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Abstract

Background and aims: We aimed to investigate the effect of serum sodium level on survival in
hepatocellular carcinoma (HCC) patients complicating with liver cirrhosis (LC).

Methods: A total of 1170 HCC patients with LC were analysed. We classified these patients into
three groups according to serum sodium level at HCC diagnosis: group A (n=96); serum sodium
<135 mmol/L, group B (n=520); 135 mmol/L < serum sodium <140 mmol/L, group C (n=554);
serum sodium >140 mmol/L. We compared the baseline characteristics and overall survival (OS)
among these three groups. Furthermore, we examined the factors linked to OS using univariate
and multivariate analyses.

Results: In our results, decreased baseline serum sodium level was significantly associated with
Child-Pugh classification and HCC stage along with several laboratory parameters in groups A, B
and C. The median follow-up period was 1.1 years in group A, 2.4 years in group B and 3.3 years in
group C. The 1-, 3- and 5-year cumulative OS rates in groups A, B and C were 64.8%, 46.9% and
25.7%, respectively, in group A, 85.5%, 60.5% and 41.1%, respectively, in group B and 90.7%, 66.6%
and 48.2%, respectively, in group C (P<0.001). The multivariate analyses showed that Child-Pugh
classification (P<0.001), HCC stage (P<0.001), serum sodium (P<0.001), aspartate aminotrans-
ferase >57 |U/L (P=0.002), alkaline phosphatase >348 IU/L (P<0.001), alpha-fetoprotein >29.2
ng/mL (P=0.019) and des-y-carboxy prothrombin >55 mAU/mL (P<0.001) were significant inde-
pendent predictors linked to OS.

Conclusion: Lower serum sodium concentration is a useful predictor in HCC patients compli-
cating with LC.
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Introduction

Hepatocellular carcinoma (HCC) is the most
common cancer worldwide. [1] In Japan, HCC ranks
fifth and third in female and male as the cause of
cancer related death and around 30000 patients die of
this malignancy in each year. [2, 3] Treatment strate-
gies for HCC vary depending on the hepatic func-
tional reserve and tumor characteristics, and they in-
clude liver transplantation, surgical resection (SR),

percutaneous ablative therapies (PATs) such as ra-
diofrequency ablation or percutaneous ethanol injec-
tion, transcatheter arterial chemotherapy with or
without embolization, molecular-targeted therapy
(MTT) such as sorafenib and radiation therapy (RT).
[4-9] HCC also often recurs even after curative ther-
apy at the initial treatment, with any underlying liver
disease and tumor status significant predictors af-
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fecting the risk of HCC recurrence. [1, 5, 6]

Hyponatremia is a frequently seen complication
in patients with advanced liver cirrhosis (LC) associ-
ated with arterial splanchnic vasodilatation, which
involves a reduction of effective circulating blood
volume. [10-14] The circulatory dysfunction leads to a
non-osmotic hypersecretion of arginine vasopressin
from the neurohypophysis, which causes retention of
water that is disproportionate to the retention of so-
dium. These may cause hypo-osmolality and hyper-
volemic hyponatremia in patients with advanced cir-
rhosis. [10, 12, 13] There are few cirrhotic patients
with hypovolemic hyponatremia. [10, 12, 13] In the
early stage of LC, serum sodium levels are within
normal range in general, however, they progressively
decrease in the later stage of LC. [10, 12, 13]

On the other hand, serum sodium level has been
already recognized as an essential prognostic factor in
patients with LC and has been shown to be associated
with hepatorenal syndrome, ascites, hepatic enceph-
alopathy, bacterial infections, and death from liver
disease in many previous studies. [10, 12, 15, 16-21]
Furthermore, several investigators reported that
baseline serum sodium level correlates well with sur-
vival in LC patients awaiting liver transplantation,
and they suggested that serum sodium concentration
could be added to the calculation of model for
end-stage liver disease (MELD) score for improving
the accuracy of MLED scoring system in organ allo-
cation for liver transplantation (MELD-Na). [22, 23]
However, to the best of our knowledge, its prognostic
role in the field of HCC with LC has been less inves-
tigated. [15] There is a paucity of available data re-
garding clinical outcomes of HCC patients compli-
cating with LC focusing on serum sodium concentra-
tion. The aims of our current study were thus to ex-
amine the effect of serum sodium level on survival in
HCC patients complicating with LC.

Patients and methods

Patients

A total of 1170 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 March 2004 and June 2014. LC was deter-
mined based on radiologic findings including typical
computed tomography (CT) or ultrasound findings,
laboratory parameters and/or histological findings
obtained by surgical specimens or liver biopsy. We
divided these patients into three groups according to
serum sodium level at HCC diagnosis: group A
(n=96); serum sodium <135 mmol/L, group B
(n=520); 135 mmol/L < serum sodium <140 mmol/L,

group C (n=554); serum sodium >140 mmol/L. [10,
24, 25] A recent study demonstrated that serum so-
dium concentration below 139 mEq/L may be predic-
tive markers for mortality in LC patients despite being
within normal ranges. [14] Thus, in this study, pa-
tients with serum sodium of >135 mmol/L were fur-
ther divided into two groups using serum sodium
cutoff level of 140 mmol/L. We compared the baseline
characteristics and clinical outcomes among these
three groups. Furthermore, we examined prognostic
factors associated with overall survival (OS) using
univariate and multivariate analyses.

Prior to therapy for HCC, written informed
consent for HCC therapy was obtained from all sub-
jects. The ethics committee of our department ap-
proved the protocol for this study. The present study
comprised a retrospective analysis of patients’” medi-
cal 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. [26] Arterial
and portal phase dynamic CT images were obtained
approximately 30 seconds and 120 seconds after in-
jection 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.
[27] 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. As for HCC therapy, the most ap-
propriate treatment modality for each patient was
selected through discussion with surgeons, hepatolo-
gists and radiologists. [8, 9] In our hospital,
transcatheter arterial chemotherapies with or without
embolizaiton are preferred method even for patients
with portal vein thrombosis or metastatic diseases if
they have preserved liver function. Sorafenib therapy
is considered in HCC patients refractory to such
therapies. Best supportive 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 transplanta-
tion.
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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.

Statistical analysis

The primary end point is OS. Continuous varia-
bles were compared by Mann-Whitney U test, and
categorical variables were compared by Fisher's exact
test. Data were analyzed using univariate and multi-
variate analyses. To analyze the significance of prog-
nostic predictors, continuous variables were divided
by the median values for all cases (n=1170) and
treated as dichotomous covariates. The cumulative OS
rate was calculated by Kaplan-Meier method and
tested by log-rank test. A Cox proportional hazard
model via a stepwise forward method was used for
multivariate analyses of factors with P value <0.05 in
univariate analyses. These statistical methods were
used to estimate the interval from each date of diag-
nosis for HCC until the date of death or last follow 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 val-
ue less than 0.05 were considered to be statistically
significant.

Results

Patient demographic characteristics in groups
A, B and C

Baseline demographic characteristics of patients
in groups A (n=96), B (n=520) and C (n=554) are
shown in Table 1.

In groups A and B, decreased serum sodium
level was significantly associated with Child-Pugh
classification (P<0.001), HCC stage (P=0.016), aspar-
tate aminotransferase (AST) value (P=0.040), hyper-
bilirubinemia (P=0.001), serum albumin (P<0.001),
alkaline phosphatase (ALP) (P=0.047) and prothrom-
bin time prolongation (P=0.046), whereas in groups A
and C, decreased serum sodium level was signifi-
cantly associated with gender (P<0.001), Child-Pugh
classification (P<0.001), HCC stage (P<0.001), maxi-
mum tumor size (P=0.001), tumor number (P=0.045),
AST value (P=0.001), hyperbilirubinemia (P<0.001),
serum albumin (P<0.001), ALP (P<0.001), gamma
glutamyl transpeptidase (GGT) (P=0.003), presence of
diabetes mellitus (P<0.001), prothrombin time pro-
longation (P=0.005) and DCP (P=0.002). (Table 1 and
fig. 1) Serum sodium level in patients with hepatic
encephalopathy (n=79: median value; 139 mmol/L,
range; 117-145 mmol/L) was significantly lower than
that in patients without hepatic encephalopathy
(n=1091: median value; 140 mmol/L, range; 127-153
mmol/L) (P<0.001). Similarly, serum sodium level in
patients with ascites (n=252: median value; 140
mmol/L, range; 117-153 mmol/L) was significantly
lower than that in patients without ascites (n=918:
median value; 140 mmol/L, range; 127-149 mmol/L)
(P<0.001). (Fig. 2A and 2B)

Table 1. Baseline characteristics among three groups of A (serum sodium <135 mmol/L, n=96), B (135 mmol/L < serum sodium <140

mmol/L, n=520) and C (serum sodium >140 mmol/L, n=554).

Variables A (n=96) B (n=520) C (n=554) P value P value P value
Avs. B Avs. C Bus. C
Age (years) 689+97 68.6+9.1 69.5+9.7 0.7922 0.5802 0.139
Gender, male / female 70 / 26 351/ 169 303 / 251 0.340v <0.001> <0.001»
Causes of liver disease
B/C/non Bnon C/B and C 9/74/13/0 49/355/110/6 62/387/92/13 0.2130 0.306> 0.111»
Child-Pugh, A/ B/ C 41/31/24 342/152/26 421/120/13 <0.001> <0.001> <0.001»
HCCstage, I /11 /11 / IV 19/34/19/24 121/190/142/67 150/239/129/36 0.016> <0.001> 0.001»
Maximum tumor size (cm) 41+29 35+£28 29+20 0.0522 0.0012 0.009=
Tumor number (single/ multiple) 46 / 50 259 / 261 327 / 227 0.7400 0.045> 0.003v
AST (IU/L) 89.9 £ 80.0 71.9 £55.6 63.7 +40.9 0.0402 0.0012 0.0152
ALT (IU/L) 61.9+53.2 56.1 £ 44.5 533 +41.7 0.843a 0.421a 0.2242
Total bilirubin (mg/dL) 1.75 £ 1.86 1.14+0.93 1.09 £ 1.00 0.0012 <0.001= 0.5472
Serum albumin (g/dL) 3.23 £ 0.59 3.59 +0.54 3.72+0.49 <0.001= <0.001= <0.001a
ALP (IU/L) 496.7 + 313.5 422.8 +228.2 3779+ 2184 0.0472 <0.001a <0.0012
GGT (IU/L) 152.8 + 203.7 121.9 £ 150.0 94.9 +124.4 0.4252 0.0032 <0.001a
Serum sodium (mmol/L) 133.4+2.6 138.8 1.2 142415 <0.001= <0.001= <0.0012
Diabetes mellitus, yes / no 37 /59 157 / 363 95 / 459 0.1200 <0.001P <0.001>
Prothrombin time (%) 75.6+19.9 788+17.1 805+17.3 0.0462 0.0052 0.038=
Platelets (X 10¢/mm?3) 108+ 6.6 104 +5.1 98+44 0.9762 0.6272 0.2962
AFP (ng/mL)# 7774 + 39861 6800 + 45168 3453 + 44921 0.7152 0.5912 0.091=
DCP (mAU/mL)## 6807 + 31845 4522 + 21198 2108 + 9370 0.237a 0.0022 <0.001a

Data are expressed as number or mean * standard deviation. HCC; hepatocellular carcinoma, AST; aspartate aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase,
GGT; gamma glutamyl transpeptidase, AFP; alpha-fetoprotein, DCP; des-y-carboxy prothrombin, » Mann-Whitney U test,  Fisher’s exact test. # missing data, n=2, ## missing data, n=15
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Fig. 1. The proportions of Child-Pugh A, B and C in group A (serum sodium
<135 mmol/L, n=96), group B (135 mmol/L < serum sodium <140 mmol/L,
n=520) and group C (serum sodium >140 mmol/L, n=554). Serum sodium
concentration was significantly associated with Child-Pugh classification
(P<0.001).

Initial therapy for HCC in the three groups

As an initial therapy for HCC, in group A, SR
was performed in 9 patients, PATs in 37, trancatheter
arterial chemotherapy with or without embolization
in 37, MTT in none, RT in none and no specific ther-
apy in 13. In group B, SR was performed in 89 pa-
tients, PATs in 270, trancatheter arterial chemothera-
py with or without embolization in 140, MTT in four,
RT in two and no specific therapy in 15. In group C,
SR was performed in 107 patients, PATs in 325,
trancatheter arterial chemotherapy with or without
embolization in 104, MTT in none, RT in none and no
specific therapy in 18.

P<0.001
160-

160~

Overall survival and causes of death in groups
A,Band C

The median follow-up period was 1.1 years
(range, 0.1-9.6 years) in group A, 2.4 years (range,
0.1-10.2 years) in group B and 3.3 years (range,
0.1-10.7 years) in group C. The 1-, 3- and 5-year cu-
mulative OS rates in groups A, B and C were 64.8%,
46.9% and 25.7%, respectively, in group A, 85.5%,
60.5% and 41.1%, respectively, in group B and 90.7%,
66.6% and 48.2%, respectively, in group C (P<0.001).
(Fig. 3) During follow-up period, there were 63
(65.6%), 271 (52.1%) and 291 (52.5%) deaths in groups
of A, B and C, respectively. The causes of death in the
three groups were HCC recurrence in 37 patients,
liver failure in 20 patients and miscellaneous causes in
6 patients, respectively, in group A, HCC recurrence
in 156 patients, liver failure in 89 patients and miscel-
laneous causes in 26 patients, respectively, in group B
and HCC recurrence in 153 patients, liver failure in 95
patients and miscellaneous causes in 43 patients, re-
spectively, in group C.

Univariate and multivariate analyses of factors
contributing to OS

Using univariate analyses of factors contributing
to OS, tumor number (P<0.001), maximum tumor size
>25 com (P<0.001), Child-Pugh classification
(P<0.001), HCC stage (P<0.001), serum sodium
(P<0.001), AST >57 IU/L (P<0.001), ALP >348 IU/L
(P<0.001), GGT >64 IU/L (P<0.001), AFP >29.2
ng/mL (P<0.001) and DCP >55 mAU/mL (P<0.001)
were found to be significant factors associated with
OS. (Table 2) The multivariate analyses involving ten
factors with P<0.05 in the univariate analysis demon-
strated that Child-Pugh classification (P<0.001), HCC
stage (P<0.001), serum sodium (P<0.001), AST >57
IU/L (P=0.002), ALP >348 IU/L (P<0.001), AFP >29.2
ng/mL (P=0.019) and DCP >55

P<0.001 .
mAU/mL (P<0.001) were sig-

= ) nificant independent predic-
2 150 g 2 e ° tors linked to OS. The hazard
E g E T ratios (HRs), 95% confidence
T 140 V;Ll R é intervals (Cls) and P values for
[ [ . .
= —_— = these factors are detailed in
;.'2 130- g o é 130- 3 Table 2.
wl * e w 8
g g
3 120 5 120
A ) A
A B Fig. 2. (A) Comparison of serum sodium level
110- 110- in patients with (n=79) or without (n=1091)
' ! ' encephalopathy. (B) Comparison of serum
Absent Present Absent Present sodium level in patients with (n=252) or

without (n=918) ascites.

Mann-Whitney U test
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Table 2. Univariate and multivariate analyses of factors contributing to overall survival (n=1170).

Multivariate Analysis
Variables n Univariate Analysis Hazard Ratio (95% CI) P value=
Gender, male vs. female 724 / 446 0.081
Age (years), >70 vs. <70 615 / 555 0.175
Tumor number, single vs. multiple 632 / 538 <0.001
Maximum tumor size (cm), >2.5 vs. <2.5 599 / 571 <0.001
Child-Pugh, A vs. Bor C 804 / 366 <0.001 2.226 (1.877-2.640) <0.001
HCC stage, I or Il vs. IIl or IV 753 / 417 <0.001 2.096 (1.883-2.653) <0.001
Cause of liver disease, Virus related vs. NBNC 955 / 215 0.511
Serum sodium (A / B / C) 96 / 520 / 554 <0.001
Serum sodium >140 mmol/L (group C) Reference
135 mmol/L < serum sodium <140 mmol/L (group B) 0.536 (0.403-0.714) <0.001
Serum sodium <135 mmol/L (group A) 0.518 (0.389-0.690) <0.001
AST (IU/L), >57 vs. <57 593 / 577 <0.001 0.767 (0.650-0.905) 0.002
ALT (IU/L), >44 vs. <44 587 / 583 0.132
ALP (TU/L), >348 vs. <348 586 / 584 <0.001 0.675 (0.572-0.796) <0.001
GGT (IU/L), >64 vs. <64 590 / 580 <0.001
Platelet count (x10* / mm?), >9.2 vs. <9.2 590 / 580 0.783
Diabetes mellitus, yes vs. no 289 / 881 0.478
AFP (ng/mL), >29.2 vs. <29.2t 584 / 584 <0.001 0.821 (0.696-0.968) 0.019
DCP (mAU/mL), >55 vs. <55¢ 580 / 575 <0.001 0.504 (0.424-0.598) <0.001

CI; confidence interval, HCC; hepatocellular carcinoma, NBNC; non B and non C, AST; aspartate aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase, GGT;
gamma glutamyl transpeptidase, AFP, alpha-fetoprotein; DCP, des-y-carboxy prothrombin,  Cox proportional hazard model, ' missing data, n=2, ¥ missing data, n=15

100 ~  mmmmeee Group A (n=96)
=
N | Group B (n=520)
E 08
& %i., Group C (n=554)
£ os A
>
Q
=
E
0.2- - .-
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Time after HCC diagnosis (years)

Fig. 3. Cumulative overall survival (OS) rates in group A (serum sodium <135
mmol/L, n=96), group B (135 mmol/L < serum sodium <140 mmol/L, n=520)
and group C (serum sodium >140 mmol/L, n=554). The 1-, 3- and 5-year
cumulative OS rates in groups A, B and C were 64.8%, 46.9% and 25.7%,
respectively, in group A, 85.5%, 60.5% and 41.1%, respectively, in group B and
90.7%, 66.6% and 48.2%, respectively, in group C (P<0.001).

Subgroup analyses according to Child-Pugh
classification, HCC stage and Japan Integrated
Staging (JIS) score

As Child-Pugh classification and HCC stage re-
vealed to be significant predictors linked to OS in our
multivariate analysis, we conducted subgroup anal-
yses according to Child-Pugh classification, HCC
stage and Japan Integrated Staging (JIS) score. JIS
score was calculated by summation of TNM stage
score (stage I=0, stage II=1, stage III=2 and stage IV=3)
and Child-Pugh classification (A=0, B=1 and C=2) as
reported by Kudo, et al. [28]

In patients with Child-Pugh A (n=804), there
were 41 patients in group A, 342 in group B and 421 in
group C. The difference in the three groups did not

reach significance in terms of OS (P=0.253). (Fig. 4A)
In patients with Child-Pugh B or C (n=366), there
were 55 patients in group A, 178 in group B and 133 in
group C. Significant difference was observed in the
three groups in terms of OS (P<0.001). (Fig. 4B)

In patients with HCC stage I or II (n=753), there
were 53 patients in group A, 311 in group B and 389 in
group C. The difference in the three groups did not
reach significance in terms of OS (P=0.103). (Fig. 5A)
In patients with HCC stage IIl or IV (n=417), there
were 43 patients in group A, 209 in group B and 165 in
group C. Significant difference was observed in the
three groups in terms of OS (P<0.001). (Fig. 5B)

In patients with JIS score of 0, 1, or 2 (n=927),
they included 55 patients in group A, 390 in group B
and 482 in group C. No significant difference was
found in the three groups in terms of OS (P=0.308).
(Fig. 6A) In patients with JIS score of 3, 4, or 5 (n=243),
they included 41 patients in group A, 130 in group B
and 72 in group C. There reached significance in the
three groups in terms of OS (P=0.001). (Fig. 6B)

Comparison of OS according to initial treat-
ment modality

In patients treated with SR (9 patients in group
A, 89 in group B and 107 in group C) and PATs (37
patients in group A, 270 in group B and 325 in group
C), the difference in the three groups did not reach
significance in terms of OS (P=0.464 and 0.238). (Fig.
7A and 7B) While in patients who underwent
trancatheter arterial chemotherapy with or without
embolization (37 patients in group A, 140 in group B
and 104 in group C), significant difference was found
in terms of OS (P=0.049). (Fig. 7C)
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Fig. 4. (A) Cumulative OS rates in patients with Child-Pugh A (n=804: 41 patients in group A, 342 in group B and 421 in group C). The difference in the three groups
did not reach significance in terms of OS (P=0.253). (B) Cumulative OS rates in patients with Child-Pugh B or C (n=366: 55 patients in group A, 178 in group B and

133 in group C). Significant difference was found in the three groups in terms of OS (P<0.001).
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Fig. 5. (A) Cumulative OS rates in patients with HCC stage | or Il (n=753: 53 patients in group A, 311 in group B and 389 in group C). The difference in the three
groups did not reach significance in terms of OS (P=0.103). (B) Cumulative OS rates in patients with HCC stage Ill or IV (n=417: 43 patients in group A, 209 in group
B and 165 in group C). Significant difference was found in the three groups in terms of OS (P<0.001).
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Fig. 6. (A) Cumulative OS rates in patients with Japan Integrated Staging (JIS) score of 0, | or 2 (n=927: 55 patients in group A, 390 in group B and 482 in group C).
The difference in the three groups did not reach significance in terms of OS (P=0.308). (B) Cumulative OS rates in patients with Japan Integrated Staging (JIS) score

of 3,4 or 5 (n=243: 41 patients in group A, 130 in group B and 72 in group C). Significant difference was found in the three groups in terms of OS (P=0.001).
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Fig. 7. Cumulative OS rates according to initial treatment modality. (A) In patients treated with surgical resection (9 patients in group A, 89 in group B and 107 in
group C), the difference in the three groups did not reach significance in terms of OS (P=0.464). (B) In patients treated with percutaneous ablative therapies (37
patients in group A, 270 in group B and 325 in group C), the difference in the three groups did not reach significance in terms of OS (P=0.238). (C) In patients who
underwent trancatheter arterial chemotherapy with or without embolization (37 patients in group A, 140 in group B and 104 in group C), significant difference was

observed in terms of OS (P=0.049).

Discussion

To our knowledge, our study represents the
largest investigation reported thus far assessing se-
rum sodium concentration in HCC patients compli-
cating with LC on clinical outcome and the association
between serum sodium levels and baseline character-
istics in our cohort. Few available data exist regarding
clinical outcomes of HCC patients complicating with
LC focusing on baseline serum sodium concentration.
[15] There is urgent need for clarifying these issues.
Thus, we conducted this observational study.

In our results, lower serum sodium level was
associated with poorer survival for all cases (n=1170)
and it was a significant independent predictor in the
multivariate analysis (serum sodium <135 mmol/L:
HR=0.518 and P<0.001) along with other well known
predictors in the field of HCC such as Child-Pugh
classification, HCC stage and tumor markers. [1-6]
Our study results indicate that in not only LC patients
without HCC but also LC patients with HCC, serum
sodium level can be a useful predictor.

A previous study (n=997) demonstrated that if
the cutoff value of hyponatremia of 135 mmol/L is
used, the prevalence of hyponatremia in patients with
LC is around 50%. [29] While in our data, the preva-

lence of patients with serum sodium level of <135
mmol/L was 8.2% (96/1170). HCC patients with LC
and hyponatremia are poor candidates for HCC
therapy in general due to the expected increased risk
of treatment related complications and shorter sur-
vival. [15] Discrepancies of distribution of hypo-
natremia between these studies may be attributed to
the fact that HCC patients with high risk of treatment
related complication or severe concomitant disorders
were rarely introduced to our hospital. Our hospital is
a tertiary center aiming at performing HCC therapy.
On the other hand, lower serum sodium level was
significantly associated with Child-Pugh classification
in our baseline characteristics. Our results were simi-
lar to the previous study. [29] Serum sodium levels as
well as serum ammonia levels are major determinants
of electroencephalographic abnormalities in patients
with LC and there is evidence indicating that hypo-
natremia may affect brain function and predispose to
hepatic encephalopathy, which are in line with our
study results as shown in Fig. 2A. [13, 25, 29, 30]

In our subgroup analyses, lower serum sodium
was closely associated with prognosis in patients with
higher Child-Pugh score, more advanced HCC stage
or higher JIS score. In patients with earlier HCC stage
or less advanced LC, serum sodium level may not be a

http://lwww.jcancer.org
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useful predictor. On the other hand, in terms of com-
parison of OS according to treatment modality, serum
sodium level was significantly associated with OS
only in patients who underwent trancatheter arterial
chemotherapy with or without embolization. Biolato
M, et al. reported that in HCC patients treated with
transcatheter arterial chemoembolization (n=270), the
inclusion of baseline serum sodium level alongside
the already known predictors may allow a better
prognostic definition of HCC patients as candidates
for transcatheter arterial chemoembolization. [15] Our
results were compatible with their study results. In
patients with early stage HCC who are potentially
candidate for SR or PATs, curative therapy for HCC
rather than hyponatremia itself may be essential for
improving prognosis.

We acknowledge several limitations in our
study. First, this is a retrospective observational study
with heterogeneous HCC patient populations. Sec-
ond, there are several missing data in the present
study. However, the number of subjects with missing
data was very small considering large sample of our
study (n=1170), which may not effect on interpreta-
tion of our results. Third, serum sodium concentration
is a labile variable and it can be influenced by con-
comitant treatment such as diuretics. [13, 20, 24, 25]
However, our data revealed that baseline serum so-
dium concentration was a useful predictor in HCC
patients complicating with LC.

In conclusion, there may exist prognostic signif-
icance of baseline serum sodium value in HCC pa-
tients complicating with LC. Lower serum sodium
may be associated with prognosis especially in pa-
tients with higher Child-Pugh score, more advanced
HCC stage or higher JIS score.
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