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cancer recurrence. To our knowledge, there has been no
detailed analysis of a large series of HCC patients with
more than 10 years disease-free survival after curative
hepatic resection. In the current series, 74 patients (8 %)
survived for 10 years without disease recurrence after the
initial hepatectomy. Fourteen of these patients (19 %) had
later disease recurrence and received treatment with one or
more treatment modalities. Generally, surgeons think that
if there is no recurrence of cancer for 10 years after the
initial operation, it should be thought that there will be little
likelihood of recurrence of cancer long afterward. Should
clinical follow-up then be terminated? From the results of
this study, we believe that clinical follow-up after resection
of HCC is very important and should continue for the
remainder of the patient’s life. Intrahepatic recurrence has
been suggested to arise from three causes [28]: (1) the
continued growth of residual tumor after incomplete exci-
sion may cause recurrence near the cut margin and may be
responsible for early recurrence; (2) a metachronous and
unrecognized synchronous multifocal primary tumor may
cause recurrence far from the original site of the lesion and
may be responsible for a late recurrence; and (3) a new
primary tumor may develop. Because the median disease-
free interval between the first operation and recurrence was
11.0 years in this series, and based on the higher incidence
of dysplasia in patients with cirrhosis, it might be possible
that there was new development of the cancer in these
patients.

In multivariate analysis, the preoperative and 10-year
platelet counts were identified as favorable independent
factors for survival after 10 years of recurrence-free sur-
vival after curative hepatic resection of HCC. The platelet
count is a simple test, and results can be determined easily
by a routine laboratory procedure. In the present study,
there was a significantly higher incidence of esophageal
and/or gastric varices and serum type IV collagen 7S at
10 years after surgery in the recurrence group. In four
patients with repeat hepatectomy for recurrent HCC, his-
tological fibrosis of the underlying liver at the second
operation was more advanced than at the first operation.
Type IV collagen 7S is known to be useful for quantitative
evaluation of liver fibrosis, and is employed for indirect
testing of serum samples [17]. A low platelet count at
10 years after surgery, with a higher incidence of varices,
higher levels of type IV collagen 7S, and more advanced
fibrosis in patients with repeat hepatectomy, reflects the
severity of portal hypertension, and indicates development
of liver fibrosis in the recurrence group. Moriyama et al.
[29] reported that monitoring of platelet counts is useful
for determining the development of liver fibrosis in
HCV-associated chronic liver diseases and for the
determination of a highly carcinogenic state in the liver
after interferon therapy. The importance of fibrosis in

hepatocarcinogenesis has been described in patients with
chronic viral hepatitis [30-32]. The annual incidence of
development of HCC increased with the progression of liver
fibrosis during long-term follow-up in patients with hepa-
titis B and C [31, 32]. Fibrosis of the liver develops through
repeated necroinflammation and regeneration in the liver of
patients with chronic hepatitis, and eventually progresses to
liver cirrhosis [33]. Because this process requires vigorous
mitosis of the hepatocytes in response to cell destruction,
increased fibrosis is associated with a large amount of
mitotic activity, which may allow accumulation of genetic
transformations [34, 35].

The mechanisms involved in thrombocytopenia, which
is observed in patients with chronic hepatitis, have not been
fully elucidated. Increased sequestration and destruction of
platelets in the enlarged spleen, which is an important
mechanism involved in liver cirrhosis and portal hyper-
tension, may not contribute to thrombocytopenia in chronic
hepatitis C [36]. Possible mechanisms for thrombocytope-
nia have been proposed in chronic hepatitis, including
decreased production of liver-derived thrombopoietin
[37, 38], and increased destruction of platelets by antiplatelet
antibodies [39]. Recent accumulated evidence indicates
that the thrombocytopenia is caused by an autoimmune
mechanism as a result of HCV infection. Nagamine et al.
[40] found HCV-RNA in the platelets obtained from
HCV-positive patients, indicating the possibility that an
association of HCV/anti-HCV antibody immune com-
plexes with the platelet surface can result in platelet anti-
body immunoglobulin) G (IgG) expression. They also
demonstrated that platelet-associated IgG levels increased
with the degree of histological progression in patients with
chronic hepatitis C. In any case, thrombocytopenia is related
to hepatocarcinogenesis through the development of liver
fibrosis in patients with chronic hepatitis. It seems likely
that a low platelet count is a risk factor for carcinogenesis
from chronic hepatitis and for recurrence and survival of
HCC after treatment, including liver resection [41—44]. The
platelet count may be useful as a marker of late recurrence
in HCC patients who survived in the long term.

Our first choice of treatment for recurrence of HCC is
principally repeat hepatectomy because this procedure has
been accepted as the most effective treatment [45]. How-
ever, repeat hepatectomy is limited to patients with
resectable intrahepatic recurrence and well-preserved liver
function. Our study indicated that nonsurgical treatments,
such as RFA or TACE, could contribute to prolongation of
survival when repeat hepatectomy is not indicated.
Therefore, it is important to select appropriate treatment
according to the pattern of recurrence, location of the
tumor, and preserved liver function.

In conclusion, our data demonstrated that for patients
with higher preoperative and 10-year platelet counts who
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underwent curative resection of HCC, long-term survival
after resection could be expected. However, because tumor
recurrence is common even after 10 years, postoperative
follow-up is important and should continue for the
remainder of the patient’s life. The platelet count is a
useful, inexpensive, and convenient marker of late recur-
rence (later than 10 years following curative resection) of
HCC. Finally, aggressive therapy for recurrence, including
a second resection when necessary, is recommended.
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Abstract

BACKGROUND: The aim of this study was to examine the outcomes of exercise therapy in patients
with hepatocellular carcinoma who underwent hepatectomy.
METHODS: Fifty-one patients with hepatocellular carcinoma were randomized to diet therapy alone

(n = 25) or to exercise in addition to diet therapy (n = 26). Exercise at the anaerobic threshold of each
patient was started 1 month preoperatively, resumed from 1 week postoperatively, and continued for
6 months.

RESULTS: Whole body mass and fat mass in the exercise group compared with the diet group were
significantly decreased at 6 months postoperatively. Fasting serum insulin and the homeostasis model
assessment score were also significantly decreased. At 6 months, anaerobic threshold and peak oxygen
consumption were significantly increased, while serum insulin and insulin resistance were significantly

improved in a high-frequency exercise subgroup compared with a low-frequency group.
CONCLUSIONS: Perioperative exercise therapy for patients with hepatocellular carcinoma with liver

dysfunction may improve insulin resistance associated with hepatic impairment and suggests a benefit

to the early resumption of daily exercise after hepatectomy.

© 2013 Elsevier Inc. All rights reserved.

Interest in the role of physical activity in the primary
prevention of cancer is increasing as evidence of a protec-
tive effect accumulates. Recent reviews of physical
activity in relation to cancers such as colon cancer,' breast
cancer,”™ prostate cancer,” and all cancers®'? have pro-
vided a detailed assessment of the level of epidemiologic
evidence for the putative association. In Japan, a western-
ized lifestyle has become common in recent years, and
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the rates of obesity, diabetes, dyslipidemia, and hyperten-
sion have gradually increased. Metabolic syndrome is char-
acterized by insulin resistance and is associated with
atherosclerosis and hypertension, as is also recognized as
an inflammatory condition."*'* Accumulating evidence
suggests that insulin resistance plays a key role in both he-
patocellular damage and hepatocarcinogenesis by inducing
oxidative stress in patients with various liver diseases, in-
cluding viral infection and fatty liver.">™'7 Because the liver
is a major target organ for insulin when regulating the
blood glucose level, >70% of patients with liver cirrhosis
also exhibit insulin resistance regardless of the etiology.'®

Management of insulin resistance is a critical issue
for patients with chronic liver disease in terms of both
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maintaining liver function and preventing hepatocarcino-
genesis. Hepatocellular carcinoma (HCC) is the Sth most
common cancer worldwide.' It is important to maintain
good perioperative nutrition and metabolism to improve
the prognosis of patients with HCC undergoing hepatec-
tomy.zo‘21 So far, little attention has been paid to the role
of exercise in the management of hepatectomy patients.
In the present study, we aimed to clarify whether a periop-
erative and postoperative exercise program had any meta-
bolic or physical advantages for cirrhosis patients with
HCC who underwent hepatectomy.

Methods

Patients

Patients with HCC who had chronic hepatitis or cirrhosis
and were scheduled for liver resection at Hirakata Hospital
of Kansai Medical University (Osaka, Japan) between
December 2008 and February 2010 were screened for this
study. The eligibility criteria for inclusion were as follows:
(1) elective hepatectomy, but no bilioenterostomy; (2) age
20 to 80 years; (3) a preoperative diagnosis of HCC with no
previous treatment; (4) no other malignancies; (5) Child-
Pugh score A or B; (6) adequate cardiopulmonary function
(results of electrocardiography, echocardiography, and spi-
rometry within the normal range); (7) leukocyte count
>3,000/mm?>; (8) hemoglobin level >9.5 g/dl; (9) platelet
count > 50,000/mm>; (10) serum creatinine <1.2 mg/dL;
(11) total bilirubin <2.0 mg/dL; (12) local nodular disease
without extrahepatic metastasis; and (13) Eastern Coopera-
tive Oncology Group performance status O or 1.* Exclu-
sion criteria were inability to perform exercise, ischemic
cardiomyopathy, 3rd-degree atrioventricular block, severe
obstructive pulmonary disease, and severe hypertension
(blood pressure >180/110 mm Hg). All patients gave writ-
ten informed consent for participation in this study, and
the protocol was approved by the institutional ethics
committee.

The study protocol was explained to all patients, and
they understood that they would be randomly assigned to
either conventional perioperative management with
diet alone (diet group, n = 26) or would receive exercise
combined with diet (exercise group, n = 25). The protocol
for this study was approved by the institutional ethics
committee.

In a preliminary study, we examined the changes in
portal blood flow (PBF) with exercise. The pre-exercise and
postexercise PBF rate and volume were measured using
Doppler ultrasound in healthy age-matched volunteers and
patients with HCC with chronic hepatitis or cirrhosis (at
1 month after surgery) using the Ascendus Ultrasound
System (Hitachi Aloka Medical, Ltd, Tokyo, Japan),
equipped with a multifrequency (2 to 5 MHz) convex
transducer. Exercise was performed at the anaerobic thresh-
old (AT) for 20 minutes on a bicycle ergometer, and

measurements were obtained before exercise, immediately
afterward, and 1 hour after the completion of exercise. In
the healthy volunteers, data were also measured at one-third
the respiratory compensation point.

Exercise program

Before starting exercise therapy, patients underwent
cardiopulmonary exercise testing on a bicycle ergometer
using an incremental protocol (5.0, 7.5, and 10 W/min).
The 12-lead electrocardiogram was continuously monitored
for ST-segment deviation, arrhythmias, and heart rate at rest
and during the exercise and recovery periods. Blood
pressure was recorded at rest and every 2 minutes during
the exercise and recovery periods. Peak oxygen consump-
tion per unit time (Vo,) was obtained from breath-by-breath
analysis of expired air. Peak Vo, was defined as the highest
mean value during exercise when the subject could no lon-
ger continue pedaling at 60 rpm. The AT, the onset of met-
abolic acidosis, was defined as the break point between
carbon dioxide production and Vo,? or the point at which
the ventilatory equivalent for oxygen and end-tidal oxygen
partial pressure curves reached their respective nadirs be-
fore beginning to increase again.”* Thus, AT was set at
the time of maximum fat combustion® (Fig. 1). The respi-
ratory compensation point was set at the point at which
the ventilatory equivalent for carbon dioxide was lowest be-
fore a systemic increase and when the end-tidal carbon di-
oxide partial pressure reached a maximum and began to
decrease.”® Exercise was stopped when the patient re-
quested it because of fatigue, pain, or headache or if there
was a failure to maintain a speed >40 rpm for >30 seconds
despite encouragement.
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Figure 1 Cardiopulmonary exercise testing. The AT was set at
the break point between carbon dioxide production and Vo,, or
the point at which the ventilatory equivalent for oxygen and
end-tidal oxygen partial pressure curves reached their respective
nadirs before beginning to increase again. Thus, the AT was set
at a maximum point of fat combustion. Circles indicate heart
rate, triangles indicate glucose combustion, and squares indicate
fat combustion.
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Hepatectomy and perioperative exercise

An exercise program was tailored for each patient.
Exercise was started as soon as possible after diagnosis,
up to 1 month preoperatively, and was resumed from
1 week postoperatively and continued for 6 months (Fig. 2).
The program consisted of 3 60-minute exercise sessions per
week. Each session included 5 minutes of stretching exer-
cises, 30 minutes of walking at an intensity based on the
AT of each patient, 20 minutes of targeted stretching exer-
cises, and 5 minutes of cooling down with stretching. Once
or twice a month postoperatively, a medical doctor and
exercise trainer confirmed the frequency and quantity of ex-
ercise each patient undertook. Patients in the exercise group
showed 2 patterns at 6 months postoperatively, a highly
active group and a less active group. We stratified the
patients according to the frequency of exercise as standard
(3 times a week) or high (5 or 6 times a week).

Diet

Both groups of patients were required to conform to
specific diets. The dietitian provided instruction on the
specific diet to both groups of patients and checked patient
adherence preoperatively and at 1, 3, and 6 months
postoperatively. For patients with chronic hepatitis or liver
cirrhosis, the daily energy intake was set at 25 to 30 kcal/kg
body weight, with a daily protein intake of 1.0 to 1.2 g/kg
body weight and a daily sodium chloride intake of 5 to 7 g/kg
body weight during the 1-month preoperative and 6-month
postoperative periods. For patients with diabetes or fatty
livers, daily energy intake was set at 20 to 25 kcal/kg body
weight, while the daily sodium chloride intake was set at
6 g/kg body weight for patients with hypertensive.

Laboratory tests and surgery

Before surgery, each patient underwent conventional
liver function tests, with measurement of the indocyanine
green retention rate at 15 minutes, and **™Tc-diethylenetri-
amine penta-acetic acid-galactosyl human serum albumin
liver scintigraphy.”’ Hepatitis screening was performed by
measurement of hepatitis B surface antigen and hepatitis
C antibody. Levels of a-fetoprotein and protein induced
by vitamin K absence/antagonism-II were also measured

Exercise period

; Dischs%e

Preoperative Hepatectamy POD7 POM1 POM3 FOMS
Qrmomth) 4 ¢ S ¥
Dietgroup | Noexercise ()
IERERE

Figure 2 Experimental protocol. An exercise program was tai-
lored for each patient. Exercise was started 1 month preopera-
tively, resumed from 1 week postoperatively, and continued for
6 months. Patients in both groups were given dietary advice.
POD = postoperative day; POM = postoperative month.

Exeru'scgruupf Exercise (+) /§ %)

in all patients. Insulin resistance was calculated from the
homeostasis model of assessment of insulin resistance
(HOMA-IR) using the following formula: HOMA-IR =
fasting plasma insulin (WU/mL) X fasting plasma glucose
(mg/dL)/405, which primarily reflects hepatic insulin resis-
tance.?® Total body mass, mineral-free lean mass (nonbone
fat-free mass), fat mass, and truncal fat were measured us-
ing whole-body dual-energy x-ray absorptiometry.29

Surgical procedures were classified according to the
Brisbane terminology proposed by Strasberg et al.*® Ana-
tomic resection was defined as resection of the tumor
together with the related portal vein branches and the cor-
responding hepatic artery and was classified as hemihepa-
tectomy (resection of half of the liver), extended
hemihepatectomy (hemihepatectomy plus removal of >1
additional contiguous segment), sectionectomy (resection
of 2 Couinaud subsegments®'), or segmentectomy (resec-
tion of 1 Couinaud subsegment). All of the nonanatomic
procedures were classified as limited resection. One senior
pathologist reviewed each specimen for histologic confir-
mation of the diagnosis. The width of the surgical margin
was measured as the distance from the tumor edge to the
line of resection. Perioperative and postoperative complica-
tions and deaths were recorded.

Statistical analysis

Continuous variables are presented as mean * SD.
Differences between 2 groups were assessed using %2 tests
or Mann-Whitney U tests, as appropriate. The level of sig-
nificance was set at P < .05. All statistical analyses were
performed using SPSS for Windows version 11.0J (SPSS,
Inc, Chicago, IL).

Results

The study included 51 patients (36 men, 15 women;
mean age, 69.7 years). In a preliminary study, we examined
the changes in PBF with exercise. PBF during exercise at
the AT showed no significant changes from before (PBF
rate, 24.3 + 6.6 cm/s; PBF volume, 606 * 168 mL/min) to
immediately after exercise (PBF rate, 21.5 * 4.1 cm/s; PBF
volume, 579 * 126 mL/min) or 1 hour after exercise (PBF
rate, 23.6 = 4.3 cm/s; PBF volume, 667 = 80 mL/min) in
healthy volunteers. However, PBF was significantly
decreased on completion of exercise at one-third of the
respiratory compensation point (PBF rates before, imme-
diately after, and 1 hour after exercise, 24.0 = 6.2, 149 =
3.8, and 23.1 = 3.4 cm/s, respectively; before vs immedi-
ately after, P = .0472, immediately after vs 1 hour after,

= .0451; PBF volumes before, immediately, and 1 hour
after exercise, 588 *= 210, 386 = 155, and 702 =
230 mL/min, respectively; before vs immediately after,
P = .0105, immediately after vs 1 hour after, P = .0443).

In patients with HCC with hepatic impairment exercis-
ing at the AT, portal flow showed no significant changes
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(PBF rates before, immediately after, and 1 hour after
exercise, 18.0 = 4.7, 172 + 3.6, and 18.3 = 3.4 cm/s,
respectively; PBF volumes before, immediately after, and
1 hour after exercise; 495 = 290, 437 = 139, and 504 =+
156 mL/min, respectively). Therefore, we concluded that
exercise at the AT was safe for patients with HCC with
hepatic impairment.

Preoperative characteristics

Table 1 summarizes the preoperative characteristics of
the 2 groups of patients. There were no differences between
the 2 groups with respect to age, gender, hepatitis virus sta-
tus, Child-Pugh class, preoperative liver function (serum al-
bumin, total bilirubin, cholinesterase, prothrombin time,
platelet count, alanine aminotransferase, indocyanine green
retention rate at 15 minutes, and 99““Tc-diethylenetriamine
penta-acetic acid-galactosyl human serum albumin Rmax),
a-fetoprotein, protein induced by vitamin K absence/
antagonism-II, and esophageal and/or gastric varices.

Perioperative parameters and pathologic
findings

As shown in Table 2, the operating time, blood loss,
blood transfusion, surgical procedures, postoperative com-
plications, and hospital death rate did not differ signifi-
cantly between the 2 groups. The postoperative hospital
stay of the exercise group was shorter than that of the
diet group, but not significantly. The pathologic findings
of the 2 groups are also listed in Table 2. There were no dif-
ferences between them with respect to tumor size, number
of tumors, histology, microscopic capsule formation,

microscopic vascular invasion, microscopic surgical margin
<5 mm from the tumor border, associated liver diseases,
and tumor-node-metastasis stage.

Physical and biochemical parameters

Whole body mass and body and fat mass at the waist
were significantly decreased in the exercise group com-
pared with the diet group after 6 months (Table 3). No dif-
ferences were detected between the 2 groups with respect to
the serum levels of protein (albumin and rapid turnover pro-
teins) and lipids (triglycerides, total cholesterol, and low-
density lipoprotein cholesterol) at 6 months postoperatively
(data not shown). As an indicator of insulin resistance, fast-
ing insulin, glucose, and HOMA-IR levels were measured
before and after treatment (Fig. 3). In the exercise group,
fasting serum insulin and HOMA-IR both showed signifi-
cant decreases at 3 and 6 months postoperatively compared
with the diet group. There were no differences between lim-
ited and anatomic resection on glucose, insulin, and
HOMA-IR outcomes.

Comparison between standard and high-frequency
exercise subgroups

Some patients failed to continue to exercise in the long
term for various reasons (tumor recurrence, financial rea-
sons, exacerbation of other diseases, etc). The changes in
AT Vo, and peak Vo, after 6 months were significantly
greater in the high-frequency exercise group than in the
standard group (Table 4). The decreases in whole body
mass and whole body fat mass were significantly greater
in the high-frequency group. There were no significant

Table 1 Preoperatwe charactenstms of the 2 groups of patlents w1th HCC

Variable

 Diet group n= 26)

Exercise group (n = 25)

Age (y)

i Men/women .
?j’,'HBV/HCV/NBC S
- Child-Pugh class (A/B) ,
| ‘,D1abetes melhtus (yes/no

: hepatms orcy‘w\ru‘s‘,‘,PI\,/KA-‘, J

protem mduced by v1tamm K absence/antagomsm-II :

ocyamne green retent]on rate at 15 T
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Table 2 Operatlve and postoperatwe charactens‘acs of the 2 groups of pa’nents w1th HCC L S
o . ‘ ‘ ~ Dietgroup (n = 26) Exercise group (n =25) . P

Surgical procedure (l1rn1ted/anatom1c) 16/10. %A1 e 6879
Operating time (min) ~ 326 % 15 . 338*152 7404
Operative blood loss (mL) 986 *1,129 1219+ 1767 5811
Blood. transfuswn (yes/no) : ,3/23 e 421 b . 6435
: . 410*229 553F533 o0 .2230
Number of tumors. ; ' 14270 14065
Histolog (good/moderate/poor) - 6/18/2 '

pic 'capsule forma’non (yes/no) . '2:1/;5‘
‘M1crosco‘p1c vascular invasion {yes/no) - 14/12
Microscapic surg1cal margin (yes/no) o ;:2/24
Associated liver disease (normal/ﬁbros1s or hepat1t15/c1rrhos1s) o 3/14/9

Tumor stage (I or II/III or IV)
Morbldxty (yes/no) ~

Mortality (ves/no). ,
Postoperative hospital stay (d)

, '21/5 ,
- 3/23
- 0/26

'137+4o

175+113f47"*“

Data are expressed as mean + SD or as num,ers of patlents

changes in whole body fat-free mass (“muscle mass”) in
either group. Laboratory tests revealed that the platelet
count at 6 months was significantly higher in the high-
frequency group than in the standard group. Both fasting
serum insulin and HOMA-IR showed significant decreases
in the high-frequency group compared with the standard
group. The branched-chain amino acid/tyrosine ratio was
also significantly increased in the high-frequency group.

Comments

Rest has traditionally been considered essential for
patients with chronic liver disease, because hard exercise
causes a decrease in hepatic blood flow. However, attention
has recently been paid to the negative effect of reduced
muscle mass due to lack of exercise in patients with chronic

liver disease.* In fact, when patients with liver disease per-
formed exercise, there was no clinically important deterio-
ration in hepatic function, and a slight improvement was
actually observed.*>** It is known that physical activity re-
duces the risk for breast cancer and colon cancer and may
also reduce the risk for several other types of cancer.>>?
Regular exercise plays an important role in helping main-
tain a healthy body weight, while excess weight increases
the circulating levels of estrogens, androgens, and insulin,
all of which are associated with cell proliferation and tumor
growth.*® Physical activity may reduce the risk for cancer
by decreasing circulating levels of insulin and insulin-like
growth factors and by improving energy metabolism. Phys-
ical activity also helps prevent the occurrence of type 2
diabetes, which is associated with an increased risk for can-
cer of the colon, pancreatic cancer, and possibly other
tumors.*~*

Table 3 Phys1olog1c parameters “of the > groups of pahents mth HCC

100 17

6009
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Figure 3  Effect of exercise on insulin resistance in patients with
HCC with hepatic impairment. (A) Serum free insulin, (B) serum
glucose, and (C) HOMA-IR in the diet group (white bars) and the
exercise group (black bars). POD = postoperative day; POM =
postoperative month.

However, there have been few reports about the effects
of long-term exercise, and there have been no studies of
perioperative exercise in patients with chronic hepatitis or
cirrhosis undergoing hepatectomy for HCC. In the present
study, exercise was started at approximately 1 month pre-
operatively, resumed approximately 1 week after surgery,
and continued for 6 months at an intensity based on the AT
of each patient. Each patient performed >3 60-minute
exercise sessions weekly (mainly on a bicycle ergometer
during hospitalization and by walking after discharge), and
also received dietary guidance at 1, 3, and 6 months.
Exercises mainly targeted the lower body, while upper-
body muscle training was started from 2 months postoper-
atively to avoid wound pain. We hypothesized that exercise
at the AT would reduce visceral fat and prevent loss of
muscle mass. We found that the whole body mass and the
fat mass at the waist both decreased significantly in the
exercise group, while the skeletal muscle mass showed
little change in either group (Table 3). No significant differ-
ences were detected between the 2 groups with respect to
laboratory data such as lipids or rapid turnover proteins.
None of the patients showed an increase of transaminases
with exercise, and there were no clinical problems in the
patients who performed exercise >3 times a week. At
3 and 6 months postoperatively, both serum insulin and
the insulin resistance index showed significant improve-
ment in the exercise group (Fig. 3).

It was recently reported that hepatic impairment, partic-
ularly cirrhosis, leads to secondary insulin resistance and
hyperinsulinemia, which can then promote carcinogenesis.
Management of insulin resistance is thus a critical issue for
patients with chronic liver disease both to protect liver
function and to prevent hepatocarcinogenesis. Alterations
in glucose metabolism also affect fat metabolism, which
may result in the excess production of lipid peroxide and
reactive oxygen species,45 46 which in turn damages hepato-
cytes,'” leading to possible development of HCC.*® How-
ever, it is difficult to manage insulin resistance associated
with chronic liver disease because restriction of calorie
intake conflicts with the need to overcome malnutrition
arising from hepatocellular damage. A reduction in body
weight with exercise has been reported to be advantageous
in obese patients with chronic liver disease.>® The present
study had a short postoperative observation period, so no
differences in the recurrence of HCC or of mortality were
detected between the 2 groups (data not shown), but longer
follow-up is necessary to confirm this finding.

When we divided the exercise group into standard and
high-frequency subgroups on the basis of the weekly num-
ber of exercise sessions, AT Vo, and peak Vo, were signif-
icantly higher in the high-frequency group after 6 months. In
addition, whole body mass and fat mass were significantly
lower in the high-frequency group compared with the stan-
dard group at 6 months. Furthermore, the platelet count and
branched-chain amino acid/tyrosine ratio were increased
and the serum insulin/insulin resistance index ratio was sig-
nificantly improved in the high-frequency group.
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Table 4 Companson of ercrse tests DEXA parameters and laboratory data between the standard and hrghcfrequency exercrse
subgroups : G : ; : .
Variable : Standard (n = 11) Hrgh frequency (n = 14) P
Exercise. parameters L . - e

AT Vo, at 6 mo (% of baselme) , 102 % 14 £ 115 + 18 o . .0379*
 Peak Vo, at 6 mo (% of baselme) 10312 8 xa1 .0015*
DEXA parameters o =
Whole body mass at 6 mo (% of baselme) 97 x4 936 o .0314%
Whole body fat mass at 6 mo (% of baselme) 9816 80 +15 0 ~ .0075%
~ Whole body fat-free mass at 6 mo (% of baselme) 98+ 6 L 103+5 . 0628
Laboratory data , v e e
M@)o . .
e 3797 50 398+ 37
Post F o 409+ 38 . 413% 31
Platelet count (><10’*/p,L) L L
Pre 188+ 108
11325

56"‘22
35"‘33

01+ 435
10746

o m1+16
101 % 20

243102
_ an-GE

w102
474 % 114
- R
10226

- 4.78 +1.02

45 + 37
85i 58
58+28
LotrEas
102+ 10

259 +2.21
1.47 * .68
46258
 Gaxe
80+l
" 87: 13

543 L 00

592 + 220""

One limitation of the present study was the selection of
patients. The patients taking part in the study were less sick
than many patients who might undergo this protocol, and
patients with more advanced disease may not respond as
well.

In conclusion, perioperative and postoperative exercise
for patients with HCC with hepatic impairment led to
weight loss (because of a decrease in fat mass) and
improvement in insulin resistance but had no effect on
skeletal muscle mass. Maintenance of postoperative phys-
ical strength and earlier resumption of daily activities
could be possible by intensifying perioperative and post-
operative exercise. We recommended that patients continue
to exercise for 6 months after surgery. However, because
some failed to continue to exercise long term for various

reasons, patients should be followed up carefully after
hepatectomy and encouraged to perform continuous long-
term exercise.
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amide, 5-fluorouracil, doxorubicin, paclitaxel, carboplatin, methotrexate
D B\ EE ORAE TRA STV S AER-E L b Dty R
EOFREEHTRETH Y, BHrLOFEFIL6 » 5, 24D
LTI LEHTHE Y. FMEHNACHMENERREL ) 5M—
WHRETH D, BARYRTHETH > P& I TFROUEIIFTES. L
BRI RERD R, BERFROAS LB 52 L bEBTHY, i
IRTER 2 A8 20% &, FRBHCEEC FATIETH 2 HaH S 1.

3 #£2{LPSEE (undifferentiated sarcoma, embryonal sarcoma)
FRERIL6~ 0B THEIRANTORE S RREND, HEEE L.
HOWE L EEINRIERTH S LA, EAGERIEETHL 2 &4
W, ERETIE T 3 ANEC G, B, BRBREBLS. Lib Y,
o35, FERER(LERES BT LIFIRGT 72 2 BloF AR
IMThHY, FUREM2HIO2AM &) RFChHo7z L HELTNE,

4. FBEHEE (leiomyosarcoma)

50 RIS LI R . SRS SO TRFERE EL 0
. BEEXRBRIESE LTI SN, 2070 ERPEERD % T
WS EHH D, TEGEL OBBEOENELHT L L FERTER VY, BAER
PR 2 L CEMIE T 5. F MR RSN OBIERERED S O
BUFEHAEL OENLET 5. BERLENBERTH 2 P BEERNRRO
WLhs, ERII6~10BTHIERANTORE bHESNE. BIE,
hivathirthan & 2 12 BR M TR AMEIC BT 5 HERBI % &0 - R TER
IR 2 H/ELTWD. BHEISALE2H CFHEL1H) THY, BH
HERNR o {E 61 58 (12 ~ 86 %) Th o7z, AR EIFYIE 22 B, FERHE 3 61,
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10) ZHER, B i UF IBERERERE (8
2B0] WS (F) Fllas DStok
MEH FmERE “BREE HIT M-
JRIERAEMRRE 7 pp283-286, 2010

11) Li XW, Gong SJ, Song WH et al :
Undifferentiated liver embryonal sarcoma
in adults : a report of four cases and
literature review. World ] Gastroenterol
16 : 4725-4732, 2010

12) Shivathirthan N, Kita J, Iso Y et al :
Primary hepatic leiomyosarcoma : Case
report and literature review. World J
Gastrointest Oncol 3 : 148152, 2011
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b¥EBE2 Bl BERE 1P, TRELF6HATHo L WRICHLTRERE
HEHRRC 200 EHEShTHY, MEBIFFCBLL, IBREEED
ERFEHRS B RHMBRVEETH Y, FELRTHDLEHLTVE.

FREOFEE L NEERESO 1% T, 20550 80%M LRFFETS
5. SRR CORENS V., HRESHEYEEREF T, FREFEEE
FATEM 20 ~ 30 Bl FFE L FE s h, T-AERIIEESER, TEEEEmha
THb. BE—I— AFPIBOTEEZRL, ZH, #7% BEROKS
BEHICHOEETH L. EEFRIEIBENE  CT - MRI TRBEEZ AT 53R
DR EMIARARHE sh, EETREAOBREOREEEZRDS. M@
ITENRE I FT AR & £ 72 ) FIIRM T® washout 580 SN WiEFI D H 5.
MEFL L CHEEME TR L ) ASCBERE D EVEVDRE. B
FERICIEE B0 L) REEERIROONLEEDSH 5. ER~OREE
A, ik E~ORBERLEULEELH S, HHEE TSI
BRYEETHY, TOBISHRECEHFHIEFLETHS. FHERHE DL ®L
BMELTBD, &APETIZ PRETEXT (Pre-Treatment Extent of Disease)
X BHYGESER SR TWA, BEHNE, —BICRSSUR S E
BIOFREIBOTCRIFTH Y, Zo—8E LTHCRET 2EE CURTIER
CRTAHBEL TSN TS, &, Lautz 59 &, {L3EEEISKICHE
1T ENIHH 548 POSTTEXT I L < 12 IV @ 14 A0 /N BAFEIBRG % et
L7z, BWRERTRMEIIER Sy ATho 2. R 3EHIL 2 FIRIER
1B SREILTHREL o/, TEFBIEESRETHo - W AP IS A
(93%) BB LRITFUEREES, BASAEFEL Y EFRPRAE G
57 # ATh otz B4 /24 /5 FEFRITI3/91/88%, AV 71—
14 /2 4 /5 AR SRIE 93/91/75% & BIF THh o 72, Lautz b IiRLEFERIC
47 5 —FEBIIERE, b LRFEERERFBEL Lo T3 HEREET
B LTk, IR B X RN 72 RS0 1R O T O /1B B Ta S s
PBLETHDEHAL TS, FBHEEERIETS 20084 4 A & v EREE L
%0, —ROWBEZ B0, BLAEMRSENLo05 5. HAFRMEN
KR L 5 R FESSRE T3, 2009E 12 A T TITL8TbhTEY,
14, 3EB LS ERREFRITZNEN 6%, 81%, 0% L MESHT V5.
AR EIBRTT D &9 S OHIBTICIIE C ORBELE L T 505, —KNIFR
FRIZHN, BRBOVAF2-E LTOFBHEOTFHRRIARETH S0, IH
B OBAEMHZE~T VL 2TVBEEROFELFMT 52 L PSVET
H5b.
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13) Lautz TB, Ben-Ami T, Tantemsapya N
al : Successful nontransplant resection of
POST-TEXT IIT and IV hepatoblastoma’
Cancer 117 : 1976-1983, 2011

14) BAFBEMES | FEiEpaais.
BHE 45 : 621-632, 2010




A E T2 RIEERA 0% RXSREITH D, 10#HULETEHEIE
EEE LIENTVWS, TA My Y28 LROBEEST Y Fury
%ﬁ?%ﬂf‘) v A5u4 FORM, 1HBEERK (von Bierke) % III BFEE
FHRBBERECERETF L O TYS, FFHBRED BARERIIL
: WHARIANDEETH AN, TA by yeqgh L BORTETRY
%kbtat%%?ak FOREER 30~40 12k B L vbhTwE, ¥
m;{ﬂ%k%ﬁ*ﬂ“% EREETHICE N EHBHTH L . BRERIE
gmﬁ%ﬂ_ L BJEREAHIm, EEER BRER2ETHY, AEVHEALEEHE
%L%’éﬁ.éhé LRV BEREEH TEBEE TR~ E LI -327 5.

%ﬁ CT T, thin, WL L2 REL CTE~ERIUROSEH LBEErET 5.

fE CTTR, REBGTEERMREY KL THRVWIRREEEZEL, BEHGTE
%i)%uwiﬁmﬂlﬁi@i‘@‘ MRIG 3 i, B2 RBLTCEHEREE
%‘T B, ABFENICIIRESEOBELE L, MIREMICZ UL, sk

%)}?EW_EE?JL FIRBZ ROV, B EIFEL OEFELVE XD
5") BERREOFENPEELRENR L 2 5. REREEIVNSTIEERE
gﬁ%&& EDHTH LW, FEZLINAEBEIR. —BOCEEISKE {HEX
BB, BENRES, I OEEENL 50, ARWRO
itk % %. Mohammed 5 '© OEMESE TIFE 13 FlORE T, 4R
}%E@Fm:i&\nfﬁﬁ#ﬁ 1200, BERROBENEN 26, EXEES1FATH -

fo ARERIGEELMICES SO 106, EBEICHT 5 FHRERHZOF

B2 5 OBUmED 1, MBS X 5 IEEEA 1 flTh o7, BBHEIC X
DHIE S T 5 PR AFSIRERFE L7, S TIFIRICE
Tit, 8B (62%) ARHHWER (5PUAEDE, 3HKEEDR), 55 (33%)
PRSI T, SABEFH~OBITIZRd ok FHERNRER 270
B EEEFREIL S mm Th o 7. MEECRDOF, kAR bR
EiR4ECHor. BELY, FAHBEEI T 2 RARGIG L BT 5 IS
THYRREETHBESINIBRATHLLEEZOT TS, Fi
Bunchorntavakul & ' X PR BRIE & BEGS & AR % 425 L7z 60 B 56

Blacicdt, EEbrhdeE 36 8, 75% VSRR ERA OBEN D o 7. 18% 7
BiBIkE, 55% 2 8# (BMI>30ke/m®) Thoiz WIEBEER28%, £%

R%THo7. L, BEOSHE (85% vs 48% , p = 0.005) B L UTHES
% (67% vs 33% , p = 001), WHEET VT3 VM (p = 0007), BEHFNEGE
 (p=0006), #WH (p=0003), BME (p=0006), REREE (p
=003) LABRMEE ROz B 17 BICHFDR, 9B FBIRER,
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Mohammed AH, Francesco DF, Robert
DW et al : Laparoscopic liver resection for
hepatocellular adenoma. World | Gastro-
intest Surg 3 : 101-105, 2011

Bunchorntavakul C, Bahirwani R, Drazek
D et al : Clinical features and natural
history of hepatocellular adenomas : the
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8 BUCIFIR B L UERMT 21T o 7. REOTEUBROSSIIENEL TEE
IR (8% vs 69% . p = 0.004) Tholz. FMEHTHEABETD 264
ZBWTEEY A/ ABKEHEFICHERILE D o72(33% vs 0%, p = 0.05).
BEXY, BdFapiss cfgicfooh, IEERELTwAR
BRE B CEEHEAIEN L BEFS 2 L HEL T 5.

FIEEI | BOMBEREICEDNMER, SR D, BtEE T g
NTws, FEEEEOTTCREIEEFS V. REAXHIIE, HFEFR
230 ~508 BEMIEL, EBRICRETL. ZLREERTHLIVES
FREVFAERBCRAENEECEMEELZ ERE T LFHICH 5.
MARBDR 74 7)) —F v RIBEODREBEEEZ b0
Kasabach-Merritt FEfREE L wWhit, FOEINEHITH L. HEEWITIZ
FERICHIR L7222 BomE O ElE L REROTREEI» S 2 Y, AIRES
BREED L3 H 5. EERETIZ CT ERH ORI bolus BHEI &
DIEREEL, SRR SR, BEORBE L BICHTE TRESNR D OIEHY
Thbs TMRIOT2HEAEGECHLPZEEFT L LTHEB SN, 00
BHTHY, FFY=T A (Gd) -DTPA #EH¥ MRI Ti T1 B GE THBRLH
BORLHBIEEBLTWSEENN S -V EETE FURKTOESI
Kasabach-Merritt SEfEREAHE, WEOTREFSIERNEELR L TH 575,
I L BERENHIMA 5 ~20% 1A 5 N5 EHATEREIhTWz2s, £
BB THAbDLELZSNTET WA, Choi 5 &, 8HIOEKRIFM
FEICHTAHUREHREL T 5. B 16, &M 7 6, FH4EH 485 % (33
~58%%) THY, EFIIMEME625%, M ERIE k4N 375 %, Kasabach-
Merritt SERBEEGF 25%, MAENET A AWRIS25% ThH otz ZH-I5%, T
BTN TH YD, BEFEPERMEIZI45em (7~29cm) Tho7Zz. FHFE
2B W TP LT Glissonean pedicle transaction method (GPTM) &
liver hangin maneuver (LHM) % BV CEEEHREIH L Y AL > +
0 — V&7V, £ 7z total vascular exclusion (TVE) O ¥fE% 1T 72 W
AHHED L UTRTIEED T, WML 375% & RIF R FWBE TH o 7. F4M
I8 DASCREEIZ 2V, FFIBREHM T v P o - A EEICEEERE R
HFlEREICK LT GPTM, LHM, TVE &AM 2MALTWw3, &:f, =
RONDFEAN 2 BLEOERFMEE I LT, a8y FEM I LAY
BT % AT P YL 300 mL IZ THT o 72 & § B EFIAHME ST B ¥

RBHHEEBEE (FNID) ZIEBICKRNT2HFE LSV EEOFEE T,
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18) Choi ], Lee Y], Hwang DW et al : Surgi
treatment of giant hepatic hemangiom:
technical point of view. Am Surg 77
54, 2011 :

19) Giulianotti PC, Addeo P, Bianco FM : Robo
right hepatectomy for giant hemangioma
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1z Edmondson {2 & o THH THE SNz, WHO 2 X 2 FEE O
pEC, BRE, ERWIEERIE XL LS CEBRMRECHES
&Y (neoplasm) &5 XU, BIRFESCMALR EOKTT 2K
1B bOREE LRBIEO M 2 I o RS BB
3o TA. AOMEEOKMICE L, BRI Scm MTOESR, FRE
FRIENEL, BEARBAN%THS. SHEOEEES, F
CEAUEITE L OB L, FESEAIOEE LS  ENDHRE
LB B, BMATAIEREVND, EEBN TR, EEILEER
CANEEICAPNT, PROBEIROBHEIL (central scar) VBT
=0 central scar  RMEF B Y F V4 KRB REBEERE CT,
[ % b I EFFBIRIE R T OBHIR DR & HUHIR O AR BHIR DFEAE (spoke-
ol sign) PEHBWIET L VHRTY 5, FREAERIIE FNH IH B
entral scar b EBIT LRI LABD HNF, FREH LS\, FNH
EHKITED TR TH D, BIROTREDL % <, HEBNA T IZoH
SEORSICR DI LIRS B, SBHERIR GBI RE R B I E X
WHZEHNE V. BT DH LA FNH OBZICHE S BN BmAHE XN
D, BESAE L, FEREICRBEST S & ZLEZE$ET S, Dardenne 5 2
e B TEBEIL 47 Bl FRSIIRH 13 B1iCAT o 72, FAPERS X HEIR 3
23%), WEHBHAE2A (15%), WHBWHEES A (62%) Thore
BEFGEBEEE 1A, FHEIA BEEFEYIIEBEEH 52 mm,
B mm Th o7 WHBHOESZHEBRBER 0 A (85%), FH
E2A (15%) THY (p<000001), REBESEEHUHEE L CRBHE
R 2T A (57%), MBS A (28%) Thote EE S XFHIGTH
NS ESROEE 26, BREEEECI2»Db o PHBES, Exe
MERAD 2 WER D FRBE A R LT 5.
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