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Abstract Patients with huge hepatocellular carcinoma

[10 cm in diameter represent a special subgroup for

treatment. To date, there are few data and little consensus

on treatment strategies for huge hepatocellular carcinoma.

In this study, we summarized the effects and safety of

transarterial chemoembolization for huge hepatocellular

carcinoma. A retrospective study was performed based on a

large cohort of patients (n = 511) with huge hepatocellular

carcinoma who underwent serial transarterial chemoem-

bolization between January 2008 to December 2011 and

were followed up until March 2013. We found median

survival time was 6.5 months. On multivariate analysis,

Child-Pugh class (A versus B) (p \ 0.0001), alpha-feto-

protein (B400 lg/L) (p = 0.002), Barcelona Clinic Liver

Cancer stage (B versus C) (p = 0.013), and other treat-

ments after transarterial chemoembolization such as

surgical resection (p = 0.008), radiation (p = 0.018), and

local radiofrequency ablation (p = 0.002) were factors

significantly associated with better overall patient survival

after chemoembolization. Twenty-nine percent of these

patients showed a tumor response after serial transarterial

chemoembolization. Severe complications were few

(4.9 %), including oncolytic syndrome (n = 3), tumor

rupture (n = 3), gastrointestinal bleeding (n = 4), deep

venous thrombosis (n = 3), acute cholecystitis (n = 4),

femoral artery pseudoaneurysm (n = 1), acute pancreatitis

(n = 1), and acute hepatic failure (n = 6). In conclusion,

transarterial chemoembolization is a safe and effective

treatment for selected patients with huge hepatocellular

carcinoma and is recommended as a component of com-

bination therapy. In addition, patients with good liver

function and low alpha-fetoprotein levels may acquire

greater survival benefits from transarterial

chemoembolization.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most deadly

malignancies worldwide [1]. Tumor size is predictive of

the stage of HCC progression [2, 3] and is one of the main

critical factors used to determine the choice of treatment

[3]. Small HCC, particularly \3 cm, typically receive

radical treatment, including hepatic resection, radiofre-

quency ablation, or liver transplantation. Most research and

clinical trials have investigated early-stage HCC, par-

ticularly those with tumors \3 cm, or even \2 cm. How-

ever, for large HCC with diameters [5 cm, or even
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[10 cm, data are limited. In general, for huge HCC with

diameter [10 cm, treatment consists of surgical resection.

However, this modality is not ideal because huge HCC are

typically unresectable [4, 5].

Huge HCC has unique traits that accompany the large

volume. Pathophysiologically, the huge HCC has promi-

nent necrosis and inflammation, and the membrane sur-

rounding the tumor is always not complete. Meanwhile, the

tumors are prone to invade into the local vasculature to

become emboli, which increase the possibility of metas-

tasis. Therefore, portal vein (PV) invasion and satellite foci

are commonly found upon diagnosis [6, 7]. In addition, the

huge HCC has an increased risk of rupture, which in turn

can accelerate local spread and deterioration of liver

function. If therapy is ineffective, prognosis is poor [8].

Therefore, the management of huge HCC remains a major

medical challenge.

To date, transarterial chemoembolization (TACE) is still

the main therapy for unresectable HCC [9]. However, for

huge HCC with diameter[10 cm, serial TACE becomes a

challenge because of the large tumor burden and increased

possibility of complications. Ke et al. [10] reported a

successful treatment protocol combining TACE and ra-

diofrequency ablation (RFA) for huge HCC based on a

small sample of patients (n = 9). Another study reported

the effect of TACE for huge HCC based on a small patient

sample (n = 31) [11]. Herein, we performed a large-scale

(n = 511) retrospective cohort study and summarized the

effects and safety of TACE for patients with huge HCC in

our institute.

Materials and methods

Patients

This study sample was derived from patients (n = 1,806)

who underwent serial TACE between January 2008 to

March 2011 and whose data were contained within a

prospectively maintained database at the Liver Cancer In-

stitute, Zhongshan Hospital, Fudan University. A diagnosis

of HCC was made on the basis of pathology or the diag-

nostic criteria of the American Association of the Study of

Liver Disease on the radiological evaluation or biopsy. For

patients without typical contrast ‘‘wash-in’’ and ‘‘wash-

out’’ upon radiological examination, the biopsy was

performed.

The main inclusion criteria for the present study in-

cluded patients with single or multiple HCC[10 cm in the

largest diameter. Patients were excluded if they had pre-

vious treatment before the first TACE. We also excluded

patients with severe impairment of liver function (Child-

Pugh C). Meanwhile, patients who had received only intra-

arterial chemotherapy without embolization were excluded.

All patients gave informed consent before undergoing

TACE. Approval was obtained from the Zhongshan

Hospital review board to perform this study.

TACE procedure and follow-up

Superior mesenteric and celiac arteriography was per-

formed initially to assess anatomy, tumor burden, and the

tumor-feeding artery. The catheter was super-selectively

inserted into the tumor-feeding artery. Chemotherapeutic

agents such as 5-fluorouracil (1.0 g) and oxaliplatin

(150 mg) were infused, and then an emulsion of 10 mg

mitomycin C and 5–30 ml lipiodol was administrated (the

amount of lipiodol chosen depended on tumor size and

vasculature). For insufficient embolization with lipiodol in

hypervascular tumors, gelatin sponge particles were used.

After chemoembolization, patients were observed in case

they experienced post-embolization syndrome (i.e., pain,

nausea, and/or fever) or other adverse effects. Hydration,

diuresis, and alkalinization of urine were performed for

these patients post-TACE.

In our institute, tumor responses were mainly evaluated

with regular computed tomography (CT) 1 month after

TACE. For patients with residual disease, as shown by only

partial lipiodol deposit in regular CT, or artery phase en-

hancement of contrast with dynamic enhanced CT or

magnetic resonance imaging (MRI), TACE was repeated at

an interval of 1.5–2.0 months. If the patients achieved

complete tumor necrosis, follow-up with contrast-enhanced

CT or MRI was performed, and alpha-fetoprotein (AFP)

measurements were taken every 2–3 months. Treatment

was terminated if a patient could not tolerate the procedure

because of a decline in his/her clinical status or if a patient

presented a complete response.

Measurements

The primary end point in this study was overall survival

(OS). OS was defined as the time period between the first

chemoembolization to the date of death regardless of rea-

son for death. The second end point was objective re-

sponse. Considering the short survival of patients with

huge HCC, we evaluated the response 1 month after the

second TACE in this study. Because part of patient cohort

received only CT scan without enhancement during follow-

up, we adopted the following strategy to consider the effect

of necrosis in the evaluation: (1) For regular CT, we

measured the longest diameter except the region with the

lipiodol deposit. This method was based on the report of

Okusaka et al. [12] whose research suggested good ac-

cordance between lipiodol imaging and pathology necrosis.

(2) For contrast-enhanced CT/MRI, we evaluated the tumor
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response according to the modified response evaluation

criteria in solid tumors (mRECIST) protocol [13].

For TACE-related complications, post-embolization

syndrome consists of fever, abdominal pain, and a mod-

erate degree of ileus. If the patient experienced high fever

with chills, or elevated white blood cell counts and in-

creased neutrophil/white blood cell ratio, the possibility of

infection should be considered. TACE-related death was

considered if the death occurred within 1 month post-

TACE.

Statistical analyses

For survival analysis, patients lost to follow-up and patients

who had not achieved a response at the end of this study

were recognized as censored cases. Based on the definition

of Barcelona Clinic Liver Cancer (BCLC) staging, in this

study, we defined BCLC B stage where the tumor was

[10 cm in diameter and without vessel invasion or

metastasis. If the tumor concomitantly had PV invasion,

multiple nodules, or remote metastasis, the tumor was

classified as BCLC C stage. Cumulative survival curves

were drawn according to the Kaplan–Meier method and

were compared with the results of the log-rank test. Cox

regression analysis was performed to assess the factors

related to patient survival. Logistic regression analysis was

used to identify the factors associated with tumor response.

Stratification was used to control the potential confounders

or effect modification in Cox and Logistic analyses. All

p values were two-tailed, and the statistical significance

was set at p \ 0.05. Statistical analyses were performed

using SPSS 18.0 software (SPSS Inc., Chicago, IL).

Results

Patients’ characteristics

Among 1,806 HCC patients potentially eligible for analy-

sis, 511 (28.3 %) patients with huge HCC who met the

aforementioned criteria were included in the study. The

baseline characteristics of patients are summarized in

Table 1. These patients had a median age of 53 (range

6–96) years. There were 450 male and 61 female patients,

with a male–female ratio of 7:1. Most patients were hep-

atitis B surface antigen (HBsAg)-positive (79.3 %). There

were 62.6 % (320 of 511) HCC patients classified as BCLC

stage B and 37.4 % (191 of 511) patients classified as

BCLC stage C. Of the 511 HCC patients, 478 (93.5 %)

were of Child-Pugh stage A, and 33 were of (6.5 %) Child-

Pugh stage B. The median tumor size was 12 cm (range

10–25 cm). One hundred and sixty-three patients (31.8 %)

had PV invasion, and 48 patients (9.4 %) had metastasis

based on image evaluation.

After chemoembolization, of the 511 patients, 18 un-

derwent hepatic resection after TACE, and one patient

underwent a partial pulmonary resection. Eighteen patients

were treated with additional radiation therapy (RT).

Twelve patients were treated with additional RFA, where

nine patients underwent the procedure once, two patients

twice, and one patient three times.

Table 1 Baseline characteristics of the 511 patients with huge HCC

Characteristics Value %

Sex

Male 450 88.1

Female 61 11.9

Age (yr), mean ± SD 53.2 ± 12.1

Cirrhosis 82 16.0

Tumor family 15 2.9

Viral marker

HBsAg-positive 405 79.3

Anti-HCV-positive 4 0.8

Child-Pugh classification

A 478 93.5

B 33 6.5

Serum alpha-fetoprotein

[400 lg/L 313 61.3

B400 lg/L 198 38.7

c-glutamyl transferase (U/L) 240.0 ± 174.5

Tumor size (cm), mean ± SD 11.5 ± 2.3

Tumor number

Single 417 81.6

Multiple

B3 75 14.6

[3 19 3.7

Degree of vessel invasion

Main portal vein invasion 96 18.7

Portal branch invasion 67 13.1

Metastasis 48 9.4

BCLC stage

B 320 62.6

C 191 37.4

TACE (No. of times), mean ± SD 2.4 ± 1.5

Additional treatment

Surgical resection 19 3.7

Radiation therapy 18 3.5

RFA 12 2.3

HCC hepatocellular carcinoma, SD standard deviation, HBsAg hep-

atitis B surface antigen, HCV hepatitis C virus, BCLC Barcelona

Clinic Liver Cancer, TACE transarterial chemoembolization,

No number, RFA radiofrequency ablation
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Overall survival

During the follow-up period (mean, 15.0 months), 390

patients died and 52 survived, with the median patient

survival period of 6.5 months. Some of the patients

(n = 69) were lost during follow-up. Patient survival rates

were 33 % at 1 year, 13 % at 3 years, and 10 % at 5 years

after chemoembolization (Fig. 1). During the follow-up

period, 160 (31.3 %) died from tumor progression, 59

(11.5 %) died from hepatic encephalopathy, 24 (5.8 %)

died from gastrointestinal hemorrhage, and 4 (0.8 %) died

from rupture of the tumor.

Univariate analysis indicated that Child-Pugh classifi-

cation, cirrhosis, AFP, c-glutamyl transferase, PV invasion,

metastasis, BCLC stage, and additional treatments includ-

ing hepatic resection, radiation therapy, or RFA were

potential prognostic factors for OS (Table 2). On multi-

variate analysis, Child-Pugh class A (p \ 0.0001), AFP

(B400 lg/L) (p = 0.002), BCLC B stage (p = 0.013),

surgical resection after chemoembolization (p = 0.008),

RT after chemoembolization (p = 0.018), and RFA after

chemoembolization (p = 0.002) were independent prog-

nostic factors for better patient survival after confounder

adjustment (Table 3). In addition, tumor response was

closely correlated with patient survival (Fig. 2).

Tumor response

Two hundred and thirty-two patients (44.6 %) who had

available images were evaluated for tumor response. After

chemoembolization, ten patients (4.3 %) showed a com-

plete response and 57 patients (24.6 %) showed a partial

response, for a tumor response rate of 28.9 % (67 of 232).

Despite therapy, 78 patients (33.6 %) showed stable dis-

ease and 87 patients (37.5 %) showed progressive disease.

Age and serum AFP levels were variables with a p value

\0.20 on univariate analysis that were entered into the

multiple logistic regression model (ESM_1, Online Re-

source 1). On multivariate analysis, age (odds ratio 3.813;

p = 0.014) was a significant factor in determining tumor

response (ESM_2, Online Resource 2). Relatively, younger

patients had more than twice the risk of progression than

older patients undergoing chemoembolization.

Complications

Severe chemoembolization-related complications occurred

in 25 patients (4.9 %). Four patients experienced gas-

trointestinal bleeding after TACE. Acute hepatic failure

occurred in six patients. Acute cholecystitis occurred in

Fig. 1 Overall cumulative survival in all 511 patients with huge

(C10 cm) HCC

Table 2 Univariate Cox

analysis of prognostic factors

for survival of patients receiving

TACE

TACE transarterial

chemoembolization, HR hazard

ratio, CI confidence interval,

BCLC Barcelona Clinic Liver

Cancer, RFA radiofrequency

ablation

Variables HR 95 % CI p value

Sex (male) 1.09 0.804–1.472 0.585

Age ([60 years) 0.88 0.698–1.107 0.273

Cirrhosis 1.24 0.948–1.632 0.116

Tumor family 0.82 0.451–1.498 0.522

Child-Pugh classification (A vs. B) 1.91 1.307–2.791 0.001

Serum alpha-fetoprotein (B400 lg/L) 1.36 1.104–1.667 0.004

c-glutamyl transferase (B75 U/L) 1.33 0.950–1.858 0.097

Tumor number (single versus multiple) 1.04 0.808–1.344 0.751

Portal vein invasion 0.72 0.582–0.891 0.002

Metastasis 1.37 0.993–1.886 0.055

BCLC stage (B vs. C) 1.44 1.172–1.765 0.001

Additional treatment

Surgical resection 2.16 1.235–3.772 0.007

Radiation therapy 1.55 0.911–2.265 0.106

RFA 5.09 1.896–13.67 0.001
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four patients. Three patients had tumor rupture; three pa-

tients had deep venous thrombosis; one patient experience

acute pancreatitis; and three patients experienced tumor

lysis syndrome after chemoembolization. Femoral artery

pseudoaneurysm occurred in one patient, who received the

vascular repair. The procedure-related mortality was

0.6 %.

Discussion

For HCC of large size, available treatment options are

becoming fewer and more difficult [8]. When HCC pro-

gresses to huge tumor size, the corresponding local inva-

sion, spread, and metastasis increase concurrently;

meanwhile, the risk of complications such as rupture and

gastrointestinal bleeding also increases. For unresectable

HCC, TACE is still the main treatment choice [14]. For

huge HCC, however, doctors should consider the balance

between the potential survival benefits and the treatment-

related complications. In this large cohort, TACE was

shown to be a safe and effective treatment for selected

patients with huge HCC. Prior to our study, one study re-

ported combined TACE and RFA to treat huge HCC in

nine patients, which showed positive outcomes [10]. In

addition, a recent report compared the efficacy between

surgery and TACE for huge HCC [15]. The survival rates

of patients who received TACE in our study (33 % at

1 year, 13 % at 3 years, and 10 % at 5 years) were similar

to this recent report (37.8 % at 1 year, 16.3 % at 3 years,

and 9.7 % at 5 years) [15]. However, the inclusion criteria

in our study were different from that report where patients

with huge HCC with metastasis were excluded.

In this study, some patients received additional treat-

ments, either surgery, radiotherapy, or local RFA, after

chemoembolization. Results showed that all of these ad-

ditional treatments improved the survival of patients, which

indicated that the combined treatments based on TACE can

add survival benefits for patients with huge HCC. Although

the evidence for the effectiveness of TACE treatment for

huge HCC is lacking, the efficiency of TACE for large

HCC with diameter C5 cm had been shown previously,

particularly when combined with other local treatments

[16], such as percutaneous microwave coagulation therapy

[17], percutaneous ethanol ablation [18], or radiotherapy

[19, 20]. Generally, surgery, percutaneous ethanol ablation,

or RFA may help to promote local control, whereas ra-

diotherapy is potentially more suitable for control of PV

Table 3 Multivariate Cox analysis of prognostic factors for survival of patients receiving TACE

Variables HR 95 % CI p value

Child-Pugh classification (A vs. B) 2.18 1.475–3.220 \0.0001

Serum alpha-fetoprotein (B400 lg/L) 1.40 1.129–1.723 0.002

BCLC stage (B vs. C) 1.31 1.059–1.613 0.013

Additional treatment

Surgical resection 2.15 1.219–3.773 0.008

Radiation therapy 1.93 1.120–3.334 0.018

RFA 4.67 1.734–12.59 0.002

TACE transarterial chemoembolization, HR hazard ratio, CI confidence interval, BCLC barcelona clinic liver cancer, RFA radiofrequency

ablation

Fig. 2 Comparison of the

survival curves between tumor

responses by Kaplan–Meier

method. a Comparison between

complete response (CR), partial

response (PR), stable disease

(SD), and progressive disease

(PD). b Comparison between

patients with tumor response

(CR ? PR) and patients with

stable disease or without

response (SD ? PD)
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invasion or local lymph node invasion. Similar to our re-

sults, a cohort study based on TACE for large HCC (di-

ameter [5 cm) indicated that additional treatments

improved patient survival [16].

In this study, we determined that some prognostic fac-

tors were closely correlated with survival, which could

potentially be useful predictors for the efficacy of TACE

treatment. First, liver function was one of the main critical

factors to affect the survival of patients with huge HCC.

Secondly, based on BCLC stage, patients with huge HCC

in this study included two subgroups, stage BCLC B and

stage BCLC C. According to the guidelines, TACE is the

standard treatment for BCLC B patients. Meanwhile, ac-

cumulating evidence has suggested that chemoemboliza-

tion provides benefits to select patients with BCLC C stage

HCC [21, 22]. In this study, the results suggested that pa-

tients with BCLC B stage disease had better survival after

undergoing repeated TACE. Part of reason was that PV

invasion and metastasis in patients with BCLC C stage

were the independent prognostic factors for survival in this

study.

Generally, the doses of chemotherapeutic agents and

lipiodol used in chemoembolization are relatively large,

which potentially increase the occurrence of treatment-re-

lated complications. In our cohort, the severe complica-

tions mainly included rupture, oncolytic syndrome, and

gastrointestinal bleeding. For preventing tumor lysis syn-

drome, we regularly performed hydration. This type of

complication was low [23]; however, when it occurred,

mortality was high. Gastrointestinal bleeding always oc-

curred in patients with PV invasion, particularly with a

main PV embolus. Our recent meta-analysis indicated that

TACE was also safe for HCC with PV invasion for selected

patients [24]. For rupture, to date, tumor size did not appear

to be predictive [25].

Although this study was based on a large sample

population, there were still limitations. First, since we

performed a retrospective cohort study, bias was possible

because of the non-random selection of patients. Second,

for BCLC C stage, sorafenib is the standard treatment, and

TACE is not; therefore, we were not able to compare the

efficacy of TACE against the standard of care. However, a

recent study indicated that combined TACE and sorafenib

showed no further survival benefits than TACE alone [26].

Third, as an end point, we selected the tumor response after

the second TACE treatment in our patients because of their

relatively short survival; this group likely does not repre-

sent or account for the whole therapeutic control effect.

Recently, an analysis based on the apparent diffusion co-

efficient changes at diffusion-weighted MRI showed that

the 1-month response was an independent predictor of

outcome of HCC patients undergoing TACE [27].

In summary, our findings suggest that TACE is suitable

and safe for huge HCC and is particularly suitable for

patients with good liver function and BCLC B stage. For

selected patients with huge HCC, additional treatments

including surgical resection, radiotherapy, or RFA are

strongly recommended post-TACE.
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