
5-Fluorouracil and Low-Dose Recombinant
Interferon-a-2a in Patients With

Hormone-Refractory Adenocarcinoma of
the Prostate

Nobuo Shinohara,1* Takayoshi Demura,1 Kin-ya Matsumura,1
Ken-ichi Toyoda,1 Akira Kashiwagi,1 Satoshi Nagamori,2 Hiroshi Ohmuro,2

Sei-ichirou Ohzono,3 and Tomohiko Koyanagi1

1Department of Urology, Hokkaido University School of Medicine, Hokkaido, Japan
2Sapporo National Hospital, Hokkaido Cancer Center, Sapporo, Japan

3Department of Urology, Nara Medical University, Kashihara, Japan

BACKGROUND. The effectiveness of a chemotherapy regimen including 5-fluorouracil (5-
FU) and recombinant interferon-a-2a (rIFN-a-2a) was evaluated in hormone-refractory pros-
tate cancer patients.
METHODS. Patients received a continuous intravenous infusion of 5-FU at 600 mg/m2/day
for 5 days (D1–D5), followed by a bolus injection of 5-FU on D15 and D22. Patients received
intramuscular injection of rIFN-a-2a at 3 million IU on D1, D3, D5, D15, and D22. This
schedule was repeated every 4 weeks.
RESULTS. Between 1993 and 1995, 23 patients with hormone refractory prostate cancer were
enrolled in this study. Two of five patients with nodal disease exhibited partial responses
according to the NPCP criteria. Fourteen of 17 patients with bone disease showed stable
disease. Of 21 patients assessible for response, 9 patients had a decrease in the PSA level
greater than 50% of baseline. Bone pain disappeared partially or completely in 8 of 14 patients
with this symptom at entry. The median overall survival was 18 months. The associate toxicity
was well tolerable.
CONCLUSIONS. Combination chemotherapy of 5-FU and low dose rIFN-a-2a in patients
with hormone-refractory prostate cancer proved feasible, and with acceptable toxicity.
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INTRODUCTION

Castration and estrogens have been recognized as
effective therapies for advanced prostate cancer since
the 1940s [1]. Several surgical and pharmacological
maneuvers, all with the common aim of decreasing
endogenous androgen levels or blocking its actions,
have been employed as the primary treatment [2]. Al-
though high initial response rates to such hormonal
therapy occur, most patients will eventually have pro-
gressive disease. Once hormone refractory cancer oc-
curs, therapeutic options are limited for these patients.
Second-line hormonal treatment brings only tempo-
rary benefits to a relatively small number of patients

[3]. Chemotherapy has shown only minor effective-
ness in this clinical setting; side effects may represent
a major concern in the average prostate cancer patient
with extensive bone metastases, advanced age, and,
not infrequently, associated systemic diseases [4].
Considering the poor life expectancy of hormone-re-
fractory prostate cancer patients (about 6–12 months),
specific, effective and less toxic chemotherapy regi-
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mens are needed for these patients, especially for
younger (less than 70 years) patients [5].

5-Fluorouracil (5-FU) is an antimetabolic anticancer
drug commonly used for breast and gastrointestinal
malignancies. Clinical trials in patients with prostate
cancer using 5-FU as a single agent administrated ei-
ther as a bolus injection or by continuous infusion
have shown limited efficacy [6]. Since a positive inter-
action has recently been reported between 5-FU and
interferon-a (IFN-a) in patients with advanced colo-
rectal carcinomas [7], clinical trials utilizing this com-
bination chemotherapy have been conducted in pa-
tients with hormone refractory prostate cancer [8,9].
However, these studies demonstrated that combina-
tion chemotherapy with 5-FU and IFN-a caused sig-
nificant morbidity at the doses of both drugs used in
these treatment regimens. It is therefore considered
that an attempt to ameliorate the increase of treat-
ment-related toxicity is necessary.

Although several clinical trials employing 5-FU and
IFN-a have been performed for a variety of cancers,
the optimum dose of 5-FU or IFN-a and optimum
schedule of combination have not yet been defined.
Our preclinical studies demonstrated that, in a hor-
mone-refractory prostate cancer cell line, higher con-
centrations (1,000, 10,000 IU/ml) of rIFN-a-2a did not
always bring about an increase in 5-FU cytotoxicity,
compared with lower concentration (100 IU/ml) [10].
We therefore conducted a clinical trial employing 5-
FU in combination with a lower dose of rIFN-a-2a
than that reported previously for patients with hor-
mone-refractory prostate cancer. The purpose of the
present study was to study the efficacy and the toxic-
ity profile of this combination chemotherapy.

MATERIALS AND METHODS

Patients

Between September 1993 and November 1995, a to-
tal of 23 patients with metastatic prostate cancer with
evidence of progression during primary hormonal
treatment were entered into the present study. As pri-
mary hormonal treatment, any treatment that im-
paired testosterone production or activity, or both,
was accepted. Judgment of progression was according
to the National Prostatic Cancer Project (NPCP) crite-
ria for response [11]. Briefly, patients had new sites or
an increase in size of metastases on bone scans, or new
soft tissue metastases with a 25% or greater increase in
the perpendicular diameters of the measurable lesions
or the development of new lesions.

Patients were eligible if they had a performance
status (PS) of ø3, according to the Eastern Cooperative
Oncology Group (ECOG) scale and a life expectancy

of at least 3 months. The patients had to have adequate
hematologic function (absolute neutrophil count
>3,000 and platelet count >120,000), adequate hepatic
function (bilirubin ø1 mg/dl and serum glutamic py-
ruvic transaminase 2 times or less the upper limit of
normal value) and adequate renal function (creatinine
less than 1.5 mg/dl). Patients were not concurrently
receiving other specific anticancer drugs, except lu-
teinizing hormone-releasing hormone (LH-RH) ana-
logues or oral estrogens, or both, which were contin-
ued to maintain plasma testosterone within the cas-
trate level in those patients with no prior orchiectomy.
For patients receiving antiandrogens, chlormadinone
acetate, or flutamide, these drugs were discontinued
at least 4 weeks before initiation of therapy. Patients
with a history of any other cancer and who had re-
ceived radiation therapy within 28 days of study entry
were not eligible.

Treatment

After having given signed, informed consent, pa-
tients who fulfilled the eligibility criteria were treated
with 5-FU in combination with low-dose rIFN-a-2a.
Combination chemotherapy consisted of the intrave-
nous continuous infusion of 5-FU, 600 mg/m2/day for
5 days (D1–D5), followed by a bolus injection of 5-FU
at 600 mg/m2/day on days 15 and 22. Patients also
received an intramuscular injection of rIFN-a-2a (3
million IU) daily on days 1, 3, 5, 15, and 22. This sched-
ule was repeated every 4 weeks.

Evaluation and Follow-up Study

Patients were followed during the study at least
once weekly with a complete blood count with differ-
ential, platelet count, urinalysis, and analyses of elec-
trolytes, serum bilirubin, serum glutamic pyruvic
transaminase, lactate dehydrogenase, and alkaline
phosphatase. Serum prostate-specific antigen (PSA)
was monitored at least every course. A history and
physical examination (with performance status) were
repeated before each course. Tumor size, response of
each lesion and overall response were measured every
4 weeks. Radiological studies, including a bone scan
and computed tomography (CT), were performed for
every course.

Response Criteria

Responses were categorized based on the NPCP cri-
teria [11]. A complete response (CR) required disap-
pearance of all evidence of tumors for ù4 weeks. Os-
teolytic or mixed bone lesions should show reossifica-
tion by radiography or improvement by bone scan
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and the patient should be free of all symptoms. A
partial response (PR) required that the sum of the
product of the largest perpendicular diameters de-
crease by ù50% but less than 100% for ù4 weeks. Bone
scans were not used as criteria to document this re-
sponse, as they could not demonstrate any new areas
of change consistent with metastases. Stable disease
(SD) was defined as a decrease in measurable disease
of less than 50% but more than 25% for ù12 weeks.
Progressive disease (PD) was defined as development
of new sites or an increase in size of metastases on
bone scans or new soft tissue metastases with a 25% or
greater increase in the perpendicular diameters of the
measurable lesions or the development of new lesions.

Toxicity was graded according to World Health Or-
ganization (WHO) criteria [12] by physical examina-
tion, direct questioning, and measurement of hemato-
logic and biochemical parameters. The decrease in se-
rum PSA was calculated from baseline to the point at
which the lowest value was recorded.

Statistical Methods

Survival times were calculated from the date the
patient was entered into the present study until the
date of death or last follow-up. The Kaplan–Meier
method was used to calculate the probability of sur-
vival as a function of time [13].

RESULTS

The pretreatment characteristics of the patients en-
tered into the present study are listed in Table I. Two
patients did not complete the initial cycle of therapy
because of unacceptable toxicity (1 patient) and with-
drawal of consent (1 patient). Twenty-three patients
were assessable for toxicity, and 21 patients were as-
sessible for response. They received a total of 66 cycles
of therapy (mean, 3: range, 2–5). The mean follow-up
duration was 17.8 months (range, 8–33 months).

Table II lists the spectrum and severity of side ef-
fects observed during the trial. Gastrointestinal toxic-
ity was common. Oral mucositis, usually occurring
shortly after the conclusion of 5-FU continuous infu-
sion, was observed in nine patients, three of whom
experienced grade 3, according to WHO criteria. Ten
patients and eight patients experienced anorexia and
nausea/vomiting, respectively. Diarrhea was encoun-
tered in eight patients; one patient suffered grade 3
diarrhea. Grade 3 leukocytopenia was encountered in
1 (4%) of the 23 patients. Symptoms of flu-like syn-
drome characteristic of rIFN-a-2a were observed uni-
formly and were controllable. In most patients, tachy-
phlaxis to these symptoms developed. We also ob-
served severe neurotoxicity in one patient (4%). Hand-

foot syndrome related to 5-FU treatment was noted in
six patients (26%) during the second and third cycles.
There were no chemotherapy-related deaths.

Objective responses in bone and soft tissue metas-
tases, PSA change, and survival are correlated in Table
III. Two (40%) of five patients with nodal disease ob-
tained PR (duration of response: 9 months and 11

TABLE I. Patient Characteristics

Characteristics n %

No. registered 23
Age (years):

Median 65
Range 56–81

Performance status (PS)
0 7 31
1 12 52
2 3 13
3 1 4

Prior treatment
Surgical castration 9 39
Medical castration 12 52
Estrogen 6 26
Antiandrogen

Chlormadinone acetate 10 43
Flutamide 3 13

Chemotherapy
Estramustine phosphate 11 48
Tegafur-uracil 6 26
Cisplatin 1 4

Radiation 4 17
Prostatectomy 2 9

Site of metastasis
Bone 19 83
Soft tissue

Lymph nodes 5 22
Pelvic soft tissue 1 4

PSA value at study entry (ng/ml)a

Median 55.1
Range 2.5–1040

aDelfia PSA kit: cutoff value, 1.98 ng/ml.

TABLE II. Toxicity Observed During Any Cycle

Toxicity

Grade (WHO criteria) % of
grade 3
or more0 1 2 3 4

Leukocytopenia 10 3 9 1 — 4
Thrombocytopenia 21 2 — — — 0
Mucositis 14 3 3 3 — 13
Anorexia 13 4 4 2 — 9
Nausea/vomiting 15 5 3 — — 0
Diarrhea 15 4 3 1 — 4
Neurologic 22 — — 1 — 4
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months, respectively). Both patients had a decrease in
PSA levels (93% and 44%, respectively). Among the 17
patients with evaluable bone disease, there were no
objective responses. Fourteen patients (82%) showed
stable disease, eight of whom showed a decrease in
PSA levels, ranging from 31% to 96%. Of the 21 pa-
tients assessable for response, nine patients (43%) had
a decrease in the PSA level greater than 50% of base-
line. None of the PSA responses was attributed to an-
tiandrogen withdrawal.

Eight (57%) of 14 patients who suffered significant
bone pain at entry into the present study had partial or
complete disappearance of this symptom. No patients
exhibited a decrease in performance status during the
treatment; in addition, five patients showed improve-
ment of performance status with the relief of bone
pain. The median overall survival assessible for re-
sponse was 18 months. The survival curve is shown in
Figure 1.

DISCUSSION

Treatment of advanced prostate cancer after hor-
monal failure is still controversial; at the moment, no

effective secondary therapy has been proposed. Con-
sidering the limited life expectancy (6–12 months) and
the devastating triad of bone pain, fatigue, and ca-
chexia that affect most patients, there remains an ur-
gent need to identify an effective second-line therapy.
The present study demonstrated that, according to
NPCP criteria for response [11], two of five patients
with nodal disease obtained PR and that one patient
with nodal disease and 14 patients with bone metas-

TABLE III. Comparison of Clinical Response, PSA, and Survival in Patients With Hormone-Refractory
Prostate Cancer

Pt
no.

Pretreatment

No of
cycle

Response

Survival
(mos)

PSA
(ng/ml) PS Bone

Soft
tissue

PSA
(% decrease)

1 45 0 3 SD 69 31a

2 11.1 0 3 SD 85 33a

3 137 2 4 PD 62 13
4 20.3 1 3 SD 31 20
5 69.1 2 3 PD Increase 9
6 2.5 0 3 PR — 30a

7 26.3 1 3 SD Increase 29a

8 11.4 1 2 SD 85 10
9 809 3 5 PR 93 18

10 56.1 1 3 PD Increase 9
11 77.2 1 3 PD Increase 24
12 70.4 0 4 SD 96 27a

13 101 0 3 SD 80 10
14 1,040 1 3 SD 41 12
15 154 1 3 SD 51 18
16 860 1 3 SD Increase 10
17 37.9 1 3 SD SD No change 18a

18 23.1 0 3 SD Increase 12
19 61 1 4 SD No change 17a

20 6.7 0 2 PDb 67 8
21 266.3 1 3 SD No change 15a

aSurvivor.
bLymph node (SD) and pelvic soft mass (PD).
PS, performance status; PD, progressive disease; PSA, prostate-specific antigen.

Fig. 1. Overall survival curve in patients assessible for response.
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tases had stable disease. In addition, about 40% of
patients had a more than 50% decrease in post-therapy
PSA levels. The median overall survival of patients
assessable for response was 18 months. The associated
toxicity was significant but well tolerable and revers-
ible.

5-FU has been shown to inhibit deoxyribonucleic
acid synthesis and 5a-reductase activity in the pros-
tatic cell in vitro [14]. Clinical trials in patients with
hormone-refractory prostate cancer employing 5-FU
as a single agent administered either as a bolus injec-
tion or by continuous infusion have reported only a
modest benefit [6,15]. In fact, Kuzel et al. [6] reported
that no objective responses were observed in patients
treated with 5-FU administered as a continuous intra-
venous infusion at a dose of 1,000 mg/m2/day for 5
days every 28 days.

IFN-a, originally described as an antiviral agent,
has also been investigated as a potential anticancer
drug because of its antiproliferative and cytotoxic ef-
fects, ability to activate specific components of the im-
mune system, and relatively modest toxicity. It has
been approved by the Food and Drug Administration
(FDA) for the treatment of patients with hairy cell leu-
kemia, acquired immunodeficiency syndrome (AIDS)-
related Kaposi sarcoma, and condylomata acuminate.
Modest but reproducible antitumor activity was also
shown against tumors such as melanoma and renal
cell carcinoma, which are unresponsive to conven-
tional cytotoxic chemotherapy. However, this drug
has minimal antitumor activity against hormone-
refractory prostate cancer. In fact, only two responses
(5%) were observed in 40 patients treated with rIFN-a
administered intramuscularly at a dose of 10 million
IU/m2 three times weekly [16].

Several preclinical studies have demonstrated that
IFN-a may enhance the cytotoxicity of 5-FU in a
greater-than-additive manner in a variety of human
cancer cell lines. The underlying mechanisms have
varied in different cancer cell lines and include in-
creased anabolism of 5-FU to 5-fluorouridine (FUR),
inhibition of thymidine kinase activity, possible alter-
ation of the pharmacokinetics of 5-FU, and enhanced
natural killer (NK) cell-mediated lysis of tumor targets
[17]. Since a high response rate in patients with pre-
viously untreated advanced metastatic colorectal can-
cer was reported by Wadler et al. [7], consecutive
phase II studies employing the combination of 5-FU
and IFN-a have been undertaken and shown a modest
response rate for colorectal cancer, suggesting that
there is clinical synergism between these two drugs.
Clinical trials examining 5-FU and IFN-a for hormone-
refractory prostate cancer have also been conducted
[8,9]. Daliani et al. reported that, in patients treated
with the combination chemotherapy, objective re-

sponses were not observed and only 17% of patients
showed a greater than 50% decrease in serum PSA.
They observed significant toxic side effects [9]. Similar
results have been noted by Dreicer et al. [8]. The
present study showed that 2 patients and 14 patients
had PR and SD, respectively, and that 43% of patients
assessable for response had a decrease in PSA level
greater than 50% of baseline. The median overall sur-
vival observed in the present study was longer than
that in other studies. In addition, treatment-related
toxicity of the present study was somewhat milder
than that observed in other studies. Although it is im-
possible to deny that there are some differences in
patient selection and response criteria between the
present study and others, the results obtained here
appear to be at least partially due to the treatment
schedule and to dosages of drugs administered.

Although several preclinical studies showed that
IFN-a might modulate that cytotoxic effect of 5-FU in
a concentration- and schedule-dependent fashion [18],
the optimum dose of 5-FU or IFN-a and optimum
schedule of this combination chemotherapy have not
yet been defined. Thus, we initially examined in vitro
cytotoxicity with various combinations of these drugs
in order to design the most effective combination regi-
mens. This preclinical study demonstrated that, in the
hormone-refractory prostate cancer cell line PC-3, the
presence of rIFN-a-2a at 100 IU/ml induced a two-
fold increase in 5-FU cytotoxicity, compared with con-
trol, and that higher doses of rIFN-a-2a (1,000, 10,000
IU/ml) did not always bring about the increase in
5-FU cytotoxicity [10]. Recently, a clinical study em-
ploying different dose regimens for 5-FU and IFN-a
for treatment of patients with advanced colorectal can-
cer was conducted to clarify the optimal doses of these
drugs [19]. This study demonstrated that a regimen
which consisted of 5-FU (750 mg/m2; continuous in-
fusion on D1–D5, followed by bolus injection on D12
and D19) and IFN-a (3 million IU on D1–D5, followed
by 5 million IU on D11–D13 and D18–D20) might be
more effective than one consisting of 5-FU (750 mg/
m2; continuous infusion on D1–D5, followed by
weekly bolus injection) and IFN-a (5 million IU on D1,
D3, and D5, followed by 9 million IU given weekly),
suggesting that a higher dose of IFN-a does not al-
ways bring about a higher objective response rate in a
clinical setting. Moreover, Czejka et al. [20] reported
that there is no significant difference in pharmacoki-
netics of 5-FU between two doses of preadministered
IFN-a (5 million IU and 9 million IU). These results
suggest that, in the biochemical modulation of 5-FU
by IFN-a, administration of a higher dose (9 million
IU) of IFN-a, which was used in a previous report,
does not necessarily enhance the cytotoxic effects of
5-FU against hormone-refractory prostate cancer.
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The treatment-related toxicity in the present study
was also different from those of others. With regard to
neurotoxicity, known to be one of the peculiar toxic
effects of IFN-a, Daliani et al. [9] reported that 80% of
patients suffered severe neurotoxicity. By contrast, the
present study showed that severe neurotoxicity oc-
curred in only 4% of patients. It is possible that the
difference in treatment-related toxicity between the
two studies results from the difference in the dose of
IFN-a-administered. As most patients with prostate
cancer are aged men, administration of a higher dose
of IFN-a (9 million IU) might result in more toxic ef-
fects and aggravated performance status. In general,
performance status is one of the important prognostic
factors in patients treated with cytotoxic chemo-
therapy. Therefore, significant aggravation of perfor-
mance status during chemotherapy, such as 5-FU/
IFN-a combination chemotherapy, may reduce its ef-
ficacy, aggravating the prognosis. Aggravation of
performance status during the treatment was not ob-
served in the present study; in addition, five patients
showed improvement of performance status with the
relief of bone pain. The fact that this combination che-
motherapy did not result in significant aggravation of
performance status may have resulted in the better
overall survival, compared with the overall survival
shown by Daliani et al. [9].

To attempt to ameliorate treatment-related toxicity,
Glazier et al. [21] recently reported the results of their
clinical trial of 5-FU/rIFN-a-2b combination chemo-
therapy combined with allopurinol, which is known to
modify 5-FU toxicity in patients with hormone-
refractory prostate cancer. However, objective re-
sponses were not observed. PSA values and symp-
toms improved temporarily in only 3 of 10 patients
(30%). Their results suggest that reduction in the toxic
effect of 5FU against normal tissues may result in re-
duction in the cytotoxic effect of this drug on malig-
nant tissues, resulting in diminution of the treatment
efficacy. Therefore, in order to ameliorate treatment-
related toxicity, a reduction in the dose of IFN-a ap-
pears to be more appropriate than modification of 5-
FU toxicity by allopurinol.

CONCLUSIONS

Within the limitations of the present pilot study,
combination chemotherapy of 5-FU and a low dose of
rIFN a-2a in patients with hormone refractory pros-
tate cancer proved to be feasible, with acceptable tox-
icity. The effects on survival of this combination che-
motherapy still remain to be proven. Further studies
are needed to confirm these results in a large patient
population with a randomized trial between 5FU

alone and 5FU in combination with a low dose of rIFN
a-2a.

REFERENCES

1. Huggins C, Hodges CV: Studies on prostate cancer. 1. The effect
of castration, of estrogen, and androgen injection on serum
phosphates in metastatic carcinoma of the prostate. Cancer Res
1941;1:293–297.

2. Labrie F, Dupont A, Belanger A: Complete androgen blockade
for the treatment of prostate cancer. In Devita VT Jr, Hellman S,
Rosenberg SA (eds): ‘‘Important Advances in Oncology.’’ Phila-
delphia: JB Lippincott, 1985, pp 193–217.

3. de Kernion JN, Murphy GP, Priore R: Comparison of flutamide
and emcyt in hormone refractory prostatic cancer. Urology 1988;
31:312–317.

4. Eisenberger MA, Simon R, O’Dwyer PJ, Wittes RE, Friedman
MA: A reevaluation of nonhormonal cytotoxic chemotherapy in
the treatment of prostatic carcinoma. J Clin Oncol 1985;3:827–
841.

5. Scher HI, Curley T, Yeh S, Iversen JM, O’Dell M, Larson SM:
Therapeutic alternatives for hormone-refractory prostatic can-
cer. Semin Urol 1992;10:55–64.

6. Kuzel TM, Tallman MS, Shevrin D, Braud E, Kilton L, Johnson
P, Kozlowski J, Vogelzang NJ, Blough R, Benson III AB: A phase
II study of continuous infusion 5-fluorouracil in advanced hor-
mone refractory prostate cancer; an Illinois Cancer Center
Study. Cancer 1993;72:1965–1968.

7. Wadler S, Schwarts EL, Goldman M, Lyver A, Rader M, Zim-
merman M, Lyri L, Weinberg V, Wiernik PH: Fluorouracil and
recombinant alpha-2a interferon; an active regimen against ad-
vanced colorectal carcinoma. J Clin Oncol 1989;7:1769–1775.

8. Dreicer R, Forest PK, Williams RD: Phase II trial of 5-flu-
orouracil and a-2b interferon in patients with hormone-
refractory metastatic prostate cancer. Urology 1994;44:377–380.

9. Daliani DD, Eisenberg PD, Weems J, Lord R, Fueger R, Logo-
thetis CJ: The results of a phase II randomized trial comparing
5-fluorouracil and 5-fluorouracil plus a-interferon: Observations
on the design of clinical trials for androgen-independent pros-
tate cancer. J Urol 1995;153:1587–1591.

10. Shinohara N, Harabayashi T, Matsuda H, Nounaka O, Nono-
mura K, Koyanagi T, Nagamori S, Ohmuro H, Matsumura K,
Demura T: 5-Fluorouracil and alpha-2a interferon in patients
with hormone-refractory prostate cancer. Jpn J Urol 1995;86:
1557–1562.

11. Murphy GP, Slack NH: Response criteria for the prostate of the
USA National Prostatic Cancer Project. Prostate 1980;1:375–382.

12. Millar A, Hoogstraten B, Staquent M, Winkler A: Reporting
results of cancer treatment. Cancer 1981;47:207–214.

13. Kaplan E, Meier P: Non-parametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457–481.

14. Saroff J, Kirdani R, Yamanaka II, Murphy GP, Sandberg AA: A
possible model for drugs in prostatic carcinoma. Proc Am Assoc
Cancer Res 1973;14:13 (abst).

15. Eisenberger MA: Chemotherapy for endocrine resistant cancer
of the prostate. Prog Clin Biol Res 1990;359:155–164.

16. van Haelst-Pisani CM, Richardson RL, Su J, Buckner JC, Hahn
RG, Frytak S, Kvols LK, Burch PA: A phase II study of recom-
binant human alpha-interferon in advanced hormone-refractory
prostate cancer. Cancer 1992;70:2311–2312.

17. Grem JL, van Groeningen CJ, Ismail AA, Johnston PG, Alex-
ander HR, Allegra CJ: The role of interferon-alpha as a modu-
lator of fluorouracil and leucovorin. Eur J Cancer 1995;31A:
1316–1320.

18. Wadler S, Schwartz EL, Goldman M: Preclinical and clinical

5-FU and rIFN-a-2a in Prostate Cancer 61



studies of 5-fluorouracil (Fura) and recombinant alpha-2a inter-
feron (IFN) against gastrointestinal (GI) malignancies. Clin Res
1988;36:803A (abst).

19. Ragnhammer P, Blomgren II, Edler D, Lundell G, Magnusson I,
Sonnenfeld T: Different dose regimens of 5-fluorouracil and in-
terferon-alpha in patients with metastatic colorectal carcinoma.
Eur J Cancer 1995;31A:315–320.

20. Czejka MJ, Schuller J, Jager W, Fogl U, Weiss C: Influence of

different doses of interferon-alpha-2b on the blood plasma lev-
els of 5-fluorouracil. Eur J Drug Metab Pharmacokinetics 1993;
18:247–250.

21. Glazier DB, Heaney JA, Amdur RJ, Schned AR, Harris R, Fukui
I, Ernstoff MS: 5-Fluorouracil and allopurinol combined with
recombinant interferon-a2b in the treatment of patients with
advanced prostate cancer: A phase I/II study. J Urol 1996;155:
624–627.

62 Shinohara et al.


