Sarcopenia as a predictor of prognosis in patients following
hepatectomy for hepatocellular carcinoma
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Background: Sarcopenia was identified recently as a poor prognostic factor in patients with cancer. The
present study investigated the effect of sarcopenia on short- and long-term outcomes following partial
hepatectomy for hepatocellular carcinoma (HCC), and aimed to identify prognostic factors.

Methods: Data were collected retrospectively for all consecutive patients who underwent hepatectomy
for HCC with curative intent between January 2004 and December 2009. Patients were assigned to one
of two groups according to the presence or absence of sarcopenia, assessed by computed tomographic
measurement of muscle mass at the level of the third lumbar vertebra. Clinicopathological, surgical
outcome and long-term survival data were analysed.

Results: Sarcopenia was present in 75 (40-3 per cent) of 186 patients, and was significantly correlated
with female sex, lower body mass index and liver dysfunction, as indicated by abnormal serum albumin
levels and indocyanine green retention test at 15 min values. In patients with, and without sarcopenia,
the 5-year overall survival rate was 71 and 83-7 per cent respectively, and the 5-year recurrence-free
survival rate was 13 and 33-2 per cent respectively. Multivariable analysis revealed that reduced skeletal
muscle mass was predictive of an unfavourable prognosis.

Conclusion: Sarcopenia was predictive of worse overall survival even when adjusted for other known
predictors in patients with HCC after partial hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world!?. As a consequence of
advances in the diagnosis and management of HCC, major
improvements in overall and disease-free survival rates
for HCC after partial hepatectomy have been achieved.
However, even when curative resection is performed, a
considerable number of patients develop intrahepatic or
extrahepatic recurrence®*. The prognostic assessment of
patients with HCC after hepatic resection and recurrence
is an important clinical issue in this population’~’. Both
tumour- and host-related factors are related to clinical
outcome, and general condition and liver function are
important in this context. Unfortunately, it is difficult
to evaluate the general condition of patients excluding
liver function before hepatectomy. Conventional methods,
such as the Child-Pugh classification, have been used
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initially to determine the severity of cirrhosis and to
select patients who might tolerate hepatic resection.
However, these methods do notreflect the patient’s general
condition. The American Society of Anesthesiologists
(ASA) grade was reported to predict the prognosis of HCC
after hepatectomy®, but this classification is not always
objective.

Recently, loss of skeletal muscle mass, termed sar-
copenia, was identified as a poor prognostic factor for
patients with pancreatic cancer, colorectal liver metastases,
melanoma, liver cirrhosis and liver transplantation’~!%,
Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal muscle mass and strength,
with a risk of adverse outcomes such as physical disability,
poor quality of life and death!>1®. To date, there have
been no reports on the relationship between sarcopenia
and the prognosis of patients with HCC following hepatic
resection.
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A retrospective study was performed at the authors’
institution to investigate the outcome of patients with
sarcopenia who underwent hepatic resection for HCC.
The outcome of these patients was compared with that of
patients without sarcopenia undergoing hepatic resection
during the same period.

Methods

All patients who underwent hepatic resection with
curative intent as the initial treatment in the Department
of Surgery II, Kyushu University Hospital, between
January 2004 and December 2009 were enrolled in
the study. Curative resection was defined as complete
macroscopic removal of the tumour. All patients had
preoperative computed tomography (CT). A transverse
CT image at the third lumbar vertebra (L3) in the
inferior direction was assessed from each scan. Skeletal
muscle was identified and quantified by Hounsfield unit
(HU) thresholds of —29 to +150 (water is defined as
O0HU, air as 1000 HU). Multiple muscles were quantified,
including the psoas, erector spinae, quadratus lumborum,
transversus abdominis, external and internal oblique
abdominal muscle, and rectus abdominis muscle (Fig. I).
CT measurements were calibrated with water and air
at fixed intervals. Cross-sectional areas (cm?) of skeletal
muscles in the L3 region were measured by manual
outlining on the CT images, and checked by the radiologist.
The cross-sectional areas were then normalized for
height (cm?/m?).

Cut-off values for skeletal muscle associated with overall
survival were defined as 43-75cm?/m? for men and
41-10 cm?/m? for women!?. Based on this cut-off, patients
were assigned to one of two groups, depending on the
presence or absence of sarcopenia. The clinicopathological

Fig. 1 Computed tomogram showing the area of skeletal muscle
mass in the L3 region (highlighted yellow)
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background and rates of overall and recurrence-free
survival were compared between the two groups.

The prognostic factors were examined with respect
to overall and recurrence-free survival on the basis of
the following variables: sarcopenia (absence versus pres-
ence); skeletal muscle mass; age; sex (male versus female);
body mass index (BMI); hepatitis B surface antigen (pos-
itive versus negative), hepatitis C virus antibody (posi-
tive versus negative); serum albumin level; serum total
bilirubin level; serum aspartate aminotransferase level;
platelet number; indocyanine green retention test at
15 min ICGR15); Child—Pugh grade (A versus B); Model
for End-Stage Liver Disease (MELD) score; histologi-
cal liver cirrhosis (normal liver 4+ chronic hepatitis versus
liver fibrosis and liver cirrhosis); tumour size; tumour
number (solitary versus multiple); tumour node metasta-
sis (INM) stage according to the Liver Cancer Study
Group of Japan'? (I+1I versus II1+1V); tumour dif-
ferentiation (well differentiated + moderately differenti-
ated versus poorly differentiated); microvascular invasion
(MVI) (absence versus presence); intrahepatic metastases
(absence versus presence); serum a-fetoprotein level (AFP);
des-y-carboxyprothrombin (DCP) level; operative proce-
dure (anatomical versus non-anatomical resection); dura-
tion of surgery; estimated blood loss; and postoperative
complications (absence versus presence). Patients with
diabetes were defined as those using an oral hypogly-
caemic agent or insulin. The MELD score was calculated
in accordance with a previous report!®. Postoperative
complications within 1 month after partial hepatectomy
included liver failure, encephalopathy, gastrointestinal
bleeding, intraperitoneal abscess, abdominal haemorrhage,
bile leakage, pleural effusion, intractable ascites and wound
infection. Complications were classified according to
Clavien-Dindo!?; grade III complications (those requir-
ing surgical intervention) were considered to indicate the
presence of a postoperative complication.

Surgical procedures

Details of surgical techniques and patient selection criteria
have been reported previously’. Selection criteria for
hepatic resection were: ascites not detected, or controllable
by diuretics; serum total bilirubin level lower than
2.0mg/ml; and ICGR15 value below 40 per cent. The
surgical approach included a J-shaped incision for routine
abdominal access, hepatic dissection using an ultrasonic
dissector with a coagulator (CUSA EXcel®; Integra,
Plainsboro, New Jersey, USA), with systematic ligation
of all sizable vessels, and close ultrasonographic guidance
along the transection line. Cholecystectomy was performed
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in all patients if applicable. An intraoperative bile leak
test was performed routinely?®. Small bile leaks on the
cut liver surface were repaired by Z-suturing with 6-
0 polydioxanone (PDSII; Johnson and Johnson, Tokyo,
Japan). Intraoperative vascular control was achieved with

the Pringle manoeuvre?!,

Follow-up strategy and recurrence pattern

After discharge, all patients were examined monthly for
recurrence by ultrasonography and estimation of tumour
markers, such as AFP and DCP, and by CT every 6 months.
When recurrence was suspected, additional examinations
such as hepatic angiography were performed. Recurrent
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HCC was treated by repeat hepatectomy, ablation therapy
and lipiodolization, as described previously??.

Histological assessment

All resected specimens were cut into serial 5—10-mm thick
slices and fixed in 10 per cent formalin. After macroscopic
examination, the slice with the greatest dimensions was
trimmed for embedding in paraffin and cut into 4-pm
microscopic sections. The sections were stained with
haematoxylin and eosin. Tumour differentiation, MVI,
intrahepatic metastases and histological liver cirrhosis were
assessed by the pathologist in accordance with the rules of
the Liver Cancer Study Group of Japan'’.

Table 1 Clinicopathological factors in patients with, and without sarcopenia

Sarcopenia (n =75)

Age (years) 67(11)
Sex ratio (M: F) 50:25
Skeletal muscle mass (cm2/m2) 37-8(3-7)
Body mass index (kg/m2) 20-5(2-4)
Diabetes mellitus 22 (29)
Albumin (g/dI) 3.8(0-4)
Total bilirubin (mg/dl) 0-9(0-4)
Platelet count (x 104/ul) 15.5(7-5)
ICGR15 (%) 15.7(8-2)
Child-Pugh grade

A 68 (91)

B 709
MELD score 7-7(21)
Hepatitis grade

None 11 (15)

Mild 55 (73)

Severe 9(12)
Liver cirrhosis

Normal liver + chronic hepatitis 32 (43)

Liver fibrosis + liver cirrhosis 43 (57)
Tumour size (cm) 4.0(3-2)
No. of tumours

Solitary 52 (69)

Multiple 23 (31)
TNM stage

| 11 (15)

] 38 (51)

1] 20 (27)

\" 6(8)
Differentiation of HCC

Well 9(12)

Moderate 50 (67)

Poor 16 (21)
Microvascular invasion 24 (32)
Intrahepatic metastases 12 (16)
a-Fetoprotein level (ng/ml) 3459(18 300)
DCP (munits/I) 4318(13627)
Postoperative complications 24 (32)

No sarcopenia (n=111) Pt
66(10) 0-553
95:16 0-004:%

49.7(6-5) <0-001
24.0(2-8) <0.-001
35 (31-6) 0-999:%
4.0(0-4) 0-002
0-8(0-3) 0-096
16-3(6-2) 0.454
13.6(6-2) 0-049
0-190:%
107 (96-4)
4 (3-6)
7-9(1-8) 0-591
0-652%
13 (11.7)
80 (72-1)
18 (16-2)
0-290:%
55 (49-5)
56 (50-5)
3:9(2-8) 0770
0-171%
88 (79-3)
23 (20-7)
0-967%
18 (16-2)
57 (51-4)
29 (26-1)
7 (6-3)
0-690:%
10 (9-0)
77 (69-4)
24 (21-6)
37 (33-3) 0-890:%
18 (16-2) 0-978%
12250(70470) 0297
2942(12 499) 0-480
56 (50-5) 0-613%

Values are mean(s.d.) unless indicated otherwise: *values in parentheses are percentages. ICGR15, indocyanine green dye retention test at 15 min;
MELD, Model for End-Stage Liver Disease; TNM, tumour node metastasis (stage defined by the Liver Cancer Study Group of Japan); HCC,
hepatocellular carcinoma; DCP, des-y-carboxyprothrombin. tMann—Whitney U test, except £Fisher’s exact test or x? test.
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Statistical analysis

Associations of continuous and categorical variables with
relevant outcome variables were assessed using the
Mann-Whitney U test and Fisher’s exact test respectively.
The variable skeletal muscle was not « priori categorized
into a binary variable (sarcopenia present or not), because
categorizing a continuous predictor would result in an
inevitable loss of information. Instead, the multivariable
fractional polynomial (MFP) approach was adopted. In
the polynomial fractional model, for each continuous
variable X, one or two terms of the form X? were fitted
with powers, p, chosen from (-2, —1, —0-5, 0, 0-5, 1, 2
and 3). The results of the MFP analysis revealed that the
most appropriate power for skeletal muscle mass in the
MFP model was given in the formof X (that is, p=1),
allowing expression of a final multivariable model in terms
of the usual Cox regression model. Therefore, the results
of the usual Cox model are reported here, giving the
results of the log rank tests for the association between
the presence of sarcopenia (as defined by dichotomizing
skeletal muscle mass) and overall or disease-free survival?3.
To identify prognostic factors after hepatectomy, all
variables were included in the overall multivariable Cox
proportional model in the analyses of both overall and
recurrence-free survival using the backward selection
method. The overall and recurrence-free survival curves
were analysed by the Kaplan-Meier method and compared
with the log rank test. All analyses were performed
with StatView® 5.0 software (Abacus Concepts, Berkeley,
California, USA). P <0-050 was considered statistically
significant.

Results

In total, 186 patients with HCC were identified from
the database, of whom 75 (40-3 per cent; 50 men
and 25 women) had sarcopenia. Clinicopathological
characteristics of patients with and without sarcopenia
are shown in Tuble . Women were more likely to have
sarcopenia than men. Padents with sarcopenia had a
significantly lower BMI than those without. Regarding
liver function, serum albumin levels were significantly
lower and ICGRI15 values were significantly higher in
patients with sarcopenia than in those without. Other
host-related factors such as age, hepatitis, diabetes mellitus,
Child-Pugh grade, MELD score and liver cirrhosis were
not related to the presence of sarcopenia. There were no
significant differences in tumour-related factors or surgical
outcomes between the two groups. Operative details are
shown in Tuble S1 (supporting information).
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Fig. 2 a Overall and b recurrence-free survival curves after liver
resection in patients with, and without sarcopenia. a P=0-001,
b P=0-013 (log rank test)

Overall and recurrence-free survival curves for patients
with and without sarcopenia are shown in Fig. 2. Overall
and recurrence-free 5-year survival rates were 71 and 13
per cent respectively in patients with sarcopenia, and 83-7
and 33-2 per cent in patients without sarcopenia (Fig. 2).
Patients with sarcopenia had a significantly worse prognosis
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Table 2 Univariable and multivariable analysis of clinicopathological factors and overall survival following partial hepatectomy with
curative intent for hepatocellular carcinoma

Age

Female sex

Skeletal muscle mass
Body mass index
Albumin

ICGR15

MELD score

Liver fibrosis + cirrhosis
Tumour size

Multiple tumours

TNM stage Ill + 1V

Poor differentiation
Microvascular invasion
Intrahepatic metastases
a-Fetoprotein

DCP

Postoperative complications

Univariable analysis

Hazard ratio

1.02 (0.98, 1.07)
1.17 (0-42, 2.79)
0-92 (0-86, 0.97)
0-92 (0-81, 1.04)
0-47 (0-21, 1-14)
1.02 (0.97, 1.07)
1.08 (0-86, 1-25)
3.97 (1.50, 13.67)
1.10 (0-98, 1-22)
1.60 (065, 3-64)
1.62 (070, 3-62)
2.26 (0-98, 5-16)
2.39 (1.05, 5.41)
1.67 (055, 4-15)
1.00 (1-00, 1-00)
1.00 (1-00, 1-00)
2.76 (1.23, 6-28)

Multivariable analysis
P* Hazard ratio Py

0-323
0-746
0-004 0-90 (0-84, 0-96) 0-002
0-199
0-092
0-512
0-460
0-004
0-906
0-292
0-255
0-055 2.47 (1-05, 5-81) 0-021
0-038 321 (1-29, 7-94) 0-018
0-333
0-335
0-267
0-014 3.27 (1-39, 7-69) 0-007

Values in parentheses are 95 per cent confidence intervals. ICGR15, indocyanine green dye retention test at 15 min; MELD, Model for End-Stage Liver
Disease; TNM, tumour node metastasis; DCP, des-y-carboxyprothrombin. *Log rank test; 1Cox proportional model.

Table 3 Univariable and multivariable analysis of clinicopathological factors and recurrence-free survival following partial hepatectomy
with curative intent for hepatocellular carcinoma

Age

Female sex

Skeletal muscle mass
Body mass index
Albumin

ICGR15

MELD score

Liver fibrosis + cirrhosis
Tumour size

Multiple tumours

TNM stage Ill + 1V

Poor differentiation
Microvascular invasion
Intrahepatic metastases
a-Fetoprotein

DCP

Postoperative complications

Univariable analysis

Hazard ratio

1.01 (100, 1-04)
1.02 (0-63, 1-59)
0-98 (0-95, 1.00)
0-94 (0-88, 1.02)
0-49 (0-33, 0-75)
1.03 (1-01, 1-06)
1.03 (0.93, 1-12)
1.98 (1.32, 3.01)
1.00 (0-98, 1-11)
1.89 (122, 2.84)
2.44 (1.64, 3-61)
1.58 (1-04, 2-35)
2.39 (1.05, 5.41)
2.14 (1-30, 3-38)
1.00 (1-00, 1-00)
1.00 (100, 1-00)
111 (0-73, 1-67)

Multivariable analysis
P Hazard ratio P

0-139
0918
0.-049 0-97 (0-95, 1-00) 0-016
0.076
0-001
0.-048 1.02 (1-02, 1-07) 0-001
0.526
0-001
0-141
0-005
0-001 2.13(1-38, 3-29) 0-001
0-033
0-038
0-003 2.37 (1-38, 4-06) 0-018
0-001
0-006 1.00 (1-00, 1-00) 0-001
0-617

Values in parentheses are 95 per cent confidence intervals. ICGR15, indocyanine green dye retention test at 15 min; MELD, Model for End-Stage Liver
Disease; TNM, tumour node metastasis; DCP, des-y-carboxyprothrombin. *Log rank test; 1Cox proportional model.

than those without in terms of both overall (P =0-001) and
recurrence-free survival (P =0-013).

In univariable analysis, significant prognostic factors for
overall survival were low skeletal muscle mass, and presence
of liver cirrhosis, MVI and postoperative complications
(Table 2). Significant prognostic factors for recurrence-free
survival were lower skeletal muscle mass, serum albumin
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level, liver cirrhosis, tumour number, tumour stage, poorly
differentiated HCC, MVI, intrahepatic metastases, and
serum AFP and DCP levels (Table 3). Multivariable analysis
identified four poor prognostic factors (low skeletal muscle
mass, poorly differentiated HCC, MVI and postoperative
complications) that influenced overall survival, and five
poor prognostic factors (low skeletal muscle mass, high
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ICGRI15 value, high serum DCP level, presence of
intrahepatic metastases, and stage III+IV disease) that
influenced recurrence-free survival (Tables 2 and 3).

Discussion

The findings of this retrospective single-centre study
suggest that sarcopenia is an independent prognostic factor
for overall and recurrence-free survival in patients with
HCC following partial hepatectomy. The Child—Pugh
classification was the first systematic and conventional
approach used to determine the severity of cirrhosis
and select patients who might tolerate hepatic resection.
However, it is not always a reliable indicator of hepatic
reserve, and has a limited role in predicting postoperative
outcome?*. The MELD score is a reliable measure of
mortality risk in patients with end-stage liver disease
and is suitable for use as a disease severity index to
determine organ allocation priorities. No useful, objective,
easily obtained and precise marker has yet been identified
to evaluate the general condition of patients before
hepatectomy. The ASA grade gives an estimation of organ
disease and functional status, and has been suggested as
a useful prognostic factor for preoperative patients with
HCC?. However, it has been criticized for being subjective
and imprecise'.

Sarcopenia is defined as muscle mass two standard
deviations below the mean in healthy young adults®.
Although sarcopenia is associated with ageing, it can
also develop as a consequence of chronic disease and
malignancy. The European Working Group on Sarcopenia
in Older People!’ recommended using the presence of both
low muscle mass and low muscle function for the diagnosis
of sarcopenia. However, muscle function is difficult to
evaluate, and thus low muscle mass was investigated in
the present study. There was no correlation between
sarcopenia and age, but sarcopenia was significantly
correlated with liver dysfunction as indicated by abnormal
serum albumin levels and ICGR15 values, as well as
with reduced BMI values. There was no correlation
between sarcopenia and the Child—Pugh classification,
MELD score or liver cirrhosis. There are some reports
that serum albumin levels are decreased in patients with
sarcopenia’®, which could be an early warning sign of
subclinical conditions and impending disease and disability.
Montano-Loza and colleagues'? reported that, of patients
with cirrhosis, those with sarcopenia had a significantly
lower BMI than patients without sarcopenia. Liver cirrhosis
was observed in 50 per cent of patients in their study, in line
with the present findings. There is no report concerning
the relationship between ICGR15 values and sarcopenia.

© 2013 British Journal of Surgery Society Ltd
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In one study'?, skeletal muscle area was correlated with
MELD score, which would seem to contradict the present
findings; however, the mean MELD score was better in
the present study, perhaps explaining these findings.

CT is the standard procedure for quantifying skeletal
muscle mass, enabling objective and detailed nutritional
and metabolic assessment of patients. Moreover, CT is
always performed before hepatectomy, allowing precise
assessment of sarcopenia. There are some reports that
muscle mass as measured by CT is associated with the
prognosis of sarcopenia.

It has been suggested previously that surgical outcomes
are worse for obese patients’’; however, there are few
reports concerning the effect of being underweight on
patient outcomes following hepatectomy for HCC. In
this study, lower BMI was correlated with sarcopenia
but not with the prognosis. BMI was significantly lower
in sarcopenic patients, although only five patients were
considered to be underweight (BMI below 185 kg/m?).
Thus, sarcopenia is not present exclusively in underweight
patients.

The molecular mechanism of sarcopenia remains poorly
understood. Skeletal muscle was recently identified as an
endocrine organ®®. It has therefore been suggested that
cytokines and other peptides are produced, expressed and
released by muscle fibres. For example, interleukin (IL) 6
is released from skeletal muscle?®, which may subsequently
affect liver metabolism. Both the level and timing of
IL-6 release appear to be determining factors for the
biological effect in patients with liver fibrosis and HCC?®.
Furthermore, levels of insulin-like growth factor IGF) 1,
which plays a stimulatory role in the development and
regulation of skeletal muscle mass®®, are decreased in
patients with sarcopenia. In some reports, serum IGF-1
levels were significantly lower in patients with cirrhosis
than in healthy subjects, and were correlated with the
degree of liver dysfunction. Low serum IGF-1 levels were
significantly correlated with advanced clinicopathological
parameters, and indicative of poor overall survival in
HCC?. IGF-1 is produced mainly by the liver, and it
may be that serum IGF-1 levels are lower in patients
with sarcopenia and that low IGF-1 levels promote the
progression of HCC. Further study is needed to clarify the
molecular mechanism concerning muscle-liver cross-talk.

It is important to note that, among the significant
prognostic factors for overall survival, skeletal muscle
mass can be evaluated before hepatectomy. Similarly,
skeletal muscle mass, ICGR15, serum DCP level and stage
can be evaluated before hepatectomy to prognosticate
recurrence-free survival. The identification of patients
with sarcopenia before hepatectomy might permit early
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preventive strategies to maintain muscle mass, in order to
improve prognosis and patient selection for hepatectomy.
A recent study indicated that a late evening snack, as an
intervention to reduce the fasting phase in patients with
cirrhosis, has the potential to improve skeletal muscle
proteolysis®’.
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Supporting information
Additional supporting information may be found in the online version of this article:

Table S1 Operative details in patients with hepatocellular carcinoma with, and without sarcopenia (Word document)

Snapshot quiz 13/36

Answer: The computed tomography angiogram shows a large right popliteal aneurysm. The options for management
are: radiological stenting using a covered stent; and a bypass procedure to exclude the aneurysm. The patient
was managed with a bypass procedure from the superficial femoral artery to the below-knee popliteal artery using
reversed saphenous vein. The aneurysm was ligated proximally and distally. This aneurysm was deemed unsuitable for
radiological stenting owing to the tortuosity of the vessel. The right leg was swollen due to thrombosis of the popliteal
vein caused by the pressure effect from the popliteal aneurysm. As this was at least 6 weeks old, the patient did not
receive warfarin therapy.
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