoholism - 43.5 19 60 Alive

17 Female 46  Alcoholism - 378 17 34 Alive

C-LC Liver cirrhosis type C, B-LC liver cirrhosis type B, PBC primry biliary cirthosis, ACR acute cellular rejection

* At the time when the serum bilirubin level was >30 mg/dl

worse survival [5]. Notable findings of two studies which
investigated non-transplanted aged livers were: 40 and
50 % decreases in vascular inflow and biliary flow,
respectively, impairment of energy- and microtubule-
dependent transport processes, with reduced endoplasmic
reticulum mass, cumulative pigmented waste deposition,
and a reduced ability to scavenge reactive oxygen inter-
mediates [6, 7].

It has been reported that patients who receive a graft
from an aged donor tend to have a greater incidence of
delayed graft function [8, 9]. A multivariate analysis also
revealed that the use of these grafts is associated with an
increased incidence of recurrent hepatitis C [10]. A relative

poorer regeneration of the liver graft from an aged donor
has also been reported [11]. Taken together, these findings
indicate that clinicians should be aware that the use of
grafts from aged donors could lead to the development of
severe hyperbilirubinemia by a multifactorial mechanism.

The HB group included significantly more patients who
had undergone ABO blood type-incompatible LDLT. The
outcomes of ABO blood type-incompatible LDLT have
improved over the years, and many institutes have adopted
ABO-incompatible LDLT owing to the various treatments
that can be used to overcome antibody-mediated rejection
(AMR). AMR is the result of a circulatory disturbance that
is caused by injury to the endothelium due to an antibody—
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antigen—complement reaction. The typical clinical mani-
festations of AMR are hepatic necrosis and intrahepatic
biliary complications [12]. Although no patients in our
study had developed hepatic necrosis or apparent intrahe-
patic biliary complications with the prophylaxis, including
rituximab and plasma exchange, our results suggest that
patients undergoing ABO-incompatible LDLT may have a
greater chance of developing postoperative severe hyper-
bilirubinemia.

The prognosis of the HB group was significantly worse
than that of the non-HB group. Marubashi et al. [I]
reported devastating outcomes in patients with a postop-
erative peak serum bilirubin level of >27 mg/dl, with eight
of their grafts resulting in early graft loss within | year. In
contrast, we experienced a number of patients with severe
hyperbilirubinemia post-LDLT who eventually recovered
their liver function; in fact, nine of the 17 patients in the
HB group survived. Therefore, we investigated the peri-
operative parameters to clarify the risk factors for
decreased survival. Our analysis revealed that the postop-
erative PT (%) at the time when the serum bilirubin level
exceeded 30 mg/dl for the first time was significantly
correlated with the prognosis based on the univariate
analyses. Based on these results, the patients who were able
to maintain their liver synthesis function were able to
recover their liver function despite a temporal deterioration
in bilirubin excretion.

Cholestasis has been recognized as a clinical manifes-
tation of small-for-size graft syndrome, and the improve-
ment of temporal cholestasis in proportion to the liver
regeneration can be expected in cases of partial liver graft
transplantation. We tried to exclude small-for-size syn-
drome with massive ascites. Although there is no consen-
sus on the definition of small-for-size syndrome, there was
one patient in the HB group who was suspected to have
small-for-size syndrome, and she recovered spontaneously
[normal range PT (%)] [13, 14]. In fact, GW/SLV was not a
significant risk factor for the development of hyperbiliru-
binemia in our present study.

In addition, the postoperative serum creatinine level at
the time when the serum bilirubin level exceeded 30 mg/dl
for the first time tended to be lower in surviving patients.
Acute kidney injury following liver transplantation has
been reported to be associated with a worse outcome [15].
It is not hard to comprehend that HB patients with multiple
organ dysfunction would have be a worse prognosis.

In conclusion, the use of a partial liver graft from an
aged donor is considered to be a significant risk factor for

@ Springer

postoperative severe hyperbilirubinemia. Although the
outcomes of the HB patients were worse than those for the
non-HB group, we should recognize that recovery is pos-
sible even from severe hyperbilirubinemia in those patients
who are able to maintain their liver synthetic function
during the postoperative course.
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Abstract

Background and Aim: Currently, hepatitis B virus (HBV) re-infection after liver trans-
plantation (LT) can be almost completely suppressed by the administration of HBV reverse
transcriptase inhibitors and hepatitis B immunoglobulins. However, after transplantation,
there is no indicator of HBV replication because tests for the serum hepatitis B surface
antigen and HBV-DNA are both negative. Therefore, the criteria for reducing and discon-
tinuing these precautions are unclear. In this study, we examined the serum HBV core-
related antigen (HBcrAg) and intrahepatic covalently closed circular DNA (cccDNA) in
order to determine if these could be useful markers for HBV re-infection.

Methods: Thirty-one patients underwent LT for HBV-related liver disease at Nagasaki
University Hospital from 2001 to 2010. Of these, 20 cases were followed up for more than
1 year (median follow-up period, 903 days). We measured serum HBcrAg and intrahepatic
cccDNA levels in liver tissue. In addition, in nine cases, we assessed the serial changes of
HBcrAg and intrahepatic cccDNA levels from preoperative periods to stable periods.
Results: We examined serum HBcrAg and intrahepatic cccDNA levels in 20 patients (35
samples). HBcrAg and cccDNA levels were significantly correlated with each other
(r=0.616, P <0.001). From a clinical aspect, the fibrosis stage was significantly lower
in both HBcrAg- and cccDNA-negative patients than in HBerAg- or cccDNA-positive
patients.

Conclusions: HBcrAg and cccDNA were useful as HBV re-infection markers after LT.
Keeping patients” HBcrAg and cccDNA negative after LT might contribute to long-term
graft survival.
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Introduction

Liver transplantation (LT) is an established procedure for the treat-
ment of end-stage liver disease. However, the recurrence of hepa-
titis B virus (HBV) is implicated in life-threatening graft failure.'
Therefore, the prevention of HBV recurrence following LT is a
serious concern. The advent of hepatitis B immunoglobulins
(HBIg) and the HBV reverse transcriptase inhibitor (RTI) was a
major breakthrough in the management of HBV recurrence. Cur-
rently, an ideal recurrence rate for HBV has been observed in
patients who received HBIg and RTI combination therapy.?
However, several studies have reported that HBV can be detected
in the transplanted liver and peripheral blood mononuclear cells of
recipients even when they have a hepatitis B surface antigen
(HBsAg)-negative status.” Therefore, prophylaxis currently must
be continued for the patient’s lifetime. However, there are con-
cerns with the long-term administration of HBIg and RTI with
respect to safety, medical costs, and resistant mutations of HBV.!
In order to discontinue the prophylaxis, several groups have
attempted to vaccinate LT recipients against HBV, but most of
these studies involve relatively low seroconversion rates because
of the immunosuppressive environment.®

Recently, new agents against HBV, such as adefovir and ente-
cavir, which hardly develop resistant mutations, have become
available. Some have reported that HBIg can be discontinued after
LT by using the new anti-HBV agents even if the vaccination does
not succeed.® Angus et al. reported that when adefovir dipivoxil
was substituted for low-dose HBIg, all patients were alive at the
study completion without recurrence.” In addition, low-risk cases,
such as those with fulminant hepatitis, and hepatitis B core anti-
body (HBcAb)-positive donors are not necessary for the adminis-

Table 1 Baseline clinical features of the enrolled patients

T Matsuzaki et al.

tration of high-dose HBIg.® However, after transplantation, RTI
and HBIg may mask the appearance of HBV-DNA, regardiess of
the presence of intrahepatic HBV covalently closed circular DNA
(cccDNA). These factors make it difficult to detect HBV dynamics
following LT, and we are therefore unable to determine the feasi-
bility of the discontinuation of prophylaxis.

Recently, a new enzyme immunoassay that detects hepatitis B
core-related antigen (HBcrAg) has been reported.” HBcrAg
changes in parallel with HBV-DNA in the serum and has a wide
detection range.'® Moreover, its levels are correlated with the
intrahepatic cccDNA levels of patients with chronic hepatitis B."'
In addition, we previously reported on the usefuiness of HBcrAg
in patients receiving anti-HBV prophylaxis following LT.”

Therefore, in this study, we simultaneously measured serum
HBcrAg and intrahepatic cccDNA levels in liver tissue and studied
the HBV dynamics in patients following HBV-related LTs.

Methods

Patients and samples. From 2001 to 2010, a total of 31
patients with HBV-related end-stage liver disease underwent LTs
at Nagasaki University Hospital, Nagasaki, Japan. Of these, we
enrolled 20 patients who could be followed up for more than
approximately 1 year (median 902 days; range 323-2456 days).
There were 17 men and 3 women, with a median age of 56.5 years
(range 33-68 years). All 20 patients were diagnosed with liver
cirrhosis, and 12 were diagnosed with hepatocellular carcinoma.
In addition, two patients were coinfected with the hepatitis C virus
(Table 1).

Case Age Gender Indication HBV-DNA HBsAg HBsAb HBeAg HBeAb HBcAb Donor HBcrAg
disease HBcAb
1 55 F LC-B <26 > 2000 0.2 36.0 0.0 >100.0 5.0 6.0
2 56 WYl LC-B <26 > 2000 23 0.6 82.4 99.9 5.0 42
3 48 M LC-B, HCC <26 562.5 0.1 1.1 57.7 >100.0 313 5.0
4 60 M LC-B <2.6 1789 0.1 0.2 97.6 >100.0 701 58
5 59 M LC-B, HCC <26 > 2000 0.1 0.1 >100.0 >100.0 5.0 3.2
6 57 M LC-B, HCC 3.9 188.5 0.5 0.8 54.0 >100.0 10.3 5.1
7 56 M LC-B, HCC <26 >2000 0.1 1.4 75.4 >100.0 91.9 586
8 68 M LC-B, HCC <286 > 2000 0.2 0.1 >100.0 >100.0 5.0 3.0
9 33 F LC-B 3.0 > 2000 0.2 02 81.6 99.9 99.6 5.5
10 58 M LC-B, HCC 3.0 > 2000 0.1 0.1 93.6 >100.0 934 5.1
11 59 M LC-B <286 378.3 0.3 0.1 61.6 >100.0 93.0 38
12 57 M LC-B+C, HCC <28 518.9 0.1 0.1 >100.0 99.9 5.0 2.0
13 49 M Lc-8 <286 > 2000 0.1 0.9 52.9 >100.0 34.1 5.2
14 65 F LC-B 6.9 > 2000 0.2 0.1 >100.0 >100.0 5.0 6.8
15 55 M LC-B, HCC <21 > 2000 0.2 0.1 99.3 >100.0 31.6 45
16 46 M LCB+C 43 1100.4 0.2 0.1 >100.0 >100.0 81.9 37
17 59 M LC-B, HCC <21 > 2000 0.1 0.1 99.2 >100.0 38.6 37
18 51 M LC-B, HCC 24 > 2000 0.2 0.4 62.8 99.4 50.0 4.7
19 67 M LC-B, HCC 3.9 > 2000 0.1 343 60.2 >100.0 91.1 6.3
20 54 M LC-B, HCC 21 > 2000 0.1 104.8 374 >100.0 9.7 4.3

HBV, hepatitis B virus; HBcAb, hepatitis B core antibody; HBcrAg, hepatitis B core-related antigen; HBeAb, hepatitis B envelope antibody; HBeAg,
hepatitis B envelope antigen; HBsAb, antibody against hepatitis B surface antigen; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus; LC, liver cirrhosis; LC-B, LC due to HBV; LC-B + C, LC due to HBV-HCV coinfection.
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All patients had been receiving RTI since preoperative periods.
The HBsAg was negative in all donors, but eight donors were
HBcAb-positive (cut-off, 50%), which was suggested to be due to
prior exposures to HBV.

The prophylactic infusion of HBIg was administered to all
patients according to a fixed-dose schedule; 10 000 units were
given intravenously at the anhepatic period during the operation
and the next day after the living donor LT (LDLT). Afterwards,
2000 units of HBIg were given routinely in order to keep the serum
hepatitis B surface antibody (HBsAD) titers above 100 units/L.
After the LDLT, serum HBsAg, hepatitis B envelope antigen
(HBeAg), and HBV-DNA were not detected in any of the patients
in this study.

Serum samples and biopsy specimens were obtained from 20
patients who received protocol biopsies 1 year after the LDLT at
Nagasaki University Hospital after providing informed consent.
Nine patients were followed up from the preoperative period to the
stable period. Serum samples were obtained at the following three
specified intervals: (i) in the preoperative period, samples were
obtained just before the operation; (ii) in the postoperative period,
samples were obtained during the operation of LT; and (iii) in the
stable period, samples were obtained during admission for proto-
col biopsy. Liver tissue samples were obtained during the follow-
ing three specified procedures: (i) biopsy from explanted liver
during the operation; (ii) time-zero biopsy from the implanted liver
during the operation; and (iit) protocol biopsy 1 year after the
LDLT.

Serological markers for HBV. HBsAg, HBsAb, HBeAg,
hepatitis B envelope antibodies (HBeAb), and HBcAD levels were
assessed by the chemiluminescence enzyme immunoassay
(CLEIA) method using a commercially available enzyme immu-
noassay kit (Lumipulse, Fuji Rebio, Inc., Tokyo, Japan). Serum
concentrations of HBV-DNA were determined using a polymerase
chain reaction (PCR) HBV monitoring kit (Roche Diagnostics
K.K., Tokyo, Japan), which had a quantitative range from 2.6 to
7.6 log copies/mL.

HBcrAg test. Scrum HBcrAg levels were measured by a
CLEIA HBerAg assay kit (Fujirebio, Inc.) with a fully automated
analyzer system (Lumipulse System, FujiRebio, Inc.). HBcrAg
concentrations were expressed as units/mL (U/mL). In this study,
HBcrAg values were expressed as log U/mL, and the cut-off value
was set at 3.0 log U/mL.>?

Measurement of cccDNA. Liver tissues were stored at
—80°C before DNA extraction. HBV-DNA was extracted using a
high pure PCR template preparation kit (Roche Diagnostics K.K.).
The concentration of purified DNA was measured at an absorbance
of 260 nm.

cceDNA levels were measured with the real-time PCR method.
With reference to a previous study,' we designed two oligonucle-
otide primers, cccF2 (5-CGTCTGTGCCTTCTCATCTGA-3,
nucleotides: 1424-1444) and cccR4 (5-GCACAGCTTGGAGGC
TTGAA-3', nucleotides: 1755-1737), and a cccP2 probe (5-FAM-
ACCAATTTATGCCTACAG-MGB-3, nucleotides: 1672-1655).
Reaction volume (20.0 L) containing 500 ng of extracted DNA,
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0.5 pmol/L of each primer, 0.2 imol/L of the probes, and Light-
Cycler TagMan Master (Roche Diagnostics K.K.) was adminis-
tered. The initial activation step was heated at 95°C for 10 min.
The subsequent PCR conditions consisted of 60 cycles of dena-
turation at 95°C for 10 s, and annealing and extension at 60°C for
30 s per cycle. Real-time PCR was performed in a LightCycler
(Roche Diagnostics K.K.). Serial dilutions of a plasmid containing
an HBV monomer were used as quantitation standards.

Liver histology. Liver histology was evaluated by the same
two pathologists. The degrees of necroinflammation and fibrosis
were assessed based on the New Inuyama classification." The
degrees of rejection were assessed with the Rejection Activity
Index according to the Banff working classification of hepatic
allograft pathology.”

Liver function test. Blood biochemical tests were per-
formed in all patients, and liver function was evaluated. Liver
function was assessed using Pugh’s modification of Child’s
scoring system.'®

Statistical analyses. Students r-tests and Fisher’s exact
tests were used for comparisons between groups of parametric
quantitative data, and Mann-Whitney U-tests were used for com-
parisons between independent groups of non-parametric data. Cat-
egorical variables were compared with chi-square tests. The
correlations between continuous variables were analyzed by the
Pearson’s correlation test. Two-tailed P values less than 0.05 were
considered statistically significant.

Results
Correlation between HBcrAg and cccDNA. The cor-

relation between HBcrAg and cccDNA levels in all 35 samples
is summarized in Figure 1. A statistically significant positive

{n=35)

4 *

HBerAg (log U/mL)

cceDNA (log copies /g)

Figure 1 Correlation between serum hepatitis B core-related antigen
(HBcrAg) and intrahepatic hepatitis B virus covalently closed circular
DNA {cccDNA). r=0.818, P<0.001 {(y=0.40x+2.62). Straight lines
indicate the correlation between HBcrAg and cccDNA levels.
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HBerAg (log U/ml)
N
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<
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cccDNA {log copies /jig)

Figure 2 Correlation between hepatitis B core-related antigen
(HBcrAg) and covalently closed circular DNA (cccDNA) levels after trans-
plantation. r=0.402, P= 0.046 (y= 0.16 x + 2.84). Straight lines indicate
the correlation between HBcrAg and cccDNA levels.

correlation was observed (r=0.616, P < 0.001). Similarly, in the
23 samples that were obtained after LT only (that is, preoperative
state samples were excluded), HBcrAg levels were significantly
correlated with cccDNA levels (Fig. 2, r=0.402, P=0.046).
These results supported the hypothesis that HBcrAg can be useful
as an HBV marker instead of cccDNA after LT.

Serial changes in HBcrAg and cccDNA levels. H-
BerAg and cceDNA levels showed similar dynamics during each
period (Figs 3,4). All nine cases had positive levels of HBerAg.
However, seven of them were negative for HBV-DNA. During the
post-transplantation period, HBcrAg levels of seven cases and
cceDNA levels of eight cases became negative. Subsequently,
HBcrAg and cccDNA levels of five cases became positive again
during the stable period. These dynamics implicated the
re-infection of HBV in the graft liver.

Comparisons of the clinical features of HBcrAg
and cccDNA levels. We divided patients into two groups
according to their status of HBcrAg and cccDNA, and investigated
their clinical features (Table2). Positive group includes the
patients with positive cccDNA or HBcrAg, negative group
includes the patients with both negative.

In comparisons between the positive group and negative group,
the number of patients being treated with entecavir was signifi-
cantly lower in negative group (P = 0.022). Additionally, the stage
of the graft liver was significantly lower (P =0.012) in negative
group. The grafts of the HBcrAg- and cccDNA-negative patients
were in good condition in the lower fibrosis stages (median 0;
range 0-1).

Discussion

In the present study, we demonstrated the usefulness of HBcrAg
and cccDNA as markers of HBV after transplantation. As in our
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Figure 3 Serial changes of the hepatitis B core-related antigen
(HBcrAg) levels. HBcrAg levels are represented as mean values; the
closed circles show the values of the HBcrAg levels in all phases. The
error bars indicate standard deviations. The detection range is above
3.0 log U/mL. In order to obtain the mean value, the values of 3.0 log
U/mL or less, and 2.0 log U/mL or more were added to the calculation.
The mean values of HBcrAg levels dropped during the postoperative
period but then gradually increased again during the stable period
(*P<0.001 and **P=0.035 indicate the significant differences
between each period).

* n=9)
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Explanted Zero
liver biopsy

Figure 4 Serial changes of the covalently closed circular DNA
(cccDNA) levels. cccDNA levels are represented as mean values; the
closed circles show the values of the cccDNA levels in all phases. The
error bars indicate standard deviations. The mean values of the cccDNA
levels dropped during the time-zero biopsy but then gradually increased
during the protocol biopsy (*P<0.001 and **P=0.078 indicate the
significant differences between each period).

previous report,'> we suggest that HBcrAg, which is a newly
developed enzyme immunoassay,” is a possible method for detect-
ing the dynamics of HBV after LT. However, HBcrAg consists of
HBcAg, HBeAg, and p22cr, which is generated from cccDNA,
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Table 2 Comparisons of the clinical features of HBcrAg and cccDNA levels

HBecrAg/cccDNA status Positive group

Negative group Positive versus

negative

Patient M/F 10/2 n NS
Day after transplantation’ 854 (323-2163) 1674.5 (353-2456) NS
Age’ 55.5 (33-68) 56.5 (48-65) NS
Serum HBV-DNA positive at LT {p/n) 7/5 (68.3%) 2/6 (33.3%) NS
Serum HBeAg positive at LT (p/n) 1/11(8.3%) 1/7 (14.3%) NS
HBcAb-positive donor (p/n) 7/5 {58.3%) 1/7 (14.3%) NS
Blood incompatibly (p/n) 1711 (8.3%) 1/7 (14.3%) NS
Presence of HCC at LT (p/n) 9/3 (75%) 771 (87.5%) NS
RTI for prophylactic therapy after LT

Use of LAM 3/12 (25%) 4/8 (50%) NS

Use of ETV 9/12 (75%) 1/8{12.5%) P=0.022

Use of ADV 0 (0%) 2/8 (25%) NS

Use of LAM + ADV 0 (0%) 1/8(12.6%) NS
Immunosuppression after LT

Use of TAC 10/12 (83.3%) 5/8 (62.5%) NS

Use of CYA 0 (0%) 2/8 (25%) NS

Use of MMF 2/12 (16.6%) 0(0%) NS

Use of TAC + MMF 0(0%) 1/8(12.5%) NS
Liver function test

Serum albumin (g/L)} 39.2(4.7) 40.0 (4.8) NS

Child-Pugh score’ 5.0 (5.0-9.0) 5.0 (6.0-6.0) NS
Histology of LB

Grade’ 1.0 (0.0-3.0) 0.5 (0.0-1.0) NS

Stage’ 1.0 {0.0-3.0} 0.0(0.0-1.0 P=10.0027

RAI score! 2.5(0.0-5.00 1.5 (0-4) NS

Fisher's exact test for categorical variables.

"Mann-Whitney U-test for non-normally distributed variables, expressed as median (range).

*Student's ttest for normally distributed variables, expressed as mean (SD}

ADV, adefovir; cccDNA, covalently closed circular DNA; CYA, cyclosporin A; ETV, entecavir; HBV, hepatitis B virus; HBcAb, hepatitis B core antibody;
HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B envelope antigen; HCC, hepatocellular carcinoma; LAM, lamivudine; LB, liver biopsy;
LT, liver transplantation; MME mycophenolate mofetil; n, negative; NS, not significant; p, positive; RAI, Rejection Activity Index; RTI, reverse

transcriptase inhibitor; SD, standard deviation; TAC, taclolimus.

and thus, it is questionable if HBcrAg truly reflects the viral
pattern of HBV. Therefore, we designed this study to examine the
usefulness of further analysis of cccDNA, which truly functions as
a reservoir of HBV replication.

In the results of this study, a positive correlation between
HBcrAg and cccDNA was shown, and this was consistent with a
previous report on chronic hepatitis B.!! These findings suggest the
usefulness of monitoring HBV dynamics of patients after LTs
because examinations of serum HBcrAg are less invasive methods
compared with examinations of cccDNA levels in liver tissue.
HBcrAg enables us to frequently check the HBV dynamics of
patients, and it contributes to a reduction in the risk of HBV
reactivation.”

However, as shown in Table 2, the results of the HBcrAg and
cccDNA levels were not matched in 35% (7 of 20) of the patients.
This may be due to a problem with the sensitivity of these two
markers. We should use these markers cautiously because HBV
might exist even if these were negative. Suzuki er al. reported that
among the 13 patients with negative results for HBsAg, HBeAg,
and HBV-DNA, all had positive results with cccDNA, while
HBcrAg was positive in only seven patients.'! In addition,
cccDNA was also examined in a limited way because it was

Journat of Gastroenterology and Hepatology 28 (2013} 1217-1222

extracted from tissue from only a small part of the liver. Moreover,
some reports have suggested that cccDNA can be detected in
extrahepatic sites,'” and thus, it is impossible to determine whether
HBV exists with only one method. Therefore, we preferred to
assess HBV dynamics with these two methods in order to over-
come problems with sensitivity.

Interestingly, in the group with negative results for both of the
two markers, the fibrosis stage was significantly lower compared
with the other. This might reflect HBV activity after the LT. In
addition, it was considered that keeping the two markers negative
after LT may suggest the possibility of an extension of graft sur-
vival. But we observed only a limited period, further study of
long-term outcome will be required.

The goal of this study was to determine the criteria for the
appropriate prophylaxis of HBV related to LT with these two
markers. Lenci ef al. reported that 80.1% of the patients with
undetectable intrahepatic cccDNA levels did not exhibit signs of
HBYV recurrence, even after withdrawal of the prophylaxis.” We
thought that it might be possible to select patients more efficiently
and correctly by using a method that combines examinations
of HBcrAg and cccDNA. We observed one patient with both
HBcrAg- and cccDNA-negative discontinued antiviral therapy.
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Although the patient stopped antiviral therapy, he has not relapsed
for 29 months (data not shown).

In conclusion, HBerAg and cccDNA were helpful for the moni-
toring of HBV dynamics after LT and keeping a negative status of
these markers might contribute to graft survival. In addition, using
these methods, the criteria for the discontinuation of HBV prophy-
laxis could be clarified in the future.
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False Positivity for the Human Immunodeficiency
Virus Antibody After Influenza Vaccination in a
Living Donor for Liver Transplantation

Received February 13, 2013; accepted February 25, 2013.

TO THE EDITORS:

Because of increased productivity and availability,
more people have had the chance to undergo prophy-
lactic influenza vaccination. It has been reported that
influenza vaccination has cross-reactivity with human
immunodeficiency virus (HIV) antibody assays, but
this information is not well known in the field of
transplantation.! Recently, we experienced a case of
living donor liver transplantation in which a healthy
donor candidate was frightened and was further
screened for the HIV antibody.

The patient was a 43-year-old female who was a
candidate for partial liver donation for her husbhand,
who was suffering from hepatocellular carcinoma
associated with hepatitis B liver cirrhosis. She had
never undergone a blood transfusion or abused
drugs before her screening for living partial liver don-
ation. According to her laboratory results, she was
positive for the HIV antibody (1.7 cut off index).
Otherwise, all data, including hepatitis B antibody
results, were within normal limits. It was found that
she had undergone vaccination for influenza 1 week
before the screening. She was referred to a specialist
in HIV infection, and western blotting for all antibod-
ies (GP160, GP110/120, P68/66, P55, P52/51,
GP41, P40, P34/31, P24/25, and P18/17) was nega-
tive. HIV RNA was undetectable in her blood (<40
copies/mL). Thus, she was considered to be HIV-

negative with a high level of confidence and subse-
quently donated the left lobe of her liver. The recipi-
ent remained negative for the HIV antibody even after
living donor liver transplantation.

With the prevalence of influenza vaccination and
organ donation, physicians should keep in mind that
recent inoculation with any brand of influenza vaccine
is associated with a false-positive screening assay for
HIV antibodies.?
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Mitsuhisa Takatsuki, M.D., Ph.D.
Akihiko Soyama, M.D., Ph.D.

Yasuhiro Torashima, M.D., Ph.D.
Ayumi Tsuji, R.N.

Tamotsu Kuroki, M.D., Ph.D.
Department of Surgery

Nagasaki University Graduate School of
Biomedical Sciences

Nagasaki, Japan

REFERENCES

1. Erickson CP, McNiff T, Klausner JD. Influenza vaccina-
tion and false positive HIV results. N Engl J Med
2006:354:1422-1423.

2. Mac Kenzie WR. Davis JP, Peterson DE, Hibbard AJ.
Becker G, Zarvan BS. Multiple false-positive serologic
tests for HIV, HTLV-1, and hepatitis C following influenza
vaccination, 1991. JAMA 1992:;268:1015-1017.

DO} 10.1002/1.23635
View this article online at wileyonlinelibrary.com.

The protocol for our living donor liver transplantation received a priori approval by the institutional review committee.

Address reprint requests to Susumu Eguchi, M.D., Ph.D., Department of Surgery, Nagasaki University Graduate Schoo! of Biomedical Scien-
ces, Nagasaki, Japan 852-8501. Telephone: +81 95 819 7316; FAX: +81 95 819 7319; E-mail: sueguchi@nagasaki-u.ac.jp

LIVER TRANSPLANTATION. DOt 10.1002/t. Published on behalf of the American Association for the Study of Liver Diseases

© 2013 American Association for the Study of Liver Diseases.

Surg Today (2013) 43:828-829
DOI 10.1007/s00595-013-0587-4

Is low central venous pressure effective for postoperative care

after liver transplantation?

Susumu Eguchi
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The central venous pressure (CVP) has been regarded as an
important factor for reducing blood loss and the blood
transfusion rate during major hepatectomy, and can
be controlled by positive end-expiratory pressure (PEEP)
or certain drugs and the optimal positioning of the patient
[1-4].

In this issue of Surgery Today, Wang et al. [5] describe
the beneficial effects of lowering the CVP for achieving a
better postoperative outcome compared with conventional
fluid management in deceased donor liver transplantation
based on a prospective randomized controlled study. They
report that the low CVP group showed (1) less intraoper-
ative blood loss, (2) a decreased need for intraoperative
blood transfusion, (3) fewer lung-related complications at
I month postoperatively, (4) a shorter intubation period
and (5) equal patient survival at | year after liver trans-
plantation. A previous retrospective study showed intra-
operative blood transfusion to be a risk factor for
postoperative lung complications [6]. The present study
was done in a prospective, randomized manner, which
yielded the same results as those seen in the previous ret-
rospective study. The methods used to reduce the CVP in
the present study were the use of the Fowler position, fluid
restriction and drugs (e.g., nitroglycerin, furosemide and
somatostatin). These methods have also been used in pre-
vious studies to reduce the intraoperative CVP, and
therefore they appear to be valid for this kind of study [2].

This comment refers to the article available at
doi: 10.1007/:00395-012-0419-y.

S. Eguchi (B<)

Department of Surgery, Nagasaki University Graduate School
of Biomedical Sciences, 1-7-1 Sakamoto,

Nagasaki 852-8501, Japan

e-mail: sueguchi @nagasaki-u.ac.jp

@ Springer

Although the results provided in the article were of high
importance, lowering the CVP during liver transplantation
might still be controversial and may have ambivalent
aspects with regard to the lack of a relationship between the
early complication rates, including renal, hepatic and pul-
monary complications, and the CVP following liver
transplantation [7-10]. For example, apart from the
reduced pulmonary complication rate, and the lower blood
loss and blood transfusion rate, what would be the influ-
ence of lowering the CVP on the postoperative care
following liver transplantation? If blood product
administration during the intensive care period is increased,
then the policy to limit CVP during surgery would be in
vain. Therefore, the readers will also want to know: How
would the perfusion in the organ be affected? How would
the lactate level in the blood after LT be affected, not only
at the end of surgery but also during the postoperative
period? How would the post-transplant blood product
requirements be affected?

In fact, the period in which the CVP is lowered may be
of importance. For example, Feng et al. [7] reported that a
low CVP during the pre-anhepatic phase reduced the
intraoperative blood loss, protected the liver function and it
also had no detrimental effects on the renal function after
LT. On the other hand, Cywinski et al. reported that a low
CVP during the post-anhepatic phase was not associated
with any benefit in terms of immediate postoperative
allograft function, graft survival or patient survival [10]. In
addition, the cut-off value for CVP monitoring in previous
studies varied between 5 and 10 mmHg.

We therefore await further reports from other investi-
gators before drawing any definitive conclusions about the
above-mentioned issues, since liver transplant surgery,
especially partial liver transplantation, is often affected by
multiple factors [11].
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Liver transplantation for HIV/hepatitis C virus

co-infected patients

Mitsuhisa Takatsuki, Akihiko Soyama and Susumu Eguchi

Department of Surgery, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan

Since the introduction of antiretroviral therapy (ART) in
the mid-1990s, AlDS-related death has been dramatically
reduced, and hepatitis-C-virus (HCV)-related liver failure or
hepatocellular carcinoma has currently become the leading
cause of death in HIV/HCV co-infected patients. Liver trans-
plantation may be one of the treatments of choices in such
cases, but the indications for transplantation, perioperative
management including both HIV and HCV treatments, immu-
nosuppression and the prevention/treatment of infectious

complications are all still topics of debate. With the improved
understanding of the viral behaviors of both HIV and HCV and
the development of novel strategies, especially to avoid
drug interactions between ART and immunosuppression, liver
transplantation has become a realistic treatment for HIV/HCV
co-infected patients.

Key words: hepatitis C virus, HIV, liver transplantation

INTRODUCTION

N JAPAN, IN the late 1980s, contaminated blood

production of coagulation factor for hemophilia
caused co-infection of HIV and hepatitis C virus (HCV).
Actually, greater than 90% of HIV-infected patients have
HCV as well.!

After antiretroviral therapy (ART) was introduced in
the late 1990s, successful control of HIV was achieved
in most cases and death due to AIDS was dramatically
reduced, but HCV-related death due to liver failure or
hepatocellular carcinoma became a serious problem,
not only in Japan, but all over the world.>* In such
cases, liver transplantation (LT) is the only treatment
option to achieve long-term survival, but several modi-
fications of perioperative management are required.
In this review, the outcome and the points of

Correspondence: Dr Mitsuhisa Takatsuki, Department of Surgery,

N ki University Graduate School of Biomedical Sciences, 1-7-1
Sakamoto, Nagasaki 852-8501, Japan. Email: takapon@net.
nagasaki-u.ac.jp

Funding sources: This study was partially supported by the Health
and Labor Sciences Research Grant from the Ministry of Health,
Labor and Welfare japan, regarding Research on Indication of
Liver Transplantation for HIV/HCV co-infected Patients.

Received 1 January 2013; revision 7 April 2013; accepted 7 April
2013.

© 2013 The Japan Society of Hepatology

management of LT for HIV/HCV co-infected patients
were reviewed.

REPORTED OUTCOME OF LT FOR
HIV/HCV PATIENTS

HE REPORTED OUTCOMES of LT for HIV and HIV/

HCV co-infected patients from Western countries
after the introduction of ART are summarized in
Table 1."'" In general, most reports concluded that
the results were worse than in the cases with HCV
mono-infection, with a 3-year survival of approximately
60-70%. In Japan, the Tokyo group reported six cases of
living donor liver transplantation (LDLT) between 2001
and 2004, of whom four died." These unfavorable out-
comes are likely related to the difficulties of determining
the indications for LT and of perioperative management,
including HIV/HCV treatment and the prevention and
treatment of infectious complications. Terrault et al.
reported that older donor age, combined kidney-liver
transplantation, an anti-HCV positive donor and a body
mass index of less than 21 kg/m* were independent
predictors of graft loss.'® After transplantation, several
studies showed that acute cellular rejection was more
frequent and severer in HIV/HCV co-infected patients
than that in HCV mono-infected patients, possibly due
to the difficulties in achieving optimal immunosuppres-
sion because of interactions between antiretroviral
agents and immunosuppression.’®!
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