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Transarterial chemoembolization (TACE) is an established therapy for intermediate 
stage hepatocellular carcinoma (HCC) mostly used in a palliative setting (1, 2). With 
publication of the Barcelona criteria in 2001 (Barcelona clinic liver cancer, BCLC), ther-

apy guidelines for individual tumor stages were established (3–5). 
Even though TACE is widely accepted as an efficient treatment in clinical routine, scientific ev-

idence for overall survival benefit has been variable. A very recent review published in 2015 by 
Sieghart et al. (6) states that the prevalent heterogeneity of treatment modalities is one of the 
major limitations for a clear statement considering survival benefit. TACE treatment response 
assessment based on imaging is frequently used as a surrogate. However, the prognostic value 
of this imaging based treatment success assessment is ambiguous. Modified response evalua-
tion criteria in solid tumors (mRECIST) and the European Association for the Study of the Liver 
(EASL) criteria enable a survival prognosis as early as after second or third TACE (7). However, 
the use of these response assessments based on imaging has downsides since in cases of inho-
mogeneous lipiodol distribution with pinpoint scattering of lipiodol, these criteria are difficult 
to apply correctly in clinical practice (Fig. 1) (8). Moreover, an earlier assessment of prognosis of 
TACE outcome would be more relevant, as one could opt for alternative treatment options that 
are more effective or less quality of life threatening. Kawamura et al. (9, 10) proposed a four-fold 
vascularization pattern differentiation based on imaging depending on enhancement in the 
arterial and portovenous phases and correlated these with histologic findings after resection 
in early stage HCC and prediction of HCC recurrence. 
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I N T E R V E N T I O N A L  R A D I O LO G Y
O R I G I N A L  A R T I C L E 

PURPOSE  
Transarterial chemoembolization (TACE) is an established treatment for intermediate stage he-
patocellular carcinoma (HCC). The aim of this retrospective study was to evaluate the power of 
lesion vascularization criteria based on computed tomography for prognosis of overall survival 
before initiation of treatment.

METHODS
A total of 59 patients with intermediate stage HCC treated with TACE as first-line treatment were 
retrospectively evaluated. TACE procedures were performed using doxorubicin, cisplatin, and 
lipiodol. Response evaluation criteria in solid tumors version 1.1 (RECIST 1.1) were used to de-
termine the initial tumor response. Four vascularization patterns (VP) of the largest target lesion 
(homogeneous vascularization [VP1], homogeneous vascularization with additional arterial hy-
pervascularization [VP2], heterogeneous vascularization with [VP3] and without zones of hyper-
vascularization [VP4]) were assessed prior to the first TACE and correlated to survival.

RESULTS
Kaplan-Meier analysis yielded a median overall survival of 608 days (standard error [SE], 120.5 
days). Survival analysis showed significant differences depending on the vascularization patterns 
(P = 0.012; hazard ratio, 0.327): patients with homogeneously vascularized lesions (VP1, VP2) had 
a median overall survival of 1091 days (SE, 235.5 days). Patients with heterogeneous vasculariza-
tion of the lesion (VP3 and VP4) showed a median overall survival of 508 days (SE, 113.9 days). 

CONCLUSION
The vascularization pattern of the largest HCC lesion is helpful for survival prognosis under TACE 
treatment and therefore has the potential to be used as an additional parameter for treatment 
stratification.
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The purpose of this study was to investi-
gate the power of a four-fold categorization 
of HCC vascularization patterns on base-
line computed tomography (CT) to predict 
overall survival of patients treated by con-
ventional TACE before treatment is started.

Methods
Patients

In this retrospective single center cohort 
study, patients who had their first con-
ventional TACE between 2006 and 2008 
were monitored throughout further clin-
ical course until death or termination of 
the follow-up. Patients with prior systemic 
therapy or percutaneous ethanol injection 
(PEI) were excluded from the study, since 
persistent effects of the systemic therapy 
on healthy liver tissue and vessels could not 
be ruled out and PEI was not recommended 
according to BCLC guidelines since radiofre-
quency ablation (RFA) showed better tumor 
control with fewer interventions. While the 
BCLC criteria still viewed PEI as an option in 
2003, even though inferior to RFA, it com-
pletely disappeared from the revised guide-
lines in 2011 for the treatment of interme-
diate stage HCC (4, 8, 11). For this reason, 
patients in our institution were not treated 
with PEI on a regular basis, and patients 
with prior PEI treatment were excluded for 
potential bias. Surgical resection or RFA and 
microwave ablation treatment before TACE 
were not considered as exclusion criteria. 
Seven patients receiving a liver transplant 
in the further course of TACE interventions 
were censored for survival analysis. All in-

cluded patients had follow-up imaging per-
formed according to our institutional proto-
col. Follow-up was available until July 2012. 
The institutional review board approved 
this study and informed consent was col-
lected from every patient. 

A total of 59 patients (49 male and 10 fe-
male patients; mean age, 66.7 years) could 
be included in the study based on the in-
clusion criteria. Patients received a total of 
135 TACE procedures within the complete 
follow-up time. Of the patients 49 (83.1%) 
were categorized as Child-Pugh class A, 8 
(13.6%) as class B and 2 (3.4%) as class C. 
HCC was diagnosed based on histology or 
the noninvasive EASL guidelines (4). How-
ever, histologic specimens were available 
for only 20% of the patient cohort (n=12). 
Therefore no further analysis regarding his-
tology was performed in this study. 

TACE treatment
All patients received a standardized con-

ventional TACE protocol consisting of cispla-
tin (Cisplatin Teva, TEVA) and doxorubicin 
(DOXO-cell, Cell pharm) as chemotherapy 
and lipiodol as the only embolizing agent 
(Lipiodol Ultra Fluide; Laboratoire Guer-
bet). Cisplatin and doxorubicin doses were 
calculated based on body surface, cardiac 
and renal function, with a doxorubicin and 
cisplatin standard dose of 50 mg/m2 each. 
Echocardiography was performed to assess 
cardiac function and glomerular filtration 
rate was calculated to assess renal function. 
Depending on the scale of cardiac or renal 
function impairment doxorubicin/cisplatin 
dosages were reduced or the substances 
not administered. Lipiodol standard dose 
was 10 mL except in cases of extensive ar-
terial hypervascularization of the target le-

Main points

• TACE has been shown to increase overall 
survival in the treatment of intermediate 
stage HCC. As therapeutic response to TACE 
is variable, retrospective imaging-based 
response assessment is currently used to 
decide on individual further treatment.

• In our retrospective study, biphasic CT-based 
vascularization parameters of the largest 
HCC target lesion prior to conventional TACE 
treatment were correlated to overall survival. 
A multivariate regression analysis of several 
potential prognostic parameters determined 
vascularization pattern and Child-score to 
be significant prognostic factors for overall 
survival.

• The vascularization pattern of the largest HCC 
lesion before TACE treatment has potential 
to be used as an additional parameter for 
individual treatment stratification.

Figure 1. a–d. Hypervascularized hepatocellular carcinoma target lesion prior to initial transarterial 
chemoembolization (TACE) (a). After first TACE, slight accumulation of lipiodol is present (b). After 
second (c) and third (d) TACE procedures, a progressive lipiodol accumulation with pinpoint scattering 
pattern in combination with tumor shrinkage was observed.
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sion. In those cases additional lipiodol up to 
a maximum of 10 mL was administered. Me-
dian treatment interval between TACE pro-
cedures was 80 days (range, 48–730 days). 

Imaging
Biphasic CT was performed using 100 mL 

of Imeron (Imeron350, Bracco Imaging) with 
slice thickness ≤5 mm at baseline within 
one week before TACE at the most. For re-
sponse assessment and potential second 
TACE, a CT scan with exactly the same pro-
tocol was performed 2–3 months after the 
first intervention (median, 71 days; range, 
40–700 days). Kawamura et al. (9) evaluat-
ed the vascularization of the largest target 
lesion based on the baseline imaging. The 
proposed categorization of vascularization 
patterns is summarized in Fig. 2. A lesion 
with a vascularization pattern 1 (VP1) shows 
homogeneous vascularization in arterial 
and portovenous phase without increased 
arterial blood flow, whereas a VP2 lesion 
also shows a homogeneous vascularization 
pattern but with increased arterial attenu-
ation. A VP3 lesion shows increased arterial 
attenuation with septal structures in this 
phase. A VP4 shows heterogeneous vascu-
larization with an irregular structure. In the 
arterial phase, tumor tissue in the periphery 
shows a ring-like vascularization, whereas 
the center of the lesion remains hypodense. 
In portal venous phase, the center still  
remains hypodense in contrast to the ring-
like structure in the periphery of the lesion 
(Fig. 2). Response to TACE was evaluated ac-
cording to RECIST1.1 criteria (Fig. 3).

Statistical analysis
For statistical analysis SPSS v. 21 (SPSS, 

IBM Inc.) was used. Duration of survival was 
expressed as median and standard error 
(SE). Kaplan Meier analysis was performed 
to descriptively assess overall survival. A Cox 
regression model was used to investigate 
the impact of sex, vascularization pattern, 
Child-Pugh score, age, and RECIST response 
assessment on overall survival. Parameters 
that showed association to overall survival 
in the univariate analysis with a significance 
level P < 0.15 were included in a multivariate 
Cox regression model and evaluated using 
backward elimination (Wald test) with a sig-
nificance level of P < 0.05. 

Results
Initial TACE treatment could be per-

formed, the successfully in all 59 patients. On 
average, the patients received 2.9 TACE treat-
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Figure 3. RECIST1.1 tumor response according to the individual TACE cycles. The horizontal axis 
shows the number of patients receiving chemoembolization.
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Figure 2. Vascularization patterns based on categorization by Kawamura et al. (9).
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ments with a maximum of 10 procedures. 
The median treatment interval was 80 days 
(range, 48–730 days). Minor adverse events 
according to the Society of Interventional 
Radiology guidelines for the reporting and 

archiving of interventional radiologic proce-
dures were seen in 10 cases; these adverse 
events did not result in prolonged hospital 
stay or an increase in therapeutic measures 
(12). 

Kaplan-Meier survival analysis yield-
ed a median overall survival of 608 days 
(SE, 120.5 days). One-year survival rate 
was 68.8% and two-year survival rate was 
40.6%. 

Patients presenting with a VP1 or VP2 tar-
get lesion had a median overall survival of 
1091 days (SE, 235.5 days) following the first 
chemoembolization (Fig. 4). The remaining 
group of 46 patients showing a VP3 or VP4 
had a median survival of 508 days (SE, 113.9 
days). There was a significant difference in 
the survival rates of the groups with homo-
geneous enhancement of the target lesion 
(VP1, VP2) compared with the groups with 
heterogeneous enhancement of the target 
lesion (VP3, VP4) (P = 0.012; hazard ratio 
[HR], 0.327). RECIST 1.1 baseline measure-
ment also showed a significant difference 
for survival depending on the largest diam-
eter of the largest target lesion (P = 0.039; 
HR, 0.520). Median RECIST 1.1 baseline mea-
surement of the target lesion was 6.67 cm. 
Patients with a lesion diameter less than the 
median diameter showed a median overall 
survival of 859 days (SE, 90.2 days), while 
patients with a diameter above median 
presented with a median overall survival 
of 473 days (SE, 82 days). Child-Pugh score 
did show a significant impact on surviv-
al. Patients with Child-Pugh class A (n=49) 
had a median overall survival of 740 days 
(SE, 139.2 days), whereas the remaining 10 
patients with Child-Pugh class B and C pre-
sented with a median overall survival of 299 
days (SE, 37.3 days) (Fig. 5). Cox regression 
analysis yielded a HR of 0.508 (P = 0.089). 
Sex had a significant impact on overall sur-
vival (P = 0.023; HR, 0.367). Female patients 
had a lower median overall survival of 298 
days (SE, 178.9 days) than that of male pa-
tients (777 days; SE=165.1 days). Age did 
not have a significant impact on overall sur-
vival (P = 0.120; HR, 1.625). 

A Cox regression analysis using stepwise 
backward elimination including sex, vas-
cularization pattern, Child-Pugh score, age 
and RECIST 1.1 as independent variables 
determined vascularization pattern (P = 
0.002; HR, 0.224) and Child-Pugh score (P 
= 0.005; HR, 0.278) to be significant prog-
nostic factors for overall survival, while age, 
sex and RECIST 1.1 baseline value were not 
significant. 

Discussion
This study shows that the CT vascular-

ization pattern of the largest HCC target 
lesion before the first conventional TACE 

Figure 4. Overall survival according to vascularization pattern (VP). Patients with homogeneously  
vascularized (VP1+VP 2) target lesions (blue line) show a significantly higher survival rate than 
patients with heterogeneously vascularized (VP3+VP 4) target lesions (green line).
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Figure 5. Overall survival according to Child-Pugh score. Patients with Child-Pugh class A (blue line) 
show a significantly higher survival rate than patients with Child-Pugh class B or C (green line).
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treatment and Child-Pugh score show sig-
nificant correlation to overall survival. 

Our protocol proved to be within the 
range of current publications for con-
ventional TACE concerning treatment 
intervals, the amount of procedures, and 
outcome. Patients in our cohort received 
a mean of 2.9±2.3 interventions and the 
median interval was 80 days (range, 48–
730 days). Furthermore, tumor response 
was comparable to findings in the litera-
ture (13). Tumor control, defined as com-
plete and partial response combined with 
stable disease is often used for compact 
description of response to treatment (14). 
Tumor control was achieved in 88.3% of 
all patients after first TACE. More details 
on tumor response are shown in Fig. 3. 
One-year survival was 68.8% and two-year 
survival was 40.6%. Literature shows com-
parable overall survival rates with a medi-
an one-year survival rate of 62.5% using 
conventional TACE (3, 15, 16). 

For analysis and differentiation of factors 
facilitating prediction of overall survival be-
fore initial treatment, a Cox regression analy-
sis was performed as reported. We included 
parameters, which we considered relevant 
to affect survival prognosis for patients 
undergoing repetitive conventional TACE. 
The first factors to be eliminated were age 
and RECIST baseline measurement, used as 
surrogate for pretreatment tumor burden. 
There are studies supporting this result 
whereas others show a significant impact 
of tumor size and lesion number on overall 
survival (17). A reason for the different find-
ings in the literature could be a missing stan-
dard for evaluation of tumor burden, which 
is often evaluated based on the BCLC score 
and Okuda stage. The Okuda stage discrim-
inates between more or less than 50% liver 
involvement of the tumor. The BCLC score 
differentiates between single or multiple 
lesions and further differentiation depends 
on the diameter. Nevertheless many studies 
only distinguish between solitary or multi-
nodular tumors and the mean size investi-
gated in their own patient cohort (18). The 
next factor to be eliminated in our analysis 
was gender, leaving vascularization pat-
tern and Child-Pugh score as the remaining 
significant factors for prognosis of overall 
survival in our TACE cohort. Various studies 
already suggested that Child-Pugh score is 
an important factor for prognosis of overall 
survival in TACE treatment (4, 19). 

The analysis of CT vascularization pat-
terns as reported by Kawamura et al. (9) 

showed a significantly higher overall sur-
vival for lesions with homogeneous vas-
cularization pattern (VP1, VP2) compared 
with lesions with a heterogeneous vascu-
larization pattern (VP3, VP4) (4). Kawamura 
et al. (9, 10) could not show a significant 
connection between the proposed vas-
cularization patterns and overall surviv-
al in his initial studies. In contrast to our 
study with a palliative setting, the study 
by Kawamura et al. (9) included only pa-
tients with a curative resection after TACE. 
Therefore, most of the tumors were less 
advanced in stage compared with our 
cohort. The majority of the evaluated le-
sions (50%) showed a VP4 accounting for 
extensive necrosis prior to conventional 
TACE in this study. The cohort in the study 
by Kawamura et al. (9) consisted mostly of 
VP1–VP3 and only 14% of the lesions were 
VP4. The poor differentiation of VP4 in his-
topathologic analysis explains the low sur-
vival of our patients with VP4 lesions with a 
median of 428 days (range, 93–1968 days) 
compared with patients with VP1 lesions 
of 1504.5 days (range, 853–1824 days) (9).

Besides vascularization patterns, there 
are other imaging criteria accounting for 
vascularization, the most commonly used 
being the mRECIST and EASL response as-
sessment criteria. Both also rely on the dif-
ference between vascularized and non-vas-
cularized regions of the tumor lesion (20, 
21). Several studies showed that mRECIST 
can allow survival prognosis after the third 
or even the second TACE (1, 7, 22). Howev-
er, in our study the dichotomous differen-
tiation of vascularization patterns facilitates 
survival prognosis even prior to the initial 
intervention. Thus, it has great potential 
as a parameter for treatment stratification 
early in the clinical course. A critical issue 
regarding conventional TACE and mRECIST 
or EASL response evaluation is the poten-
tial inhomogeneity of lipiodol distribution 
causing problems for a valid measurement 
(8, 17). In cases of pinpoint scattering of lip-
iodol one might have to move back to RE-
CIST 1.1 criteria instead (23). mRECIST and 
EASL only assess the amount of the vascu-
larized lesion part. However, other studies 
emphasize that not only size but also the 
type of vascularization and lesion composi-
tion is important (24). 

This study has some limitations. Even 
though conventional TACE with lipiodol has 
previously been the standard of care, a recent 
analysis of interventional radiologists in Ger-
many showed that 43.5% of all interventions 

were performed using drug eluting beads 
(DEB TACE), closely followed by conventional 
TACE in 42% of the procedures (25). There-
fore this analysis should also be performed in 
patients treated with DEB TACE or bland em-
bolization with microspheres alone. A recent 
study published by Brown et al. (26) showed 
that doxorubicin as a chemotherapeutic 
agent does not show a significant benefit 
for the patient in terms of response; similarly, 
earlier publications could not prove a benefit 
of a chemotherapeutic agent vs. bland embo-
lization for a patients’ overall survival (3, 27). 
Since the aspect of embolization draws more 
and more attention, future studies should 
compare the quantitative aspect of HCC vas-
cularization with the qualitative judgment 
of the vascularization pattern analysis based 
on the categorization by Kawamura et al. (9). 
A further limitation is the qualitative visual 
analysis of lesions instead of a quantitative 
three-dimensional (3D) computed analysis of 
vascularization characteristics. Even though 
promising results have been achieved us-
ing 3D computed analysis, for everyday use 
it currently does not qualify as the standard 
procedure (28, 29). Additionally, a study pub-
lished by Donati et al. (29) could prove that 
inter-test agreement between visual estima-
tion and two-dimensional measurement of 
enhancing tissue is interchangeable, show-
ing that estimation based assessment like the 
categorization by Kawamura et al. (9) is not 
a disadvantage in general, but a pragmatic 
approach towards clinical practice. Anoth-
er limitation of this study is the rather small 
number of study subjects. The results of this 
analysis warrant further investigation in larg-
er patient collectives.

In conclusion, CT vascularization pattern 
and Child-Pugh score are relevant prog-
nostic parameters for overall survival since 
patients with heterogeneously vascularized 
target lesions showed a low overall survival 
rate when treated with conventional TACE 
in this study. Therefore, these parameters 
have a potential for treatment stratification 
at an earlier point in the clinical course than 
established vascularization assessment cri-
teria such as mRECIST or EASL based on fol-
low-up imaging.  
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