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Abstract

Background and aims: The aims of our study were to elucidate the relationship between
baseline characteristics of hepatocellular carcinoma (HCC) patients complicating with liver cir-
rhosis (LC) and performance status (PS) and to investigate the impact of PS on survival in patients
with HCC complicating with LC.

Methods: In a total of 1003 patients diagnosed with HCC complicating with LC, we divided into
two groups of PS >1 (n=251) and PS 0 (n=752) as evaluated by using the Eastern Cooperative
Oncology Group criteria at the time of HCC diagnosis. Baseline characteristics between these two
groups were compared. We also performed univariate and multivariate analyses of factors con-
tributing to overall survival (OS).

Results: The median follow-up period was 1.6 years in the PS >1 group and 3.1 years in the PS O
group. The 1-, 3- and 5-year OS rates after each initial therapy for HCC were 90.3%, 67.4% and
49.8%, respectively, in the PS 0 group and 73.4%, 42.0% and 17.7%, respectively, in the PS >1 group
(P<0.001). A worse PS was significantly associated with age, gender, Child-Pugh classification, HCC
stage, Japan Integrated Staging score, initial treatment option for HCC, maximum tumor size,
alanine aminotransferase value, hypoalbuminemia, hyperbilirubinemia, renal insufficiency, hypo-
natremia, prothrombin time prolongation, platelet count and tumor marker level. In multivariate
analyses, poorer PS was an independent predictor linked to OS with a hazard ratio of 1.773
(P<0.001).

Conclusions: PS was closely associated with status of HCC patients with LC and could be an
important predictor for these populations.

Key words: Hepatocellular carcinoma, Liver cirrhosis, Performance status, Prognostic factor, Pro-
pensity score matching

Introduction

Hepatocellular carcinoma (HCC) is the most
common carcinoma worldwide. [1, 2] Treatment op-
tions for HCC vary depending on the liver function
and HCC stage, and these include liver transplanta-
tion, surgical resection (SR), percutaneous ablative

therapies (PATSs), transcatheter arterial chemotherapy
with or without embolization, systemic chemotherapy
with molecular-targeted therapy (MTT) such as so-
rafenib and radiation therapy (RT). [3-5] HCC also
carries a high risk of recurrence even when curative
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therapy was achieved at the initial therapy, with any
underlying liver disease and tumor characteristics
important predictors affecting the risk of HCC recur-
rence or survival. [1, 3, 4]

The performance status (PS) scale measures how
the daily living ability is affected by the underlying
disease. The PS scale recommended by the Eastern
Cooperative Oncology Group (ECOG) is widely used
by clinicians to assess the functional status in patients
with various cancers. [6] It also serves as an indicator
of cancer therapy and predictor of patient survival.
The PS scale is a major survival determinant in pa-
tients with HCC and is specifically included in the
Barcelona Clinic Liver Cancer (BCLC) staging system
as an essential parameter for treatment guidance for
HCC. [7, 8]

The most commonly identified complications in
patients with liver cirrhosis (LC) include ascites, he-
patic encephalopathy, esophageal varices, kidney
dysfunction, susceptibility for infections such as
spontaneous bacterial peritonitis, and development of
HCC. Furthermore, severe muscle wasting or sarco-
penia is one of the most common and frequently
hidden complications in patients with LC, which
negatively effect on survival and quality of life. All of
these complications may potentially lead to deterio-
ration of PS. [9, 10]

However, to our knowledge, there are few stud-
ies specifically evaluated the role of PS in patients
with HCC complicating with LC. [11-14] These stud-
ies have been reported from Asian country only.
Clinical factors linked to PS in patients with HCC
complicating with LC have not been fully determined
and also the prognostic significance of the PS has not
been systematically assessed in these populations.
The objectives of the present study were thus to elu-
cidate the relationship between characteristics of HCC
patients complicating with LC and PS and to investi-
gate the impact of PS on survival in patients with
HCC complicating with LC.

Patients and methods

Patients

A total of 1003 consecutive treatment-naive pa-
tients diagnosed with HCC complicating with LC
were admitted to the Department of Gastroenterology
and Hepatology, Osaka Red Cross Hospital, Japan,
between April 2005 and June 2014. LC was deter-
mined based on radiologic findings including typical
computed tomography (CT) or ultrasound findings,
laboratory parameters such as platelet count (less than
10 x10*/mm?3) and/or histological findings obtained
by surgical specimens or liver biopsy. We divided
these patients into two groups of PS >1 (n=251) and

PS 0 (n=752). PS was evaluated by using the ECOG
performance scale ranging from 0 (asymptomatic) to 4
(confined to bed). We compared the overall survival
(OS) rate between the PS >1 group and the PS 0 group.
Prior to therapy for HCC, written informed consent
for HCC therapy was obtained from all subjects. The
ethics committee of our department approved the
protocol for this study. The present study comprised a
retrospective analysis of patients’ medical records in
our database and all treatments were performed in an
open-label manner.

Diagnosis of HCC and HCC therapy

HCC was diagnosed based on the results from
abdominal ultrasound and dynamic CT scan (hyper-
attenuation during the arterial phase in the entire or
part of the tumor, and hypoattenuation in the por-
tal-venous phase) and/or magnetic resonance imag-
ing mainly as recommended by the American Asso-
ciation for the Study of Liver Diseases. [7] Arterial and
portal phase dynamic CT images were obtained ap-
proximately 30 seconds and 120 seconds after injec-
tion of contrast material. In our hospital, abdominal
angiography combined with CT (angio-CT) was rou-
tinely performed before therapy for HCC after ob-
taining informed consent from them for performing
abdominal angiography. This was performed based
on the fact that this technique was useful for detecting
small satellite nodules as reported by Yamasaki et al.
[15] Then, we confirmed HCC using CT during he-
patic arteriography (CTHA) and CT during arteri-
al-portography (CTAP). HCC stage was determined
by TNM staging system by the Liver Cancer Study
Group of Japan. [16] As for HCC therapy, the most
appropriate treatment modality such as SR, PATs,
transcatheter arterial therapy, MTT or RT for each
patient was selected through discussion with sur-
geons, hepatologists and radiologists considering
tumor status and liver function. [17, 18] Best sup-
portive care was provided when treatment efficacy
was considered limited or patients refused therapy for
HCC. In the present analysis, there was no patient
treated with liver transplantation.

Follow-up after initial therapy for HCC

Follow-up observation consisted of regularly
blood tests and monitoring of tumor markers, in-
cluding alpha-fetoprotein (AFP) and des-y-carboxy
prothrombin (DCP), which was measured using a
chemiluminescent enzyme immunoassay (Lumipulse
PIVKAII Eisai, Eisai, Tokyo, Japan). Dynamic CT scan
was performed every 3-4 months after initial therapy
for HCC. When HCC recurrence or disease progres-
sion was detected based on radiologic findings, most
appropriate therapy was performed in each patient.
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[18]

Statistical analysis

The primary end point is OS. Continuous varia-
bles were compared by unpaired ¢ test, and categori-
cal variables were compared by Fisher's exact test.
Data were analyzed using univariate and multivariate
analyses. To analyze the significance of prognostic
predictors, continuous variables were divided by the
median values (or close to them) and treated as di-
chotomous covariates. The cumulative OS rate was
calculated by Kaplan-Meier method and tested by
log-rank test. A Cox proportional hazard model was
used for multivariate analyses of factors with P value
<0.01 in univariate analyses. These statistical methods
were used to estimate the interval from each date of
diagnosis for HCC until the date of death or last fol-
low up date. Data were analyzed using SPSS software
(SPSS Inc., Chicago, IL, USA) for Microsoft Windows.
Data are expressed as mean * standard deviation. A P
value less than 0.05 were considered to be statistically
significant.

Stratification by Japan Integrated Staging
score and propensity score analysis

To compare the OS between patients with PS >1
and patients with PS 0, in three subgroups stratified
by Japan Integrated Staging (JIS) score (group of JIS
score of 0 or 1, group of ]IS score of 2 or 3, and group
of JIS score of 4 or 5), a propensity score model was
used with an attempt to reduce potential biases in
survival analysis. [19, 20] JIS score was calculated by
summation of TNM stage score (stage 1=0, stage II=1,
stage III=2 and stage IV=3) and Child-Pugh classifica-
tion (A=0, B=1 and C=2) as reported by Kudo, et al.
[21] Possible variables associated with long-term sur-
vival of HCC patients, including age, sex, HCC stage,
maximum tumor size, tumor number, cause of liver
disease and Child-Pugh classification were included
comprehensively for propensity score generation.
With these selected variables, a logistic regression was
applied to generate a continuous propensity score
from 0 to 1. One-to-one matches between the PS >1
group and the PS 0 group patients were introduced
into the subsequent analysis.

Results

Patient demographic characteristics between
patients with PS 0 and PS >1

Baseline demographic characteristics of patients
in PS 0 (n=752) and PS >1 (n=251: n=125 in PS 1, n=87
in PS 2, n=26 in PS 3 and n=13 in PS 4) are shown in
Table I. A worse PS was significantly associated with
age (P<0.001), gender (P=0.001), Child-Pugh classifi-
cation (P<0.001), HCC stage (P<0.001), JIS score

(P<0.001), initial treatment option for HCC (P<0.001),
maximum tumor size (P<0.001), alanine aminotrans-
ferase (ALT) value (P<0.001), hypoalbuminemia
(P<0.001), hyperbilirubinemia (P=0.038), renal insuf-
ficiency (P=0.005), hyponatremia (P<0.001), pro-
thrombin time prolongation (P=0.029), platelet count
(P=0.002), AFP value (P=0.016) and DCP wvalue
(P=0.012). In terms of proportion of patients with poor
PS (PS >1), significant differences between HCC stage
I (48/254,18.9%) and IV (53/109, 48.6%) (P<0.001), II
(86/399, 21.6%) and IV (P<0.001) and III (64/241,
26.6%) and IV (P<0.001) were found. (Fig. 1) Similarly,
there were significant differences  between
Child-Pugh A (140/687, 20.4%) and B (74/257, 28.8%)
(P=0.007), Band C (37/59, 62.7%) (P<0.001) and A and
C (P<0.001) and between JIS score of 0 or 1 (105/546,
19.2%) and JIS score of 2 or 3 (94/364, 25.8%)
(P=0.022), JIS score of 2 or 3 and JIS score of 4 or 5
(52/93, 55.9%) (P<0.001) and JIS score of 0 or 1 and JIS

score of 4 or 5 (P<0.001). (Fig. 2 and 3)
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Fig. 1. The proportion of patients with poor performance status (PS) of >1
according to HCC stage (I [n=254], Il [n=399], lll [n=241] and IV [n=109]).
Significant differences between HCC stage | and IV (P<0.001), Il and IV
(P<0.001) and Ill and IV (P<0.001) were observed.
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Fig. 2. The proportion of patients with poor performance status (PS) of >1
according to Child-Pugh classification (A [n=687], B [n=257] and C [n=59]).
There were significant differences between Child-Pugh A and B (P=0.007), B and
C (P<0.001) and A and C (P<0.001).
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Fig. 3. The proportion of patients with poor performance status (PS) of >1
according to Japan Integrated Staging (JIS) score (0 or 1 [n=546], 2 or 3 [n=364]
and 4 or 5 [n=93]). There were significant differences between JIS score of 0 or
1 and JIS score of 2 or 3 (P=0.022), JIS score of 2 or 3 and JIS score of 4 or 5
(P<0.001) and JIS score of 0 or | and JIS score of 4 or 5 (P<0.001).

As an initial therapy for HCC, in the PS >1
group, SR was performed in 32 patients, PATs in 111,
trancatheter arterial chemotherapy with or without
embolization in 82, MTT in 2 and no specific therapy
in 24, whereas in the PS 0 group, SR was performed in
145 patients, PATs in 422, trancatheter arterial chem-
otherapy with or without embolization in 163, MTT in
two, RT in one and no specific therapy in 19 (P<0.001).

The median follow-up period was 1.6 years
(range, 0.1-8.4 years) in the PS >1 group and 3.1 years
(range, 0.1-9.6 years) in the PS 0 group. One hundred

and fifty-three patients (61.0%) in the PS >1 group
died during the follow-up period. The causes of death
were HCC progression (80 patients), liver failure (46
patients) and miscellaneous (27 patients). Three hun-
dred and fifty-seven patients (47.5%) in the control
group died during the follow-up period. The causes of
death were HCC progression (190 patients), liver
failure (136 patients) and miscellaneous (31 patients).
The 1-, 3- and 5-year OS rates after each initial therapy
for HCC were 90.3%, 67.4% and 49.8%, respectively,
in the PS 0 group and 73.4%, 42.0% and 17.7%, re-
spectively, in the PS >1 group (P<0.001). (Fig. 4)
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Fig. 4. Cumulative overall survival (OS) rates in patients with PS >1 (n=251)
and PS 0 (n=752). The 1-, 3- and 5-year OS rates after each initial therapy for
HCC were 90.3%, 67.4% and 49.8%, respectively, in the PS 0 group and 73.4%,
42.0% and 17.7%, respectively, in the PS >1 group (P<0.001).

Table 1. Baseline characteristics between the performance status (PS) >1 group (n=251) and the PS 0 group (n=752).

Variables PS >1 (n=251) PS 0 (n=752) P value
Age (years) 734+8.1 68.1+8.38 <0.001a
Gender, male / female 132 /119 483 / 269 0.001b
Causes of liver disease

B/ C/nonBandnonC /Band C 19/177/51/ 4 77 /524 / 141 / 10 0.624b
Child-Pugh, A/ B/ C 140 / 74 / 37 547 /183 / 22 <0.001b
HCC stage, I /11 / 1II / IV 48 /86/64/53 206 / 313 / 177 / 56 <0.001>
JISscore,0/1/2/3/4/5 32/73/58/36/36/16 162 /279/192 /78 /40/ 1 <0.001>
Initial therapy for HCC

SR / PAT / TAT / MTT / RT / none 32/111/82/2/0/ 24 145 /422 /163 /2/1/ 19 <0.001b
Maximum tumor size (cm) 39+3.0 3.0+22 <0.001a
Tumor number (single/multiple) 123 / 128 422/ 330 0.0570
AST (IU/L) 67.8+51.3 69.8 +54.5 0.5932
ALT (IU/L) 458 +33.8 57.8£47.3 <0.0012
Total bilirubin (mg/dL) 1.31+£1.33 1.11+0.83 0.0382
Serum albumin (g/dL) 3.44 £ 0.60 3.69 + 0.50 <0.0012
ALP (IU/L) 426.7 + 252.7 397.6 £ 221.7 0.1052
GGT (IU/L) 113.5 + 141.8 109.5 + 139.6 0.6952
Serum creatinine (mg/dL) 110+ 1.23 0.87 £ 0.52 0.0052
Serum sodium (mmol/L) 139.2+ 4.0 1402+ 25 <0.001a
Diabetes mellitus, yes/no 74 /177 177 / 578 0.052v
Prothrombin time (%) 774+171 80.1+14.2 0.029a
Platelets (X} 104/ mm?3) 11.0+5.6 98+45 0.0022
AFP (ng/mL)t 15240 + 84452 2147 + 15350 0.0162
DCP (mAU/mL)# 6882 £ 26369 2403 + 14784 0.0122

Data are expressed as number or mean * standard deviation. HCC; hepatocellular carcinoma, JIS score; Japan integrated staging score, SR; surgical resection, PAT; percu-
taneous ablative therapies, TAT; transcatheter arterial therapies, MTT; molecular targeting therapy, RT; radiation therapy, AST; aspartate aminotransferase, ALT; alanine
aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, AFP; alpha-fetoprotein, DCP; des-y-carboxy prothrombin, » unpaired t test, b Fisher’s

exact test. T; missing data, n=2, §; missing data, n=15
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Univariate and multivariate analysis of factors
contributing to OS

Using univariate analyses of factors contributing
to OS, HCC stage (P<0.001), tumor number (P<0.001),
maximum tumor size >2.5 cm (P<0.001), Child-Pugh
classification (P<0.001), PS (P<0.001), AST >57 IU/L
(P<0.001), alkaline phosphatase (ALP) >346 IU/L
(P<0.001), gamma glutamyl transpeptidase (GGT) >64
IU/L (P<0.001), serum sodium >140 mmol/L
(P<0.001), serum creatinine >0.8 mg/dL (P=0.036),
AFP >30 ng/mL (P<0.001) and DCP >54 mAU/mL
(P<0.001) were found to be significant factors (Table
II). The multivariate analyses involving eleven factors
with P<0.01 in the univariate analysis showed that
tumor number (P=0.020), Child-Pugh classification
(P<0.001), HCC stage (P<0.001), PS (P<0.001), AST
>57 IU/L (P<0.001), ALP >346 IU/L (P<0.001), and
DCP >54 mAU/mL (P<0.001) were significant inde-
pendent predictors linked to OS. The hazard ratios
(HRs), 95% confidence interval and P value for these
factors are detailed in Table II.

Propensity score matching analyses in three
subgroups stratified by IS score

Baseline demographic characteristics of patients
after propensity score matching in each subgroup
(groups of JIS 0 or 1 [74 pairs], JIS 2 or 3 [41 pairs] and
JIS 4 or 5 [29 pairs]) are shown in Table III. In terms of

baseline characteristics, no significant difference was
observed between patients with PS >1 and PS 0 in
each subgroup.

In patients with JIS 0 or 1, in terms of OS, the
difference reached significance before (P<0.001) and
after (P<0.001) propensity score matching. (Fig. 5A
and 6A) In patients with JIS 2 or 3, in terms of OS,
significant difference was found in terms of OS before
propensity score matching (P=0.008), whereas after
propensity score matching, such significance was di-
minished (P=0.254). (Fig. 5B and 6B) On the other
hand, in patients with JIS 4 or 5, in terms of OS, the
difference did not reach significance before (P=0.175)
and after (P=0.165) propensity score matching. (Fig.
5C and 6C)

Comparison of OS in the two groups according
to treatment modality

We also performed subgroup analyses according
to treatment modality. In patients treated with SR
(n=145 in PS 0 and n=32 in PS >1), the difference in the
two groups did not reach significance (P=0.334) (Fig.
7A), whereas in patients treated with PATs (n=422 in
PS 0 and n=111 in PS >1) and those treated with
trancatheter arterial therapies (n=163 in PS 0 and n=82
in PS >1), there were significant differences in the two
groups (P<0.001 for both). (Fig. 7B and 7C)

Table Il. Univariate and multivariate analyses of factors contributing to overall survival.

Variables n Univariate Multivariate Analysis

Analysis Hazard Ratio (95% CI) P valuea
Gender, male vs. female 615 / 388 0.371
Age (years), >70 vs. <70 538 / 465 0.402
Tumor number, single vs. multiple 545 / 458 <0.001 1.458 (1.063-2.000) 0.020
Maximum tumor size (cm), >2.5 vs. <2.5 502 / 501 <0.001 1.057 (0.792-1.412) 0.706
Child-Pugh, A/ B/ C 687 / 257 / 59 <0.001
Child-Pugh A Reference
Child-Pugh B 2.049 (1.441-2.915) <0.001
Child-Pugh C 3.597 (2.381-5.435) <0.001
HCCstage, I/ 11/ 1L / IV 254 / 399 / 241 / 109 <0.001
HCC stage I Reference
HCC stage II 3.817 (2.857-5.102) <0.001
HCC stage ITI 4.525 (3.096-6.623) <0.001
HCC stage IV 5.025 (2.857-8.850) <0.001
Performance status, 0 vs. >1 752 / 251 <0.001 1.773 (1.429-2.198) <0.001
Cause of liver disease, B / C / Band C / NBNC 9 /701 /14 /192 0.218
AST (IU/1), >57 vs. <57 500 / 503 <0.001 1.479 (1.214-1.802) <0.001
ALT (IU/1), >44 vs. <44 493 / 510 0.101
ALP (IU/1), >346 vs. <346 501 / 502 <0.001 1.406 (1.161-1.704) <0.001
GGT (IU/1), >64 vs. <64 503 / 500 <0.001 0.904 (0.744-1.097) 0.306
Serum sodium (mmol/1), >140 vs. <140 458 / 545 <0.001 0.947 (0.787-1.140) 0.564
Platelet count (x10¢ / mm3), >9.2 vs. <9.2 507 / 496 0.399
Diabetes mellitus, yes vs. no 248 / 755 0.193
Serum creatinine (mg/dl), >0.8 vs. <0.8 539 / 464 0.036
AFP (ng/ml), >30 vs. <30t 498 / 503 <0.001 1.029 (0.849-1.246) 0.772
DCP (mAU/ml), >54 vs. <54+ 493 / 495 <0.001 2.114 (1.724-2.591) <0.001

CI; confidence interval, HCC; hepatocellular carcinoma, NBNC; non B and non C, AST; aspartate aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phospha-
tase, GGT; gamma glutamyl transpeptidase, AFP, alpha-fetoprotein; DCP, des-y-carboxy prothrombin, » Cox proportional hazard model, t; missing data, n=2, }; missing

data, n=15
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Comparison of OS in patients with PS 0, PS 1
and PS >2

In patients with PS >1 (n=251), we divided them
into two groups of patients with PS 1 (n=125) and
those with PS >2 (n=126). In the two groups, a worse

PS was significantly associated with Child-Pugh clas-
sification (P=0.015), hypoalbuminemia (P=0.001),
hyponatremia (P=0.022) (data not shown). In terms of
OS, the difference in the three groups of PS 0, PS1 and
PS >2 reached significance (P<0.001). (Fig. 8)

Table Ill. Baseline characteristics between the performance status (PS) >1 group and the PS 0 group in each subgroup stratified by Japan
Integrated Staging (JIS) scoring system after propensity score matching.

Variables JIS0 or 1 (n=148, 74 pairs) JIS 2 or 3 (n=82, 41 pairs) JIS 4 or 5 (n=58, 29 pairs)

PS>1 PSO Pvalue PS>1 PSO Pvalue PS>1 PSO P value
Age (years) 738+ 6.5 740+6.2 0.867a  71.6+7.0 70.7+79 0.6152  69.4+9.9 65.7+7.8 0.118a
Gender, male / female 55/ 19 52 /22 0.714> 20/21 19/ 22 >0.9990 23 /6 21/8 0.760°0
Causes of liver disease
B/C/nonBandnonC/BandC2/59/12/13/58/12/1 >099% 4/32/5/0 3/32/4/2 0671 3/17/7/2 4/21/4/0 0.366°
Child-Pugh,A/ B/ C 65/9/0 66/8/0 >0.999%0 17 /22 /2 18/21/2 >0999 0/21/8 0/21/8 >0.9990
HCC stage, I/ 11/ IIT / IV 32/42/0/032/42/0/0>0999%® 1/12/25/3 1/11/25/4 >0999 0/0/7/22 0/0/7/22 >0.999
Maximum tumor size (cm) 22+09 23+1.0 0.630a  3.6+2.2 38+23 0.614a  62+35 6.9+32 0.4090
Tumor number, single / multiple 65/ 9 70/ 4 0.245> 12 /29 8/33 0.441> 4/25 3/26 >(.9990
AST (IU/L) 51.9+28.7 57.3+33.7 0294 624 +28.6 70.3+£49.7 0.380a  110.7+91.9 141.0+£137.6  0.3302
ALT (IU/L) 40.1+24.7 48.7 £37.0 01022 47.8+29.8 57.4+59.9 0.362a  57.3+413 82.2+89.9 0.183a
ALP (IU/L) 325.6+131.9 3364+1227 0.6072 421.5+259.9 394.6+1755 0.5842 577.9+3215 524.5+283.2 0.5052
GGT (IU/L) 684 +67.7 66.1 £88.4 0.862a  97.3+110.6 88.0+95.9 0.688  203.2 +164.5 1572+£1525 0.2752
Platelets (X 104/ mm?3) 102+45 99+4.1 0.644a  105%4.6 103+ 6.7 0.892a  14.0+94 10.0+ 4.6 0.090a
AFP (ng/mL) 1713 £4245 508.8+1581.3 0.080a  2203.9+9771.3 1920.7 +£5473.1 0.8722 47179 +164649 4366.8 £ 8142.3 0.1732
DCP (mAU/mL) 490.7 £2214.4 411.3+1710.5 0.808»  2453.3 +7323.3 4190.6 £9477.2 0.356a 21669 +40251 13832 +27880 0.39%

HCC; hepatocellular carcinoma, AST; aspartate aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase, GGT; gamma glutamyl transpeptidase, AFP;
alpha-fetoprotein, DCP; des-y-carboxy prothrombin, » unpaired t test, b Fisher’s exact test.
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Fig. 5. Subgroups analyses in terms of overall survival stratified by JIS score ([A]: 0 or 1 [n=441 in the PS 0 group and n=105 in the PS >1 group, P<0.001], [B]: 2 or
3 [n=270 in the PS 0 group and n=94 in the PS >1 group, P=0.008] and [C]: 4 or 5 [n=41 in the PS 0 group and n=52 in the PS >1 group, P=0.175]).
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Discussion

Previous studies have shown that the PS scale is
a major survival determinant in patients with HCC.
[6, 12, 17, 18] In fact, in our multivariate analyses, PS
>1was demonstrated to be independent predictor
linked to OS with a HR of 1.773 (P<0.001). Further-
more, in our three groups of PS 0, PS 1 and PS >2,
significant difference was observed in terms of OS.
However, there have been few studies focusing on PS
in HCC patients complicating with LC. [11-14] The
proportion of elderly patients with HCC who have
potentially poorer PS are increasing in Japan. [2] Thus,
it seems to be of importance to investigate clinical
characteristics and outcomes in HCC patients in terms
of PS and there is urgent need for clarifying these is-
sues. Hence, we conducted current analyses. Since
survival impact between patients with PS >1 and PS 0
could be confounded by significantly different base-
line characteristics as shown in our results, we further
analysed using propensity score matching method to
reduce these selection biases.

In our analyses, subjects with PS >1 had signif-
icantly higher Child-Pugh score, higher total bilirubin
level and lower serum albumin level as compared
with those with PS 0. Furthermore, we found that
patients with deteriorated PS had lower serum so-
dium level and higher creatinine level. These two
findings are likely the result of portal hypertension
and peripheral vasodilatation in patients with ad-
vanced LC. [22] These findings highlight that PS may
comprehensively reflect a variety of complications of
LC in patients with HCC. On the other hand, subjects
with poorer PS had larger tumor burden or more ad-
vanced HCC stage in this study. Cachexia resulted
from worsened portal hypertension with ascites and
larger tumor status with extrahepatic metastases
could all or in part contribute to a poorer PS. [23]

In our three subgroups stratified by JIS score

after propensity score matching, significant differ-
ences between patients with PS >1 and PS 0 were ob-
served only in patients with JIS 0 or 1 in terms of OS.
Patients with JIS score of 2 or more may have poor
functional poor reserve or advanced tumor status,
which is considered to mainly effect on survival for
these populations irrespective of PS scale. While, in
patients with well-preserved liver function and/or
early stage HCC such as in patients with JIS score of 0
or 1, PS could be an important predictor for their sur-
vival.

The optimal therapy for HCC with PS =1 re-
mains highly debatable. According to the current
EASL guidelines, HCC patients with PS 21 are classi-
fied as BCLC stage C or D and are not candidates for
SR. [5] However, in this study, 32 out of 251 patients
with PS >1 (12.7%) were treated with SR. The differ-
ence of treatment algorithm for HCC between Euro-
pean countries and Asian countries may be attributed
to these results. [5, 17, 18] A recent report from Asia
demonstrated that in their propensity score model,
HCC patients with PS 1 or 2 undergoing aggressive
HCC therapies such as SR (n=166) had significantly
better long-term survival as compared with those
receiving targeted therapy or chemotherapy or best
supportive care (n=166) (P<0.0001). [14] In addition,
in our subjects treated with SR, patients with PS >1
had comparable prognosis as compared with those
with PS 0 (P=0.334). Further prospective studies will
be needed to confirm these results.

Our study included several limitations. Firstly,
inter-observer bias for assessing PS could exist alt-
hough the PS scale was determined at the time of
HCC diagnosis. Secondly, HCC patients with PS =1
were highly heterogenous and comprised HCC pa-
tients from mildly symptomatic to completely bed-
ridden status. Thirdly, there are several missing val-
ues in this study. However, the number of subjects
with missing values was very small considering large
sample of our study, which may not effect on inter-
pretation of our results. Lastly, it should be noted that
the sample size in three subgroups of JIS score after
propensity score matching was small for analyses.
Hence, caution should be exercised for interpretation
of our results. However, our study results imply that
PS has a differential prognostic impact and well cor-
related with baseline profiles in HCC patients com-
plicating with LC.

In conclusion, PS was closely associated with
status of HCC patients with LC and could be an im-
portant predictor for these populations.
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