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Abstract
AIM: to assess the prognostic role of baseline clinical, 
biochemical and radiological characteristics of patients 
with hepatocellular carcinoma (HCC) treated with the 
first transarterial chemoembolization (TACE) procedure.

METHODS: Patients with HCC treated with conven-
tional TACE in a tertiary care setting from 1997 to 2008 
were retrospectively reviewed. Predictors of survival 
were identified using the Cox proportional regression 
model.

RESULTS: Two hundred and seventy patients were 

included. Median age was 66 years, 81% were male, 
58% were HCV-positive, 18% hepatitis B surface anti-
gen-positive, 64% had a Child A status, 40% patients 
had a largest nodule diameter ≥ 5 cm and 32% had 
more than 3 tumor nodules. Median overall survival of 
the whole cohort was 25 mo (95%CI: 21.8-28.2) and 
the 1-, 2- and 3-year probability of survival was 80%, 
50% and 31%, respectively. Non-tumor segmental 
portal vein thrombosis (HR = 1.76, 95%CI: 1.22-2.54), 
serum sodium (HR = 1.65, 95%CI: 1.25-2.18), diam-
eter of largest nodule (HR = 1.59, 95%CI: 1.22-2.091), 
number of nodules (HR = 1.41, 95%CI: 1.06-1.88), 
alpha-fetoprotein (HR = 1.35, 95%CI: 1.03-1.76) and 
alkaline phosphatase (HR = 1.33, 95%CI: 1.01-1.74) 
were independent prognostic factors for overall sur-
vival on multivariate analysis.

CONCLUSION: The inclusion of serum sodium along-
side the already known prognostic factors may allow 
a better prognostic definition of patients with HCC as 
candidates for conventional TACE.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This work describes, in a retrospective cohort 
of 270 patients with hepatocellular carcinoma (HCC) 
treated with conventional transarterial chemoemboliza-
tion (TACE) at our institution, the prognostic role of 
baseline clinical, biochemical and radiological charac-
teristics of patients. Besides well-known prognostic pa-
rameters like portal vein thrombosis, nodule diameter 
and number of lesions, this study underlines the inde-
pendent prognostic role of serum sodium, a well-known 
prognostic parameter in the field of liver cirrhosis, but 
less investigated in the field of hepatocellular carci-
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noma. Our study is the first to document the prognostic 
role of serum sodium in patients with HCC treated with 
TACE in a Western center.
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INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is the second 
most frequent cause of  cancer mortality in men and the 
leading cause of  death among patients with liver cirrho-
sis[1,2]. Transarterial chemoembolization (TACE) is an es-
tablished treatment for patients diagnosed with HCC[3,4]. 
Optimal candidates for TACE are asymptomatic patients 
with compensated liver disease and large/multifocal 
HCC without extrahepatic spread or vascular invasions. 
However, it is also applied to patients in early stages of  
HCC, according to the Barcelona Clinic Liver Cancer 
(BCLC) classification, who are not considered for surgery 
or ablation or who have failed/recurred post-treatment[5]. 
Patients with HCC treated with TACE represent a prog-
nostically heterogeneous population: median survival has 
been reported to range from 14 mo[6] to 34-48 mo[7,8] in 
recent series. Many studies have reported patient-, tumor- 
and treatment-related characteristics associated with bet-
ter survival after TACE, but results from individual stud-
ies are sometimes conflicting[9,10]. Distinguishing those 
patients who represent good candidates for TACE from 
those where little or no benefit may be expected remains 
an unmet clinical need[11]. The aim of  this study is to as-
sess the prognostic role of  baseline clinical, biochemical 
and radiological characteristics of  patients with HCC 
treated with the first TACE procedure.

MATERIALS AND METHODS
Patients
Patients with HCC treated with the first TACE procedure 
at the Catholic University of  Rome between January 1, 
1997, and December 31, 2008, were retrospectively ana-
lyzed with regard to their pre-treatment characteristics. 
A small number of  patients enrolled in this work were 
included in a previous paper[12]. The following data were 
collected for all patients before the first TACE procedure: 
demographic details, etiology of  liver disease, biochemi-
cal data, hematological data, assessment of  hepatic func-
tion based on Child-Pugh score[13], Model for End-stage 
Liver Disease (MELD) score and Model for End-stage 
Liver Disease-sodium (MELD-Na) score[14], staging of  
the tumor, and previous therapy. Hepatitis C and B were 
diagnosed by detecting antibodies to hepatitis C virus and 

Serum hepatitis B surface antigen (HBsAg), respectively, 
through standardized tests. The presence of  underlying 
cirrhosis was assessed histologically or based on clinical 
and blood chemistry findings indicative of  chronic liver 
disease together with evidence of  portal hypertension 
(defined by the presence of  at least one of  the following: 
thrombocytopenia < 100.000/mm3, gastro-esophageal 
varices or splenomegaly). Extra-hepatic disease was as-
sessed with abdominal multiphasic Computed Tomog-
raphy (CT) or Magnetic Resonance Imaging and chest 
radiography. Portal vein thrombosis was classified as non-
tumor on the basis of  the lack of  contrast enhancement 
in the arterial phase. Bone metastases were sought using 
scintigraphy, if  clinically suspected. Follow-up ended on 
September 30, 2012. The date of  death was determined 
by telephone interview if  more than 3 mo had elapsed 
since the last follow-up visit and death did not occur in 
our hospital or was not reported by the family. Patients 
underwent Orthotopic Liver Transplantation (OLT) after 
TACE were excluded from the analysis.

TACE procedure
The indications for conventional TACE at our institution 
were: (1) HCC diagnosed by pathology or by non-inva-
sive criteria, according to Barcelona criteria until 2005[15], 
and subsequently according to AASLD guidelines[16]; (2) 
patients with HCC that were not candidates for resection 
or ablation or had failed/recurred after resection/abla-
tion; (3) adequate hepatic function (Child-Pugh score 5-7 
points); and (4) performance status (PS) = 0[17]. 

Absolute and relative contraindications were: (1) 
hypovascular HCC; (2) infiltrative HCC; (3) presence of  
vascular invasion or extrahepatic metastases; (4) wide-
spread HCC (defined as involving > 50% of  the liver); 
(5) portal vein thrombosis (partial or complete) of  the 
trunk or the right or left portal branch or hepatofugal 
blood flow[9]; (6) presence of  a Transjugular Intrahe-
patic Portosystemic Shunt[9]; (7) esophageal varices F2 
with red signs or F3 untreated[9]; (8) inadequate hepatic 
function (albumin < 2.8 g/dL, bilirubin > 3 mg/dL and 
alanine and aspartate aminotransferase > 5 times the up-
per limit of  the normal range); (9) clinically detectable 
ascites (grade 2-3)[18]; (10) renal insufficiency (creatinine 
≥ 2 mg/dL or creatinine clearance < 30 mL/min); (11) 
inadequate clotting profile (platelet count < 40 × 109/L, 
hemoglobin < 8.5 g/dL, and International Normalized 
Ratio > 1.5); (12) contraindication for iodinated contrast 
media; and (13) contraindication for arterial endovascu-
lar procedure.

TACE was performed by using selective catheteriza-
tion of  the hepatic segmental arteries feeding the lesions. 
A mixture of  lipiodol (Lipiodol Ultrafluid, Mitsui, Tokyo, 
Japan) and carboplatin 450 mg was injected, followed by 
selective arterial embolization by using gelatin sponge 
particles (Spongostan Standard; Johnson and Johnson 
Medical, Gargrave, Skipton, England). One month after 
TACE, patients underwent a multiphasic CT scan. TACE 
was repeated on demand, at least 2 mo after the first 
procedure, in patients with evidence of  viable tumor per-
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sistence, as defined by the amended RECIST criteria[15]. 
TACE was withheld or discontinued whenever vascular 
contraindications, poor hepatic function, severe adverse 
effects, progressive disease with vascular involvement or 
extrahepatic metastases developed. No treatment with 
Drug-Eluting Beads (DEB) was included in this cohort.

Statistical analysis
Continuous data were expressed as the median ± in-
terquartile range. Overall survival was calculated using 
the Kaplan-Meier function and expressed as median 
and 95% confidence interval. A univariate analysis to 
identify baseline demographic, clinical, biochemical and 
radiological predictors of  survival at the time of  the 
first TACE procedure was performed using the Kaplan-
Meier method of  survival function. For continuous vari-
ables, median values were used to determine the cut-off. 
Variables with an alpha less than 0.25 at the univariate 
analysis were included in a backward Cox proportional 
regression model to identify independent predictors of  

survival.
Patients were classified according to five prognostic 

staging systems for HCC: Okuda staging system[19], Can-
cer of  the Liver Italian Program score[20], BCLC staging 
system[21], Tokyo score[22], Japanese Integrated System 
(JIS)[23]. For these scores the Area under the curve was 
calculated and the comparisons between curves was per-
formed according to the method developed by Hanley 
and McNeil[24]. Moreover, for each score, survival curves 
calculated by the Kaplan-Meier method were compared 
using the log rank test.

All statistical analyses were performed using SPSS 
version 19.0 (SPSS Inc., Chicago, IL).

RESULTS
Patient characteristics 
A total of  270 patients with HCC were treated with the 
first TACE procedure during the abovementioned time 
period. Table 1 shows the demographic, clinical, and 
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Table 1  Baseline predictors of survival in 270 patients with hepatocellular carcinoma at time of first conventional transarterial 
chemoembolization  n  (%)

Variables n Patients or median ± IQR Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value

Patient-related characteristics
   Age (yr) 270     66 ± 13 - NS - -
   Male sex 270 220 (81.5) - NS - -
   Diabetes 270   61 (22.6) - NS - -
Etiology
   Hepatitis C Virus 270 158 (58.5) - NS - -
   Hepatitis B Virus 270   50 (18.5) 0.685 (0.484-0.968) 0.032 - NS
   Alcohol 270 13 (4.8) - NS - -
   Other/unknown 270   49 (18.2) - NS - -
Liver cirrhosis 270 246 (91.1) - NS - -
   Child-Pugh class A 268 171 (63.8) - NS - -
   MELD 270     9 ± 4 - NS - -
   MELD-Na 270   10 ± 3 - NS - -
   Ascites (radiological only) 270   61 (22.6) - NS - -
   Encephalopathy 269 18 (6.7) - NS - -
   Esophageal varices 270 134 (49.6) - NS - -
   Segmental portal vein thrombosis (non-tumor) 270   41 (15.2) 1.708 (1.203-2.424) 0.003 1.764 (1.224-2.542) 0.001
Tumor burden 
   Number of nodules > 3 270   86 (31.8) 1.622 (1.232-2.136) 0.001 1.41 (1.060-1.876) 0.018
   Diameter of largest nodule ≥ 5 cm 269 108 (40.2) 1.557 (1.198-2.022) 0.001 1.595 (1.217-2.091) 0.001
   Bilobarity 264 132 (48.9) - NS - -
Previous therapy1 270 73 (27) - NS - -
   Percutaneous Ethanol Injection 270    45 (16.7) - NS - -
   Radiofrequency ablation 270 8 (3) - NS - -
   Liver resection 270 24 (8.9) - NS - -
Baseline laboratory values
   Alanine aminotransferase (UI/L) 270        55 ± 63.5 - NS - -
   Gamma-glutamyl transferase (UI/L) 269     71 ± 80 - NS - -
   Alkaline phosphatase (UI/L) 269     261 ± 175 1.542 (1.188-2.002) 0.001 1.326 (1.008-1.743) 0.043
   Albumin (g/dL) 269     3.5 ± 0.8 - NS - -
   Serum sodium (mEq/L) 270 138 ± 5 1.527 (1.168-1.995) 0.002 1.648 (1.249-2.176) 0.000
   International normalised ratio 270     1.13 ± 0.19 - NS - -
   Total bilirubin (mg/dL) 270     1.1 ± 0.6 - NS - -
   Creatinine (mg/dL) 270        1 ± 0.3 - NS - -
   Alpha-fetoprotein (ng/mL) 267       24 ± 328 1.428 (1.099-1.856) 0.008 1.346 (1.027-1.763) 0.031

1Some patients were subjected to more than one method of treatment before chemoembolization. Univariate analysis by Kaplan-Meier method of survival 
function. Multivariate analysis by backward stepwise cox regression. For continuous variables, median values were used to determine the cut-off. NS: Not 
significant; MELD: Model for End-stage Liver Disease; MELD-Na: MELD-sodium.
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when each continuous variable was put individually into 
a univariate Cox regression model: < 138 mEq/l (i.e., 
the median value) was the best cut-off  (p = 0.002, Figure 
1B), although < 135 mEq/l was still significant (p = 
0.022). Cox regression analysis identified non-tumor seg-
mental portal vein thrombosis (p = 0.001), serum sodium 
(p < 0.001), largest nodule diameter (p = 0.001), number 
of  nodules (p = 0.018), AFP (p = 0.031), and alkaline 
phosphatase (p = 0.043) as independent baseline predic-
tors of  survival for the entire cohort of  HCC patients 
treated with TACE (Table 1). Since serum sodium con-
centration can be influenced by concomitant treatment 
with diuretics, we repeated statistical analysis excluding 
patients with ascites (n = 61), which would have had an 
indication for diuretic therapy. Univariate and multivari-
ate analysis again confirmed the role of  serum sodium as 
an independent predictor of  survival (p = 0.002), even 
excluding patients with ascites.

Staging systems
Table 2 describes the distribution of  patients across 
five prognostic staging systems for HCC (Okuda, CLIP, 
BCLC, Tokyo, JIS) with respective median survivals for 
each stage. When the five staging systems were analyzed 
separately using Kaplan-Meier survival analysis (n = 270), 
each staging system showed a significant difference in the 
probability of  survival across the different stages with the 
exception of  the Okuda system. Univariate analysis for 
staging systems, performed through Cox backward step-
wise regression, showed that CLIP (HR = 1.73, 95%CI: 
1.06-2.82; p = 0.027), BCLC (HR = 1.80, 95%CI: 
1.24-2.60; p = 0.002), Tokyo (HR = 1.55, 95%CI: 
1.19-2.01; p = 0.001) and JIS (HR = 1.78, 95%CI: 
1.26-2.51; p = 0.001) were significant baseline predictors 
of  survival in HCC patients treated with TACE. When 

tumor information for all patients. The majority of  the 
patients were men (81%); the median age was 66 years. 
Almost all (91%) met criteria of  having cirrhosis, the 
most common cause being Hepatitis C Virus (58%). One 
hundred and seventy one (64%) patients were Child-Pugh 
class A; the median MELD and MELD-Na scores were 9 
and 10, respectively. Forty-one (15%) had non-tumor seg-
mental portal vein thrombosis. One hundred and eight 
(40%) patients had a largest nodule diameter ≥ 5 cm and 
86 (32%) had more than 3 tumor nodules. One hundred 
and ninety-seven (73%) patients had never been treated, 
53 (20%) had been previously treated with percutane-
ous ablation and 24 (9%) with surgical resection. Median 
Alpha-Fetoprotein (AFP) level was 24 ng/mL, median 
serum sodium level was 138 mEq/L and median alkaline 
phosphatase level was 261 UI/L.

Survival
At the time the data were analyzed, 232 (86%) patients 
had died. Of  the 38 not known to have died, 14 were lost 
to follow-up after a median of  11.0 mo (95%CI: 3.7-18.3), 
and the remaining 24 were censored at the end of  our 
follow-up period at 9/30/2012 with a median follow-
up time of  48.0 mo (95%CI: 42.0-54.0). The overall 
median survival of  the entire cohort was 25 mo (95%CI 
21.8-28.2 mo, Figure 1A) and the 1-, 2- and 3-year sur-
vival probability was 80%, 50% and 31% respectively.

Baseline predictors of survival
Univariate analysis showed that non-tumor segmental 
portal vein thrombosis, number of  nodules, largest nod-
ule diameter, alkaline phosphatase, serum sodium, AFP 
and HBsAg positivity were significant baseline predictors 
of  survival in HCC patients treated with TACE (Table 1). 
Serum sodium was a significant prognostic factor even 
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Figure 1  Kaplan-Meier analysis of overall survival. A: Among 270 patients, the median overall survival was 25 mo (95%CI: 21.8-28.2); B: according to baseline se-
rum sodium (105 patients with serum sodium < 138 mEq/l and 163 patients with serum sodium ≥ 138 mEq/l): median overall survival was respectively 19 mo (95%CI: 
15.4-22.1) and 26 mo (95%CI: 21.8-30.2); hazard ratio for death in the serum sodium < 138 mEq/l group 1.65 (95%CI: 1.25-2.18).
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staging systems were studied in multivariate analysis along 
with the individual variables (i.e., clinical, radiological and 
laboratory parameters), none of  them was statistically 
significant. In Table 3 the comparison of  ROC curves is 
shown demonstrating that significant differences between 
curves exist between CLIP or JIS vs OKUDA scores for 
the survival outcome at 1 year.

DISCUSSION
In our cohort of  270 HCC patients treated with conven-
tional TACE, non-tumor segmental portal vein throm-
bosis, serum sodium, largest nodule diameter, number of  
nodules, AFP, and alkaline phosphatase were independent 
baseline predictors of  survival.

Negative baseline prognostic factors for TACE al-
ready described in literature[9] include both non-tumor 
portal vein thrombosis and portal tumor invasion, the 
first because of  the lack of  portal blood flow and result-
ing risk of  ischemic necrosis of  viable liver, the second 
because it is a well-defined unfavorable prognostic factor 
for HCC. In our study, in patients with non-tumor seg-
mental portal vein thrombosis, an individual decision was 

made for or against TACE on the basis of  liver function 
and respective location of  tumor nodules and segmental 
thrombosis. Nevertheless, non-tumor segmental portal 
vein thrombosis remains an important risk factor for 
death, with the highest hazard ratio in our cohort. While 
Asian guidelines still recommend TACE for these pa-
tients[25], recently a panel of  experts proposed to classify 
patients with segmental thrombosis and Child-Pugh class 
A, as "quasi-C" and to treat them directly with sorafenib 
or alternatively with transarterial radioembolization or 
TACE[26]. Studies comparing endovascular or systemic 
treatments, or combination of  these, in patients with 
HCC and portal vein thrombosis are ongoing.

The peculiar result of  our study is the evidence of  
the prognostic role of  serum sodium in HCC patients 
treated by TACE. Hyponatremia is a frequent complica-
tion of  advanced cirrhosis related to arterial splanchnic 
vasodilatation, which involves a reduction of  effective 
circulating volume. The circulatory dysfunction causes a 
non osmotic hypersecretion of  arginine vasopressin (or 
antidiuretic hormone) from the neurohypophysis, which 
causes retention of  water that is disproportionate to 
the retention of  sodium, thus resulting in hypervolemic 
hyponatremia and hypo-osmolality[27]. Serum sodium 
may be a good indicator of  the intensity of  this patho-
physiological disturbance and has been recognized as an 
important prognostic factor in patients with liver cirrho-
sis. Hyponatremia has been associated with ascites[28,29], 
hepatorenal syndrome[29-31], bacterial infections[28,29], and 
hepatic encephalopathy[29,32]. Finally, hyponatremia has 
also been associated with death from liver disease[28,30,33] 
and serum sodium was included in the score used to pre-
dict short-term mortality in patients on the waiting list 
for OLT[14].

The prognostic role of  serum sodium has been less 
investigated in the field of  HCC. A retrospective study 
performed in Italy on 466 patients undergoing hepatec-
tomy for HCC on cirrhosis identified serum sodium as 
a risk factor for irreversible postoperative liver failure in 
patients with MELD score 9-10[34]. Serum sodium was 
an independent risk factor for mortality in a cohort of  
116 HCC patients consecutively evaluated for OLT[35]. In 
a large cohort of  unselected HCC patients from Taiwan, 
MELD-Na was a better predictor of  3-mo and 6-mo 
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Table 2  Survival according to five staging systems in 270 
hepatocellular carcinoma patients treated with conventional 
transarterial chemoembolization  n  (%)

Staging system Median survival (95%CI)-mo P  value

Okuda NS
   Ⅰ  161 (59.6)  27.00 (23.02-30.98)
   Ⅱ  103 (38.1)  21.00 (17.94-24.06)
   Ⅲ    6 (2.2) 16.00 (5.20-26.80)
CLIP 0.001
   0    45 (16.7)  32.00 (23.18-40.82)
   1    90 (33.3)  30.00 (21.02-38.98)
   2    70 (25.9)  26.00 (24.23-27.77)
   3  46 (17)  15.00 (10.57-19.43)
   4  19 (17) 13.00 (5.89-20.11)
BCLC 0.013
   A    87 (32.2)  30.00 (24.07-35.93)
   B  153 (56.7)  22.00 (17.11-24.89)
   C1    30 (11.1) 19.00 (6.92-31.08)
Tokyo 0.011
   0    3 (1.1) 26.00 (-)
   1  24 (8.9) 29.00 (9.65-48.35)
   2    44 (16.3) 30.00 (15.88-44.12)
   3    52 (19.3) 32.00 (27.45-36.55)
   4  147 (54.4) 20.00 (17.12-22.88)
JIS 0.003
   0     3 (1.1) 26.00 (-)
   1  104 (38.5) 29.00 (22.83-35.17)
   2  121 (44.8) 25.00 (19.38-30.62)
   3    42 (15.6) 17.00 (13.46-20.54)

1Included 25 patients with extrahepatic metastases and Child A status and 
5 patients with a performance status of 1 or 2 and Child B8-9; the decision 
to perform transarterial chemoembolization in these patients was made 
on an individual basis in an era when sorafenib was not available. For 
each score, survival curves calculated by the Kaplan-Meier method were 
compared using the log rank test. A dash (-) indicates that the CI could not 
be calculated if the number of patients within each prognostic score was 
≤ 5. NS: Not significant; CLIP: Cancer of the Liver Italian Program; BCLC: 
Barcelona Clinic Liver Cancer; JIS: Japanese Integrated System.

Table 3  Comparisons between receiver operating characteris-
tic curves  n  (%)

Staging 
system

AUROC 1 yr AUROC 2 yr
(95%CI) [P  value] (95%CI) (P  value)

OKUDA 0.492 (0.410-0.574) [0.849] 0.547 (0.478-0.615) [0.185]
CLIP  0.632 (0.548-0.716) [0.002]1 0.603 (0.536-0.670) [0.003]
BCLC 0.600 (0.524-0.676) [0.018] 0.571 (0.502-0.639) [0.045]
TOKYO 0.541 (0.457-0.626) [0.324] 0.582 (0.514-0.650) [0.020]
JIS     0.658 (0.582-0.734) [< 0.001]2 0.576 (0.508-0.644) [0.031]

Significant differences between curves: 1CLIP vs OKUDA; 2JIS vs OKUDA. 
AUROC: Area under the curve; CLIP: Cancer of the Liver Italian Program; 
BCLC: Barcelona Clinic Liver Cancer; JIS: Japanese Integrated System.
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survival than MELD[36]; in the opinion of  the investiga-
tors hyponatremia may be more sensitive than serum 
creatinine in detecting the subtle but critical deterioration 
of  renal function in HCC patients with liver cirrhosis. 
Accordingly, an intriguing explanation of  the prognostic 
role of  serum sodium in patients with HCC treated with 
TACE hypothesized that serum sodium was potentially 
able to identify patients at greater risk of  renal failure 
induced by radiocontrast agents. A prospective study 
conducted in Taiwan on 591 patients with HCC treated 
with TACE has refuted this hypothesis, while confirm-
ing the independent prognostic role of  serum sodium[37]. 
In a recent study from South Korea, serum sodium is 
recognized as one of  the risk factors for acute hepatic 
failure after TACE[38]. Our study is the first to document 
the prognostic role of  serum sodium in patients with 
HCC treated with TACE in a Western center.

In our study, the Cox regression model identified < 
138 mEq/l as the best cut-off  for serum sodium, al-
though the cut-off  of  < 135 mEq/l was still significant. 
At first glance, interpreting serum sodium values that fall 
within the normal range as a risk factor for mortality may 
seem disconcerting, but this has already been described 
in literature[34,36-38], although the exact value of  serum so-
dium at which the risk of  mortality arises remains to be 
identified. In contrast to serum sodium, the MELD-Na 
was not a significant prognostic factor in our study, prob-
ably because 80% of  patients were in the range 8-14.

Beside well-known prognostic factors such as largest 
nodule diameter ≥ 5 cm, presence of  > 3 nodules and 
elevated AFP[9], our study shows that alkaline phospha-
tase was an independent baseline predictor of  survival 
in patients with HCC treated with conventional TACE. 
The association between an elevation of  alkaline phos-
phatase and a poor prognosis in patients with HCC is 
not completely understood in literature, although alkaline 
phosphatase has been found an independent predictor 
of  both disease-free and overall survival after hepatec-
tomy[39,40] and is included in some staging systems for 
HCC like the Chinese University Prognostic Index[41] and 
Group d’Etude de Traitement du Carcinoma Hepatocel-
lulaire[42]. A relationship with biliary infiltration seems un-
likely[39]. Some authors suggest that alkaline phosphatase, 
a mesenchymal stem cell antigen with nucleolar localiza-
tion in Hep-G2 cancer cells, could be a marker of  cancer 
proliferation[39], while others speculate that elevation of  
alkaline phosphatase is a marker of  inflammatory necro-
sis in the liver, which was associated with an increased 
risk of  recurrence after hepatectomy[40].

Similar to other studies[43], our study has confirmed 
that the most commonly used staging systems (BCLC, 
CLIP, Tokyo, JIS) have capacity to discriminate prognosis 
in patients with HCC treated with conventional TACE, 
but none of  them turned out to be higher than individual 
variables from which it is composed.

The limitations of  this study include its retrospective 
nature and incomplete knowledge of  the clinical history 
of  patients from the time of  TACE to death, especially 
with regard to time to progression, the onset of  renal or 

hepatic decompensation, and treatment performed after 
first TACE (e.g., number of  repeated TACE or percuta-
neous ablation performed after TACE). The high num-
ber of  cases (86%) for which data on patient survival is 
available strengthens the findings of  our analysis.

Given the prognostic role of  serum sodium in pa-
tients with HCC treated with TACE, it would be interest-
ing to investigate its prognostic role in cohorts of  HCC 
patients treated with DEB-TACE, sorafenib or radio-
embolization. The inclusion of  serum sodium alongside 
the already known prognostic factors may allow a better 
prognostic definition of  patients with HCC as candidates 
for conventional TACE.

COMMENTS
Background
Transarterial chemoembolization is an established treatment for patients di-
agnosed with hepatocellular carcinoma with compensated liver disease and 
not suitable for surgery or ablation. These patients represent a prognostically 
heterogeneous population, with median survival ranging from 14 to 48 mo. Dis-
tinguishing those patients who represent good candidates for transarterial che-
moembolization from those where little or no benefit may be expected remains 
an unmet clinical need.
Research frontiers
Many studies have reported patient-, tumor- and treatment-related character-
istics associated with better survival after transarterial chemoembolization for 
hepatocellular carcinoma, but results from individual studies are sometimes 
conflicting. An important research hotspot in this area is to distinguish patients 
who will benefit from transarterial chemoembolization compared to other treat-
ment options (such as radioembolization and sorafenib).
Innovations and breakthroughs
The peculiar result of our study is the evidence of the prognostic role of serum 
sodium in patients with hepatocellular carcinoma treated by transarterial che-
moembolization. Serum sodium has been already recognized as an important 
prognostic factor in patients with liver cirrhosis and has been associated with 
ascites, hepatorenal syndrome, bacterial infections, hepatic encephalopathy 
and death from liver disease, but its prognostic role in the field of hepatocellular 
carcinoma has been less investigated. Two studies identified serum sodium as 
an independent risk factor for mortality in patients with hepatocellular carcinoma 
underwent hepatectomy and liver transplantation, respectively. Two studies 
performed in Taiwan and South Korea, respectively, described the independent 
prognostic role of serum sodium in patients with hepatocellular carcinoma 
treated by transarterial chemoembolization. The authors must remember that 
in the eastern countries the characteristics of patients with hepatocellular car-
cinoma and the transarterial chemoembolization procedures are different than 
in Western countries. The authors’ study is the first to document the prognostic 
role of serum sodium in patients with hepatocellular carcinoma treated with 
transarterial chemoembolization in a Western center.
Applications
The study results suggest that serum sodium is a readily available, objective, 
and reproducible prognostic factor in patients with hepatocellular carcinoma 
candidates for conventional transarterial chemoembolization procedure. Future 
perspectives include investigating its prognostic role in patients with hepatocel-
lular carcinoma treated with drug-eluting beads transarterial chemoemboliza-
tion, sorafenib or radioembolization.
Terminology
Hepatocellular carcinoma is a malignant tumor of the liver and represents the 
leading cause of death among patients with liver cirrhosis. Transarterial che-
moembolization is a radiological procedure for the treatment of hepatocellular 
carcinoma which consists in administering a mixture composed of chemothera-
peutic agents and embolizing substances directly into the malignant hepatic 
nodule using an endovascular catheter.
Peer review
The authors retrospectively assess the outcomes of 270 patients undergoing 
conventional transarterial chemoembolization over an 11 year timeframe to de-
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termine variables associated with overall survival. The clinical and demographic 
characteristics were representative of a western population undergoing transar-
terial chemoembolization. Median overall survival was 25 mo, which seems rea-
sonable. Expected parameters associated with overall survival were confirmed 
to be associated (non-malignant portal venous thrombosis, tumor number, tour 
size, alpha-fetoprotein). In multivariate analysis serum sodium < 138 mEq/l 
but not albumin and bilirubin was associated with overall survival. This paper 
addressed the question thoroughly. All methods were sound. Authors did not 
overreach with the data analysis. Very sound paper with valid conclusions.
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