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AbstractAbstractAbstractAbstractAbstract
AIM: To assess whether the effectiveness of a combination
of transarterial chemoembolization (TACE) and percutaneous
ethanol injection (PEI) in the treatment of unresectable
hepatocellular carcinoma (HCC) is superior to TACE alone
a randomized controlled trial was performed.

METHODS: The effect of combination therapy on long-
term survival rates and duration of hospitalization was
evaluated in 52 previously untreated HCCs, randomly
allocated to TACE-PEI (27 pts) or TACE alone (25 pts).

RESULTS: The cumulative survival rate of the TACE group
was 75.8% at 6 mo, 62.9% at 12 mo, and 18.0% at 24 mo
and of the TACE-PEI group 76.9%, 61.5%, and 38.7%,
respectively. Comparison of overall survival in both groups
showed no statistically significant difference. Regarding
the patients with HCCs Okuda stage I (n = 26), the median
survival of the TACE-PEI group was significantly longer
(>24 mo, median not yet reached in the study period)
compared to the TACE group (18.4 mo [range 11.6-21.7 mo];
P = 0.04). TACE-PEI reduced the relative risk for mortality
to 0.4 (95%CI 0.15-0.96) compared to patients who
received TACE alone. Median survival in patients with HCCs
Okuda stage II or III was 5.0 mo in the TACE group (1.7
mo-not defined) compared to 10.4 mo in the TACE-PEI group.

CONCLUSION: The combination TACE-PEI improved
survival time compared to TACE alone. Our study revealed
a statistically significant improved survival in HCCs Okuda
stage I. Side effects were minor and the combination therapy
did not prolong duration of hospitalization considerably.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Hepatocellular carcinoma (HCC) is one of the major
malignancies worldwide with the highest incidence in Asia
and sub-Saharan Africa[1]. Potentially curative therapeutic
strategies such as orthotopic liver transplantation and hepatic
resection are possible only in a minority of patients[2-7]. Due
to tumor size and multicentricity, comorbidity and advanced
or decompensated liver cirrhosis 70-80% of HCCs are
inoperable at the time of diagnosis[8]. Because HCCs are chemo-
and radio-resistant, systemic chemotherapy and radiation
therapy are not options for the treatment[9]. Therefore, in
most HCC patients, percutaneous ethanol injection (PEI)
or thermal ablation, e.g., radiofrequency thermal ablation,
and transarterial chemoembolization (TACE) are palliative
treatment options[5,10-14].

Ultrasound guided PEI has been shown to be highly
effective in the treatment of small HCCs[15-17]. However,
PEI treatment was shown to be of limited efficacy in patients
with large HCC (>5 cm) because ethanol diffusion within
the tumor mass is incomplete and residual viable neoplastic
tissue often persists in the periphery of the tumor lesion.

Advanced HCCs have been widely treated with TACE,
using various combinations of chemotherapeutic drugs and
embolic agents. The standard protocol adopted in many
institutions includes repeated intra-arterial injections of a
chemotherapeutic agent such as cisplatin, doxorubicin, or
mitomycin C mixed with lipiodol. Lipiodol is added because
of its relative selective uptake in HCCs and its antitumor
effect[18]. The injection of chemotherapeutic oil emulsion is
followed by embolization of feeding arteries with small
gelatin-sponge particles.

A potential benefit of  combining TACE with PEI in the
treatment of  HCC was first suggested by Tanaka et al.[19].
Adding PEI after TACE has been expected to achieve
complete necrosis of the main tumors and to alter the texture
of the tumor parenchyma, so that a large volume of ethanol
can be administered to penetrate entire tumor lesions
resulting in a complete necrosis[20]. In a previous study, we
prospectively analyzed the clinical factors determining the
prognosis of 132 inoperable HCC patients treated at our
institution. Multivariate analysis revealed that patients treated
with TACE-PEI had a significantly longer survival than
patients treated with PEI or TACE alone[15]. These observations



prompted us to do a multicenter randomized controlled trial
evaluating the effect of  combination therapy with TACE-
PEI vs TACE on long-term survival rates, duration of
hospitalization and quality of life.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Patient characteristics and study design
The study was performed as a multicenter randomized
controlled trial comparing treatment with TACE and TACE-
PEI. The mean 3-year-survival rate in patients treated with
TACE is about 30%[18,21-24]. To demonstrate an improvement
of  the 3-year-survival from 30% to 40% with a statistical
power of 80%, it was calculated that 308 patients in each
group were needed (group 1 = TACE treatment, group
2 = treatment with TACE in combination with PEI). As a
period of recruitment, 36 mo were calculated, and 24 mo
were planned as follow-up period.

Participants for the trial were recruited from five centers
listed in the Appendix. Patients included in the study fulfilled
the following criteria: Untreated patients with HCC, confirmed
histologically or diagnosed by significantly elevated α-
fetoprotein (AFP) levels (>250 ng/mL) and imaging by CT,
MRI, ultrasound, or angiography. No indication for surgery
or any local treatment, no evidence for extrahepatic
metastases, assessed by clinical and chest X-ray examinations.
In patients with clinically suspected bone metastases, a bone
scan was performed. There was no age limit. Exclusion
criteria were: Second malignancy, any local, or systemic
pretreatment, extrahepatic metastases, Child-Pugh C score,
complete portal vein thrombosis (main trunk or both branches),
serum creatinine >1.5 mg/dL, severe- and therapy-resistant
hepatic encephalopathy, contraindications for peripheral
artery catheterization. The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the ethics committee of the University
Hospital Freiburg. All participants provided written informed
consent. By external blockwise randomization centrally
performed by fax, patients were assigned to treatment with
TACE only or treatment with TACE-PEI.

Therapeutic procedures
TACE  A diagnostic angiography was performed in all
patients. For TACE, the tip of  the catheter was placed in
the left or right hepatic artery. Under fluoroscopic guidance,
5-10 mL of a solution containing 10 mg mitomycin C (Medac,
Hamburg, Germany) in 10 mL iodized oil was injected into
the artery feeding the lesion(s). The mitomycin/oil mixture
was prepared immediately before injection by vigorous
mixing for a few minutes. Embolization was performed
with gelatin-sponge particles (Gelfoam; Upjohn, Kalamazoo,
MI, USA). In case of unilateral portal vein thrombosis and
contralateral localization of the HCC(s), chemoperfusion
without embolization (TAC) of  the corresponding lobe was
performed. At the end of  the procedure, the extent of  vascular
occlusion was demonstrated angiographically. The patients
stayed in general, 1 d in the hospital for observation. Two
weeks after TACE, a CT scan was performed. The results
were interpreted as follows: (1) tumor necrosis: hypo-
attenuated and contrast medium-non-enhanced lesion(s) in

the early arterial phase; (2) residual tumor: contrast medium-
enhanced lesion(s).

The procedure was repeated every 6-10 wk until one
of the following end points was reached: (1) no viable tumor
cells detectable by CT or biopsy; (2) contraindications for
the procedure developed; (3) patient’s death. In patients
who developed thrombosis of  the main portal trunk, TACE
was performed only in cases of  compensated cirrhosis Child-
Pugh A score and adequate collateral circulation around
the thrombosis (cavernous transformation with prograde
intrahepatic portal perfusion on ultrasound Doppler flow
examination). Patients not qualifying for TACE received
best supportive care, including treatment of complications
of liver cirrhosis and pain relief.
Combination of  TACE-PEI  Patients assigned to TACE-
PEI additionally received PEI treatment for all visible lesions,
10 d after TACE. PEI was performed under real-time
ultrasound guidance. A 3-MHz convex probe (Ultramark
4; ATL, Solingen, Germany) with a lateral guide attachment
or a 3.5-MHz convex probe (EUB 525; Hitachi, Wiesbaden,
Germany) with an incorporated guide was used. Two needle
types were used: a 15-cm, 20-gauge spinal needle (Becton
Dickinson, Franklin Lakes, NJ, USA) or a 20-cm, 20-gauge
needle with a closed conical tip and side holes at the tip
over a length of  1 or 2 cm (Pflugbeil, Ottobrunn, Germany).
Ethanol (96%, 1-10 mL) was slowly injected. The PEI result
was photodocumented. In general, PEI treatment involved
6-12 injections per lesion 1-6 d apart. After PEI treatment,
patients regularly stayed in general 1 day in the hospital for
observation. The procedure was repeated after every TACE,
until one of the end points described above was reached.

Follow up
As primary end point of the study, death of any cause was
chosen. Secondary end points were tumor response, quality
of life, side effects, and duration of hospitalization because
of treatment or side effects.

Follow-up period was 24 mo. Patients were seen on an
outpatient basis 1 mo after initiation of the therapy, later
on for every 3 mo. Routine follow-up included clinical
examination, determination of  AFP, and abdominal
ultrasound. Abdominal CT or MRI was performed after
1, 3, and 6 mo, and then for every 6 mo. If HCC recurrence
was suspected based on ultrasonography or AFP elevation,
CT or MRI was performed earlier. Chest X-rays were done
after 6, 12, and 24 mo. Quality of life evaluation (EORTC
QLQ 30) was performed at inclusion in the study and then
after 6, 12, and 24 mo. The therapeutic effect was assessed
by CT or MRI every 3 mo according to WHO criteria[25]. A
complete response was defined as disappearance of all HCC
lesions documented by imaging analyses (ultrasound, CT, or
MRI), and confirmation 4 or more weeks later. A partial
response was defined as more than 50% reduction of the
tumor size based on the measurement of the two longest
perpendicular diameters of the tumor.

Statistical analyses
Study design was a multicenter randomized controlled trial
to compare therapeutic effect of  TACE and TACE-PEI.

Between January 1997 and August 2001, 58 patients
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were recruited for the study. Recruitment was stopped after
56 mo. Follow-up period of  24 mo was planned.

Comparison between groups was made on an intention-
to-treat basis. Survival time for the TACE- and TACE-PEI
group was assessed by the Kaplan-Maier method and log-
rank test for univariate analysis. Therapeutic effect was
estimated by Cox’s proportional hazards regression model
for multivariate analysis. All significance tests were two-
sided and P<0.05 was considered statistically significant.
Data processing and analysis were performed using the
statistical analysis system (SAS Institute, Cary, NC, USA).

RESULRESULRESULRESULRESULTSTSTSTSTS
From January 1997 to August 2001, 58 patients were enrolled
in the study and were randomly assigned to TACE (n = 29)
or to TACE-PEI (n = 29). Five patients were excluded
because of complete portal vein thrombosis (1 patient),
operability (1 patient), death (1 patient) or retraction of
consent (2 patients). The remaining 53 patients (26 TACE
and 27 TACE-PEI) received allocated intervention. One
patient in the TACE group was lost to follow-up after
moving. Thus, the data of 52 patients could be analyzed
(Figure 1).

Patient characteristics showed no statistically significant
differences between the two treatment groups (Table 1).

Figure 1  Flowchart of study patients.

Survival
At the time of final analysis (median follow-up time 32 mo
[range 5-57 mo]), 18 patients of the TACE group and 17 patients
of  the TACE-PEI group had died. Median survival time was

18.4 mo (range 5.8-22.0 mo) of  the TACE group as compared
to 15.3 mo (range 9.2-49.0 mo) of  the TACE-PEI group.

The cumulative survival rate of  the TACE group was
75.8% at 6 mo, 62.9% at 12 mo and 18.0% at 24 mo and of
the TACE-PEI group 76.9%, 61.5%, and 38.7%, respectively
(Figure 2A). Comparison of  overall survival in both groups
showed no statistically significant difference.

Subgroup analysis of patients with HCC Okuda stage I
(n = 26) showed a significant longer survival of  the TACE-
PEI group (>24 mo, median not yet reached in the study
period) as compared to the TACE group (18.4 mo [range
11.6-21.7 mo]; P = 0.04; Figure 2B). TACE-PEI treatment
reduced the relative risk for mortality to 0.4 (95%CI 0.15-0.96)
compared to patients receiving TACE only.

Median survival of  patients with HCCs Okuda stage II
or III was 5.0 mo in the TACE group (1.7 mo-not defined)
compared to 10.4 mo in the TACE-PEI group (Figure 2C).
This difference was not statistically significant (P = 0.39).

Tumor response and side effects
Four patients in the TACE and five patients in the TACE-
PEI group showed stable disease, respectively. The remaining
18 patients in the TACE and 20 patients in the combination
group had a progressive disease, respectively (Table 2). In
both groups, no major treatment-related complication occurred.
The most common side effects of  TACE were fever,
abdominal pain, and elevation of total bilirubin levels. These
side effects were transient and disappeared within a week.
Side effects of PEI were spontaneously remitting mild local
pain in all patients and mild transient fever in most patients.

Table 1  Patients’ characteristics according to treatment

         TACE TACE-PEI

Patients (n)              25        27
ean age yr (range)  63.6 (48-79) 64 (47-76)
M:F (%)        84:16  74.1:25.9
Cirrhosis/no cirrhosis         22/3      23/4
Etiology of cirrhosis (n/%)
    Alcohol       12 (55)    13 (57)
    Hepatitis B or C          7 (32)      7 (30)
    Hemochromatosis          2 (9)      1 (4)
    Unknown          1 (4)      2 (9)
Liver function (n/%)
    Child Pugh A       22 (88)    17 (63)
    Child Pugh B          3 (12)    10 (37)
    Child Pugh C             0         0
Tumor stage (n)
    Okuda I              19        17
    Okuda II             6         9
    Okuda III             0         1
AFP
    <100 ng/mL              14        15
    100 ng/mL              11        12
Portal vein thrombosis (partial or complete)             8         6
Number of tumor lesions
    1             9        13
    2             6         5
    3             5         2
    >3             4         5
    Diffuse             0         2
    Not documented             1         0
Largest diameter >5 cm (US)              17        17

Randomized 58
patients

Allocated to TACE        29

TACE            26

No TACE 3
-Exclusion criteria
-Retraction of consent
-Death before treatment

Allocated to TACE-PEI 29

TACE-PEI            26

No TACE-PEI 2
-Retraction of consent
-Operation was possible

Follow-up          26
No follow-up                1
-Moving away

Follow-up          27

25 27
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Duration of hospitalization
For all the 52 study patients, we recorded in-patient stays
and out-patient visits during follow-up and discriminated
between (1) treatment-related hospital stays/visits including
adverse effects or complications and (2) hospital stays/visits
because of  other reasons (Table 3). As expected, patients
treated with TACE-PEI had on average slightly longer
hospital stays. Overall, however, there was no statistically
significant difference between both treatment groups with
respect to in-patient days and out-patient visits, respectively.

Table 3  Hospitalization or out-patient visits according to treatment

                 TACE               TACE-PEI  P (Wilcoxon rank test)

IST (d)   33 44.67 0.46
OST (d) 2.72   3.07 0.75
ISO (d) 9.16   5.74 0.91

IST = average inpatient hospitalization because of treatment or complications;
OST = average outpatient visits because of treatment or complications; ISO =
average inpatient hospitalization for other reasons.

Quality of life
To evaluate quality of  life, we used a validated self-rating

questionnaire (EORTC QLQ 30). According to the design
of the study, patients were expected to complete the
questionnaire at enrolment into the study and at mo 6, 12, and
24. Unfortunately, only 17 completely filled out questionnaires
were obtained. Most patients suffered from poor and worsening
physical condition, including hepatic encephalopathy, so that
only a minority of patients was able to complete the self-
rating questionnaire. Therefore, we could not statistically
analyze quality of life.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
In a previous study, we prospectively analyzed the clinical
factors determining the prognosis of  132 patients with
inoperable HCCs who were treated with TACE, PEI, the
combination of both, or best supportive care[15]. Multivariate
analysis revealed that patients treated with a combination
of  TACE and PEI had a significantly better survival than
patients receiving either PEI or TACE only. These observations
prompted us to undertake a multicenter randomized
controlled trial evaluating the effect of combination therapy
with TACE-PEI on long-term survival.

The purpose of the combination is to overcome the
shortcomings of both therapies and to get improved
therapeutic results by combined effects. TACE is one of
the most common therapies in patients with unresectable
HCC. This regional therapy combines targeted chemotherapy
and arterial embolization in order to induce both selective
ischemic and chemotherapeutic effects on HCC. Although
survival benefit has been reported after TACE[5], it is difficult
to achieve complete necrosis of  the target tumor by TACE
alone, because HCC often has intercapsular or extracapsular
invasion and viable tumor cells remain after TACE[26]. PEI
is also widely used and is an effective means of treating

Figure 2  A: Overall survival according to treatment; B: Survival of patients
with HCCs Okuda stage I according to treatment; C: Survival of patients with

HCCs Okuda stage II or III according to treatment.

Table 2  Tumor response according to treatment

               TACE           TACE+PEI             P (χ²-test)

Patients (n) 22 25
Complete response   -   - -
Partial response   -   - -
Stable disease   4   5 NS
Progressive disease 18 20 NS
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unresectable HCC. The method is effective in cases of
capsular invasion. The injection of absolute alcohol causes
cellular dehydration, coagulation necrosis, and vascular
thrombosis within the treated tumor[27]. But several factors
limit the therapeutic effect of PEI, such as tumor consistency,
intratumoral septa, tumoral capsule, and tumor vascula-
rization[28]. The rationale for combination of  TACE and
PEI relies on the fact that after TACE tumor consistency is
markedly decreased and intratumoral septa are usually
disrupted providing enhanced ethanol diffusion within the
tumor. Therefore, combined therapy with TACE-PEI has
been expected to improve survival rates of  patients with
advanced HCC.

In our randomized controlled multicenter trial comparing
TACE and TACE-PEI, we observed no difference in overall
survival. However, subgroup analysis based on HCC Okuda
stage revealed that TACE-PEI results in statistically significant
improved survival in patients with HCC Okuda stage I.

Similar to our findings, a recently published retrospective
analysis based on medical records showed that patients
receiving TACE alone had a median survival rate of  16 mo,
whereas the median survival rate in patients receiving TACE
followed by PEI was 24 mo[29].

The prospective randomized trials by Kamada et al.[30],
and by Bartolozzi et al.[31], also showed improved survival
for patients treated with TACE-PEI compared to TACE
alone. Because of the small number of patients included in
these studies, the difference did not reach statistical significance.
Further, Tanaka et al.[32], Koda et al.[33], and Yamamoto et al.[20],
showed a significant improved survival for patients treated
with TACE-PEI as compared to TACE alone (Table 4).

Even though these studies included patients with Child-
Pugh C score liver cirrhosis[20,32,33], mean survival time in
our study, which excluded Child-Pugh C score patients, was
shorter. This may be due to the following facts: (1) We only
excluded patients with complete portal vein thrombosis (main
trunk or both branches) whereas others excluded patients
with any evidence of (partial) thrombosis[30-33]; that is predicting
poor survival[15,20]. (2) Liver disease in our study was caused
in about 50% by alcohol, whereas in all other studies most
patients had chronic hepatitis B or C (Table 4). Our findings,
therefore, may suggest that combination therapy with
TACE-PEI may be less effective in patients with alcohol-
induced than in patients with HBV- or HCV-induced

cirrhosis. (3) Tanaka et al.[32], Koda et al.[33], and Yamamoto
et al.[20], used doxorubicin, whereas in our study mitomycin
C was used. Advantages for anthracyclin-based regimes were
advocated in one randomized controlled trial[34], but a
recently published meta-analysis showed no good evidence
for best chemotherapeutic agent[5].

The primary end point of  our study was survival time.
Secondary end point was the duration of hospitalization
and/or the number of out-patient visits. As expected,
patients treated with TACE-PEI had on average slightly
longer hospital stays than patients with TACE only. There
was no statistically significant difference between both
treatment groups, however. This aspect is important not
only with respect to financial costs, but also with respect to
patient’s quality of life.

In conclusion, the combination of  TACE-PEI compared
with TACE alone prolongs survival in patients at Okuda
stage I. Side effects were mild and combined therapy with
TACE-PEI did not prolong duration of  hospitalization or
the number of out-patient visits considerably.
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