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Abstract
Aim: Transarterial chemoembolisation (TACE) is recommended therapy for intermediate-stage hepatocellular
carcinoma (HCC). However, the wide variations in outcomes reflect significant heterogeneity of this patient group.
We evaluated the prognostic factors associated with survival in a real-world setting to identify those at high risk of
a poor outcome.
Methods: Patients with HCC who underwent initial TACE at six tertiary hospitals between 2009 to 2014 were
included via an extensive search of hospital databases and electronic medical records. Overall survival (OS) was
measured from the date of initial treatment to the date of death or last follow-up. Univariate and multivariate Cox
regression analyses were used to assess the effects of baseline variables on post-TACE survival.
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Results: The majority of the 431 eligible patients were Caucasian (80%), male (87%), with a mean age of 66 years
and had alcohol-related cirrhosis (43%). Most were Child-Pugh A (69%) with BCLC stage A (59%) or B (35%)
disease, with a median OS of 28 months. On multivariate analysis, pre-treatment ascites (P = 0.001) and larger
HCC (P < 0.001) were associated with worse overall survival, while higher serum albumin (P < 0.001) and HBV (P
= 0.005) were associated with improved survival.
Conclusion: Patients with advanced liver disease, including the presence of ascites and lower serum albumin, as
well as those with greater tumour burden, have poorer outcomes following TACE treatment. Such findings provide
a better understanding of the variation in survival after TACE and are helpful in facilitating selection and timely
stage migration of patients undergoing this therapy.
Keywords: Liver Cancer, tumour stage, unresectable hepatocellular carcinoma, transarterial chemoembolisation,
treatment allocation, patient selection, treatment outcomes, prognostic factors, aetiology of liver disease, chronic
hepatitis B infection, cirrhosis severity

INTRODUCTION
Globally, HCC is the fourth most common cancer and the second-highest cause of cancer death
worldwide[1,2]. The severity of chronic liver disease is a key factor influencing overall survival in HCC, as
unlike other solid tumours, significant liver dysfunction can preclude patients from treatment because of
increased risks of adverse outcomes, including liver failure[3,4]. In addition, the stage of liver disease at
presentation influences prognosis and treatment options. In this context, the Barcelona Clinic Liver Cancer
(BCLC) staging system is one of the most widely utilised treatment algorithms as it incorporates both
tumour staging and liver function parameters that influence patient survival[5-7].
The majority of patients with HCC present with intermediate (BCLC B) stage disease at diagnosis[5,8,9].
According to the BCLC system, transarterial chemoembolisation (TACE) is the recommended treatment
for this group based on a meta-analysis of randomised controlled trials[9,10]. In addition, as we have
previously shown, up to 40% of patients with early-stage disease may receive TACE as first-line therapy
because of unsuitability for resection or ablation[11]. Notably, patients with intermediate-stage disease may
have asymptomatic large or multifocal intrahepatic disease in the absence of macrovascular invasion and
extrahepatic metastases. In this context, the outcomes of patients having TACE are quite heterogeneous,
with median survival rates varying from 20-25 months in randomised controlled trials[12,13] to 40-45 months
in more recent prospective cohort studies from Asia[14] and Europe[15]. Such heterogeneity in survival
outcomes reported across studies may be due to the wide spectrum of tumor burden and liver dysfunction
observed in patients within the BCLC stage B classification. Thus, to better understand which patients are
likely to benefit from TACE, we performed a multicenter study in a real-world setting to identify pretreatment factors associated with improved survival after TACE.

METHODS
Study population

In this multicentre, retrospective real-world study, we identified patients undergoing TACE treatment for
HCC from six tertiary centers in Melbourne, Australia, between January 2009 and December 2014. Patients
were included if they were classified as BCLC A, B, or C with relatively well preserved European Cooperative Oncology Group (ECOG) performance status of 0-2. Patients were excluded if they received
TACE as a bridge to liver transplantation or if they had TACE for any diagnosis other than HCC. All
included cases had undergone review at tertiary hospital multidisciplinary meetings and were
recommended to receive TACE. The diagnosis of HCC was based on imaging criteria or histology
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according to the current AASLD HCC management guidelines[16], and the presence of cirrhosis based on
biochemical and radiological criteria as described previously[11,17]. Each participating institution had
prospectively recorded clinical decisions and treatment outcomes on hospital-specific databases for all
patients with HCC who had undergone TACE. This study was approved by the Institutional Ethics
Committees of each participating center. All patient data were de-identified prior to collation and statistical
analysis.
TACE treatment

TACE was delivered on-demand at each tertiary center according to the local Interventional Radiologist
expertise using a combination of two to three chemotherapeutic agents as either an emulsion with or
without lipiodol (conventional TACE) or via drug-eluting beads with doxorubicin (DEB-TACE) as
previously described[11]. Transarterial embolization (TAE) without chemotherapy was also carried out in
some centers. The method of TACE delivery, degree of cannulation of hepatic artery branches, and
utilisation of embolisation agents such as gelfoam or polyvinyl acetate particles was also recorded. Post
TACE assessment of therapy response by imaging, based on the mRECIST criteria of the target lesion, was
performed by two radiologists at each center. Laboratory and clinical parameters following TACE were also
recorded, along with details of complications within four weeks of treatment, including death, post-TACE
syndrome, and decompensation[18].
Data items and extraction

Data were collected and extracted via direct chart review of each institutional prospectively recorded HCC
database and electronic and paper records of eligible cases using pre-defined data points and definitions.
Demographic data collected included age, gender, and country of birth, in addition to detailed information
regarding the etiology and severity of underlying liver disease. Tumor-specific and related variables
recorded included performance status, the number of tumors (1/2/3/ >3), size of the largest lesions,
macrovascular invasion, extrahepatic spread derived directly from pre-treatment and diagnostic imaging,
serum alfa-fetoprotein levels, and BCLC staging.
Primary endpoint

Overall survival was defined from the date of first TACE/TAE to death or last clinical follow-up to the 31st
January 2019. These data were derived from hospital-based electronic records and further cross-referenced
with records from the Victorian Births, Deaths, and Marriages registry as previously described[17].
Statistical analysis

Categorical variables were summarised using counts and percentages. According to data type and
distribution, continuous variables were summarised using means and standard deviations or medians and
interquartile ranges (IQR). The Kaplan-Meier product-limit method was used to plot survival as a function
of time after treatment, and comparisons between curves were made with the log-rank test. Univariate and
multivariate analyses were performed using Cox proportional hazards regression to assess the effects of
clinical, liver disease, and tumor variables before the initial TACE therapy on overall survival, with results
reported as hazard ratios and 95% confidence intervals. Variables with P ≤ 0.05 in the univariate analysis or
those judged to be clinically significant were considered as candidate variables for inclusion in a hierarchical
regression model to identify the independent predictors of overall survival.
A sub-group analysis was performed on a refined cohort of patients derived from the overall cohort with
BCLC stage A or B disease who had TACE monotherapy without combination use of other treatment
modalities such as radiofrequency ablation or surgical resection [Figure 1]. This subgroup excluded ChildPugh C liver disease, main branch portal vein invasion, and poor performance status prior to TACE (ECOG
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Figure 1. Flow chart for patients included in TACE only treatment subgroup. BCLC: Barcelona clinic liver cancer; TACE: transarterial
chemoembolization.

2) in order to assess the impact of treatment within current guidelines compared to current practice
encapsulated within the overall cohort. All reported P-values are two-sided, and a P < 0.05 was chosen to
indicate statistical significance.
≥

RESULTS
Study population

Between January 2009 to December 2014, 431 patients who underwent TACE for hepatocellular carcinoma
across the six participating centers were eligible for inclusion in this study [Table 1]. Most patients were
cirrhotic (92%) and had portal hypertension (86%) at the time of diagnosis. These patients mainly had (61%)
compensated Child-Pugh A cirrhosis, with a smaller proportion (30%) having Child-Pugh B liver disease.
The vast majority had BCLC stage A (59%) and stage B (35%) disease with a small proportion having BCLC
stage C (6%) disease.
Baseline characteristics, including etiology of underlying chronic liver disease and pre-treatment tumor
number, size, and macrovascular invasion, were recorded [Table 1]. A total of 141 patients had other
treatment modalities administered in combination with TACE, including surgical resection and local
ablation [Table 1]. Conventional TACE was performed in the majority (81%) of patients with a smaller
subset undergoing DEB-TACE (19%), while selective catheterisation was performed in two-thirds of cases.
Most patients underwent at least two cycles of TACE, with a few (n = 12) individuals undergoing greater
than five cycles. The refined subgroup comprised 263 patients with BCLC A (61%) and BCLC B (39%) stage
HCC who had undergone TACE alone.
Overall survival

From January 2009 to January 2019, 333 (77%) of patients had died, with the remaining patients’ follow up
censored at the date of last clinical follow-up. The median OS of the group was 28 (IQR: 14-51) months,
with a wide range of survival outcomes observed of between 1 day and 110 months [Figure 2]. The median
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Table 1. Cohort Characteristics at baseline and post initial TACE therapy in the overall cohort

Baseline characteristics of overall cohort (n = 431)
Age (years), mean (SD)

66 (11)

Male, n (%)

376 (87)

Female, n (%)

55 (13)

Ethnicity, n (%)
Caucasian

343 (80)

Asian

68 (16)

Other

20 (5)

Aetiology of Liver disease, n (%)
HCV

167 (39)

HBV

82 (19)

NAFLD

105 (24)

Alcohol

186 (43)

Haemochromatosis

15 (3)

Other

18 (4)

BMI, mean (SD)

27 (5)

Serum markers, median (IQR)
Haemogloblin, g/L

136 (122-147)

Platelets, 10^9/L

119 (81-167)

AFP, ng/mL

17 (5-125)

ALT, U/L

46 (29-76)

Albumin, g/L

35 (31-39)

Bilirubin, µmol/L

17 (12-27)

INR

0.9 (1.0-1.3)

Creatinine, µmol/L

76 (66-90)

Na, mmol/L

139 (137-140)

Liver function, n (%)
Portal HTN/Ascites/HE

371/62/22 (86/14/5)

Child Pugh grade (A/B)

264/129 (61/30)

MELD score

9 (7-12)

ECOG (0/1/2/3), n (%)

230/163/35 (53/38/8)

Tumour characteristics
Tumour nodules (1/2/3/>3)

196/93/36/106 (45/22/8/25)

Tumour size, cm (median, IQR)

3.4 (2.1-5.0)

MVI, n (%)

16 (4)

EHS, n (%)

12 (3)

BCLC stage (A/B/C), n (%)

253/151/27 (59/35/6)

Previous treatment, n (%)
Resection /Ablation/PEI, n (%)

29/42/7 (7/10/2)

TACE treatments (1/2/3/>3), n (%)

138/132/80/81 (32/31/19/ 9)

Type (cTACE/DEB TACE/TAE)

337/89/4 (78/21/1)

Selectivity
selective/superselective/non selective

285/77/61 (66/18/14)

Post TACE, n (%)
mRECIST response
CR/PR
†

137/158/ (32/37)

SD /PD

43/39 (10/9)

Adverse events

94 (22)

Death

2 (0.5)

PTS/decompensation

52/16 (12/4)
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9/24 (2/6)

Post TACE treatment
Resection /ablation/ PEI

16/35/12 (4/8/3)

Sorafenib

100 (23)

AFP: Alpha-fetoprotein; ALT: alanine transaminase; BCLC: Barcelona clinic liver cancer; cTACE: conventional TACE; DEBTACE: drug eluting bead
TACE; ECOG: Eastern cooperative oncology group; EHS: extra hepatic spread; HCV: hepatitis C virus; HBV: hepatitis B virus; INR: international
normalized ratio; mRECIST: modified response evaluation criteria in solid tumors; MVI: macrovascular invasion; N/A: not applicable; NAFLD: non
alcoholic fatty liver disease; OS: overall survival; PD: progressive disease; PEI: percutaneous ethanol injection; Portal HTN: portal hypertension; PR:
†
partial response; PTS: post TACE syndrome; SD: standard deviation; SD : stable disease; TACE: transarterial chemoembolization; TAE:
transarterial embolization.

Figure 2. Kaplan Meier curves of overall survival in the overall cohort

OS of the subgroup with the early or intermediate stage (BCLC stage A and B) disease treated with TACE
only was 27 months (IQR: 13-44), with the range being 1 day to 110 months.
Safety

Two patients (0.5%) had severe complications resulting in death within 4 weeks of initial TACE therapy due
to mesenteric ischemia, sepsis, and hepatic decompensation. Other complications following TACE included
liver decompensation in sixteen patients (4%) and renal dysfunction in (2%), while post-TACE syndrome
was the most common at 12% of the overall cohort [Table 1].
Predictors of survival in the overall cohort

Univariate analysis
On univariate analysis, demographic variables associated with survival included ethnicity and country of
birth, with Asian patients having a better OS than Caucasian patients (P = 0.001) [Table 2A]. In addition,
several factors reflective of tumor burden were associated with poor survival; these included the presence of
more than three tumors (P = 0.008), size of largest HCC (measured in cm) (P = 0.025), and BCLC stage (P <
0.0001) [Figure 3A]. The presence of macrovascular invasion (P = 0.13) and extrahepatic spread (P = 0.42)
were not related to survival in the small number of patients treated with advanced disease [Table 1].
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Table 2. Univariate analysis of baseline and post treatment variables associated with OS following initial TACE overall cohort (A)
and TACE only subgroup (B)
(A) Overall cohort n = 431
Variable

Hazard ratio

Lower 95%CI

Upper 95%CI

P value

Asian

0.59

0.43

0.82

0.001

Caucasian

1.55

1.16

2.07

0.003

HBV

0.65

0.49

0.88

0.004

Viral hepatitis treatment

0.47

0.22

1.01

0.048

Size of largest HCC

1.05

1.00

1.09

0.025

Single HCC

0.75

0.60

0.94

0.011

> 3 HCC

1.39

1.09

1.77

0.008

Albumin, g/L

0.94

0.92

0.96

< 0.001

Bilirubin, µmol/L

1.02

1.01

1.03

< 0.001

Na, mmol/L

0.96

0.92

1.00

0.026

AFP, ng/ml

1.00

1.00

1.00

0.873

Encephalopathy

1.66

1.06

2.62

0.024

Ascites

2.29

1.71

3.05

< 0.001

Child Pugh score

1.30

1.19

1.42

< 0.001

Child Pugh grade A

0.48

0.38

0.60

< 0.001

Child Pugh grade B

2.06

1.63

2.60

< 0.001

MELD score

1.04

1.01

1.07

0.009

BCLC stage

1.35

1.14

1.60

< 0.001

BCLC stage A

0.66

0.53

0.83

< 0.001

BCLC stage B

1.44

1.15

1.81

0.001

BCLC stage C

1.33

0.86

2.05

0.191

cTACE

0.78

0.60

1.01

0.056

DEB TACE

1.30

0.99

1.70

0.051

TAE

1.47

0.46

4.71

0.506

Non selective

1.25

0.91

1.70

0.158

Selective

0.94

0.75

1.19

0.616

Superselective

0.95

0.71

1.26

0.698

CR

0.71

0.56

0.90

0.005

PD

2.04

1.43

2.92

< 0.001

Post TACE

0.53

0.38

0.74

< 0.001

Resection

0.20

0.08

0.50

< 0.001

Ablation

0.51

0.32

0.81

0.003

Hazard ratio

Lower 95%CI

Upper 95%CI

P value

Asian

0.58

0.39

0.87

0.008

Caucasian

1.68

1.15

2.45

0.006

HBV

0.80

0.55

1.15

0.216

Demographic

Tumour characteristics

Serum Biochemistry

Severity of Liver disease

TACE type

TACE technique

mRECIST response

Combination therapy

(B) TACE only subgroup n = 263
Variable
Demographic
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0.27

0.10

0.74

0.010

Size of largest HCC

1.03

0.98

1.09

0.189

Single HCC

0.76

0.57

1.00

0.047

> 3 HCC

1.28

0.94

1.74

0.107

Albumin, g/L

0.94

0.92

0.97

< 0.001

Bilirubin, µmol/L

1.02

1.01

1.03

0.001

Na, mmol/L

0.98

0.93

1.03

0.354

AFP, ng/ml

1.00

1.00

1.00

0.675

Encephalopathy

1.52

0.90

2.56

0.110

Ascites

1.91

1.35

2.72

< 0.001

Child Pugh score

1.32

1.19

1.47

< 0.001

Child Pugh grade A

0.46

0.34

0.61

< 0.001

Child Pugh grade B

2.14

1.60

2.86

< 0.001

MELD score

1.04

1.01

1.08

0.020

BCLC stage

1.50

1.14

1.99

0.004

BCLC stage A

0.66

0.50

0.88

0.004

BCLC stage B

1.50

1.14

1.99

0.004

BCLC stage C

N/A

N/A

N/A

N/A

cTACE

0.85

0.61

1.18

0.320

DEB TACE

1.20

0.86

1.67

0.282

TAE

0.72

0.10

5.37

0.745

Non selective

1.14

0.77

1.70

0.501

Selective

0.92

0.68

1.23

0.563

Superselective

1.14

0.80

1.64

0.457

CR

0.83

0.61

1.13

0.228

PD

1.83

1.17

2.86

0.007

Post TACE

N/A

N/A

N/A

N/A

Resection

N/A

N/A

N/A

N/A

Ablation

N/A

N/A

N/A

N/A

Tumour characteristics

Serum biochemistry

Severity of liver disease

TACE type

TACE technique

mRECIST response

Combination therapy

AFP: Alpha fetoprotein; BCLC: Barcelona clinic liver cancer; cTACE: conventional TACE; CI: confidence interval; DEBTACE: drug eluting bead
TACE; HBV: hepatitis B virus; mRECIST: modified response evaluation criteria in solid tumors; N/A: not applicable; OS: overall survival; PD:
progressive disease; TACE: transarterial chemoembolization; TAE: transarterial embolization.

Notably, TACE technique type, selectivity of hepatic artery cannulation, and type of embolisation material
deployed did not affect survival [Table 2A]. Combination treatment with TACE either with surgical
resection (P < 0.001) or ablation (P = 0.003) resulted in improved OS [Table 2A]. Multiple biochemical
parameters before initial TACE were associated with OS, including serum albumin (P < 0.0001), bilirubin (P
< 0.0001), and sodium (P = 0.026). Scores that incorporate these variables were also significantly associated
with OS including the Child-Pugh grade [Figure 3B] (P ≤ 0.001) and MELD score (P = 0.009) [Table 2A].
Multivariate analysis
On multivariate analysis, ascites pre-TACE and larger HCC were independent predictors of poor survival,
whereas HBV infection as the etiology of HCC, higher serum albumin pre-treatment, and single HCC were
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Figure 3. Kaplan Meier curves of BCLC stage (A) and Child Pugh (B) correlation with overall survival in the overall cohort. BCLC:
Barcelona clinic liver cancer; CPC A: child Pugh class A; CPC B: child Pugh class B.

associated with improved survival after TACE [Table 3A].
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Table 3. Multivariate analysis - pre-TACE variables associated with overall survival in the (A) overall cohort and (B) the TACE only
subgroup
(A) Overall cohort n = 431
Variable

Hazard ratio

Lower 95%CI

Upper 95%CI

P value

Albumin

0.95

0.92

0.97

< 0.0001

Ascites

2.33

1.61

3.38

< 0.0001

HBV

0.61

0.43

0.86

0.005

Single HCC

0.70

0.54

0.91

0.007

Size of largest HCC

1.06

1.00

1.11

0.036

(B) TACE only subgroup n = 263
Variable

Hazard ratio

Lower 95%CI

Upper 95%CI

P value

Albumin

0.94

0.91

0.97

< 0.0001

Ascites

1.70

1.15

2.53

0.008

Caucasian ethnicity

1.59

1.03

2.48

0.038

> 3 HCC

1.53

1.06

2.21

0.024

CI: Confidence interval; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; OS: overall survival; TACE: transarterial chemoembolization.

Predictors of survival in the TACE only treatment subgroup

Univariate analysis
Several variables were associated with OS on univariate analysis of the refined cohort of 263 patients, many
of which were similar to those identified in the overall group. These include ethnicity, and pre-treatment
serum albumin and bilirubin (P ≤ 0.001) [Table 2B]. As expected, both Child-Pugh B status and BCLC stage
B disease negatively impacted survival compared to Child-Pugh A and BCLC stage A patients respectively.
Of the parameters reflective of tumor burden, only a single HCC was significant (P = 0.047) [Table 2B].
TACE technique and selectivity of TACE did not influence OS [Table 2B].
Multivariate analysis
On multivariate analysis of the TACE only subgroup, higher serum albumin (P < 0.001) was associated with
improved OS, while pre-treatment ascites (P = 0.008), greater than 3 tumour nodules before TACE (P =
0.024) and Caucasian ethnicity (P = 0.038) were significantly associated with worse OS [Table 3B].

DISCUSSION
TACE is the recommended treatment for intermediate-stage HCC. However, significant variation in
survival outcomes is observed following treatment despite increased adoption of multidisciplinary-based
review to improve patient selection. This study is the first large multicenter Australian cohort study to
evaluate pre-treatment prognostic factors associated with survival in HCC patients undergoing TACE. Our
study identified that markers of hepatic function and tumor burden independently predicted the overall
survival of the cohort.
Notably, markers of hepatic function before TACE were strongly predictive of survival with higher serum
albumin associated with lower risk of post-treatment mortality in both the overall cohort and refined
subgroup, while pre-treatment ascites carried the greatest risk of a poor outcome. These findings are
consistent with previous cohort studies that have found decompensation, particularly ascites, had one of the
highest risks of post TACE decompensation and poorer survival[19].
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Multivariate analysis also highlighted the role of tumor burden in predicting poorer outcomes following
TACE. Tumor size and number were significant in the overall cohort, as patients with single HCC classified
as BCLC stage A disease (P = 0.007) had better survival, compared to patients with multifocal and larger
HCC stage (i.e., BCLC stage B) disease (P = 0.036). Tumor number and size, along with MVI or EHS, have
been previously described as surrogate markers of tumor biology and aggressiveness and have been linked
to increased risk of treatment-related complications and poorer survival outcomes[20-22].
The inherent heterogeneity of patients with unresectable HCC in relation to the variations in tumor burden
and underlying hepatic dysfunction significantly influences patient outcomes after TACE. It partly explains
the wide range of OS we observed in our cohort, although the median survival of the group of 28 months
was considerably higher than the 19-20 months reported in an early meta-analysis of randomised controlled
studies[10,12] and recently updated systematic review[19,23]. The difference in survival outcomes may be due to
several factors, including the routine involvement of MDT in decision making across all sites, the utilisation
of aggressive treatment modalities such as surgical resection and ablation in combination with TACE, and
the inclusion of a significant proportion of BCLC stage A along with a small number of BCLC C stage
patients [Table 1]. Nevertheless, we also observed a respectable 27 months median survival in the subgroup
of patients with similar characteristics of cohort studies that form the basis of current TACE guidelines,
those with BCLC stage A or B disease treated with TACE alone[14,16,19].
A novel finding of this study was that the etiology of liver disease and ethnicity were prognostic markers of
survival. Specifically, hepatitis B-related liver disease was an independent predictor of lower mortality (P =
0.004) with a median OS of 34 months (IQR: 15-72) compared to 26 months in the non-HBV group (IQR:
13-45). This finding is consistent with previous studies identifying a prognostic role for HBV in patients
with HCC. It may relate to associated factors such as participation in active HCC surveillance programs that
have a positive effect on survival primarily in those with earlier stage disease[17,24,25]. This is reflected in the
more favourable clinical characteristics of patients with HBV liver disease in our overall cohort compared to
non-HBV subjects including, younger age at diagnosis (P < 0.001), better liver reserve with lower rates of
cirrhosis (83% vs. 94%), higher serum albumin (P = 0.004), lower INR (P = 0.004), and bilirubin (P = 0.015).
In addition, patients with HBV liver disease had lower rates of concomitant HCV infection (P = 0.001) and
ETOH abuse (P = 0.001). However, further subgroup analysis by other co-factors, including alcohol, is
limited due to the relatively small number of patients within each variable (data not shown). Commensurate
with this, Caucasian ethnicity was associated with poorer TACE related outcomes on multivariate analysis
in the subgroup of patients receiving TACE only treatment, likely due to lower rates of HBV related liver
disease (P < 0.0001) and higher rates of multifocal HCC (27% vs. 19%) and poorer hepatic reserve (with
Child Pugh B in 33% vs. 13% of non-caucasian patients).
Variables beyond BCLC stage can also determine treatment outcomes, such as variations in TACE
administration and combination therapies based on the stage migration principle; due to tumour location
or comorbidities that is not amenable for recommended first-line treatment[26]. Our study found that the
selectivity and mode of TACE utilized did not impact overall survival regardless of which cohort was
analysed. Moreover, there was no impact on survival on multivariate analysis in patients that underwent
post TACE surgical resection or ablation, although better outcomes were noted from combination therapies
on univariate analysis in the overall cohort [Table 2B].
Key strengths of our study include the cohort size and multicenter design and analysis of real-world data of
BCLC stage guided treatment, reflecting current established standards of care globally. In particular, the
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utilisation HCC surveillance programs, MDT tumor board meetings, TACE techniques, and mRECIST
assessment of response across the six participating tertiary centres, increased the homogeneity of criteria
used for diagnosis, staging, and treatment allocation. Furthermore, a significant number of patients were
treated within the guidelines for TACE therapy according to the BCLC staging system, with the addition of
BCLC stage A and a smaller number of patients with BCLC stage C HCC, consistent with current realworld international practice[16,27-30].
One important reason as to why BCLC A subjects received TACE was via the stage migration principle in
which subjects with early-stage disease were deemed unsuitable for curative treatment options of surgery or
local ablation. In particular, those with unresectable HCC adjacent to major vessels or in close proximity to
gallbladder or bowel received TACE rather than ablation to avoid the heat sink effect and adjacent soft
tissue damage respectively[11,16]. In addition, in a minority of cases, local treatment preferences for TACE
over ablation in BCLC A subjects were a factor. Furthermore, we had a subgroup of patients that underwent
sequential combination therapy with TACE following downstaging of the initial HCC; this included surgical
resection and ablation. Patients that underwent TACE as a bridge to liver transplantation were excluded
from the analysis. Most importantly, the decision to proceed with TACE was made after a multi-disciplinary
team review in all cases.
Of those that underwent post-TACE combination therapy, there was a significant improvement in overall
survival on univariate analysis (P < 0.0001) in patients that underwent post-TACE surgical resection and
ablation (P = 0.003). However, the subgroup compromised of small patient numbers precluding more
detailed multivariate analysis and applicability with only 4% (n = 16) and 8% (n = 35) of patients undergoing
resection or ablation respectively.
Similarly, a small minority (6%) BCLC-C cases also underwent TACE therapy (n = 27). The rationale for
using TACE in the majority of these patients was for symptom control from significant tumor burden.
Various scenarios likely contributed to TACE being offered in these cases, including limited metastases with
non-occlusive vascular involvement in 16 patients. There was no significant difference in overall survival on
univariate analysis of the BCLC-C patients (P = 0.191), likely reflective of the small number of patients in
this subgroup. However, surrogate markers of advanced HCC, including size and number of HCC, were
significant on multivariate analysis in the overall and TACE only subgroup.
Still, the study was limited by the retrospective collection of data and the reliance on accurate records and
subjectively assessed parameters such as ascites and performance status incorporated into the Child-Pugh
grade and BCLC stage respectively. As a result, this study is subject to selection bias relative to the selection
of patients analysed in this cohort. Finally, survival status was known in only around 80% of the cohort, with
the remainder of subjects censored at the last clinical follow-up. However, there were no clinically
significant differences between those in whom survival status was known and not known (data not shown).
Conclusion

In this large multi-centered real-world study of HCC patients undergoing TACE, we found that patients
with more advanced liver disease associated with ascites and/or greater tumour burden have poorer
outcomes following treatment. Such findings provide a better understanding of the variation in survival
after TACE and could be potentially helpful in selecting and counselling patients undergoing this therapy.
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