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A Phase I1 Study of Mitoxantrone 
Combined with Beta-Interferon in 
Unresectable Hepatocellular Carcinoma 
Marco Colleoni, M.D.,* Roberto Buzzoni, M.D.,* Emilio Bajetta, M.D.,* 
A. Maria Bochicchio, M.D.,* Cesare Bartoli, M.D.,t Riccardo Audisio, M.D.,t 
Giuliano Bonfunti, M.D.,$ and Franco Nol2, M.D.* 

Background. Chemoimmunotherapy is being evalu- 
ated in the most common gastrointestinal tumors, but lit- 
tle data are available on hepatocellular carcinoma (HCC). 
Considering the encouraging objective response rates and 
the absence of important side effects obtained with mi- 
toxantrone in HCC, we tested the activity and feasibility 
of a schedule combining beta-interferon (0-IFN) and mi- 
toxantrone. 

Methods. Forty patients (ECOG Performance Status 
0-1) with unresectable HCC received mitoxantrone (12 
mg/m2 intravenously every 3 weeks) plus 8-IFN (3 X lo6 
U on days 1,2, and 3; 6 X 106 U from day 4 to day 60; and 
then 6 X lo6 U three times a week for 10 months). 

Results. Thirty-eight patients were evaluable for re- 
sponse and toxicity with a median of four administered 
cycles (range, 2-10 cycles). Nine patients achieved a par- 
tial response (23%) (95% confidence interval, 11-40%) 
with a median duration of response of 4 months. In 15 
cases, the disease was stable for at least 2 months; 14 
patients had disease progression. The median survival 
time of the group as a whole was 8 months. Patients who 
were alpha-fetoprotein positive had a median survival 
time of 7 months; those who were alpha-fetoprotein nega- 
tive had a median survival time of 9 months. The most 
common side effects were hematologic (World Health Or- 
ganization Grade 3,15 patients; Grade 4,3 patients). Mild 
or moderate flulike syndrome was present in 50% of 
treated patients, whereas 10 patients experienced mild or 
moderate nausea. 

Conclusions. The schedule was active on advanced 
tumors with high alpha-fetoprotein values, and side ef- 
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fects were manageable. However, the addition of /3-IFN 
did not seem to improve significantly the response rate in 
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Hepatocellular carcinoma (HCC) is one of the most 
common fatal cancers in the world. It has a high inci- 
dence in Asia and Africa, whereas it is relatively rare in 
Western countries.'-3 In Italy, it accounts for at least 
4000 cases per year, and annual mortality is approxi- 
mately the same.' The prognosis for these patients is 
poor and only minimally modified by medical treat- 
ments. The only possible effective therapy is surgical 
resection or hepatic transplantation, but such an ap- 
proach is limited to a small number of cases. Palliative 
treatments, including chemoembolization, intraarterial 
drug administration, systemic chemotherapy, and hor- 
mone therapy, have not demonstrated any meaningful 
survival advantage. 3-6 

An innovative treatment modality recently tested 
in colorectal cancer includes the concomitant adminis- 
tration of chemotherapeutic agents and  interferon^.^-^ 
Initial clinical trials investigating the combined use of 
fluorouracil and recombinant human alpha-2a inter- 
feron (a-2a-IFN) found a response rate of 76% in un- 
treated colorectal patients.' However, more recent trials 
have reported lower response rates and greater toxicity 
with this combination.' Regarding the use of new drugs 
in HCC, several studies have demonstrated that mito- 
xantrone has limited but definite activity in HCC, and 
objective responses can be obtained in approximately 
10-20% of cases, and patient compliance is good be- 
cause the incidence of side effects is minimal.'0-'4 It has 
been shown that beta-interferon (0-IFN) combined 
with many chemotherapeutic agents enhances cytotox- 
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icity in tumor cells lines.15 P-IFN has the same receptor 
sites as a-2a-IFN, and its inhibitory growth effect is 
approximately the same.16 The current study was under- 
taken to verify the feasibility and efficacy of a com- 
bined schedule of mitoxantrone and B-IFN. 

Material and Methods 

Eligibility Criteria 

From December 1989 to August 1991, patients at the 
Istituto Nazionale Tumori of Milan with histologic evi- 
dence of HCC confirmed by our Division of Pathology 
or with an alpha-fetoprotein (AFP) value of at least 400 
ng/ml were included in the study. Patients with a histo- 
logic diagnosis of cholangiocarcinoma, fibrolamellar 
carcinoma, and combined HCC and cholangiocarci- 
noma were excluded. Patients were required to have 
Eastern Cooperative Oncology Group performance sta- 
tus17 of 0-1, unresectable locally advanced or meta- 
static disease, and no severe concomitant diseases. In 
addition, the following criteria were required for study 
admission: leukocyte count greater than 4000/mm3, 
platelets greater than 60,000/mm3, serum creatinine 
level less than 1.2 mg/dl, bilirubin less than 3 mg/dl, 
and aspartate transaminase/alanine transaminase lev- 
els no more than 3 times the normal maximum value. 
Patients with Child Stage C disease, clinically active 
cardiac disease, and central nervous system metastases 
were excluded. Patients were also considered ineligible 
if they had received prior systemic chemotherapy or 
biologic response modifiers or had required concomi- 
tant therapy with steroids. Previous chemoemboliza- 
tion was permitted, but at least 2 months were required 
from the last treatment. Baseline assessment for all pa- 
tients included a complete history and physical exami- 
nation, complete blood count including a platelet count, 
electrolytes, creatinine, blood urea nitrogen, aspartate 
transaminase, alanine transaminase, hepatitis serology, 
alkaline phosphatase, Iactate dehydrogenase, AFP, 
liver ultrasound or computed tomography scan, and 
chest radiograph. Cardiac ultrasound was performed at 
baseline in all patients. An altered left ventricular ejec- 
tion fraction (less than 50%), confirmed by myocardial 
scan, was considered an exclusion criterion. 

Before each treatment, a complete blood count and 
physical examination was performed. Informed con- 
sent was obtained from the patients before starting 
therapy. 

Study Design 

Mitoxantrone (Novantrone R, Lederle, Catania, Italy) 
was dissolved in 100 ml of saline solution and injected 

Table 1. Patient Characteristics 

Entered/evaluable 40/38 
Male/female 35/3 
Median age (yr) (range) 64 (44-70) 
Performance status: 0/1 16/22 
Stage (TNM) 

I1 9 
111 13 
IVA 10 

Metastatic disease 6 
Hepatitis exposure 

Hbs Ag-positive 6 
HbsAb-positive 13 

Cirrhosis 20 
Altered alpha-fetoprotein (> 400 ng/ml) 30 (14) 
AST/ALT, median U/ml(> 40 U/ml) 62 (27) 
LDH, median U/ml (> 460 U/ml) 336 (6) 

1.12 (16) Bilirubin, median mg/ml (> 1 mg/ml) 
Platelets, median no/mm3 (< 100,000) 150,000 (8) 
HbsAg: hepatitis B surface antigen; HbsAb hepatitis B surface antibody; AST 
aspartate transaminase; ALT: alanine transaminase; LDH: lactic dehydroge- 
nase. 

HbsAg/HbsAb-positive 4 

intravenously over about 15 minutes at a dose of 12 
mg/m2 every 3 weeks. Antiemetic prophylaxis was 
performed on a regular basis. P-IFN (Frone R, Serono, 
Rome, Italy) was given intramuscularly, starting at a 
dose of 3 X lo6 U for the first 3 days, which was in- 
creased to 6 X lo6 U per day for days 4 through 60, and 
then reduced to 3 times a week for 10 months. All of the 
courses were held pending hematologic recovery (abso- 
lute granulocyte count 2 1500/mm3 and platelet count 
2 60,000/mm3) and the return of all nonhematologic 
toxicities to baseline values. The treatment plan in- 
cluded a maximum of 10 cycles for mitoxantrone and 1 
year of administration for P-IFN. Responses were mea- 
sured according to World Health Organization crite- 
ria.’* Abdominal computed tomography scan or ultra- 
sound were repeated after 3,6, and 10 cycles of therapy 
to monitor response. AFP values were not considered a 
response criteria. 

Results 

Patient Characteristics 

The main characteristics of the 38 evaluable patients are 
reported in Table 1. Of the 40 patients eligible for the 
study, 2 cases were unevaluable: 1 for a major protocol 
violation and 1 for Grade 4 thrombocytopenia recorded 
after the first cycle. Of the evaluable patients, 32 had 
locally advanced disease. The indicator lesions for the 
six cases with metastatic disease were in abdominal 



3198 CANCER December 1, 1993, Volume 72, No. 11 

Table 2. Clinical, Serologic, and Histologic Features of Responding Patients 

Age 
(yr) 

Stage Base 1 in e Histologic Previous 
Sex (TNM) Serology AFP (ng/ml) differentiation chemoembolization 

69 M IVA HBsAg -/Anti-HBsAg + 4,995 Unknown No 
64 M I1 HBsAg +/Anti-HBsAg + 264 Well diff. Yes 
70 M I11 HBsAg -/Anti-HBsAg - 5.1 Well diff. No 
61 M I1 HBsAg -/Anti-HBsAg - 626 Unknown N o  
66 M I1 HBsAg -/Anti-HBsAg + 3.97 Well diff. Yes 
49 F IVA HBsAg +/Anti-HBsAg + 25,251 Unknown No 
70 M I1 HBsAg -/Anti-HBsAg + 205 Well diff. Yes 
67 M I11 HBsAg -/Anti-HBsAg - 6.33 Well diff. Yes 
69 M I11 HBsAg -/Anti-HBsAg - 380 Well diff. No 

AFP: alpha-fetoprotein; diff: differentiated; HBsAg: hepatitis B surface antigen. 

lymph nodes (three cases), peritoneum (one case), and 
skin and lung (two cases). Seven patients had been 
treated with chemoembolization using iodized oil and 
mitomycin C. The median time from last chemoemboli- 
zation was 6 months (range, 2-36 months). Nine pa- 
tients experienced relapse after radical surgery, and in 
three patients only palliative alcohol injections were 
given. Twenty-three patients had evidence of prior in- 
fection with hepatitis B virus; 6 were hepatitis B surface 
antigen-positive, 13 had hepatitis B antibody, and 4 
were positive for both. Eight patients had a history of 
alcohol abuse, and 20 had histologically confirmed cir- 
rhosis. Hepatic disease was reflected by the median 
pretreatment thrombocyte values (Table 1). Eight pa- 
tients had fewer than 100,000 platelets when the treat- 
ment was started. Only eight evaluable patients had a 
normal pretreatment AFP value, whereas the value ex- 
ceeded 400 ng/ml in 14 patients. 

chemoimmunotherapy (Fig. 1) was subsequently sub- 
mitted to laparotomy. The residual lesion was found to 
be technically unresectable, but multiple biopsies per- 
formed during laparotomy found necrotic tissue only. 
The median duration of response was 4 months (range, 

Response 

The evaluable patients received a total of 215 cycles, 
with a median of 4 cycles per patient (range, 2-10 cy- 
cles). Treatment compliance was good: only 12 cycles of 
mitoxantrone were reduced to 75% of the dose; reduc- 
tion of /3-IFN was required in only one patient due to a 
flulike syndrome. 

No complete response was achieved, but nine par- 
tial responses were documented. Median time to re- 
sponse was 3.5 months (range, 2-6 months). The main 
characteristics of responding patients are shown in Ta- 
ble 2. All of the responding patients had locally ad- 
vanced disease, and tumor extension was massive in 
five patients (three, Stage 111; two, Stage IVA). Re- 
sponses were observed in both AFP-positive (6 of 30) 
and AFP-negative patients (3 of 8 patients), and no sig- 
nificant differences in response were noted regarding 

One patient pretreated with chemoem- 
bolization and who achieved a partial response with 

Figure 1. CT scan (top) at onset of therapy and (bottom) after 1 year 
of treatment. Laparotomy found only necrotic tissue in the regressed 
tumor. 
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Figure 2. Comparison of abdominal ultrasounds (top) immediately 
before the treatment and (bottom) after 4 months of therapy. The 
patient was still responding after 11 months. 

2-1 1+ months). Two patients were still responding at 
last evaluation after 8 and 11 months (Fig. 2). In the 
group of patients with stable disease, 10 were stable for 
at least 6 months and 2 for 10 and 12 months, respec- 
tively. The median time to progression of the group as a 
whole was 3.9 months. 

Median survival was 8 months (Fig. 3). No statisti- 
cally significant difference regarding survival was 
noted between alpha-fetoprotein-negative (9 months) 
and alpha-fetoprotein-positive patients (7 months) nor 
with respect to hepatitis serologic status. 

Toxicity 

Treatment was administered in an outpatient setting 
because the side effects were minimal (Table 3). No 
toxic death was recorded, and there were only three 
cases of Grade 4 thrombocytopenia. Severe hemato- 
logic toxicity included leukopenia (six patients), throm- 
bocytopenia (seven patients), and anemia (two pa- 

1 1 
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M o n t h s  f rom t r ia l  e n t r y  data 

Figure 3. Overall survival of 40 patients with unresectable HCC. 

tients). Nonhematologic toxicity was always mild or 
moderate, with the exception of one case of Grade 3 
anorexia. Grade 2 neurotoxicity related to P-IFN was 
observed in one case. Approximately 50% of the pa- 
tients experienced a flulike syndrome. Symptoms in 
most of these cases were fever and asthenia, whereas 
mild or moderate anorexia was seen in only nine pa- 
tients. Anorexia or fatigue that worsened concurrently 
with progressive disease was not attributed to P-IFN. 
Nine patients received a total dose of 120 mg/m2 of 
mitoxantrone. No cases of cardiac abnormalities were 
recorded. 

Discussion 

Systemic chemotherapy has had only limited efficacy in 
the treatment of HCC.3 The median survival time of 

Table 3. Side Effects of Treatment 

WHO grade 

Side effect 1 2 3 4 

Nausea 
Infection 
Cardiac effects 
Leukopenia 
Thrombocytopenia 
Anemia 
Anorexia 
Asthenia 
Fever 
Neurotoxicity 
Allergic reaction 
Mvaleia 

8 

2 
3 
1 

9 
16 
17 
2 
3 
1 

2 
2 
1 
4 

6 

- 

- 
5 
2 
1 
- 

- 
6 
7 
2 
1 
- 

- 

3 

WHO: World Health Oraanization 
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treated patients is only minimally modified by such 
treatments, whose side effects are often significant and 
can worsen the quality of life.3 

Intravenous doxorubicin is generally accepted as 
being the best available single chemotherapeutic agent, 
but the reported response rate ranges between 10% and 
25% and myelotoxicity or cardiac damage often limit its 
administrati~n.’~,~~ Our experience with mitoxantrone 
alone, in agreement with other data in the litera- 
t~re,’ ,’~,’~ indicated that the drug has antitumoral activ- 
ity in HCC comparable to that of doxorubicin but with 
limited incidence of side In addition, other 
factors supported our choice of combining /?-IFN and 
mitoxantrone. Considerable evidence implicates hepati- 
tis B virus in the etiology of HCC,3,21 and interferons are 
known to play an antagonistic role in viral reproduc- 
tion.” Moreover, natural killer cell activity as well as 
normal lymphokine-activated killer cell activity are of- 
ten depressed in patients with HCC, and the interferons 
have been found to restore these immunologic func- 
tions both in vivo and in vitro6. Quesada et a1.I6 re- 
ported that the intramuscular administration of /?-IFN 3 
X lo6  U to cancer patients led to increased skin reactiv- 
ity to antigens and that, in vitro, there was not only an 
increase in antibody-dependent cell-mediated cytotoxic- 
ity but also a twofold increase in natural killer cell activ- 
ity. Similar data concerning increased natural killer cell 
activity with P-IFN have been reported by Pouillart et 
aLZ3 in relation to patients with advanced breast cancer. 
Additional data from preclinical studies and clinical 
trials support the use of a combination of interferons 
and chemotherapeutic agents.6,8 Dannecker et al. com- 
pared the effect of chemotherapeutic agents, alone or in 
combination with /?-IFN, on a wide range of solid epi- 
thelial and mesenchymal  neoplasm^;'^ reduction in cell 
growth and the development of new colonies showed 
the existence of synergism with anthracyclines, vinca 
alkaloids, and platinum derivatives. Large-scale 0-IFN 
production is more recent and clinical trials are limited, 
but the use of a-2a-IFN in combination with chemother- 
apy has been more extensively studied.6 Modulation of 
the cytotoxicity of fluorouracil by means of a-2a-IFN 
has been demonstrated in Phase I1 and 111 trials in meta- 
static colorectal c a r c i n ~ m a . ~ , ~ , ~ ~  Furthermore, Greagan 
et aLZ5 observed a striking partial response in one pa- 
tient with HCC treated with a combination of doxoru- 
bicin and a-2a-IFN. 

Despite initial favorable results achieved with com- 
bination chemoimmunotherapy in gastrointestinal tu- 
m o r ~ , ~ , ~  the current study failed to confirm the hypoth- 
esis that 0-IFN may enchance objective responses in 
HCC, given that the objective remission rate falls 
within the range of responses obtained with chemother- 

apy However, several factors should consid- 
ered when interpreting these results. 

Clinical characteristics of the tumors of this group 
of patients would probably preclude a better response 
rate, because most of the patients included in the study 
were excluded from surgical resection due to disease 
extension or portal vein infiltration. Moreover, the tu- 
mor involved at least 30% of the liver in 15 cases, and 
liver function was altered in 18 (at least twice the maxi- 
mum value of 2 parameters). Finally, the median AFP 
values of the patients included in the study was 120 
ng/ml (range, 3 to 48,000 ng/ml), and only 8 cases 
were AFP-negative. It is well known that AFP-positive 
HCC has an aggressive clinical course that is correlated 
with a low median survival time.26 The different behav- 
ior and sensitivity of AFP-positive lesions submitted to 
chemoimmunotherapy has recently been proposed. 
Patt et aLZ7 found that, among patients treated with 
fluorouracil and a-2a-IFN, all of the responding pa- 
tients were AFP-negative, whereas patients with pro- 
gressive disease had elevated AFP values. In agreement 
with this observation, we noted 3 responses among 8 
AFP-negative patients (40% response rate) and only 6 
responses among 30 AFP-positive patients (20% re- 
sponse rate), with a median survival that, although not 
statistically significant, was different for the two groups 
(9 versus 7 months). 

Possibly, the doses of P-IFN used were too low. 
Although numerous laboratory data have been pub- 
lished, the optimal dose of a-2a or /?-IFN for HCC pa- 
tients remains ~nestablished.~,~ Immunologic and sero- 
logic effects have been shown with no objective re- 
sponses with low doses of 3 X lo6  U/day,” and similar 
negative results in terms of response, with considerable 
toxicity, have been observed at intermediate doses (5 to 
15 X lo6 U/day).21,28 Better results with a-2a-IFN alone 
have been reported by Lai et al.,” who achieved a 10% 
response rate among 50 patients with unresectable 
HCC with doses of interferon ranging from 18 X lo6  to 
50 X lo6  IU. Although definitive conclusions cannot be 
drawn from a single study, the fact that only 36 patients 
survived more than 4 weeks and that the median sur- 
vival time of the patients was only 8 weeks means that 
no data are available on the long-term tolerability of 
this treatment. All the patients had a flulike syndrome, 
with a drug-related death rate of 4%. Furthermore, re- 
sponses were not given according to International 
Union Against Cancer criteria, so that the activity and 
feasibility of high-doses of interferon on HCC remains 
questionable. A previous study performed at our divi- 
sion with a-2a-IFN combined with chemotherapy in 
solid tumors supported the dose chosen for the current 

Higher doses of a-2a-IFN (9 X l o 6  U/day) 
were reported to be poorly tolerated and required fre- 
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quent dose reductions that impaired the total dose ad- 
ministered and had a negative effect on the quality of 
life. 

It has been postulated that host factors, such as the 
cell cycle phase of tumor cell clones, may interfere with 
the antitumoral effects of interferons.” Nondividing or 
resting cells have been found to be more sensitive to the 
drug’s antiproliferative eff ects3’ and, similarly, histo- 
logic differentiation may play a role in the responsive- 
ness of HCC to immunotherapy. Given that previous 
reports have concentrated on the possibility that indo- 
lent and, in particular, well-differentiated tumors may 
be more sensitive to the antiproliferative effect of inter- 
f e r o n ~ , ~ * , ~ ~  it is worth emphasizing that six of the nine 
responding patients had well-differentiated tumors (Ta- 
ble 2). More recently, an inverse relationship has been 
reported in HCC between rate of response to chemoim- 
munotherapy and the presence of hepatitis B virus 
DNA sequences detected by means of polymerase 
chain reactions in patient sera.27 It is likely that the bet- 
ter identification of targets sensitive to the antitumoral 
activity of interferons in HCC will improve future thera- 
peutic results. 
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