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before LDLT. Additionally, the levels of three essential
amino acids (valine, leucine and isoleucine), and one
non-essential amino acid {glutamine) in patients with
sarcopenia after LDLT were significantly decreased com-
pared with before LDLT. This suggested a central role for
skeletal muscle in the metabolism of amino acids or acti-
vation of the immune system in stressed conditions such
as sepsis, and the importance of immunity induced by
amino acids (e.g. glutamine} against sepsis.

Sarcopenia is one of the most common complications
of a number of chronic diseases including chronic liver dis-
ease, chronic renal failure, chronic heart failure and a vari-
ety of malignancies.®® Multiple mechanisms, such as
alterations in sex hormones, imbalance between protein
synthesis and breakdown, changes in physical activity
and inadequate nutrition, are involved in the development

“of sarcopenia. As a nutritional intervention for sarcopenia,
in this study we suggested the possibility of the effect of
perioperative nutritional therapy on sarcopenia in patients
with cirthosis.

In this study, preoperative lower plasma glutamine
levels were an independent risk factor of postoperative sep-
sis after LDLT. Associations with plasma glutamine levels
and a life-threatening infection such as sepsis have been re-
ported for patients after surgery or liver transplanta-
tion.*** Glutamine has many important metabolic roles
that protect or promote muscle mass and enhance the im-
mune system.'”#*?7 Glutamine depletion decreases the
proliferation of lymphocytes, which weakens the immune
system.”” It influences the cellular water content and has
multiple effects on the immune system, intestinal func-
tions and protein metabolism. Glutamine is also a precur-
sor for the synthesis of glutathione, a powerful natural
antioxidant enzyme that stimulates the f{ormation of
heat-shock proteins.?*~2*2*2%27 A deficiency of glutamine
may promote fatal sepsis after LDLT, especially when pa-
tients, such as those with sarcopenia who have poor gluta-
mine metabolism in skeletal muscle, are routinely weated
with immunosuppressants.

We previously reported the effects of preoperative oral
supplementation with BCAA of essential amino acids on
postoperative bacteremia after LDLT. In conclusion, non-
BCAA supplementation was an independent risk factor
for postoperative sepsis. Racol, used for postoperative rou-
tine enteral nutrition administrated by feeding tube, in-
cluded 17.52g of proteins, 8.92g of fat emulsion and
62.48 g of carbohydrate per pack (400 ml) and did not
contain a nitrogen source as amino acids. Both glutamine
and three essential amino acids combined as BCAA must
be catabolized and produced from this abundant nutsi-
tion; however, there have been no reports comparing the

Plasma glutamine to assess sepsis after LDLT

impact of glutamine and BCAA for immunity against post-
operative sepsis. The present study using multivariate anal-
ysis may provide useful information, as glutamine
metabolism in skeletal muscle was superior for immunity
against sepsis after LDIT when compared with BCAA. Nev-
ertheless, this is a preliminary report, and further studies,
such as randomized prospective studies, are necessary to
clarify the beneficial effects of glutamine and BCAA sup-
plementation on postoperative sepsis after LDLT. In terms
of the required glutamine, catabolic wasting patients after
LDLT should consider supplementary feeding with
2000 mg of glutamine per day, available as powder form
p.o. or feeding tube. To date, we have routinely used an en-
teral nutrition formula that does not include glutamine,
and thus patients with sarcopenia experience glutamine
depletion.'™'® Therefore, postoperative sepsis due to bac-
terial translocation may occur easily. This prospective
study, now promoted in our institute, used early enteral
nutrition with or without glutamine to demonstrate the
impact of glutamine for the prevention of postoperative
sepsis, referred to as sarcopenia.

In conclusion, the profile of various amino acids levels
before and after LDLT indicated that low glutamine levels
are an independent risk factor for postoperative sepsis after
LDLT. There was a strong association between sarcopenia
and glutamine metabolism; therefore, further research of
postoperative early nutrition including glutamine should
be performed to darify the positive impact of glutamine
protection against sepsis induced by sarcopenia.
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Abstract
Objectives To clarify the relationship between the biological
behaviour of hepatocellular carcinomas (HCCs) and their
signal intensity in the hepatobiliary phase of gadoxetic acid-
enhanced MR imaging with a special focus on the signal
heterogeneity.
Methods A rotal of 68 patients with 70 pathologically proven
HCCs werce cnrolled. On the basis of the signal intensity in the
hepatobiliary phase, the lesions were classified into three
groups: group 1, homogeneous hypointensity (#=44); group 2,
heterogeneous hyperintensity (7=20); and group 3, homoge-
- neous hyperintensity (2=6). The clinicopathological findings
were compared among the three groups.
Results The tumour size and the serum level of protein in-
duced by vitamin K absence or antagonist-1I (PIVKA-II) were
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significantly higher in group 2 compared to group 1 (p=

0.0155, p=0.0215, respectively) and compared to group 3

(»=0.0330, p=0.0220, respectively). The organic anion

transporting polypeptide 8 (OATPS) expression in group 2

and group 3 was significantly higher than in group 1

(p<0.0001, p<0.0001, respectively). Group 2 showed a sig-

nificantly lower disease-free survival rate compared to group |

(»p=0.0125), and group 2 was an independent prognostic

factor for disease-free survival (p=0.0308).

Conclusions HCCs in the hepatobiliary phase that are hetero-

geneously hyperintense on gadoxetic acid-enhanced MR im-

aging have more malignant potential than other types of HCCs.

Key Points

* Heterogeneous uptake of gadoxetic acid suggests more ma-
lignant potential in HCC

« Uptake of gadoxetic acid does not suggest less malignancy in
HCC

* Evaluation of signal heterogeneity on gadoxetic acid-
enhanced MR imaging is usefirl

Keywords Hepatocellular carcinoma -
Hepatocarcinogenesis - Magnetic resonance imaging -
Gadoxetic acid - Organic anion transporting polypeptide 8

Abbreviations
AFP alpha-fetoprotein
HBP hepatobiliary phase
HCC hepatocellular carcinoma
MR magnetic resonance
OATP organic anion transporting polypeptide
PIVKA-IT  protein induced by vitamin
K absence or antagonist-1I
ROI region of interest
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
neoplasm in the world, and is especially common in East Asia
and sub-Saharan Africa [1-3]. The accurate detection of HCC
is one of the most important issues in the management of
patients with chronic liver disease. Gadoxetic acid is a
hepatobiliary-specific contrast medium for magnetic reso-
nance (MR) imaging [4, 5]. Tt is taken up to varying degrees
by functioning hepatocytes and is excreted in the bile.
Malignant tumours such as HCC without functioning hepato-
cytes usually show hypointensity compared to background
liver in the hepatobiliary phase (HBP) [4]. Gadoxetic acid-
cnhanced MR imaging has become an important imaging
modality to diagnose HCC with high accuracy owing to its
high lesion-to-liver contrast [6--8].

Some HCCs uptake gadoxetic acid and are recognized as
iso- or hyperintensc lesions in the HBP [9-11]. It has been
reported that the expression of organic anion transporting poly-
peptide 8 (OATPS, synonymous with OATP1B3) in HCC, the
uptake transporter of gadoxetic acid, determines the
hyperintensity in the HBP [10, 11]. In addition, recent studies
revealed that the difference of signal intensity in the HBP of
HCC correlates with biological behaviours and patient out-
comes [12-15]. Briefly, hyperintense HCCs in the HBP show
lesser aggressive biological behaviour or more favourable out-
come than hypointense HCCs. In those studies, HCCs were
classified as cither hypointense or hyperintense only.

However, in daily practice, we sometimes encounter HCCs
which show heterogeneous intensity in the HBP. It was re-
ported that some well- or moderately differentiated HCCs
show increased expression of OATPS and hyperintensity in
the HBP [10, 11, 16], which suggests that HCCs which
contain different tumour differentiation or different expres-
sions of character (e.g. OATPS) may be heterogencously
hyperintense in the HBP. Other morphological characteristics
of HCC such as tumour necrosis may modify the imaging
findings in the HBP. These characteristics of HCCs may affect
the biological behaviours and patient outcomes, but little is
known about the clinical significance of HCCs that show
heterogencous intensity in the HBP. The purposc of the pres-
ent study was to cvaluate the signal intensity in the HBP of
HCCs with a focus on their signal heterogeneity and to com-
pare it with clinicopathological findings including OATP8
expression and prognoses.

Materials and methods

Paticents

Our institutional review board approved this study, and the
requirements for informed consent were waived for this

fa Springer

retrospective study. Between June 2008 and December
2010, 99 patients underwent surgical resection of HCC at
our institution. Patients were excluded if they had previous
treatment (n=18) or if they did not have preoperative
gadoxetic acid-cnhanced MR imaging (n=5). Paticnts who
were diagnosed as having recurrent HCC were also excluded
(n=8). Finally, 68 patients with 70 new-onset HCC lesions
were retrospectively enrolled in this study. The patients’ de-
tails and tumour profiles are summarized in Table 1.

MR techniques

Gadoxctic acid-enhanced MR imaging was performed prior to
surgical resection (mean time before surgery, 21.4:16.1 days
{range, 2-102 days]). MR images were examined on a clinical
1.5- or 3.0-T MR system (Intera Achieva Nova Dual, 1.5 T, or
Achicva TX, 3.0 T, Philips Healthcare, Best, the Netherlands)
with a sensitivity encoding technique (SENSE) using a 16- or
32-channel phased-array coil. For the dynamic study, fat-
suppressed gradient-echo Tl-weighted images with a three-
dimensional (3D) acquisition sequence (three-dimensional T1
high-resolution isotropic volume excitation [THRIVE] or en-
hanced THRIVE [¢THRIVE]) were obtained.

For the gadoxetic acid-enhanced MRI, a multiphase dy-
namic study including arterial dominant, portal, late and
hepatobiliary phases was performed. The detailed imaging

Table I Patients’ details and tumour profiles

48120
68.7+11.5 (36-87)

Gender (male/female)
Age (years)*
Etiology of liver disease

Hepatitis B virus 10
Hepatitis C virus 40
Alcoholism 8

Unknown 19

Background liver

Normal 12

Chronic hepatitis 39

Cirrhosis 17
Child-Pugh class

A 66

B 2

C 0
AFP (ng/mly* 20.873.686,266.6 (1.0-577,660)
PIVKA-II (mAU/ml)* 4,524.9+14,500.8 (2.0~75,000)
No. of nodules

Single 66

Two 2

Tumour size (cm)* 4.0+3.2 (0.5-12.6)

*Data are meanstandard deviation
Ranges are in parentheses
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parameters of THRIVE in the 1.5-T MR system were as
follows: repetition time/echo time=3.0 ms/1.0 ms, flip angle
20°, matrix 224x 116, field of view 36 c¢m, slice thickness/
gap=4 mm/~2 mm, SPAIR, scan time 18 s, and breath-
holding. The detailed imaging parameters of ¢THRIVE in
the 3.0-T MR system were as follows: repetition time/echo
time=3.0 ms/1.4 ms, flip angle 10°, matrix 252x200, field of
view 36 cm, slice thickness/gap=3 mm/~1.5 mm, SPAIR,
imaging time 17.9 s, and breath-holding.

The total amount of gadoxetic acid (Primovist: Bayer,
Osaka, Japan) based on the patient’s body weight
(0.025 mmolkg) was intravenously injected for 5 s (17, 18],
followed by a 20-ml physiological saline flush using an auto-
matic injector (Nemoto Kyourindo, Tokyo). We used the test
injection method to determine the optimal scan timing of the
arterial dominant phasc referring to a previous report [19]. A
test dose of 0.5 mi of gadoxetic acid was injected and flushed
with 20 ml of physiological saline at the same injection rate.
The scanning of the portal, late and hepatobiliary phases
began at the arterial dominant phase +30 s, 180 s and
20 min after the injection of the contrast agent, respectively.

Image analysis

Images of all axial sections of the lesions were evaluated by
two radiologists independently (N.F. and K.M. with 11 and
8 years of experience in abdominal imaging, respectively)
without information regarding the clinical and pathological
results. Hyperintensity in the HBP was qualitatively defined
as higher signal intensity than that in the precontrast image [9].
If tumour necrosis was suspected, we simply compared the
signal intensity in the HBP to that of the precontrast image. On
the basis of these criteria, cach lesion was clagsified into one of
the three groups: group 1, homogeneous hypointensity in the
HBP; group 2, heterogeneous hyperintensity in the HBP; and
group 3, homogeneous hyperintensity in the HBP.
[nterobserver agreement between the two radiologists was
evaluated using weighted K statistics, with a k value of less
than 0.20 indicating poor agreement, 0.20-0.39 fair agree-
ment, 0.40-0.59 moderate agreement, 0.60-0.79 substantial
agreement, and more than 0.80 excellent agreement. After
evaluating the results in a consensus fashion, data analysis
was performed. Arterial enhancement was defined as higher
intensity relative to the surrounding liver parenchyma in the
arterial phase of the dynamic MR examination. The presence
of arterial enhancement of each lesion was also evaluated by
one radiologist (A.N. with 20 years of experience in abdom-
inal imaging).

Pathological diagnosis

The resected specimens were fixed in 10 % formalin, cut into
3-um sections and stained with haematoxylin-cosin. The

histological diagnosis of HCC was evaluated on the basis of
the classification proposed by the World Health Organization
[20] and the International Consensus Group for
Hepatocellular Neoplasia [21].

We cvaluated histological features such as tumour size, the
dominant differentiation grade (well, moderately and poorly
differentiated), capsule formation, infiltration to the capsule,
septal formation, portal venous invasion, hepatic venous in-
vasion and intrahepatic metastasis. Tumour size was defined
as the largest diameter of the tumour in the resected specimen.
We also evaluated the presence of different differentiated
components or tumour necrosis in each lesion because these
may affect the imaging findings of HCCs.

Immunohistochemical staining of OATP §

Paraffin-embedded tissue sections (4 um) containing suffi-
cient tumour tissue were used for the study.
Immunohistochemical staining was performed using primary
antibody to OATP8 (mouse monoclonal antibody; NB100-
74482; Novus Biologicals, Littelton, CO; 1:100 dilution) by
the streptavidin-biotin-peroxidase method (Histofine SAB-
PO Kit; Nichirei, Tokyo).

We evaluated the expression of OATPS as described else-
where [10]. The expression of OATPS on the tumour cellular
membrane in comparison with that of the surrounding non-
neoplastic hepatocytes was semiquantitatively evaluated as
follows: grade 0, no expression; grade 1, decreased expres-
sion; grade 2, equivalent expression; and grade 3, increased
expression.

All of the pathological and immunohistochemical evalua-
tions were performed by two pathologists (Y.K. and S.A. with
4 and 14 years of experience in liver pathology, respectively)
in a consensus fashion without any knowledge of the clinico-
pathological findings.

Disease-free survival rate of the HCC patients

We were able to obtain prognostic data of 57 of the 68 patients
who were followed up at our institution. Two patients were
excluded because the surgical margin was affected by the
carcinoma cells. We thus analysed the disease-free survival
rate of 55 patients. After the initial operation, ultrasound and
dynamic computed tomography were performed every
3 months in addition to a monthly measurement of alpha-
fetoprotein (AFP). The median follow-up period was 643 days
(range 591,518 days). We compared the disease-free survival
rates of the three lesion groups.

Statistical analysis

We used Fisher’s exact test to analyse the correlation between
the signal intensity pattern in the HBP and clinicopathological
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factors (gender, origin of liver disease, background liver,
Child-Pugh class, tumour differentiation, capsule formation,
infiltration to the capsule, septal formation, portal venous
invasion, hepatic venous invasion, intrahepatic metastasis,
mixed differentiation and tumour necrosis) or the Kruskal—
Wallis test and Munn~Whitney U test (age, serum level of
alpha-fetoprotein (AFP), serum level of protein induced by
vitamin K absence or antagonist-1l (PIVKA-11), tumour size,
OATPS expression). First, we compared these factors among
the three lesion groups. If a significant difference was obtain-
ed, we compared the factor between cach pair of groups. We
evaluated the patient disease-free survival using the Kaplun—
Meier method with the log-rank test. We divided the contin-
uous values of clinicopathological factors by their median
values, and all variables found to be significant in a univariate
analysis were entered into the Cox proportional hazard model
for a muitivariate analysis. JMP 9.0.2 software (SAS Institute,
Cary, NC) was used for the analysis. P values less than 0.05
were considered significant.

Results
Imaging pattern in HBP and clinicopathological findings

Of the 70 HCCs in the HBP evaluated by their intensity on
gadoxetic acid-enhanced MR imaging, 44 HCCs (62.9 %)
showed homogencous hypointensity (group 1), 20 HCCs
(28.6 %) showed heterogeneous hyperintensity (group 2)
and six HCCs (8.6 %) showed homogeneous hyperintensity
(group 3). The weighted x value representing interobserver

agreement was 0.86, and excellent agreement was obtained.
Arterial enhancement was observed in 65 (92.6 %) of 70
HCCs. The correlations between the signal intensity pattern
in the HBP and clinicopathological findings arc summarized
in Tables 2 and 3.

The serum level of the PIVKA-IT and the tumour size
were significantly different among the three lesion groups
(p=0.0322 and p=0.0237, respectively). The two-group
comparisons revealed that the serum PIVKA-II levels of
group 2 were significantly higher than those of both
group 1 and group 3 (p=0.0215 and p=0.0220, respec-
tively). In addition, the tumour sizes of group 2 were
significantly larger than those of group 1 and group 3
(p=0.0155 and p=0.0330, respectively). The serum
PIVKA-II level and tumour size were not significantly
different between group | and group 3 (Fig. la, b).

Of the 44 HFICCs of group 1, the dominant differentiation
was well-differentiated HCC in four cases (9.1 %), moderately
differentiated HCC in 29 cases (65.9 %) and poorly differen-
tiated HCC in 11 cases (25 %). Of the 20 HCCs of group 2, the
dominant differentiation was well-differentiated HCC in two
cases (10.0 %), moderately differentiated HCC in 15 cascs
(75.0 %) and poorly differentiated HCC in three cases
(15.0 %). Of the six HCCs in group 3, the dominant differen-
tiation was well-differentiated HCC in one case (16.7 %) and
moderately differentiated HCC in five cases (83.3 %). The
dominant differentiation was not different among the three
lesion groups.

The frequency of the presence of different differentiated
components (mixed differentiation) and that of tumour necro-
sis were not significantly different among the three lesion
groups.

Table 2 Corrclation between

clinical factors and the signal in- Group 1 (n=43) Group 2 (n=19) Group 3 (n=6) p Value
tensity pattern in the HBP of 68
patients of HCC Sex (male/female) 3013 14/5 472 0.9295
Age (years)* 6755124 62.548.1 73.2£8.7 0.0523
Etiology of liver discase
Hepatitis B virus 8 | 1 04134
Hepatitis C virus 24 1 5 0.5175
Alcoholism 3 4 1 02177
Background liver 0.2858
Normal 7 5
Chronic hepatitis 24 i 4
Cirrhosis 12 3 2
Child-Pugh class 0.5542
A 41 19 6
B 2 0 0
C 0 0 0
«-fetoprotein (ng/ml)y* 27,750.0=106,402.8 11,898.3=30,668.5 142£138 02117
*Data are mean:tstandard PIVKA-I (mAU/MmIy* 3,344.7:£12,099.7 8,601.34:20,337.2 7531192 0.0322

deviation
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Table 3 Correlation between
pathological factors and the signal Group | (n=44) Group 2 (n=20) Group 3 (n=6)  p Value
intensity pattern in the HBP of 70
HCCs Tumour size (cm)* 35428 55438 24212 0.0237
Differentiation (dominant) 0.6248
Well 4 2 1
Moderate 29 15 5
Poor 1 3 0
Mixed differentiation (%) 59.1 40.0 333 0.2797
Capsule formation (%) 59.1 75.0 333 0.1845
Infiltration 1o the capsule (%) 50.0 55.0 333 0.7107
Septal formation (%) 63.6 70.0 333 02715
Portal venous invasion (%) 296 55.0 16.7 0.1024
Hepatic venous invasion (%) 227 25.0 16.7 09126
Intruhepatic metastasis (%) 9.1 0 0 0.5151
*Data are mean=standard Tumour necrosis (%) 302 3L6 0 04158

deviation

Imaging pattern in the HBP and OATPS expression

The immunohistochemical analysis revealed that the expres-
sion of OATPS differed significantly among the three groups
(p<0.0001). The OATP8 expression in both group 2 and
group 3 was significantly higher than that in group 1
(p<0.0001 and p<0.0001, respectively). However, the
OATPS expression was not significantly different between
group 2 and group 3 (p=0.1227) (Fig. 2).

Three cases-that are typical of the lesion groups are shown
in Figs. 3, 4 and 5.

Outcome after HCC surgery

Each of the 55 patients had only one HCC. Thirty-five
patients had HCC in group 1, 14 patients had HCC in
group 2 and six patients had HCC in group 3. The 1- and
3-year disease-free survival rates were 80.2 % and 68.0 % in
the paticnts in group I, 69.6 % and 10.2 % in group 2, and
100 % and 66.7 % in group 3, respectively (Fig. 6). The

Ml Group!
&3 Growp2
D Group 3

SO0 1000 5000
PIVKA-II (mAUml)
Fig.1 Correlations between the signal intensity pattern in HBP and
PIVKA-H or tumour size. a The scrum PIVKA- levels of group 2 were
significantly higher than those of group 1 and group 3 (p=0.0213, p=
0.0220, respectively). There was no significant difference between

patients in group 2 showed significantly poorer disease-free
survival than the patients in group 1 (p=0.0125). The pa-
tients in group 2 tended to show poorer disease-free survival
than the patients in group 3 (p=0.0650), but no significant
difference was obtained. The diseasc-free survival rate
showed no significant difference between patients in group 1
and group 3 (p=0.6073).

Univariate and multivariate analysis of disease-free
survival in HCC patients

The univariate analysis of the patients in group | and group 2
revealed the prognostic factors of group 2 lesions, namely
high serum PIVKA-I level (=84.0 mAU/ml), tumour size
(>2.9 cm), capsule formation, capsule infiltration, portal ve-
nous invasion, hepatic venous invasion and intrahepatic me-
tastasis. The multivariate analysis including these factors re-
vealed the following independent factors for disease-free sur-
vival: group 2 (p=0.0308), intrahcpatic metastasis (p=0.0016)
and the serum PIVKA-II level (p=0.0489) (Table 4).

b p=0.4637
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group 1 and group 3. b The tumour sizes of group 2 were significantly
larger than thosc of group | and group 3 (p=0.0155, p=0.0330, respec-
tively). There was no significant difference in tumour size between
group 1 and group 3
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Fig.2 The immunohistochemical expression of OATPS. The OATPS
expression in both group 2 and group 3 was significantly higher than that
ingroup { (p<0.0001 and p=<0.0001, respectively). There was no signif-
icant difference between group 2 and group 3 (p=0.1227)

Group 1

Discussion

Gadoxetic acid-enhanced MR imaging is now an important
imaging modality to diagnose HCC [6-8]. In addition to the
high accuracy of the diagnosis of HCC, recent studies re-
vealed that the imaging findings of HCC in the HBP may be
a useful biomarker to indicate the malignant potential of HCC
[12-15]. It was reported that hyperintense HCCs in the HBP
show a higher grade of diflerentiation [12], smaller tumour
sizes [13], a lower frequency of vascular invasion [12, 15],
lower serum fevels of AFP and PIVKA-II [12, 13], and lower

Fig.3 A 66-year-old man with
poory differentiated HCC in the
lef lobe of the liver (arrow).
Gadoxetic acid-enhanced
imaging shows hypointensity in
the precontrast scan (a) and
homogeneous hypointensity in
the hepatobiliary phase (i.c.
group 1) (b). Surgically resected
specimen shows a whitish nodule
(¢). Immunohistochemically, the
tumour cells show no OATPS
expression (grade 0) (d). Original
magnification =200

recurrence rate {12, 13] compared to hypointense HCCs in the
HBP. These studies suggest that hyperintense HCCs in the
HBP show less aggressive biological behaviour and/or more
favourable outcomes than hypointense HCCs in the HBP.

In our study, 20 HCCs (28.6 %) showed heterogencous
hyperintensity in the HBP (group 2). Such HCCs showed
higher serum PTVKA-IT levels and larger tumour sizes com-
pared to the other HCCs. The serum PIVKA-II level and
tumour size correlate with the histological degree of malig-
nancy and the prognosis of HCC [22, 23]. In addition, the
patients in group 2 showed poorer discase-~free survival than
patients in group 1, and lesion of group 2 was an independent
prognostic factor for disease-free survival. These results seem
to be different from those of the previous reports.

We suspeet that the reason for this difference is the method
of evaluation of heterogencous lesions. Kitao et al. quantita-
tively divided HCCs into those showing hypointensity and
hyperintensity compared to the signal intensity of the back-
ground liver in the HBP. The region of interest (ROI) was
determined as the maximum area at the level of the largest
diameter of the tumour for both nodules with homogeneous
lesions and nodules with heterogencous lesions [10]. Choi
et al. divided HCCs into those showing hypointensity and
iso- or hyperintensity quantitatively by an average of three
RO in the HCCs. For heterogeneous lesions, the ROIs in
more homogencous areas were chosen [14].

Kim et al. classified HCCs in the HBP as hyperintense or
hypointense by visual asscssment. For a heterogeneous lesion,
they considered an HCC showing iso- or hyperintensity at
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Fig.4 A 76-year-old man with
moderately differentiated HCC in
the left lobe of the liver (arrow).
Gadoxetic-enhanced MR imaging
shows hypointensity in the
precontrast scan (a) and
heterogeneous hyperintensity in
the hepatobiliary phase (i.e.
group 2) (b). Surgically resected
specimen shows a mixed greenish
and whitish area (c).
Immunohistochemically, the
wmour cells show decreased
expression of OATPS (grade 1)
(). Original magnification =200

more than two-thirds of the tumour volume as a hyperintense ~ we present the clinical significance of signal heterogeneity;
HCC [15]. Indeed, they described the lack of an analysis of  that is, heterogeneously hyperintense HCCs in the HBP have
heterogeneous lesions in the HBP as a limitation [10, 13).  greater malignant potential than other HCCs. In other words,
However, to the best of our knowledge, no studies have  the uptake of gadoxetic acid does not always suggest less
focused on the significance of heterogeneous lesions. Herein ~ malignancy.

Fig.5 A 65-year-old man with
moderately differentiated HCC in
the right lobe of the liver (arrow).
Gadoxetic-enhanced MR imaging
shows hypointensity in the
precontrast scan (a) and
homogeneous hyperintensity in
the hepatobiliary phase (e
group 3) (b). Surgically resected
specimen shows a greenish
nodule (¢).
Immunohistochemically, the
tumour cells show increased
expression of OATPS (grade 3)
(d). Original magnification =200

) Springer

747




Eur Radiol (2015) 25:211-220

=
S

__—' Group 3 (n26)
i

o
k=

f=ad
<

Group 1 (n=35)

Disease-free Survival (%)
F-S
<

o
3

i

i
o
2
E
o
3
£

<

! 2 3 4
Years after surgery

<

Fig.6 The disease-free survival curves of the patients in the three lesion
groups. The patients in group 2 showed significantly poorer disease-free
survival than the patients in group 1 (p=0.0125). The patients in group 2
tended to show poorer discase-free survival than the patients in group 3
(p=0.0650), but no significant diffe was obtained. The di free
survival rate showed no significant difference between group | and
group 3 (p=0.6073)

The mechanisms by which such a difference oceurs within
a single HCC are still controversial. Most HCCs without
functioning hepatocytes usually show hypointensity in the
HBP [4, 5], but some well- or moderately differentiated
HCCs show an increased expression of OATPS and

hyperintensity in the HBP [9, 15, 16]. In the present study as

well, all six of the HCCs (8.6 %) which showed homogeneous
hyperintensity in the HBP (group 3) were well- or moderately
differentiated HCCs, not poorly differentiated HCCs. Group 2
showed higher serum PIVKA-IT Ievels and larger tumour sizes
than group 1 and group 3. In addition, the OATPS cxpression
in both group 2 and group 3 was significantly higher than that
of group 1. Several reports indicated that the OATPS expres-
sion in HCCs is regulated by transcriptional factors such as

Table 4 Univariate and multivariate analysis of disease-free survival in
hepatocellular carcinoma of group 1 and 2

Variables Hazard ratio 95 % CI p value
Univariate analysis
Group 2 -2.9700 1.2005-7.3608  0.0192
PIVKA-II (284.0 15.5802 3.2339-279.8254  <0.0001
mAU/ml)
Tumour size (32.9 cm)  3.0610 1.1844-9.4196 0.0199
Capsule formation 3.8538 1.2909-16.5308  0.0134
Capsule infiltration 40173 1.5386-12.4682  0.0038
Portal venous invasion  4.4763 1.7868-12.6919  0.0012
Hepatic venous invasion  4.0326 1.6137-10.2294  0.0033
Intrahepatic metastasis ~ 17.0095 5.0037-66.6595  <0.0001
Multivariate analysis
Group 2 3.3686 1.1192-10.6465  0.0308
PIVKA-II (=84.0 8.0887 1.0095-172.4858 0.0489
mAU/ml)
Intrahepatic metastasis ~ 9.0781 2.3040-42.0477  0.0016

€1 confidence interval

@ Springer

hepatocellular nuclear factor (HNF) 1o [24], HNF 3 [25]
and farnesoid X [26]. We hypothesize that HCCs showing
homogencous hypointensity (group [) or homogeneous
hyperintensity (group 3) in the HBP can become heteroge-
neous (group 2) in accordance with the tumour’s develop-
ment. However, further investigations to identify the mecha-
nisms that control signal intensity in the HBP are needed.

It has been reported that the tumour size was correlated
with the prognosis of HCC [23]. Although tumour size was
not an independent prognostic factor in our study population,
the possibility that tumour size was corrclated with discase-
free survival cannot be denied. That is to say, the larger HCCs
may tend to show a heterogencous appearance and affect the
prognosis. However, the present results at least provide evi-
dence that HCCs which take up gadoxetic acid do not always
have low malignant potential as previously reported [12-15].
It has been also reported that HCCs with an uptake of
gadoxetic acid are significantly correlated with macroscopic
green HCCs [9]. Although we did not evaluate the colour of
the resected tumour, we consider that green HCCs may show
varying degrees of colour and have components of another
colour. It is not precisc to classify HCC into only hyperintense
or hypointense, as well as green HCC or not; a more detailed
classification is needed. To obtain better evidence about the
clinical impact of signal heterogeneity in the HBP, random-
ized studies of tumour size are needed.

In the present study, hyperintensity in the HBP was qual-
itatively defined as higher signal intensity than in the
precontrast scan. The method used to define hyperintensity
was different from those of the previous reports [10, 12-14].
To define hyperintensity in the HBP, those studies’ authors
compared the signal intensity of the lesions to that of the
background liver. However, the signal intensity of the sur-
rounding liver parenchyma was affected by degree of liver
function [27-29] or by liver fibrosis [30, 31]. Thus, we con-
sider that our method was more precise to evaluate the uptake
of gadoxetic acid. Indeed, in some studies, the signal intensity
of the lesion was also measured comparing the signal intensity
in the precontrast scan and in the HBP [11, 15].

There were some limitations in this study. First, it was a
qualitative evaluation; a quantitative evaluation was not per-
formed. However, it is very difficult to quantify signal hetero-
geneity (e.g. the proportion of hyperintense area, and the
uptake level of gadoxetic acid in each area) precisely. It may
be practical to evaluate the signal intensity by visual assess-
ment, which may be readily available to most clinicians.
Second, the patient population was relatively small. A larger
number of cases would make the findings of this study more
reliable, especially regarding the HCCs of group 3. The small
casc number may be the reason why a significant difference
was not obtained with regard to malignant potential between
group | and group 3. Third, there was a variability of the
imaging parameters because the MRIs were performed on two
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different scanners (1.5- or 3.0-T MR). Finally, we cannot
directly explain the reason for the correlation between signal
heterogeneity and tumour malignancy. Further investigations,
such as analyses of transcription factors of QOATPS, are
needed.

In conclusion, heterogenecously hyperintense HCCs in the
HBP shown on gadoxetic-acid-enhanced MR imaging have
greater malignant potential than other HCCs. The evaluation
of signal heterogeneity in the HBP on gadoxetic acid-
enhanced MR imaging is useful for predicting aggressive
behaviour in HCCs.
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Sarcopenia is a prognostic factor for overall survival
in patients with critical limb ischemia

Yutaka Matsubara, MD, Takuya Matsumoto, MD, PhD, Yukihiko Aoyagi, MD, Shinichi Tanaka, MD,
Jun Okadome, MD, Koichi Morisaki, MD, PhD, Ken Shirabe, MD, PhD, and Yoshihiko Machara, MD, PhD,
Fukuoka, Japan

Background: Sarcopenia has been proposed as a prognostic factor for various diseases. Patients with critical limb ischemia
(CLI) have a very poor prognosis, but sarcopenia has not been reported as a prognostic factor for CLI patients. If sar-
copenia is associated with the prognosis of CLI patients, it could help select the treatment plan. Therefore, we examined
whether sarcopenia is a prognostic factor for CLI patients,

Methods: We performed a retrospective study of CLI patients diagnosed with Fontaine IX or IV peripheral artery discase
who underwent preoperative computed tomography imaging and revascularization between January 2002 and December
2009, The presence of sarcopenia was defined as skeletal muscle area of <114.0 cm? for men or <89.8 ¢m? for women
using transverse computed tomography scans at the third lumbar vertebra. We compared the 5-year survival rate and
clinical characteristics between patients with or without sarcopenia. We also d possible prognostic factors for
overall survival using hazard ratios (HRs) with 95% confidence intervals (Cls).

Results: Of 64 eligible patients, 28 patients had sarcopenia and 36 did not. There were significant ditferences in age,
skeletal muscle area, body mass index, and the presence of smoking, cerebrovascular disease, and hemodialysis between
patients with and without sarcopenia (all P < .05). The 5-year survival rate was significantly lower in patients with
sarcopenia (23.5% vs 77.5%, P = .001). Prognostic factors for overall survival were the presence of sarcopenia (HR, 3.22;
95% CI, 1,24-9.11; P = .02), requirement for hemodialysis (HR, 4.30; 95% CI, 1.60-12.2; P = .004), and postoperative
complications (HR, 5.02; 95% CI, 1.90-13.7; P = .001).

Conelusions: Our results suggest that sarcopenia is a prognostic factor for CLI patients, Exercise and nutritional
interventions focusing on improving sarcopenia might be useful weatment options for CLI patients. (J Vasc Surg

2015;61:945-50.)

The Bypass vs Angioplasty in Severe Ischaemia of the
Leg (BASIL) study showed that bypass is an appropriate
treatment for critical limb ischemia (CLI) patients with
an expected survival of >2 years.! Some prognostic factors
for CLI have been suggested during the past 15 years.” '3
Meanwhile, several recent studies have suggested that sar-
copenia, a reduction in skeletal muscle, is a prognostic fac-
tor for several discases.'*! However, no studics have
assessed whether sarcopenia is a prognostic factor for CLI
patients, .

The prognosis of CLI patients is poor, and the risk of
cardiovascular and cerebrovascular events is high.**2 How-
ever, the relationship between sarcopenia and the prognosis
of vascular discase is unclear. Sarcopenia is relatively easy to
diagnose by preoperative computed tomography (CT)
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imaging. Therefore, if sarcopenia could predict the prog-
nosis of CLI padents, it might help clinicians select the
most appropriate treatment plan. In addition, if the mech-
anism underlying the association between sarcopenia and
prognosis could be determined, trearments for sarcopenia,
such as exercise, might improve the prognosis of CLI pa-
dents. From this context, the aim of this study was to
determine the clinical significance of sarcopenia as a prog-
nostic factor for CLI patients.

METHODS

The Kyushu University Investigational Review Board
approved this study. Patientinformed consents were not ob-
tained because of limitations such as patient death, break in
contact, and follow-up occurring in other hospitals. All in-
formation about this study protocol that is described in
the subsequent “Patients” section was opened by bulletin
according to the Kyushu University Investigational Review
Board guidelines. Patients could be notified about this study
and could ask whether they were included in the study. All
patients were automatically included in this study without
consent; however, patients could request to be excluded.

Patients. We conducted a retrospective study of pa-
tients with CLI diagnosed as Fontaine IIT or IV peripheral
artery discase (PAD) who underwent revascularization at
the Department of Surgery and Science, Kyushu University
Hospital, Fukuoka, Japan, between January 2002 and
December 2009. CLI patients underwent imaging studies,
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Fig 1. Representative transverse computed tomography (CT) images are shown of (A) a patient without sarcopenia
and (B) a patient with sarcopenia, The images were taken at the third lumbar vertebra, The white ondline shows the

calculated skeletal muscle area.

including preoperative CT, angiography, and magnetic
resonance angiography. PAD was categorized as Fontaine
111 or IV if the patient experienced pain at rest or had ul-
cers. Patients were excluded if they did not undergo CT
because the quantity of their skeletal muscle could not be
assessed.

Transverse CT images obtained at the third lumbar
vertebra (1.3) in the lower border were assessed in cach pa-
tient. Skeletal muscles, including the psoas, erector spinac,
quadratus lumborum, transversus abdominis, external and
internal oblique abdominal muscle, and rectus abdominis
muscle, were identified and quantified as previously
described. <% The cross-sectional arcas (em?) of the
skeletal muscles in the L3 region were measured by manual
outlining on the CT images (Fig 1), and the areas were
summed. The presence of sarcopenia was defined as a skel-
ctal muscle area of <114.0 em® for men and <89.8 cm? for
women. These cutoff values were defined as below the fifth
percentile of the standard value in healthy adults. % We
also estimated the total skeletal muscle area using the
method of Yoshizumi et al.™?

The clinical characteristics, including smoking, diabetes
mellitus, hypertension, dyslipidemia, ischemic heart dis-
eases, cerebrovascular discases, hemodialysis, and postoper-
ative complicntions,3 #as well as survival time, were
retrieved from the patients’ medical records. We also devel-
oped a predictive score for sarcopenia based on patient
characteristics. Overall survival (the primary end point)
and clinical characteristics were compared between the
two patient groups. Hazard ratios (HRs) for overall sur-
vival were caleulated for each risk factor in univariate and
multivariate analyses,

Follow-up strategy. All patients were examined in an
outpatient clinic 1 month after revascularization, with subse-
quentassessments every 3 months if no problems developed.
Some patients were seen in other hospitals. Patients with
symptoms suggestive of vascular complications underwent
additional medical examinations. Medical examinations
consisted of an interview to assess symptoms, physical exam-
inatons, and measurement of the ankle-brachial pressure
index. Patients with potential vascular complications also
underwvent CT and angiography as necessary.

Statistical analysis. The associations of continuous
and categoric variables with clinically relevant outcome var-
iables were assessed using the Student #-test and the Fisher
exact test, respectively. The overall survival curves were
analyzed using the Kaplan-Mcier method and compared
with the log-rank test. Univariate analysis of clinicopatho-
logic factors and overall survival were performed using the
log-rank test. Multivariate analyses of clinicopathologic
factors and overall survival were performed using the Cox
proportional hazards model. All analyses were performed
using JMP 9.0 software (SAS Institute Inc, Cary, NC).
Values of P < .05 were considered statistically significant.

RESULTS

Between January 2002 and December 2009, 108 pa-
tents with CLI underwent revascularization at the Depart-
ment of Surgery and Sciences, Kyushu University Hospital,
Fukuoka, Japan. The study excluded 44 patients (40.7%)
because they did not undergo preoperatve CT. Therefore,
64 patients (59.3%) with CLI underwent preoperative CT
and were included in this study.

Of the 64 cligible paticnts, 28 (43.8%) had sarcopenia
and 33 (56.2%) did not. The mean follow-up period was
3.5 = 2.1 years in all 64 patients, 4.1 * 2.2 years in pa-
tients without sarcopenia, and 2.7 % 1.7 years in patients
with sarcopenia. The clinicopathologic characteristics of
patients with or without sarcopenia are summarized in
Table I. There were significant differences in age, skeletal
muscle arca, cstimated skeletal muscle arca, body mass
index (BMI), the proportions of smokers, patients with ce-
rebrovascular disease, and patients who required hemodial-
ysis in patients with and without sarcopenia (all P < .05).
The other clinicopathologic characteristics and postopera-
tive complications were not significantly different berween
patients with and without sarcopenia. The cancer-related
mortality rate was significantly different between patients
with and without sarcopenia (P = .04).

Patients with sarcopenia tended to be older, had a lower
BMI and estimated skeletal muscle area, and a grearer
proportion had cerebrovascular diseases and required he-
modialysis. Considering these results, we developed a pre-
dictive score for sarcopenia, which was calculated from the
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Table I. Characteristics of patients with and withourt sarcopenia

Variahls® Patients without sareopenia (n = 36) Patients with snrcopenia (n = 28) P
Age, years 69.2 = 11.8 738 £ 9.6 04"
Sex 93¢
Malce 24 (66.7) 19 (67.9)
Female 12 (33.3) 9(32.1)
Skeleral muscle arca, cm® 1241 £ 19.3 91.0 = 16.9 <.001"
Estimated, cm 136.1 £ 27.6 1130 + 247 <.001”
BMI, kg/m? 231 * 35 194 23 <.001"
Serum albumin, g/dl. 3.71 = 0.58 3.85 = 0.52 30°
Fontaine/Rutherford 94°
/4 17 (47.2) 13 (46.4)
IV/5,6 19 (52.8) 15 (53.6)
Smokers 21 (58.3) 8(28.6) 02¢
Hypertension 21 (58.3) 15 (53.6) 707
Diabetes mellitus 18 (50.0) 12 (42.9) 57¢
Dyslipidemia 3 (8.3) 2(7.1) 86"
Tschemic heare discase 12 (33.3) 13 (46.4) 29¢
Cerebrovascular disease 5(13.9) 11 (39.3) .02¢
Hemodialysis 3(139) 10 (35.7) 04"
Trearment A1°
Endovascular therapy 6 (16.7) 7 (25.0)
Bypass 30 (83.3) 21 (75.0)
Graft type
Jein 13 (43.3) 14 (66.7) 107
Prosthedc 15 (50.0) 6 (28.6) 13
Composite 2(6.7) 1(4.8) 78"
Distal anastomosis
Above knee 15 (50.0) 10 {(47.6) 87°
Below knee 15 (50.0) 11 (52.4) 87
Postoperative complications 10 (27.8) 9 (32.1) 70°
Surgical site infection 2 (5.6) 2(7.1) 80°
Stroke 1{2.8) 1(3.8) 86°
Pneumonia 0(0) 1(3.8) 25%
Heart failure 2(5.6) 2(7.1) 80¢
Bleeding 1(2.8) 1(3.8) 86"
Lymphorrhea 2 {5.6) 0(0) 21
Others 2 (5.6) 2(7.1) S0~
Cause of death
Ischemic heart discase 00 2(14.3 27°
Acute heart failure 2(25.0) 4 (28.6) 86°
Cerebrovascutar disease 1{12.5) 1(7.1) 68
Abdominal organ ischemia 0 (0} 1(7.1) 45
Pneumonia 2 (25.0) 2(14.3) 53°
Acure respiratory failure 0(0) 2(14.3) 27
Sepsis 1(12.5) 2{14.3) 91°
Cancer 2(25.0) 0(0) 04*
Operative death 00 1{3.6) 25¢

BMI, Body mass index.

“Values for continuous data are shown as means * standard deviation, and categoric data are shown as number (%).

“Stuctent £-test.
“Fisher exact test.

following conditions: age >65 years, BMI <22 kg/m?, esti-
mated skeletal muscle area below the fifth percentile of the
value of healthy adults, the presence of cerebrovascular dis-
case, and the requirement for hemodialysis. The score
ranged from 0 to 5, and the prevalence of sarcopenia was
0% (0 of 12), 22.2% (4 of 18), 52.9 % (9 of 17), 87.5%
(14 of 16), and 100% (1 of 1) for scores of O to 1, 2, 3, 4,
and 3, respectively (Table T1).

The overall survival curves of patients with and without
sarcopenia are shown in Fig 2. The 5-vear overall survival
rates were 23.5% * 0.18% for patients with sarcopenia

and 77.5% * 0.09% for patients without sarcopenia. The
overall survival rate was significantly different between pa-
tients with and without sarcopenia (P = .001).

Table ITT reports the results of the univariate and multi-
variate analyses that were conducted to identify prognostic
factors for overall survival. The univariate analyses showed
that the presence of sarcopenia (HR, 4.24; 95% confidence
interval {CI], 1.69-11.7; P = .002), hemodialysis (HR,
4.07;, 95% CI, 1.68-9.75; P = .002), and postoperative
complications (HR, 2.98; 95% CI, 1.23-7.10; P = .02}
were significantly associated with overall survival. The
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Table II. Distributions of the predicted scores for
sarcopenia

Seare 01 2 3 4 5

Patients without sarcopenia, No, 3 9 14 8 2 0
Patients with sarcopenia, No. 0 0 4 9 14 1
Prevalence rate, % 0.0 0.0 22.2 529 87.5 100.0

multivariate analysis showed these associations remained
statistically significant for sarcopenia (HR, 3.22; 95% CI,
1.24-9.11; P = .02), hemodialysis (HR, 4.30; 95% CI
1.60-11.4; P = .004), and postoperative complications
(HR, 5.02; 95% CI, 1.90-13.7; P = .001).

DISCUSSION

The prognosis of CLI patients is very poor.” Prior
studies have shown that hemodialysis and postoperative
complications are associated with poor prognosis of pa-
tients with PAD,™'? whercas the current study revealed
that sarcopenia is also associated with poor prognosis of
CLI patients.

Although the 5-year survival rate of CLI patients with
sarcopenia was poor (23.5%), the survival rate of patients
without sarcopenia was much higher (77.5%) and similar
to that of patients with intermittent claudication reported
in Inter-Society Consensus for the Management of Periph-
cral Arterial Discase (TASC 11).% Earlier studics demon-
strated  that  hemodialysis is a critical risk factor for
reduced survival in CLI patients,”® which was also apparent
in the present study (Table 11). The BASIL study showed
that bypass is an appropriate treatment for CLI patients
with an expected survival of >2 years,! bur the predictors
of survival >2 years are still being discussed. The presence
of sarcopenia and hemodialysis could possibly predicr the
prognosis of CLI patients. The current results suggest
that paticnts without hemodialysis or sarcopenia could
receive more aggressive treatments because they might be
expected to survive longer, whereas patients with sarcope-
nia might require minimally invasive treatment because
their survival is expected to be shorter.! For example, arte-
rial bypass may be appropriate for patients without hemo-
dialysis or sarcopenia because of the good long-term
patency of this intervention.'2¥3¢

We believe that sarcopenia is a biomarker for overall
debilitation and thar measuring sarcopenia as an indication
of the frailty of patients would be uscful. Sarcopenia is asso-
ciated with a variety of factors, including age, nutriton,
comorbidities, and actvities of daily living. A combination
of factors, cach with a small effect individually, could act
together and result in sarcopenia.®” ** To determine indica-
tions for surgical treatment, assessing the patient’s general
condition is important. Sarcopenia is associated with a poor
general condition and could help the surgeon to sclect the
appropriate treatment.

Age, BMI, the proportions of smokers, and patients
with cerebrovascular discase were significantly different
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Z o0s 1.
& 04 posarcopenia
03 sarcopenia -
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01 P=001
0.0
0 1 2 3 4 H
Follow up (years)
no. at risk
no sarcopenia 36 32 31 29 23 i1
sarcopenia 28 24 18 14 7 2

Fig 2. Kaplan-Mcicr curves show survival of paticnts with (dosted
line) or without (solid line) sarcopenia (P = 001 by log-rank test).

between patients with and without sarcopenia; unexpect-
edly, they were not prognostic factors in the current study
(Table IT1) but could predict the presence of sarcopenia
based on the predictive score developed in this study
(Table 11). Indeed, patients with high predicted scores,
based on a combination of risk factors, were expected to
have sarcopenia. These findings suggest that these factors
have a very small influence on the patient’s prognosis,
even though sarcopenia is caused by such factors. Instead,
it is possible that the accumulation of these risk factors con-
tributes to the onsct of sarcopenia rather than its prognosis.
These results may also highlight the prognostic role of sar-
copenia in CLI patients.

Obesity is a major risk factor, but the patients in our
study generally had a low BMI. This might be refated to
the general characteristics of Japanese people, whereas
the incidence of obesity is significantly higher in Western
countries. “Sarcopenic obesity” is a syndrome character-
ized by low skeletal muscle arca bur high far content. Pa-
tients with sarcopenic obesity have a high BMI, but their
skeletal muscle area is quite low. Because the prevalence
of sarcopenic obesity may be quite high in Western coun-
tries, measuring skeleral muscle arca scems to be quite
important, even in patients with a high BMI, considering
the poor prognosis of paticnts with sarcopenic obesity.”

The cancer-related mortality rate was significantly
higher in patients without sarcopenia than in those with
sarcopenia. Although considering the causes of death is
important, there was no clear rendency toward an increased
incidence of a specific cause of dearh in patients with sarco-
penia in this current study. Therefore, further stadics may
be needed to assess the most common causes of death in
patients with sarcopenia.

Sarcopenia is casy to diagnose by CT, and CT can also
provide other uscful anatomic information. Some patients
were diagnosed by angiography, and endovascular inter-
ventions could be performed at the same time without
CT scans. The current study revealed that patients without
sarcopenia had a good prognosis. Arterial bypass may be
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Table III. Univariate and multivariate analyses of clinicopathological factors associated with overall survival after

treatment of critical limb ischemia (CLI)

Univarinte analyis

Multivarinte analysis

Variable HR (95% CI) P HR (95% CI) i
Age, vears 4.98 (0.65-48.9) 13
Sex, male /female 2.53 (0.94-8.77) .06
Fonnine, IV/IIT 1.05 (0.45-2.50) 91
Serum albumin, g/dL 0.77 (0.35-1.68) 50
BMI, kg/m? 0.52 (0.06-4.09) 54
Presence /absence of
Sarcopenia 4.24 (1.69-11.7) 002 3.22(1.24-9.11) .02
Smoking 0.68 (0.26-1.62) 39
Hypertension 1.03 (0.43-2.53) 95
Diabetes meilitus 2.32 (0.95-6.21) .07
Dyslipidemia 1.20 (0.19-4.19) 81
Ischemic hearr disease 1.97 (0.82-4.75) A2
Cerebrovascular disease 1.86 (0.70-4.49) 20 .
Hemodialysis 4.07 (1.68-9.75) .002 4.30 (1.60-11.4) 004
Post-op complications 298 (1.23-7.10) .02 5.02 (1.90-13.7) 001
Treatment, bypass/EVT 2.33 (0.67-14.7) 21

BMI, Body mass index; CI, confidence interval; HR, hazard ratio; EVT, endovascular therapy.

*Log-rank test.
SCox proportional hazards model,

suitable in these patients because it offers better long-term
patency than endovascular interventions.' %% There-
fore, preoperative CT should be considered in such cases,
and the surgeon should sclect an appropriate treatment
plan that takes into account the patient™s status, including
sarcopenia.

Prior reports * have described methods to diag-
nose sarcopenia by CT, and these methods were used in
this study. We thought that skeletal muscle area at the
L3 level is suitable because this level includes multiple mus-
cles involved in daily living acrivities. For example, the erec-
tor spinae is involved in maintaining an erect position, and
the iliopsoas is used in walking. Cutoff values for skeletal
muscle arca have not been adequatcly defined. We used
the fifth percentile of the value of healthy adults because
it is widely recognized as a standard value statstically
and was used in prior study.’® We believe that establishing
cutoff valucs of skeletal muscle area for predicting sarcope-
nia is important and that skeletal muscle area should be
examined in various patient populations, including other
races and age groups, worldwide.

Prior studies have discussed the mechanism by which
sarcopenia may affect the prognosis of patients with some
discases,”” ! but not CLI. Skeletal muscle was recently re-
ported to be an endocrine organ.’® Moreover, adiponee-
tin™ and carnitine,” which target skeletal muscle, were
reported to improve arteriosclerosis. It was thought that
sarcopenia could reduce the effects of adiponectin and
carnitine, exacerbating whole-body arteriosclerosis, which
might contribute to the poor prognosis of CLI patients,
including those with arteriosclerosis. Considering these is-
sucs, improving the prognosis of patients with CLI may
be possible by treating sarcopenia as a whole-body disease.
In TASC TI, treadmill training was recommended for

19.202

intermittent  claudication patients but not for CLI pa-
tients.” Resistance training and nutritional therapy have
been reported to improve sarcopenia.™® Further studies
are needed to evaluate whether a comprehensive treatment
program, including revascularization, resistance training,
and nutrition therapy, improves the prognosis of CLI
patients.

CONCLUSIONS

The results of this study imply that sarcopenia is a
possible prognostic factor for overall survival in patients
with CLI. Exercise and nutritional interventions focusing
on improving sarcopenia might be useful ereatment options
for CLI patients and are a topic for future research.
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ABSTRACT

Background. The incidence of hepatitis B virus surface
antigen-negative and hepatitis C virus antibody-negative
hepatocellular  carcinoma (NBNC-HCC) is gradually
increasing.

Methods. A retrospective cohort study was performed in
694 patients who underwent curative hepatic resection for
primary HCC from January 1990 to December 2011.
Results. In the NBNC-HCC group (# = 110), the com-
plication rate of diabetic mellitus (38 %) was significantly
higher than that of the B-HCC group (n = 110; 17 %), and
their rate of alcohol abuse (38 %) was significantly higher
than that of both the B-HCC (26 %) and C-HCC groups
(n = 474; 22 %). In the NBNC-HCC group, the tumor
diameter (4.5 £ 3.6 cm) was significantly larger than that
of the C-HCC group (2.9 & 1.8 cm), but the rate of his-
tological cirrhosis (37 %) was significantly lower than
those of both the B-HCC (67 %) and C-HCC (53 %)
groups. There were no significant differences regarding
overall and disease-free survival among the three groups.
In the NBNC-HCC group, multiple intrahepatic or distant
recurrences (25 %) were significantly higher than in the
C-HCC group (17 %), and the rate of recurrence more than
2 years after hepatic resection (24 %) was significantly
higher than that of the B-HCC group (12 %).
Conclusions. The surgical outcomes of patients with
NBNC-HCC were not significantly different compared
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with those of the patients with B-HCC or C-HCC. There
was a substantial population with late recurrence among
the patients with NBNC-HCC after curative hepatic
resection, and thus not only long-term follow-up but also
the early establishment of preventive methods for HCC
recurrence from NBNC-hepatitis are necessary.

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide, accounting for approx-
imately 6 % of all human cancers.' Infection with hepatitis
B virus (HBV) or hepatitis C virus (HCV) is associated
with approximately 85 % of HCC cases.* Today, more
than 90 % of countries worldwide have introduced the
HBV vaccine into their national infant immunization
schedules, thus dramatically decreasing the incidence of
HBV-related HCC.? For areas in which HCV infection is
prevalent, such as Japan, the prevalence rates of cirrhosis
and HCC arc decreasing duc to the development of anti-
virus therapy using interferon, whereas the prevalence
HBV surface antigen (HBsAg)-negative/HCV antibody
(HCVAb)-negative  HCC (NBNC-HCC) is gradually
increasing beyond 10 %.>* In low-risk areas for HCV
infection, including western countries, the rates of HCCs
derived from alcohol-related liver disease (ALD), diabetes
mellitus, or nonalchoholic steatohepatitis (NASH) associ-
ated with obesity have been reported to be increased.®

The different etiologies of HCC may cause different
clinical characteristics and outcomes, thereby requiring
different therapeutic strategics. In the past few decades,
HBs-Ag-positive HCC (B-HCC) and HCVAb-positive
HCC (C-HCC) have been thoroughly investigated.”® The
prognosis of C-HCC patients is worse than that of B-HCC
patients, because multicentric carcinogenesis is more
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common in patients with C-HCC.® However, limited data
regarding NBNC-HCC are available. According to the few
reports concerning surgical results for patients with NBNC-
HCC, the overall and disease-free survival rate are signif-
icantly better compared with those of C-HCC paticents and
similar to those of B-HCC patients.”'* However, several
issues remain regarding the clinicopathologic features and
biological behaviors of NBNC-HCC.

‘We present a retrospective analysis of the patient char-
acteristics, operative results, and prognoses of individuals
with primary NBNC-HCC compared with those with pri-
mary B-HCC or C-HCC.

METHODS
Patients’ Characteristics

We retrospectively analyzed the cases of 712 patients
with HCC who underwent curative hepatic resections at the
Department of Surgery and Science, Graduate School of
Medical Sciences, Kyushu University, from January 1990
to December 2011. The 18 cases of patients who were both
HBsAg- and HCVAb-positive were excluded from this
analysis. We divided the remaining cohort of 694 patients
into three groups; the B-HICC group (n = 110), the C-HCC
group (n = 474), and the NBNC-HCC group (n = 110).

Surgical Procedures and Outcomes

The details of our surgical techniques and patient
selection criteria for hepatic resection for HCC have been
reported.'>™ The resection volume was decided based on
the patients’ indocyanine green dye retention rate at 15 min
(ICGR-15). Patients with an ICGR-15 > 35 % were gen-
erally selected for limited resection.' Liver function
criteria “Liver Damage (A, B, and C)™ as proposed by the
Liver Cancer Study of Japan was used in this study_H

In almost all hepatic resections, the Pringle’s maneuver
consisting of clamping the portal triad for 15 min and then
releasing the clamp for 5-min intervals was applied;
alternatively hemivascular occlusion was performed.'® The
CUSA system (Valleylab, Boulder, CO) was used to tran-
sect the liver parenchyma.

Any death that occurred in the hospital after hepatic
resection was recorded as mortality. Complications were
evaluated by Clavien’s classification of surgical compli-
cations, and the complications with a score of Grade II or
more were defined as positive.'®

Follow-Up and Treatment Strategy for Recurrent HCC

Alter discharge, all patients were examined for recur-
rence by ultrasonography and tumor markers, such as

g-fetoprotein (AFP) and  des-y-carboxy prothrombin
(DCP), every month and by dynamic computed tomogra-
phy every 3 months,"* The median follow-up period after
hepatic resection was 5.2 (range 1.1-21.4) years. When
recurrence was suspected, we treated recurrent HCC by
repeat hepatic resection at any times of recurrence, with
ablation therapy, or by liodolization,'”*®

Statistics

Continuous variables are expressed as the mean = stan-
dard deviation (S.D.) and were compared using the Student’s
1 test. Categorical variables were compared using the 7 test.
The survival curves were generated by the Kaplan-Meier
method and compared using the log-rank test. All analyses
were performed with JIMP® Pro 9.0.2 (SAS Institute Inc.,
Cary, NC). p values <0.05 were considered significant.

RESULTS
Patients’ Background Characteristics

The patients’ background characteristics are summa-
rized in Table 1. The mean age in the NBNC-HCC group
(66 =+ 10 years) was significantly higher than that in the B-
HCC group (55 £ 11 years; p < 0.0001). The complica-
tion rate of diabetes mellitus in the NBNC-HCC group
(38 %) was significantly higher than that in the B-HCC
group (17 %; p = 0.0005). The complication rate of daily
drinking in the NBNC-HCC group (37 %) was signifi-
cantly higher than those in both the B-HCC group (26 %:;
p = 0.0322) and the C-HCC group (22 %; p = 0.0018).
The serum level of albumin in the NBNC-HCC group
(4.0 & 0.4 g/dL) was significantly higher than that in the
C-HCC group (3.8 & 0.2 g/dL; p = 0.0011). The serum
levels of both aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) in the NBNC-HCC group
(43 =29 and 41 £ 30 IU/L, respectively) were signifi-
cantly lower than those in the C-HCC group (57 + 38 IU/
L: p = 0.0003, and 57 £ 39 IU/L; p < 0.0001, respec-
tively). The ICGR-15 value in the NBNC-group
(16.2 & 10.1 %) was significantly lower than that in the C-
HCC group (19.7 £ 10.8 %; p = 0.0025).

Short-Term Surgical Ourcomes

The patients’ short-term surgical outcomes arc summa-
rized in Table 2. The mean resected volume in the NBNC-
HCC group (247 = 314 g) was significantly larger than
that in the C-HCC group (116 £ 170 g; p < 0.0001). The
performance rate of anatomical resection in the NBNC-
HCC group (50 %) was significantly higher than that in the
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