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Hepatocellular carcinoma (HCC) is the fifth most common cancer 
in the world, and the third most common cause of death (1). 

Prognosis in the majority of cases remains poor because of either 
advanced tumour staging or severe hepatic dysfunction. The best 
option for these patients is liver transplantation, with a five-year sur-
vival rate of up to 80% (2,3); however, for various reasons, most 
patients cannot receive a transplant. Surgical resection or percuta-
neous ablative techniques are considered to be curative treatments for 
HCC (4), but are only suitable for those with localized tumours or 
good underlying synthetic liver function. The majority of patients at 

presentation are palliative, unless they can be downstaged to a cura-
tive option or cannot be treated with current techniques.

Until quite recently, there was no level 3 evidence of survival benefit 
in patients with advanced HCC treated with transarterial chemoembol-
ization (TACE), and its use was controversial in patients who were not 
suitable for curative therapies. Two randomized clinical trials in 2002 
(5,6) and a meta-analysis in 2003 (7) showed level 3 evidence of sur-
vival benefits of TACE compared with best support care.

The evaluation of response to TACE is transcendental because 
an objective response may become a surrogate marker for improved 
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BACkGround: Transarterial chemoembolization (TACE) is the 
mainstay of management for patients with hepatocellular carcinoma 
who are not suitable for curative treatments. 
oBJECTIVE: To determine factors associated with mortality after the 
first TACE procedure. 
METhodS: From January 2004 to May 2008, 60 patients underwent 
TACE as treatment for hepatocellular carcinoma. Clinical and bio-
chemical parameters before TACE, and response after TACE, were 
evaluated with conventional classifications (WHO, Response 
Evaluation Criteria in Solid Tumors [RECIST], and European 
Association for the Study of the Liver [EASL] criteria) and with one-, 
two- and three-dimensional assessment. 
rESuLTS: Overall median survival after the first TACE procedure 
was 17.1±3.4 months. According to Cox regression analysis, having an 
alpha-fetoprotein level of greater than 200 ng/mL (HR 2.35 [P=0.02]) 
and a Model for End-stage Liver Disease (MELD) score of greater 
than 10 (HR 4.19 [P=0.001]) were associated with higher risk of mor-
tality; whereas reduction in tumour size measured in one dimension 
(HR 0.96 [P=0.005]), two dimensions (HR 0.98 [P=0.004]) and three 
dimensions (HR 0.98 [P=0.001]) was associated with lower risk of 
mortality. Moreover, reduction in tumour size by 3% or more assessed 
in one, two or three dimensions was associated with lower risk of 
mortality (HR 0.48 [P=0.04]; HR 0.36 [P=0.01]; HR 0.31 [P=0.003], 
respectively). The three conventional classifications were not useful 
for predicting mortality (WHO: HR 1.07 [P=0.9]; RECIST: HR 0.94 
[P=0.9]; EASL: HR 0.94 [P=0.9]). 
ConCLuSIonS: Having an alpha-fetoprotein level of greater than 
200 ng/mL and a MELD score of greater than 10 before undergoing 
TACE was associated with a greater risk of mortality. Conventional 
classifications of response were not useful for predicting mortality. 
Reduction in tumour size after the first TACE procedure was associ-
ated with better survival, primarily if patients had more than a 3% 
reduction in tumour size assessed by three-dimensional measurement.

key Words: Hepatocellular carcinoma; Survival; Transarterial chemoem-
bolization; Tumour size 

La chimioembolisation transartérielle chez les 
patients ayant un carcinome hépatocellulaire :  
les prédicteurs de la survie

hISTorIQuE : La chimioembolisation transartérielle (CETA) constitue 
le mode de prise en charge habituel des patients ayant un carcinome 
hépatocellulaire non admissibles à un traitement curatif.
oBJECTIF : Déterminer les facteurs associés à la mortalité après la 
première intervention de CETA.
MÉThodoLoGIE : De janvier 2004 à mai 2008, 60 patients ont 
subi une CETA pour traiter un carcinome hépatocellulaire. Les cher-
cheurs ont évalué les paramètres cliniques et biochimiques avant la 
CETA et la réponse après la CETA au moyen de classifications clas-
siques (OMS, Response Evaluation Criteria in Solid Tumors [RECIST] et 
critères de l’European Association for the Study of the Liver [EASL]) et 
d’une évaluation unidimensionnelle, bidimensionnelle et tridimen-
sionnelle.
rÉSuLTATS : La survie médiane moyenne après la première interven-
tion de CETA était de 17,1±3,4 mois. D’après l’analyse de régression 
de Cox, un taux de fœtoprotéine alpha supérieur à 200 ng/mL (RR 
2,35 [P=0,02]) et un indice de modèle de maladie hépatique en phase 
terminale (MMHT) supérieur à 10 (RR 4,19 [P=0,001]) s’associaient à 
un risque de mortalité plus élevé, tandis que la réduction de la dimen-
sion de la tumeur mesurée en une dimension (RR 0,96 [P=0,005]), 
en deux dimensions (RR 0,98 [P=0,004]) et en trois dimensions (RR 
0,98 [P=0,001]) s’associait à un risque de mortalité plus faible. De plus, 
une réduction d’au moins 3 % de la dimension de la tumeur évaluée 
en une, deux ou trois dimensions s’associait à un plus faible risque de 
mortalité (RR 0,48 [P=0,04]; RR 0,36 [P=0,01]; RR 0,31 [P=0,003], 
respectivement). Les trois classifications classiques n’étaient pas 
utiles pour prédire la mortalité (OMS : RR 1,07 [P=0.9]; RECIST : 
RR 0,94 [P=0,9]; EASL : RR 0,94 [P=0,9]).
ConCLuSIonS : Un taux de fœtoprotéine alpha supérieur à 200 ng/mL 
et un indice de MMHT supérieur à 10 avant la CETA s’associait à un 
plus fort taux de mortalité. Les classifications classiques de réponse 
n’étaient pas utiles pour prédire la mortalité. La réduction de la 
dimension de la tumeur après la première intervention de CETA 
s’associait à une meilleure survie, surtout si la réduction de la dimen-
sion de la tumeur des patients était supérieure à 3 %, d’après une 
mesure tridimensionnelle.
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survival. Criteria have been developed for response assessment, 
including WHO (8,9), the Response Evaluation Criteria in Solid 
Tumors (RECIST) (10,11) and the European Association for the 
Study of the Liver (EASL) criteria (12) (Table 1). However, these 
criteria have limitations; for example, WHO and RECIST evaluate 
only bidimensional and unidimensional tumour measurements, and 
disregard the extent of necrosis, whereas the EASL criteria evaluate 
response by measuring the extent of tumour necrosis; however, there 
are a lack of data supporting correlations with improving survival.

In the present retrospective analysis of prospectively acquired data, 
we analyzed factors associated with mortality after the first TACE 
procedure. We also determined the value of conventional classifica-
tions (ie, WHO, RECIST and EASL) to measure response and predict 
survival after TACE, and analyzed the clinical utility of the new values 
of response, using one-, two- and three-dimensional tumour measure-
ments expressed as percentages to predict outcome.

METhodS
Study population
Between January 2004 and May 2008, 60 consecutive patients with 
HCC underwent TACE at the University of Alberta Hospital 
(Edmonton, Alberta). HCC was diagnosed using characteristic non-
invasive imaging criteria (computerized axial tomography [CAT] scan 
or magnetic resonance imaging [MRI]) in 37 patients, and with liver 
biopsy in 23 patients. Each patient was followed after the first TACE 
procedure until specific end points were reached, which included 
death, liver transplant, resection or treatment failure (development of 
metastasic disease post-TACE and/or deterioration in liver function 
post-TACE). The present study was approved by the local ethics 
committee.

Chemoembolization criteria
Inclusion criteria: Preprocedure requirements: assumed to not be a 
candidate for ‘curative treatment’ (surgery or radiofrequency ablation, 
percutaneous ethanol injection) due to location, size, etc. Biopsy-
proven or noninvasive criteria for HCC, preprocedure dynamic cross-
sectional imaging (CAT scan or MRI), and tumours greater than 2 cm 
in diameter, bilirubin level lower than 50 µmol/L, Model for End-stage 
Liver Disease (MELD) score of less than 30, Child-Pugh class A or B, 
and Eastern Cooperative Oncology Group (ECOG) score of 0 to 1.
Exclusion criteria: Very advanced disease (multifocal tumour, large 
mass greater than 8 cm in diameter, etc), more than 50% liver volume, 
portal vein invasion, metastasis, ECOG score of greater than 1, life 
expectancy of less than three months, severe liver disease with MELD 
score of greater than 30, encephalopathy, or multigated aquisition 
(MUGA) scan ejection fraction of less than 60%.

Chemoembolization protocol
A MUGA scan was performed before the initial chemoembolization, 
after the fourth course of TACE, and after six or more courses of TACE 
to evaluate heart function. In patients with significant cardiac dys-
function, mitomycin or a combination of doxorubicin and mitomycin 
was used instead of doxorubicin alone. A triphasic abdominal CAT 
scan (liver mass protocol) was also performed before each first TACE, 
and subsequently after every second treatment to assess tumour 

response. Prophylactic antibiotics were given to all patients: cefazolin 1 g 
intravenously (IV) every 8 h (three doses) and metronidazole 500 mg IV 
every 6 h (four doses). All patients also received diphenhydramine 50 mg 
IV, ondansetron 8 mg IV every 8 h (three doses) and dexamethasone 8 mg 
IV every 8 h (three doses). Fentanyl 50 µg to 150 µg IV or morphine 5 mg 
to 10 mg IV, and midazolam 1 mg to 5 mg IV were used to achieve 
moderate sedation.

A 5 Fr sheath was placed in the common femoral artery with 
selective catheterization of the superior mesenteric (SMA) and celiac 
axis arteries. An angiogram of the SMA was performed with delayed 
portal vein imaging. Further angiography of the celiac axis was per-
formed to characterize the hepatic arterial supply. Following the initial 
arterial assessment, the catheter was advanced into the lobar or seg-
mental hepatic artery supplying the tumour. If the initial 4 Fr or 5 Fr 
diagnostic catheter could be advanced into the optimal position, it was 
used for the TACE infusion and, in cases in which more selective 
catheterization was required, a 2.3 Fr or 2.5 Fr microcatheter was used 
(Rapid Transit, Cordis Endovascular Systems, USA, or Mira-Flex, 
Cook Medical, USA). In general, the TACE infusion point was 
chosen to enable selective tumour embolization. However, if there 
were separate arterial feeders, or a discrete blood supply could not be 
identified, a right or left hepatic arterial infusion was performed. If 
concern regarding hepatic synthetic function was present, a selective 
approach was chosen. Once the lesion and its blood supply were iden-
tified, an emulsion consisting of doxorubicin (50 mg in 10 mL of nor-
mal saline) and lipiodol (5 mL to 10 mL) was injected under 
fluoroscopic guidance into the arterial supply of the tumour. If the 
bilirubin level was elevated by more than 35 µmol/L, less than 10 mL 
of lipiodol was used. If there was continuing arterial supply to the 
tumour after administration of the lipiodol/doxorubicin emulsion, 
embolization of the feeding vessel to near stasis was achieved using 
polyvinyl alcohol particles 350 µm to 500 µm in size (Boston Scientific, 
USA).

Following TACE, pain medication was given as needed to main-
tain pain control. Second and subsequent treatments were scheduled 
at six-week intervals for the first four treatments, and at three-month 
intervals (up to a maximum of eight courses) for subsequent treat-
ments. End points for treatment were as follows: contraindications to 
further TACE (deteriorating cardiac function, deteriorating hepatic 
function); progression of disease despite treatment; tumour regression 
or stabilization after a minimum of two treatments; development of 
metastasis; surgical resection; transplantation; or death. MUGA scans 
were repeated after the second, fourth, sixth and subsequent TACE 
procedures. Contraindications to TACE were the following: advanced 
liver disease (bilirubin level of greater than 50 µmol/L, super selective 
embolization only in cases for which the bilirubin level was greater than 
30 µmol/L); Child-Pugh class C, MELD score of less than 30 and/or 
development of encephalopathy; renal failure (serum creatinine level 
of greater than 250 µmol/L); coagulation abnormality (international 
normalized ratio of greater than 1.5; platelet levels lower than 
50×109/L); and evidence of extrahepatic spread of disease. Three 
qualified interventional radiologists performed the TACE procedures, 
with the majority completed by two interventional radiologists (28 and 
30 cases each). On average, each patient underwent 2.5 TACE treat-
ments (range one to eight).

TAblE 1
Criteria for response assessment after transarterial chemoembolization in patients with hepatocellular carcinoma
Type of tumour response WHO criteria RECIST EASl criteria
Complete Disappearance of all target lesions Disappearance of all target lesions Absence of enhanced tumour areas, reflecting complete 

tumour necrosis 
Partial ≥50% decrease ≥30% decrease ≥50% decrease of enhanced areas 
Stable disease ≤50% decrease and ≤25% increase ≤30% decrease and ≤20% increase ≤50% decrease and ≤25% increase of enhanced areas 
Progressive disease ≥25% increase or new lesions ≥20% increase or new lesions ≥25% increase of enhanced lesions or new enhanced 

lesions

EASL European Association for the Study of the Liver; RECIST Response Evaluation Criteria in Solid Tumors
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Assessment of response following TACE
Tumour response was evaluated one to three months after the first 
TACE procedure. The evaluation of tumour response with conven-
tional classifications, such as WHO, RECIST and EASL, was deter-
mined in 53 of 60 patients who underwent a CAT scan after the first 
TACE, and they were classified as complete response, partial response, 
stable disease or progressive disease. Then, the differences in the 
tumour size between the pre-TACE and post-TACE CAT scan were 
measured, assessed in one, two and three dimensions, with the differ-
ences expressed as a percentage. The three-dimensional assessment was 
performed as a surrogate of the total tumour volume, and was calculated 
as the sum of the volumes of all tumours ([4/3] π r3, where r is the max-
imum radius of each HCC), as described elsewhere (13). All of the 
imaging studies were evaluated by only one radiologist (RO).

Statistical analyses
Fisher’s exact probability test was used to compare categorical vari-
ables, while the unpaired t test was used to compare differences in the 
means of continuous variables. Nonparametric variables in independ-
ent samples were compared using the Mann-Whitney U test. Survival 
was calculated using the Kaplan-Meier method, and they were com-
pared using the log-rank (Mantel-Cox) test (14). Patients were fol-
lowed after the first TACE procedure and were censored at the time of 
death, liver transplantation, surgical resection or at the time of their 
most recent visit. Prognostic factors for mortality were analyzed by 
Cox uni- and multivariate analysis (15). A ROC curve was plotted to 
measure how the response, via one-dimensional, two-dimensional and 

three-dimensional measurements after TACE (expressed as percent-
ages) was able to discriminate mortality in patients with HCC. The 
validity of the model was measured by the area under the ROC curve 
(AUC) (16). Furthermore, ROC curves were used to determine the 
one-, two- and three-dimensional measurements expressed as percent-
age values that discriminated best between patients who died during 
follow-up after TACE and those who survived. Data are presented as 
the mean ± SEM in the tables and text.

rESuLTS
Features at accession in patients receiving TACE
The mean age of the study population was 60±2 years (range 24 to 
91 years); 50 patients (83%) were men. Table 2 summarizes the cohort 
characteristics. All patients were cirrhotic, the majority of which were 
secondary to a combination of chronic active hepatitis C and alcohol 
abuse (n=31 [52%]). Liver function was preserved in the majority: 
39 patients (65%) were Child-Pugh class A, and mean MELD score 
before TACE was 9±0.4 points. According to the Barcelona Clinic 
Liver Cancer (BCLC) staging classification, 10 patients were in stage 
A (17%), 46 were in stage B (77%) and four were in stage C (6%). 
The basal size of the tumour, measured in one, two and three dimen-
sions, and the number of tumours are shown in Table 2.

Survival after the first TACE procedure in patients with hCC
After the first TACE procedure, during a mean follow-up of 11±1 months 
(median eight months, range one to 38 months), 31 patients died, 
14 patients received a liver transplant, 11 patients were alive, three 
patients were lost during follow-up and one patient underwent surgical 
resection. The overall median survival time after first TACE was 
17.1±3.4 months (95% CI 10.5 to 23.7); the probability of survival at 
six months was 74%, and at one year was 60% (Figure 1).

Pre-TACE features associated with mortality according to 
univariate and multivariate Cox analysis
According to univariate Cox regression analysis of the pre-TACE vari-
ables, the alpha-fetoprotein (AFP) level (HR 1.01 [95% CI 1.00 to 
1.02]; P=0.03), an AFP level of greater than 200 ng/mL (HR 2.35 
[95% CI 1.14 to 4.87]; P=0.02) and a MELD score of greater than 10 
(HR 4.19 [95% CI 1.79 to 9.78]; P=0.001) were significantly associ-
ated with a higher risk of mortality (Table 3). No other significant 
association was found with clinical and laboratory features before 
TACE and the risk of mortality, including age, sex, hepatitis viral 
infection, and the number and size of the tumour (Table 3). 

TAblE 2
Clinical and laboratory features at accession in patients 
undergoing transarterial chemoembolization (n=60)

Clinical/biochemical 
Mean ± SEM 

 or n
Range or  

percentage 
Features at presentation
   Age, years 60±2 24–91
   Male:female ratio 50:10 82:18
Etiology of cirrhosis 

Alcohol 11 18
HCV 11 18
Alcohol + HCV 9 15
HBV 13 22
Cryptogenic 11 18
Others* 5 8

Child-Pugh class, A/B 39/21 65/35
MELD score, points 9±0.4 4–17
BCLC (A/B/C) 10/46/4 17/77/6
ALT (normal <50 U/L) 89±9 19–365
AST (normal <38 U/L) 94±9 11–292
AP (normal 30–130 U/L) 158±18 45–846
Bilirubin (<20 μmol/L) 23±2 8–105
International normalized ratio 1.2±0.5 0.9–3.0
Albumin (normal 35–50 g/L) 36±1 16–50
Creatinine (normal <125 μmol/L) 83±3 33–165
AFP (normal <10 ng/mL) 2664±1825 1–103,225
AFP >400 ng/mL 16 27
Total tumour size (1D), cm 6.9±0.6 1.3–20.4
Total tumour size (2D), cm2 51.5±8.5 1.4–318.2
Total tumour size (3D), cm3 293.9±71.8 1–3053.6
Tumours, n 2±0.2 1–10

*Cryptogenic primary biliary cirrhosis. 1D One dimension; 2D Two dimensions; 
3D Three dimensions; AFP Alpha-fetoprotein; ALT Alanine aminotransferase; 
AP Alkaline phosphatase; AST Aspartate aminotransferase; BCLC Barcelona 
Clinic Liver Cancer staging classification; HBV Hepatitis B virus; HCV Hepatitis C 
virus; MELD Model for End-stage Liver Disease 

Figure 1) Overall probability of survival after the first transarterial 
chemoembolization procedure in patients (Pt) with hepatocellular carcinoma. 
The six-month and one-year probability of survival was 74% and 60%, 
respectively. mo Months; no Number 
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In the multivariate Cox analysis, only the AFP level (HR 1.01 
[95% CI 1.00 to 1.02]; P=0.008) and a MELD score of greater than 
10 (HR 4.55 [95% CI 1.92 to 10.78]; P=0.001) were independently 
associated with a higher risk of mortality (Table 3).

Evaluation of tumour response after TACE
For the analysis of tumour response after the first TACE, seven 
patients were excluded because they did not undergo a subsequent 
CAT scan after TACE (three patients transplanted post-TACE [trans-
plantation mean 101±41 days following TACE; median 100 days; 
range 31 to 173 days]; three died from treatment complications [mean 
37±10 days following TACE; median 37 days; range 19 to 54 days]; 
and one patient was lost during follow-up).

Using the three conventional assessments of tumour response, 
none of the patients achieved a complete response classification 
(WHO, RECIST and EASL), and most patients exhibited stable dis-
ease (Table 4). According to WHO criteria, six patients achieved par-
tial response, 45 stable disease and two progressive disease. According 
to the RECIST criteria, eight patients achieved partial response, 
41 stable disease and four progressive disease. According to the EASL 
criteria, eight patients achieved partial response, 43 stable disease and 
two progressive disease (Table 4).

Performance of one-, two- and three-dimensional measurements of 
response after TACE
The best parameters to discriminate mortality in patients with HCC 
after TACE were the two- and three-dimensional reduction measure-
ments in percentage (difference between pre-TACE CAT scan and 
post-TACE CAT scan), with an AUC of 0.69 (95% CI 0.54 to 0.84; 
P=0.02) for two-dimensional measurement, and an AUC of 0.72 (95% 
CI 0.58 to 0.86; P=0.009) for three-dimensional measurement (Figure 2). 
The one-dimensional response was less accurate for mortality discrimin-
ation (AUC 0.65 [95% CI 0.50 to 0.81]; P=0.07) (Figure 2). The best 

cut-off value for one-, two- and three-dimensional assessment for dis-
crimination of mortality after TACE was a reduction of 3% or more.

Post-TACE features associated with mortality according to 
univariate and multivariate Cox analysis
According to univariate Cox analysis of the post-TACE variables, 
reduction in the tumour size measured in one dimension (HR 0.96 
[95% CI 0.93 to 0.99]; P=0.005), two dimensions (HR 0.98 [95% CI 
0.97 to 0.99]; P=0.004) and three dimensions (HR 0.98 [95% CI 0.97 
to 0.99]; P=0.001) were significantly associated with lower mortality 
after TACE (Table 5).

Moreover, if patients experienced a reduction in the size of the 
tumour of 3% or more assessed in one, two or three dimensions, they 
had a lower risk of mortality (HR 0.48 [95% CI 0.21 to 0.95]; P=0.04; 
HR 0.36 [95% CI 0.17 to 0.80]; P=0.01; and HR 0.31 [95% CI 0.14 to 
0.67]; P=0.003, respectively) (Table 5).

Conventional classifications (ie, WHO, RECIST and EASL) were 
not useful in predicting mortality after the first TACE when patients 

TAblE 3
Pretransarterial chemoembolization features associated with mortality according to Cox regression analysis in patients 
with hepatocellular carcinoma

Mortality (n=31) Alive (n=29) HR 95% CI P
Features associated in the univariate analysis
Age at diagnosis, years 61±2 58±2 0.41 0.98–1.04 0.4
Men:women, n:n 26:5 24:5 1.26 0.48–3.29 0.6
Viral hepatitis (B and C), n (%) 13 (42) 20 (69) 0.33 0.34–1.44 0.3
Alanine aminotransferase (normal <50 U/L) 80±14 79±11 0.99 0.99–1.003 0.4
Aspartate aminotransferase (normal <38 U/L) 95±14 93±12 1.00 0.99–1.006 0.9
Alkaline phosphatase (normal 30–130 U/L) 150±14 143±24 1.002 0.99–1.006 0.5
Bilirubin (normal <20 μmol/L) 23±3 24±3 1.02 0.99–1.05 0.1
International normalized ratio (normal 0.8–1.2) 1.2±0.02 1.2±0.08 0.58 0.17–1.93 0.4
Albumin (normal 35–50 g/L) 37±1 35±1 0.98 0.92–1.04 0.5
Creatinine (normal <125 mol/L) 89±5 76±3 1.01 0.99–1.03 0.08
Alpha-fetoprotein (normal <10 ng/mL) 3891±3315 925±626 1.01 1.00–1.02 0.03
Alpha fetoprotein >200 ng/mL 14 (45) 5 (17) 2.35 1.14–4.87 0.02
Model for End-stage Liver Disease score 8.9±0.6 8.2±0.6 1.11 0.98–1.26 0.09
Model for End-stage Liver Disease score >10, n (%) 10 (32) 5 (17) 4.19 1.79–9.78 0.001
Child-Turcotte-Pugh class, A:B, n 19:12 20:9 0.69 0.34–1.44 0.3
BCLC, A:B:C, n 2:26:3 8:20:1 2.58 0.95–7.03 0.06
Tumours, n 2.0±0.3 2.2±0.4 1.04 0.83–1.31 0.7
Total tumour size (1D), cm 7.9±0.9 5.6±0.7 1.07 0.98–1.16 0.1
Total tumour size (2D), cm2 63±13 38±10 1.005 0.99–1.011 0.08
Total tumour size (3D), cm3 381±115 194±76 1.001 1.00–1.001 0.06
Features associated in the multivariate analysis
Alpha-fetoprotein (normal <10 ng/mL) 3891±3315 925±626 1.01 1.00–1.02 0.008
Model for End-stage Liver Disease score >10, n (%) 10 (32) 5 (17) 4.55 1.92–10.78 0.001

Data presented as mean ± SEM unless otherwise indicated. 1D One dimension; 2D Two dimensions; 3D Three dimensions; BCLC Barcelona Clinic Liver Cancer 
staging classification 

TAblE 4
Tumour response assessment after transarterial 
chemoembolization in patients with hepatocellular 
carcinoma
Type of tumour 
response

Criteria
WHO RECIST EASl

Complete 0 (0) 0 (0) 0 (0)
Partial 8 (15) 6 (11) 8 (15)
Stable disease 41 (77) 45 (85) 43 (81)
Progressive disease 4 (8) 2 (4) 2 (4)

Data presented as n (%). EASL European Association for the Study of the 
Liver; RECIST Response Evaluation Criteria in Solid Tumors
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with partial response and stable disease were compared with patients 
with progressive disease, or when comparing patients with partial 
response to patients with stable and progressive disease (Table 5).

In the multivariate Cox analysis, only the response measured in 
three dimensions was independently associated with a reduction in 
mortality risk after TACE (HR 0.94 [95% CI 0.89 to 0.99]; P=0.03) 
(Table 5).

overall survival after TACE according to Who, rECIST and 
EASL criteria
Using the WHO classification, median survival in partial response and 
stable disease (n=49) was 17±3 months (95% CI 11 to 24), and in 
progressive disease (n=4) was 17±12 months (95% CI 1 to 39; P=0.9 

[log-rank test]). Similar results were found using RECIST: partial 
response and stable disease (n=51) was 17±3 months (95% CI 12 to 23), 
and in progressive disease (n=2) was 12±7 months (95% CI 1 to 26; 
P=0.9 [log-rank test]); and EASL: partial response and stable disease 
(n=51) was 27±3 months (95% CI 12 to 23 months), and in progressive 
disease (n=2) was 12±7 months (95% CI 1 to 26; P=0.9 [log-rank 
test]).

overall survival after TACE according to more than a 3% 
reduction in tumour size
Survival was significantly improved in patients who achieved a reduc-
tion in tumour size of 3% or more assessed in one, two and three 
dimensions, compared with patients who did not achieve this end 
point. This difference was greater if the tumour was assessed in three 
dimensions: median survival for patients who achieved a reduction in 
tumour size was 24±5 months versus 8±3 months (P=0.002 [log-rank 
test]) (Figure 3).

Figure 2) ROC curves for predicting mortality after transarterial 
chemoembolization in patients with hepatocellular carcinoma. The area 
under the curve (AUC) for two-dimensional tumour size reduction was 
69 (95% CI 0.54 to 0.84; P=0.02), and for three-dimensional measure-
ment, the AUC was 0.72 (95% CI 0.58 to 0.86; P=0.009). The one-
dimensional measurement was less accurate for six-month mortality 
discrimination (AUC 0.65 [95% CI 0.50 to 0.81]; P=0.07)

Figure 3) Kaplan-Meier survival curves of patients (Pt) with hepatocellu-
lar carcinoma after transarterial chemoembolization, separated into those 
who achieved a reduction in tumour size of 3% or more assessed in three 
dimensions compared with patients who did not (P=0.002 [log-rank test). 
mo Months; no Number

TAblE 5
Post-transarterial chemoembolization (TACE) features associated with mortality according to Cox regression analysis in 
patients with hepatocellular carcinoma
 Mortality (n=28) Alive (n=25) HR 95% CI P 
Features associated in the univariate analysis
WHO: PR + SD versus PD 26:2 23:2 1.07 0.25–4.59 0.9
RECIST: PR + SD versus PD 27:1 24:1 0.94 0.13–7.04 0.9
EASL: PR + SD versus PD 27:1 24:1 0.94 0.13–7.04 0.9
WHO: PR versus SD + PD 4:24 4:21 1.36 0.47–3.94 0.6
RECIST: PR versus SD + PD 4:24 2:23 2.98 0.98–9.04 0.06
EASL: PR versus SD + PD 5:23 3:22 1.08 0.41–2.86 0.9
Response with 1D, cm 3.6±3.4 15.7±4.8 0.96 0.93–0.99 0.005
Response with 2D, cm2 5.5±5.9 28.5±6.8 0.98 0.97–0.99 0.004
Response with 3D, cm3 4.6±8.3 42±10 0.98 0.97–0.99 0.001
Reduction >3% with 1D 13 (46) 16 (64) 0.48 0.21–0.95 0.04
Reduction >3% with 2D 14 (50) 17 (68) 0.36 0.17–0.80 0.01
Reduction >3% with 3D 15 (54) 19 (76) 0.31 0.14–0.67 0.003
Features associated in the multivariate analysis
Response with 3D, cm3 4.6±8.3 42±10 0.94 0.89–0.99 0.03

Data presented as n:n, mean ± SEM or n (%). Percentage of response measured as difference in size between the pre-TACE computed tomography scan and the 
first computed tomography scan post-TACE, expressed as percentage. 1D One dimension; 2D Two dimensions; 3D Three dimensions; EASL European Association 
for the Study of the Liver criteria; PD Progressive disease; PR Partial response; RECIST Response Evaluation Criteria in Solid Tumors; SD Stable disease
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Median survival in patients who achieved a reduction in tumour 
size of 3% or more assessed in one dimension was 19±7 months 
versus 9±3 months (P=0.03 [Log-rank test]) (Figure 4). For patients 
who achieved a reduction in tumour size of 3% or more assessed in two 
dimensions, median survival was 24±5 months versus 9±4 months 
(P=0.009 [log-rank test]) (Figure 5]).

dISCuSSIon
Our study showed that the median survival after the first TACE in 
patients with HCC who were not eligible for curative treatments was 
approximately 17 months, which was similar to previous reports (17-24). 
Moreover, 5% of our patients died from treatment complications after 
the first TACE – a frequency similar to the findings of other investiga-
tors (5,6).

We found that having an AFP level of greater than 200 ng/mL 
and a MELD score of greater than 10 were associated with two- and 
four-fold increases in the risk of mortality after TACE (Table 3). 
Moreover, reduction in tumour size assessed in one, two and three 
dimensions and, specifically a reduction of 3% or more, were associ-
ated with a one- to threefold reduction in the risk of mortality after 
TACE, while the response assessed in three-dimensions was the only 
independent factor associated with improved survival after TACE 
(Table 5).

Of note, we found that conventional classifications, such as 
WHO, RECIST and EASL, were not useful for predicting mortality 
in patients with advanced HCC. This could be because none of our 
patients achieved complete response, and the majority of our patients 
(approximately 80%) were classified as having stable disease accord-
ing to the three classifications (Table 4). Stable disease is a broad 
category because it includes patients with positive response with 
decreases in tumour size of up to 50% from baseline, and patients 
with negative response with increases in tumour size of up to 25% 
(Table 1).

The main end point for the evaluation of response to treatment in 
patients with HCC is overall survival; however, tumour response has 
been considered a good surrogate for efficacy. Originally, the WHO 
(8,9) and RECIST (10,11) criteria were developed for the evaluation 
of cytotoxic agents because these classifications assess antitumor activ-
ity according to the reduction in tumour size. Similar to our results, one 
study (25) showed a poor correlation between clinical improvement 
and response assessment with conventional classifications (WHO 
and RECIST) after TACE using drug-eluting beads or percutaneous 
ablation (percutaneous ethanol injection or radiofrequency ablation). 

In that study, the authors showed that conventional classifications 
missed all of the complete responses and underestimated the extent of 
partial tumour response because of tumour necrosis, wrongly assessing 
the therapeutic efficacy of locoregional therapies. Furthermore, the 
authors suggested that the evaluation should incorporate the reduc-
tion in viable tumour burden as recognized by nonenhancing areas on 
dynamic imaging studies, as included in the EASL criteria (12).

The EASL criteria may be able to detect more patients who achieved 
complete response compared with the WHO and RECIST criteria; 
however, the EASL criteria have not been shown to have better per-
formance in discriminating improved survival. In fact, the performance 
of the three classifications in our study was similiar – none of our 
patients experienced complete response according to the EASL criteria 
and, again, most cases were classified as stable disease (Table 4).

Moreover, a recent study (26) has suggested the use of the modified 
RECIST to assess response in patients with HCC. These criteria are 
similar to RECIST, but also consider the disappearance or decrease of 
intratumoral arterial enhancement in the target lesion. However, addi-
tional studies are needed to confirm the accuracy of this measurement.

Recently, assessment of the total tumour volume was useful for candi-
date selection of patients with HCC, with post-transplant outcomes not 
different from those achieved with conventional classification, such as the 
Milan and the University of California, San Francisco (USA) criteria 
(13,27). Therefore, we decided to determine whether there were differ-
ences in response assessment after TACE using one-, two- or three-
dimensional measurement. Interestingly, we found that assessment of 
response using three-dimensional measurement was more effective at 
predicting survival after TACE compared with one- and two-dimensional 
measurement, possibly because it provides a better estimate of the decrease 
in tumour size.

The fact that an AFP level of greater than 200 ng/mL was associ-
ated with increased risk of mortality is a novel but expected correla-
tion. A recent study (28) showed that the use of AFP response 
(defined as more than a 50% decrease from baseline) seen after loco-
regional therapy can be used as an ancillary method of assessing 
tumour response and survival, as well as an early objective screening 
tool for progression by imaging.

It is important to mention the limitations of the present study, such 
as its retrospective nature and the relatively small sample size (n=60). 
Another limitation was the lack of data regarding interobserver varia-
tion in the assessment of tumour response to TACE because imaging 
studies were evaluated by only one radiologist (RO). Furthermore, 
because we used tridimensional measurement to evaluate response 

Figure 5) Kaplan-Meier survival curves of patients (Pt) with hepatocellular 
carcinoma after transarterial chemoembolization, separated into those who 
achieved a reduction in tumour size of 3% or more assessed in two dimen-
sions and those who did not (P=0.009 [log-rank test]). mo Months; no 
Number

Figure 4) Kaplan-Meier survival curves of patients (Pt) with hepatocellular 
carcinoma after transarterial chemoembolization, separated into those who 
achieved a reduction in tumour size of 3% or more assessed in one dimension 
and those who did not (P=0.03 [log-rank test]). mo Months; no Number 
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SuMMAry
Mean survival after TACE in patients with noncurative HCC was 
approximately 17 months. Having an AFP level of greater than 
200 ng/mL and a MELD score of greater than 10 before TACE was 
associated with a greater risk of mortality. Conventional classifica-
tions of response, such as WHO, RECIST and EASL, are not useful 
for predicting mortality. Reduction in tumour size after the first 
TACE procedure was associated with improved survival, primarily 
if patients experienced a reduction of more than 3% in tumour size 
assessed using three-dimensional measurement. 




