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Background: Conventional transarterial chemoembolization (cTACE) has been the standard treatment
for intermediate stage hepatocellular carcinoma (HCC). For early stage HCC, percutaneous ablation is a
curative option. There is growing evidence to support combined therapy to improve tumor response and
overall survival (OS) in patients with unresectable HCC. The goal of this study is to retrospectively review
a single institution patient population who underwent the combined approach to determine its efficacy and
safety, and possible predictive factors for OS and tumor response.

Methods: Retrospective analysis identified all patients that underwent c-TACE with Mitomycin followed
by percutaneous ablation from 2011 to 2016 at our institution. Efficacy was assessed by OS, time to
progression (T'TP), and tumor response according to mRECIST criteria. Initial imaging was obtained
1 month after each treatment and after complete response was achieved, every 3 months for 2 years.
Percentage of Lipiodol uptake was determined at 30-day follow-up with contrasted abdominal CT. Safety
was assessed using Common Terminology Criteria for Adverse Events (CTCAE) v4.0. Multiple linear
regressions were conducted to predict OS and number of progression-free survival days based on potential
predictive factors.

Results: A total of 50 patients were identified. At 1-month follow-up, objective response (CR + PR) was
achieved in 44 patients (88%). The median OS was 26.6 months and median TTP was 9.7 months (n=50).
There was no statistically significant difference in median OS between patients with different lesion size
(P=0.95), BCLC stage (P=0.84) or Lipiodol uptake (P=0.36). Higher albumin/bilirubin ratio was significantly
correlated with improved OS (P=0.024).

Conclusions: Combined ¢-TACE and PTA is a safe and effective approach for patients with unresectable
HCC. Elevated albumin/bilirubin ratio was a predictor for improved OS.
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Introduction hepatocellular carcinoma (HCC) and it is associated
Conventional transarterial chemoembolization (c-TACE) with increased overall survival (OS) as shown by two

has been the standard treatment for intermediate stage meta-analyses (1,2). For very early or early stage HCC,
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percutaneous ablation is considered a curative option along
with surgical resection (3). Currently, there is growing
evidence to support combining both loco-regional therapies
to improve tumor response and OS (4-6).

Benefits of TACE followed by percutaneous ablation are
based on the synergistic effect between those two methods.
It results from changes in intra-tumoral hemodynamic
characteristics and tumoral cell chemo-sensitivity. An early
study from Rossi er al. reported that occlusion of arterial
supply with sudden hemodynamic changes in intra-tumoral
blood flow leads to lower tissue impedance and increased
heat conductivity (7). Goldberg et al. postulated that the
zone of coagulative necrosis during thermal ablation can
be enlarged by administering doxorubicin, which would
promote necrosis of areas under sub-lethal thermal damage,
a mechanism that may involve free-radicals (8).

Early application of this combined approach was
described by Veltri er al. who treated patients with
unresectable non-early HCC and obtained OS rate of
89.7% at 12 months and 67.1% at 24 months (9). A more
recent publication also showed benefit in patients with
early stage HCC, who presented lower local recurrence
when compared to TACE or PTA alone [hazard ratio (HR)
=0.309, 95% CI: 0.130 to 0.736, P=0.008 and HR =0.352,
95% CI: 0.158 to 0.787, P=0.011, respectively] (10).

The goal of this study is to retrospectively review our
patient population who underwent c-TACE with Mitomycin
followed by percutaneous ablation and to determine efficacy
and safety of this combined approach, in addition to possible
predictive factors for OS and tumor response.

Methods

After Institutional Review Board (IRB) approval
(Pro00061244), retrospective analysis was performed
identifying patients that underwent ¢c-TACE with
Mitomycin followed by percutaneous ablation from 2011
to 2016. The need for informed consent was waived by
the IRB. Diagnosis of HCC was established according to
European Association for the Study of the Liver (EASL)
criteria. Patients with other primary malignancies were
excluded. Data collection included age, sex, diabetes,
hypertension, coronary artery disease, smoking history,
cause of cirrhosis, Child-Pugh classification, Model
of End-Stage Liver Disease (MELD) score, Eastern
Cooperative Oncology Group (ECOG) status and number
of treatments. Laboratory data included alpha-fetoprotein
(AFP), albumin, bilirubin and complete blood cell count, in
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addition to platelet-to-lymphocyte (P/L) ratio, neutrophil-
to-lymphocyte (N/L) ratio, and albumin-to-bilirubin
(A/B) ratio. Imaging data included number and size of
lesions, portal vein invasion and metastatic lesions. Patients
were staged according to the Barcelona Clinic Liver
Classification (BCLC).

Conventional TACE

c-TACE was performed either through femoral or radial
access under moderate sedation provided with Midazolam
and Fentanyl. Sub-segmental or segmental treatments
were performed whenever possible. If not, lobar infusion
was achieved. All embolizations were performed through
a 2.8-Fr micro-catheter (Progret® Terumo, Somerset,
NJ). A 10-mL solution containing an empiric dose of
10 mg of Mitomycin was combined with 5 mL of ethiodized
oil (Lipiodol® Guerbet, Villepinte, Fr), 10 mL of iodine
contrast media (Visipaque® GE Healthcare, Waukesha, WT)
and 10 mL of normal saline. This solution was distributed
in two 30-mL syringes and mixed via a 3-way stopcock
until a homogenous solution was obtained (10-15 cycles).
The total volume was equally divided in two different
containers and one vial of polyvinyl alcohol (PVA) particles
300-500 pm (Cook, Bloomington, IN) was added to one
of them. The mixture without PVA was infused first until
saturation of tumoral vasculature with ethiodized oil was
observed. This was followed by the infusion of the solution
containing the embolic particles (PVA). The endpoint was
no further tumor vascular enhancement and complete flow
stasis within the feeding vessels. Patients were admitted for
overnight observation. The number of c-TACE sessions
was determined at the discretion of the interventionalist and
performed 6-8 weeks apart. The average number of c-TACE
sessions was 3/patient.

Percutaneous ablation

Percutaneous ablation was performed with radiofrequency
(RF) energy under general anesthesia and conventional
CT-guidance (Somatom® 64 Siemens, NJ, USA) 7 days
later. First unenhanced CT scan (100 KV, automated
mAs modulation, 512x512 pixels, 5 mm slice thickness)
of the abdomen was performed for targeting. Up to three
Cooltip® (Medtronic) electrodes (15-20 cm in length; 3 cm
active tip; 17 G) were inserted into each lesion according to
their size. For lesions <3 cm a single electrode was utilized,
for lesions between 3-5 cm two electrodes were placed and
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Table 1 Patients characteristics

Characteristics

Values

Age (years), median [range]

63.1 [44-84]

Male/female 41 (82%)/9 (18%)
Lesion size (cm), median [range] 4.1[1.3-16.2]
MELD score, median [range] 8 [6-23]

A/B ratio 3.47 [1-7.8]
Stage A 32

Stage B 8

Stage C 9

Stage D 1

Table 2 Efficacy and safety results

Parameters Values

OS (months), median (range)

26.6 (4.4-53.9)

TTP (months), median (range) 9.7 (1-35.9)
CR, n [%] 29 [58]

PR, n [%] 15 [30]

OR, n [%] 44 [88]

PD, n [%] 6[12]
Complications, n [%] 5[10]

OS, overall survival; TTP, time to progression; CR, complete
response; PR, partial response, OR, objective response; PD,
progression of disease.

lesions >5 cm were treated with 3 electrodes. Adjustments
in electrode positions were made based on limited CT scans
until correct positioning was obtained in order to achieve
5-10 mm of ablative margin. No CT-fluoroscopy was
utilized. Fixed 12 minutes ablation cycle was performed,
with automated energy delivery accordant to impedance
level. When more than one electrode was used simultaneous
ablation was performed via “switching” mode. Final CT
scan was obtained after electrode(s) removal to rule out
immediate complications.

The average number of sessions was 1.5/patient and
the interval between the c-TACE and PTA varied among
providers according to their preference, from within
the first 24 hours after c-TACE to a few weeks (median:
21 days; range, 1-35 days). Decision to perform RF ablation
was defined prior to initial c-TACE in some patients or was
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included in the treatment strategy after inadequate response
following c-TACE.

Efficacy and safety

Efficacy was assessed by OS, time to progression (T'TP)
and tumor response according to mRECIST criteria on
cross-sectional images. Initial cross-sectional imaging
was obtained 1 month after each treatment session. Once
the complete response was achieved, follow-up images
were obtained every 3 months for the first 2 years. An
independent radiologist analyzed the images. Percentage of
ethiodized oil uptake was determined at the 30-day follow-
up contrasted abdominal computed tomography (CT).

Safety was assessed according to Common Terminology
Ciriteria for Adverse Events (CTCAE) v4.0. Multiple linear
regression was conducted to predict the OS and number of
progression-free survival days based on age, A/B ratio, P/L
ratio, N/L ratio, MELD, ECOG status, number of lesions,
mean size of lesions.

Results

Fifty patients were identified (9 females; 41 males) with
unresectable HCC who underwent c-TACE followed by RF
ablation from 2011 to 2016. Mean age was 63.1 years old
(range, 44-84 years old). Mean MELD score was 9.3. Mean
lesion size was 4.1 cm (range, 1.3-16.2 cm) (1able 1).

On follow-up imaging 1 month after treatment,
29 patients (58%) had complete response, 15 patients (30%)
had partial response, and 6 patients (12%) had progression
of disease. Objective response (CR + PR) was achieved in
44 patients (88%). Images were not available in one patient
(Tible 2).

The median OS was 26.6 months (range, 4.4-53.9 months)
and median TTP was 9.7 months (range, 1-35.9 months)
for the entire cohort. Median OS was also analyzed
according to lesion size and results are presented in
Table 3. Median OS were also determined according to
patient’s BCLC stage. Early (A), intermediate (B), advanced
(C) and terminal (D) stages presented the following OS in
months: 22.4 (range, 4.3-53.9); 52.5 (range, 51.2-53.8),
25.9 (range, 16-34.5) and 8.8, respectively (Table 4).
Finally, median OS in months according to percentage of
Lipiodol uptake was as follows (P=0.36): <50%=21.6 (range,
4.3-39.3); between 50-80%=40 (range, 27-51.2);
>80%=39.5 (range, 27.4-51.2) (1able 5). There was no
statistically significant difference in median OS between
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Table 3 OS according to lesion size*

Lesion size OS (months), median (range)

Entire cohort 26.6 (4.4-53.9)

<3 cm (n=13) 21.6 (16.1-53.9)
3-5cm (n=10) 27.3(8.8-51.2)
>5 cm (n=27) 31.7 (4.3-53.8)
*P=0.95.

Table 4 OS according to disease stage*

Disease stage OS (months), median (range)

Entire cohort 26.6 (4.4-53.9)
Early 22.4 (4.3-53.9)

Intermediate 52.5 (51.2-53.8)

Advanced 25.9 (16-34.5)
Terminal 8.8
*P=0.84.

Table 5 OS according to Lipiodol uptake*

Lipiodol uptake OS (months), median (range)

Entire cohort 26.6 (4.4-53.9)

<50% 21.6 (4.3-39.3)
50-80% 40 (27-51.2)
>80% 39.5 (27.4-51.2)
*P=0.36.

patients with different lesion size (P=0.95), different BCLC
stage (P=0.84) or different ethiodized oil uptake (P=0.36).

Five patients experienced one complication each (5/50,
10%), as follow: two grade 1 (bradycardia), two grade 2
(seizure; pneumothorax) and one grade 4 (acute bleeding).
There were no deaths or liver dysfunction related to the
procedures. Multiple linear regression showed that higher
albumin/bilirubin ratio was significantly correlated with
improved OS (P=0.024).

Discussion

Patients with unresectable HCC compose a very
heterogeneous population given the wide variability
of major prognostic factors, including underlying liver
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function, tumor burden and portal vein invasion (11).
Recent review stated median OS over 60 months for early
stage, 26 months (range, 14-45 months) for intermediate
stage and 11 (range, 6-20) months for advanced stage (11).

Our results showed a median OS of 26.6 months (range,
4.4-53.9 months) and median TTP of 9.7 months (range,
1-35.9 months) for the entire cohort, which includes
patients in different disease stages. Similar to our results, Si
et al. reported 66 patients submitted to combined therapy
reaching median OS of 21 months and TTP of 9 months (12).
Also, Zhang et al. showed a median OS of 29 months in 45
patients beyond Milan criteria that had TACE followed by
PTA (13). In addition, there was a statistically significant
correlation between higher albumin/bilirubin ratio and
improved OS (P=0.024). This is likely related to overall
better liver function of this subgroup of patients.

When OS was analyzed according to BLCL stage, the
following results were obtained: early-stage, 22.4 months;
intermediate-stage, 52.5 months; advanced-stage, 25.9 months
and advanced, 8.8 months. Although not statistically
significant (P=0.84), OS for was higher for intermediate
stage, showing potential benefit in this subgroup.

Radiological response is a predictor of survival after local-
regional therapy for hepatic tumors as shown by Memon
et al. who demonstrated that patients who responded to
the treatment based on the European Association for the
Study of the Liver (EASL) criteria had longer survival than
non-responders (P=0.0001) (14). In this study, complete
response was achieved in 58% and 30% of the patients
had partial response, providing an objective response of
88%. This is higher compared to the 52.5% of objective
response reported with c-TACE only in a recent systematic
review including over 10,000 patients (15). In addition,
retrospective review comparing both approaches showed
disease progression in 19.29 % of patients submitted to
TACE only and 3.88% in patients submitted to combined
therapy with P=0.015 (16).

Similarly, ethiodized oil accumulation within the tumor
has been shown to be a predictor of tumor necrosis as
demonstrated by Takayasu ez 4/., who compared CT findings
with resected specimens. In a total of 41 tumors good
correlation (r=83) was found between retained Lipiodol and
necrotic tissue under pathological analysis (17). Although
not statistically significant in this population, more likely
due to small sample size, a patient with higher Lipiodol
uptake experienced longer OS [<50%=21.6 months (range,
4.3-39.3 months) vs. 39.5 months (range, 27.4-51.2 months)
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with >80% uptake; P=0.36].

Both loco-regional therapies have excellent safety
profiles with very low incidence of major complications.
Opverall, intra-arterial therapy has less than a 5% rate of
major complications, including liver dysfunction and post-
embolization syndrome requiring hospital admission (18).
Percutaneous ablation has reported overall complication
rate of 7%, hemorrhage being the most frequent
one (19). Different from what was believed initially,
combined therapy does not imply a higher complication
rate as demonstrated by meta-analysis with no statistical
significant difference in major complications (odd ratio
=1.20, 95%CI: 0.31-4.62, P=0.79) (6). Our cohort had
5 complications (10%) total, most were minor (only one
major complication, acute bleeding), and there were no
treatment related deaths.

This study has limitations, such as the small sample
size what may have prevented more statistically
significant results. In addition, there was a lack of
standardized protocol among the providers, leading to
great variability in the number of ¢c-TACE sessions and
the interval between the intra-arterial therapy and RF
ablation, which could had been less than 24 hours to
several weeks. Finally, for the c-TACE procedure oil-in-
water emulsion (1:6) was utilized and not the opposite.
Water-in-oil emulsion was shown to have significantly
higher carriage capacity and longer release time for the
chemotherapeutic agent (20,21).

Conclusions

In conclusion, this retrospective review showed that
combination of ¢c-TACE and RF ablation is a safe and
effective approach for patients with unresectable HCC.
Albumin/bilirubin ratio was a predictor for improved OS.
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