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Unresectable hepatocellular carcinoma is related to a poor prognosis. Encouraging response rates 
and survival have been reported with intra-arterial (i.a.) chemotherapy and chemo-embolisation, 
but limited data are available on the association of the two treatment modalities. We therefore 
started a new programme combining i.a. chemotherapy with chemo-embolisation. The treatment 
regimen consisted of L-leucovorin (100 mg/m2 i.v.), Gfluorouracil (800 mg/m2 i.a.), and carboplatin 
(250 mglm’ i.a.). Chemo-embolisation with mitoxantrone (10 mg/m*) plus ethiodized oil followed 
immediately. The same treatment plus gelatin sponge was given after 28 days. 26 patients entered 
the study and were evaluable for response and side-effects. Main patient characteristics were: males 
21, females 5: median age 68 years (range 42-76 years); stage TNM II-III 17, IVA 9; Child’s A 12, 
Child’s B 14; elevated baseline cr-fetoprotein 17; cirrhosis 25. 14 patients had a partial response 
(54%; 95% confidence interval 33-73%), 3 had stabilisation and 9 had progressive disease. Median 
survival was 11 months (range 2-20+). 16 patients had grade I-II pain and 15 grade I-II fever. Our 
results indicate that the regimen is safe, well tolerated and capable of inducing objective remissions 
in a high percentage of patients with hepatocellular carcinoma. 0 1997 Elsevier Science Ltd. All 
rights reserved. 
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INTRODUCTION 
HEPATOCELLULAR CARCINOMA (HCC) is relatively rare in 
Europe and the United States, but still represents one of the 
most common cancers worldwide, with an annual death rate 
of around 250 000 patients [l-3]. The low resectability rate 
and the high recurrence rate, together with the fact that 
HCC tends to be fatal because of local hepatic progression 
rather than widespread metastasis, stimulated the develop- 
ment of several local-regional therapeutic approaches 
including intra-arterial chemotherapy and transcatheter 
arterial chemo-embolisation (TAE). Intra-arterial che- 
motherapy has been considered a promising approach in 
past years since it makes it possible to increase selectively 
drug administrations to the tumour with less exposure to 
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other organs [4-61. Agents are generally chosen because of 
their pharmacological advantage when administered intra- 
arterially and include fluoropyrimidines, anthracyclines and 
platinum derivatives [7-l 11. Responses in the range of 30- 
50% have been observed, but most of the treatment proto- 
cols were associated with significant side-effects [4, 7, 111. 
Hepatic toxicity has been observed in up to 50% of patients 
and resulted in toxic deaths in lo-20% of the cases [7, 111. 
TAE with various materials such as ethiodized oil [ 12-191, 
absorbable gelatin powder plus ethiodized oil [20-251, 
microspheres [26 and 271, in combination with chemothera- 
peutic agents, including cisplatin and anthracyclines, has 
been attempted. Responses ranged from 20 to 60%, with a 
median survival often not exceeding lo-12 months [l-3, 
281. One of the major problems with conventional TAE is 
that it seems effective in the main tumour, but has limited 
efficacy on small intrahepatic metastases and extracapsular 
or intracapsular invasion [27]. Another major consideration 
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is that the role of chemotherapeutic agents in TAE is still 
undefined, since they are often administered at suboptimal 
dosages and with long-term recycle in current protocols. 

Based on these considerations, the aim of our study was 
to evaluate the feasibility and activity of a combination of 
the two treatment modalities with adequate recycling time 
(every 28 days) and dosage of chemotherapeutic agents. 
The combination of agents was chosen because of the phar- 
macological advantage with arterial administration. 
Carboplatin was selected with the aim of reducing side- 
effects associated with ci,splatin [4, 91. Mitoxantrone has 
been reported to be active when administered intra-arterially 
[lo] and is known to be related to limited non-haematologi- 
cal side-effects [29]. Intravenous leucovorin was added to 
improve the clinical activity of 5-fluorouracil (5-FU), as 
reported in the literature [ 301. 

PATIENTS AND METHODS 
Patients with biopsy-proven unresectable or untransplan- 

table HCC were considered eligible for the study. Other in- 
clusion criteria were: Child’s A or B disease; TNM stage 
II-IVA; age ~75 years; bilirubin <3 mgdl; aspartate and 
alanine aminotransferase ~2.5 the upper limit; Eastern 
Cooperative Oncology Group (ECOG) performance status 
O-2; WBC (white blood cell) count >3000 mm3 and plate- 
let count >60 000/mm3; serum creatinine Cl.2 mgdl. 
Patients with evidence of cardiac disease (congestive heart 
failure, history of myocardial infarction within the previous 
3 months), severe vascular disease or uncontrolled concomi- 
tant infections were excluded. Patients with monolobar por- 
tal vein obstruction ancl adequate liver function were 
included in the study. Informed written consent was 
required. 

Patients had baseline liver and renal function tests, elec- 
trolyte studies, complete blood count, prothrombin and par- 
tial thromboplastin times carried out within 2 weeks of the 
procedure. Also, chest X-ray, abdominal CT scan plus 
ultrasound, alpha-fetoprotein and electrocardiography were 
performed within 2 weeks of chemo-embolisation. 

On day 1 of treatment, patients were premeditated with 
dexamethasone (4 mg) and ondansteron (8 mg). Chemo- 
embolisation was performed via standard hepatic angiogra- 
phy. At each treatment, a catheter was inserted percuta- 
neously into the femoral artery and directed into the main 
hepatic artery. After localisation of the neoplastic lesions, 
arteries were selectively catheterised. L-Leucovorin (100 mg/ 
m2 dissolved in 250 ml of normal saline solution) was admi- 
nistered intravenously. Carboplatin (250 mg/m2 dissolved in 
50 ml of normal saline solution) followed by fluorouracil 
(800 mg/m2 dissolved in 50 ml of normal saline solution) 
were given intra-arterially. The infusion time was 15 min 
for carboplatin and 1 h for 5-fluorouracil. 

Mitoxantrone (10 mg/m2) was mixed with 10-l 5 ml of 
ethiodized oil using a mechanical agitator for 5 min and 
administered immediately under fluoroscopic guidance. The 
same treatment plus gelfoam powder (40-50 urn microfibril- 
lar collagen) dissolved in ethanol was performed on day 28. 
The powder was injected until stagnation of blood flow was 
noted. Patients were followed closely for 24 h in the oncol- 
ogy unit. 

Anti-emetics and narcotics were administered if needed. 
Patients had a complete bl.ood count 7 days after treatment. 

Liver and renal function tests, electrolyte studies and com- 
plete blood count were performed 2 weeks after treatment. 
Dose modifications were made for granulocyte and platelets 
at the time of recycling in case of no recovery after one 
week of delay as follows: in case of platelets >50 000 mm3 
but <60 000 mm3 and/or neutrophils >1000/mm3 but 
<1500/mm3, 50% of the carboplatin and mitoxantrone dose 
was administered. In case of platelets ~50 000/mm3 and/or 
neutrophils <1000/mm3, patients were excluded from the 
study. The dose of 5-fluorouracil was reduced to 75% of 
the baseline dose in case of grade III mucositis or diarrhoea 
and in case of grade III neutropenia. 

Responses were evaluated using serial CT scans at 1 
month, 3 months and every 2 months thereafter. Patients 
who responded and had a time to progression >6 months 
were offered a repeat treatment at the time of liver pro- 
gression if they still met trial inclusion criteria. Responses 
were graded according to the standard UICC criteria. 
Alpha-fetoprotein was monitored every 4 weeks, but was 
not considered as a response criterion. A complete response 
was defined as the disappearance of all parameters of dis- 
ease by two observations not less than 4 weeks apart. A 
partial response was defined as a 50% or more reduction 
in the sum of the products of the perpendicular diameters 
of all lesions for at least 4 weeks without any evidence of 
new lesions. Stabilisation of disease was defmed as a less 
than 50% reduction or less than 25% increase in the sum 
of the products of the perpendicular diameters of all 
lesions without any evidence of new lesions. Progressive 
disease was defined as a <25% increase in one or more 
lesions or the appearance of new lesions. Side-effects were 
scored according to World Health Organisation (WHO) 
criteria. 

Statistical analysis 
The aim of the study was to obtain at least 30% objective 

remissions. Therefore, according to the Gehan two-step 
statistical approach [31], a total of 9 patients in the first 
step had to be studied and, if one response was seen, then a 
total of 25 patients had to be studied. Estimated curves 
total of 9 patients in the first step had to be studied and, if 
one response was seen, then a total of 25 patients had to be 
studied. Estimated curves of survival and time to pro- 
gression were plotted from the first day of treatment by the 
method of Kaplan and Meier [32]. 

Patient characteristics 
RESULTS 

26 patients were enrolled in the study from December 
1993 to January 1995 and were evaluable for response and 
side-effects. Major patient characteristics are shown in 
Table 1. 3 patients had tumour relapse after surgical treat- 
ment of the initial lesion. Portal vein obstruction was not 
considered as a major exclusion criteria if only one lobe was 
involved. Tumour thrombus in the portal vein or external 
compression of the portal vein was present in 4 cases. Two 
patients had previous history of heavy alcohol intake. The 
median age was 68 years, with 9 patients older than 70 
years. The median pretreatment alpha-fetoprotein level was 
360 ng/dl, with 8 patients presenting with a baseline value 
> 1000 ng/dl. 
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Table 1, Patient characteristics 

Entered/evaluable 

Male/female 

Median age (years) (range) 

Performance status: O-112 

Stage (TNM) 

26126 

2115 

68 (42-76) 

2115 

II 

III 

IVA 

Child’s NB 

Hepatitis exposure 

10 

7 

9 

12114 

HbsAg-positive 4 

HbsAb-positive 5 
Hcv-positive 14 

Cirrhosis 25 

Altered alpha-fetoprotein (>400 &ml) 17 (11) 

Bilirubin, median mg/ml (>l mg/ml) 1.1 (13) 
Platelets, median no./mm3 (~100 000) 130 000 (10) 

HbsAg, hepatitis B surface antigen; HbsAb, hepatitis B surface anti- 

body; Hcv, hepatitis C virus. 

Toxicity 

Table 2 summarises the side-effects observed. Most of the 

patients had fever up to 38°C and rarely as high as 40°C. 

There was no evidence of infection in such cases, and it 

appeared attributable to intrahepatic tumour necrosis. 

Median duration of fever was 4 days (range l-8). Pain was, 

in general, well controlled by intramuscular ketorolac (30 

mg) and had a median duration of 36 h (range 24-72). 2 

patients had gastro-intestinal bleeding due to the presence 

of bleeding varices. No catheter-related complications were 

observed. The median hospital stay was 24 h after chemo- 

embolisation, with 6 patients requiring hospitalisation 

between the cycles because of worsening of liver function (4 

patients) and gastro-intestinal bleeding (2 patients). 8 

patients presented with worsening of hepatic function on 

day 28, but they still met baseline inclusion criteria so that 

the second part of the treatment was performed. No patient 

had evidence of encephalopathy and 4 patients developed 

transient ascites. Early mortality (within 30 days of chemo- 

embolisation) was minimal. Only one patient died within 

this period due to irreversible hepatic failure, possibly a 

direct consequence of chemo-embolisation. 

51 cycles were administered at the full doses (day 1 plus 

28), and nine cycles were delivered at reduced doses. 

Overall, 21 patients had therapy at the prescribed dose, and 

5 patients received cycles at reduced doses. 5 patients had a 

reduction in the dose of intra-arterial carboplatin, 5 patients 

had a reduction in the dose of mitoxantrone, and 2 patients 

had a reduction in the dose of 5-FU. Reasons for dose 
duction were mainly thrombocytopenia and neutropenia. 

Responses 

re- 

There were 14 responses among 26 evaluable patients 
(54%; 95% confidence interval 33-73%), 3 cases of disease 
stabilisation, and 9 cases of progressive disease. 
Characteristics of responding patients are shown in Table 3. 
Responses were obtained in patients with Child’s A or B 
disease and inpatients with both limited and advanced dis- 

ease stage, although most patients with stage II disease 
responded (7 out of 10) and only a few patients with stage 
IVA disease responded (4 out of 9). The median serum 
alpha-fetoprotein value among responding patients 
decreased from 563 to 58 at the peak of the response. The 
median time to progression of the whole group of patients 
was 6 months. Median duration of response was 5 months 
(range 2-12+) with 4 patients still responding after 9, 10, 
10 and 12 months. One patient, who attained a partial 
remission, underwent surgery and is now free of disease 

after 10 months. 

Retreatment was offered at the time of progression in 4 
cases. Two of these patients achieved a partial remission. 

Retreatment was not offered in the remaining patients due 
to extrahepatic progression (1 case), technical limitations (2 
cases), worsening of liver functions (3 cases), absence of 
progression (4 cases) or failure to respond in the liver (12 
cases). Median survival of the patients was 11 months 

(range 2-20+) (Figure 1). 

DISCUSSION 
The optimal treatment for unresectable HCC still remains 

a challenge. Numerous studies on chemo-embolisation in 

HCC have been reported in the past year, but due to the 
large variation of chemotherapeutic protocols, the real 
impact of the treatment modality on patient survival is still 
unassessable. In fact, although encouraging survival rates 
have been claimed for reported phase II studies with up to 
50% of the patients alive at 3 years [ 19, 28, 331, the differ- 
ence in the characteristics of patients selected for these trials 
and the various number of chemotherapeutic agents and 
embolic materials employed makes any comparison difficult. 
Two small phase III studies comparing chemo-embolisation 
with best supportive care failed to observe any significant 
improvement of survival [20, 221. However, there was a 
trend toward increased survival in the chemo-embolisation 

group in the study by Trinchet and associates [20]. In the 
current study, intra-arterial chemotherapy was added to 
chemo-embolisation in a 28-day recycle schedule with the 
aim of improving clinical results without increasing the rate 

Table 2. Side-effects of treatment 

Side-effects 

Nausea/vomiting 
Pain 

Infections 
Leucopenia 

Neutropenia 

Thrombocytopenia 

Fever 

1 

3 
13 

3 
3 

4 

1 

13 

WHO grade 
2 3 4 

3 

2 2 
1 2 
3 

2 
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Figure 1. Overall survival of 26 evaluable patients. 

of side-effects. Using this approach, we observed only 1 
early death and side-effects have been limited, with only 5% 
grade 3-4 myelotoxicity. 

Both intra-arterial chemotherapy and TAE are known to 
be related to significant m.orbidity and mortality. In particu- 
lar, for the former trea.tment Patt and associates [l l] 
reported 4 toxic deaths among 31 patients submitted to 
intra-arterial chemotherapy with floxuridine, doxorubicin, 
cisplatin and leucovorin, and in 13 patients hospitalisation 
was required due to severe infectious complications. Doci 
and associates [7] observed 11 hepatic failures among 28 
cases submitted to intra-arterial doxorubin in of 5-FU, and 
1 patient died of treatment-related sepsis. Both authors con- 
cluded that toxicity seems strictly related to patient’s charac- 
teristics and, in particular, to the presence of previous or 
concomitant hepatitis virus infection and advanced liver cir- 
rhosis. Similar conclusions have been reported by Stuart 
and associates [24], who reported 17% early deaths in a 
group of 47 patients submitted to chemo-embolisation. 
Although it is difficult to compare different series of patients 
with unresectable HCC due to the influence of multiple 
prognostic features in the incidence of side-effects, our 
results indicate that association of the two treatment modal- 

ities does not seem to be correlated with a significant wor- 
sening in the incidence of side-effects. Inclusion criteria may 
have positively influenced side-effects in the present study. 
Hepatic function was well preserved in most of the patients 
and no patient had Child’s C disease. 

A 54% response rate was observed in this study, with a 
median duration of response of 5 months and a median sur- 
vival of 11 months. As reported in Table 2, no significant 
differences in response were observed with respect to base- 
line alpha-fetoprotein or serology status, as reported by 
others [ll, 341. A direct comparison of our results with 
other studies is difficult. Differences in patient selection and 
methodology are reflected by a response rate that varied 
from 15 to 75% in patients treated with chemo-embolisa- 
tion [21, 23, 25, 271 and a response rate ranging from 20 to 
60% for patients treated with intra-arterial chemotherapy 
[ 10, 111. Moreover, reported median survival for TAE var- 
ies from 7 to 28 months [18, 21, 251 and for intra-arterial 
chemotherapy from 3 to 15 months [7, 10, 111. 

In local-regional therapy of the liver, an essential role is 
played by the group of physicians involved, in particular, 
interventional radiologists [28]. Superselective TAE, which 
can induce effective tumour necrosis with minimal damage 
of the non-tumorous liver tissue, is needed in patients with 
HCC with advanced liver cirrhosis. In a previous trial per- 
formed with the same clinical team and with the same trial 
inclusion criteria, we observed only 13% objective remis- 
sions in a group of 22 patients treated with chemo-emboli- 
sation including epirubicin, lipiodol and gelfoam [21]. 
Moreover, the median survival observed in these patients 
with baseline characteristics superimposable on those of the 
patients herein reported was only 7 months. Therefore, on 
the basis of these results, a more favourable impact can be 
attributed by the approach reported here. 

Our initial protocol (reported here) included gelfoam only 
on day 28, with the aim of reducing liver damage resulting 
from prolonged embolisation. However, reported data on 
lipiodol and doxorubicin plus or minus gelfoam have 
suggested that the addition of the latter increases the re- 
sponse rate [ 131. Similar data have been reported by other 
authors, where the addition of gelfoam increased the re- 
sponse rate from 25 to 58% and l-year survival from 38 to 
62% [33]. Based on the limited toxicity observed in the pre- 

Table 3. Clinical, serological and histological features of responding patients 

Age (year) Sex Stage (TNM) 
Serology 

HCV HBV Baseline AFP (&ml) Child’s starus 

67 NL II + - 4 A 

53 N[ IVA _ + 240 B 

68 Nl II + _ 746 A 
60 F II + + 72 A 

71 Ni III _ + 2280 B 
71 F II + _ 472 B 
74 M III _ + 1282 A 

64 tvi IVA + - 10 B 

65 h!l II _ + 3 A 

74 ML IVA + - 450 B 

72 ML II + _ 10 A 

67 Mi IVA _ _ 2180 B 

62 F III + _ 380 B 
74 ML II + - 4 A 

AFP, alpha-fetoprotein; HCV, hepatitis C virus; HBV, hepatitis B virus. 
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sent trial and on the interesting activity recorded, we are in- 
vestigating a more aggressive schedule that includes three 
treatment performed at intervals of 28 days with inclusion 
of gelfoam at every treatment. 
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