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AbstractAbstractAbstractAbstractAbstract
AIM: To evaluate the efficacy of combination chemotherapy
with interferon-α (IFNα) and 5-fluorouracil (5-FU) in
patients with advanced hepatocellular carcinoma (HCC).

METHODS: Twenty-eight HCC patients in advanced stage
were enrolled in the study. They were treated with IFNα/
5-FU combination chemotherapy. One cycle of therapy
lasted for 4 wk. IFNα (3×106 units) was subcutaneously
injected thrice weekly on days 1, 3, and 5 for 3 wk, and
5-FU (500 mg/d) was administered via the proper hepatic
artery for 5 consecutive days per week for 3 wk. No drugs
were administered during the 4th wk. The effect of
combination chemotherapy was evaluated in each patient
after every cycle based on the reduction of tumor volume.

RESULTS: After the 1st cycle of therapy, 16 patients
showed a partial response (PR, 57.1%) but none showed
a complete response (CR, 0%). At the end of therapy,
the number of patients who showed a CR, PR, or no
response (NR) was 1, 10, and 17, respectively. The
response rate for therapy (CR+PR) was 21.5%. Biochemical
tests before therapy were compared between responsive
(CR+PR) and non-responsive (NR) patients, but no
significant differences were found for any of the
parameters examined, indicating that no reasonable
predictors could be identified in our analysis.

CONCLUSION: Attempts should be made to discriminate
between responders and non-responders by evaluating
tumor size after the first cycle of IFNα/5-FU combination
chemotherapy. For non-responders, therapy should not
proceed to the next cycle, and instead, different combination
of anticancer drugs should be explored.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common tumors worldwide. Therapies for HCC have been
developed, such as percutaneous ethanol injection therapy
(PEIT), microwave coagulation therapy (MC), and
radiofrequency ablation (RFA). For patients in whom
these localized therapies cannot be used, transarterial
chemoembolization (TACE) and liver transplantation may
be selected. However, in cases with repeated recurrence,
vascular invasion or distant metastasis were used; these
methods often become ineffective or impossible, and the
last treatment option is chemotherapy. Although it is thought
that HCCs are generally resistant to anticancer drugs,
combination chemotherapy has been used to increase the
responsiveness of cancer cells.

Combination therapy with interferon-α  (IFNα) and
5-fluorouracil (5-FU) was first reported for the treatment
of patients with colorectal cancer[1]. Recent studies indicated
that the combined chemotherapy involving arterial injection
of 5-FU and subcutaneous injection of IFNα  was also
markedly effective in some patients with advanced HCC.
In these studies, the response rates to therapy were 62.5%[2]

and 53.1%[3]. In the present study, we describe the use of
this combination therapy in HCC patients for whom there
were no other treatment options.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Between 2003 and 2004, 28 patients with unresectable HCC
associated with multiple intrahepatic tumors and/or portal
vein tumor thrombi received IFNα/5-FU combination
therapy at the Third Department of Internal Medicine,
Kyushu University Hospital. The treatment regimen is
shown in Figure 1. IFNα (3×106 units) was subcutaneously
injected thrice per week on d 1, 3, and 5 for 3 wk. 5-FU
(500 mg/d) was given over 2 h through a catheter introduced
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into the proper hepatic artery for 5 consecutive days per
week for 3 wk. No drugs were administered during the
4th wk. One cycle of the therapy lasted for 4 wk and
patients received 1-4 cycles. The effect of combination
chemotherapy was evaluated in each patient after every
cycle based on the reduction of tumor volume. The degree
of the response was categorized as follows: (1) complete
response (CR); depletion of all the tumors on computed
tomography (CT); (2) partial response (PR); over 15%
reduction of the total diameters of all detectable tumors
on CT; and (3) no response (NR); those that did not show
a CR or PR. Combination chemotherapy was stopped after
the fourth cycle was completed, or when there was no
reduction in the tumor volume after any cycle. At that time,
final evaluations were performed.

Figure 1  Regimen for IFNα  plus 5-FU combination therapy (one cycle).

RESULRESULRESULRESULRESULTSTSTSTSTS
The baseline characteristics of the patients who received
IFNα/5-FU combination chemotherapy are shown in
Table 1. Because of  the advanced stage of  HCC in these
patients, no other therapeutic options were available. Seven
of the patients were being treated for HCC for the first
time. Other therapies, such as surgical resection, PEIT, MC,
RFA, and TACE, had been repeated at least twice in the
other patients. Portal thrombi existed in Vp3-4 in seven
patients. The combination chemotherapy was performed
on these patients (see Patients and methods).

The response to chemotherapy is shown in Table 2. In
these patients, chemotherapy was not stopped by adverse
effects, such as thrombocytopenia and leukocytopenia. After
the first cycle of therapy, 16 patients showed a PR (57.1%)
but none showed a CR. In all the patients with PR, levels of
the tumor marker α-fetoprotein (AFP) decreased (-2.6-91.2%,
mean: -55.6%). When the therapy was completed, 1 of these
16 PR patients achieved a CR, and 10 of them showed a
NR. The overall response rate for chemotherapy (CR+PR)
was 21.5% (6/28). CT of a patient who achieved a CR is
shown in Figure 2. After three cycles of therapy, the enhanced
area of  the HCC observed before chemotherapy disappeared
and elevated levels of  AFP decreased to the normal range
(from 761.0 to 8.9 ng/mL). The backgrounds of the patients,
including their laboratory test profiles before chemotherapy,
were compared between responders (CR+PR) and non-
responders; however, no significant differences were found
for any of the parameters examined.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
The mechanism underlying the ability of IFNα to strengthen
the anti-cancer effect of 5-FU has been studied previously.
IFNα  enhances the conversion of 5-FU to an active
metabolite, fluorodeoxyuridine monophosphate (FdUMP),
through an increase of thymidine phosphorylase and a
suppression of dihydropyrimidine dehydrogenase[4,5].
FdUMP induces DNA damage and the expression of death
receptors (tumor necrosis factor-related apoptosis-inducing
ligand [TRAIL] receptors) on cancer cells, resulting in cell
death[6]. IFNα reduces tumor cell proliferation through cell
cycle elongation[7] and induces p53, which contributes to
tumor suppression[8]. IFNα also exerts immunomodulatory
effects by stimulating T cells, NK cells, and monocytes[9,10],
and enhances production of TRAIL by immune cells[11-13].

Several studies have attempted to distinguish between
responders and non-responders to 5-FU/IFNα combination
chemotherapy. Low levels (<50 ng/mL) of serum AFP
were reported as a predictor[14], but conflicting results have

Table 1  Baseline characteristics of the patients

Patient (n) 28
Male/female 21/7
Portal thrombi (+/–) 7/21
TNM classification (II/III/IV) 5/11/12
Albumin 3.4±0.1 (g/dL)
Total bilirubin 1.3±0.2 (mg/dL)
ALT 48.2±6.4 (IU/L)
Platelet 11.3±1.7 (×104/mL)
PT 70.9±2.8 (%)
AFP 7 105±2 756 (ng/mL)
PIVKA-II 11 922±4 274 (U/L)

ALT, alanine aminotransferase; PT, prothrombin time; AFP, alpha-fetoprotein.

Table 2  Evaluation of IFNα/5-FU combination therapy
  Evaluation after 1st cycle                   Final results
              patient n (%)                   patient n (%)

CR        1 (3.6)
PR 16 (57.1)        5 (17.9)
NR 12 (42.9)      22 (78.6)

IFN, interferon; FU, fluorouracil; CR, complete response; PR, partial response;
NR, no response.

Figure 2  CT of a patient who showed a complete response. Enhanced lesions
of HCC (arrows) disappeared after three cycles of combination therapy with
IFNα   and 5-FU. The serum levels of AFP are also presented.
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also been reported[15]. A relationship between the expression
levels of the IFN receptor on HCC cells and sensitivity to
5-FU/IFN therapy was reported previously[7], but another
study group indicated that the expression levels of the type
I IFN receptor were similar between responders and
non-responders[3]. Yamamoto et al., reported that, among
HCC patients who received 5-FU/IFNα  combination
chemotherapy, the expression of TRAIL mRNA in
peripheral blood mononuclear cells (PBMC) was significantly
higher in clinical responders than in non-responders[6]. It
was suggested that upregulation of  TRAIL mRNA in PBMC
may be a predictor of the clinical response to combination
therapy. In our patients, no predictors were found among
the biochemical tests that were analyzed. We advocate
that, in practice, responders and non-responders should
be discriminated after the first cycle of the therapy by
evaluating tumor size and the levels of  tumor markers. For
non-responders, therapy should not proceed to the next cycle
and instead a different therapeutic option should be explored.

Some groups have reported much better results from
combination chemotherapy than those observed in our
study[2,3]. Apart from the dose of IFNα used, their regimens
were nearly identical to ours. Those studies used 5×106

units of  IFNα per treatment. We previously tested the effect
of IFNα at doses of 3×106 and 6×106 units, and found no
significant difference (data not shown). We therefore used
the lower dose of 3×106 units to decrease the incidence of
adverse effects. Since other types of therapies have been
repeated in many of our patients, the HCCs in these patients
may have existed in polyclonal nodules. In fact, in some
patients, some HCC nodules were reduced in size, and others
were enlarged during the chemotherapy. It is possible that
the polyclonality weakened the clinical effects of therapy.
In our patients, a relatively high response rate, 57.1%, was
observed after the first cycle, but resulted in a rate of  21.5%
at the end of the last cycle. Many of the patients who
initially showed a PR after the first stage ended up having
NR at the end of  therapy. These findings suggest that the
original clones with resistance against anticancer drugs and
some cancer cells that acquire resistance during therapy
can proliferate, and their rate of growth increases
synergistically whenever a cycle is repeated.

What can be done to make combination chemotherapy
more effective? A better regimen for IFNα/5-FU combination
chemotherapy could be developed. Which is better, IFNα
or IFNβ? IFN can be administered intravenously or
intra-arterially. How many times should IFN be
administered? What should be the dose of 5-FU at a time?
What will be the best duration for 5-FU injection? It is also
a problem whether the couple of 5-FU and IFNα is the
best combination as chemotherapy for HCC. Many
anticancer drugs can be selectable such as CDDP, MTX,
LCV, and Gemcitabine. We should develop better regimen
and combination for HCC.
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