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Abstract To determine the maximum tolerated dose 
(MTD) of escalating doses of interferon-~-2b (IFN, 
Intron A) with 5-fluorouracil (5-FU) and cisplatin 
(DDP) in patients with advanced cancer, 15 patients 
were accrued between May 1990 and July 1991. Pri- 
mary sites were unknown (3), colorectal (3), head and 
neck (2), lung (2), gynecologic (1), gallbladder (1), sar- 
coma (1), anal canal (1) and pancreas (1). IFN was given 
s.c. on days 1-5 and then three times weekly with DDP 
(75 mg/m z, day 1) and 5-FU [750 mg/m 2, days 1-5, 
continuous infusion (CI) on a 28-day cycle. The first 
two patients treated at level I (3 x 106 U/m 2 s.c.) experi- 
enced possible neurotoxic deaths [massive cerebrovas- 
cular accident (CVA) and metabolic encephalopathy], 
and patient 3 had a grade 4 toxicity of performance 
status decline. Analysis of these events led us to exclude 
the enrollment of patients on i.v. morphine and of those 
with prior exposure to DDP. This resulted in grade 
3 toxicity in terms of nausea, vomiting, fatigue and 
leukopenia but in no further CNS event. All patients 
were evaluable for toxicity but only ten were evaluable 
for response. Only two partial responses were seen, one 
in a patient with an unknown primary tumour and one 
in a patient with head and neck cancer. The combina- 
tion of IFN is possible with 5-FU and DDP. The 
recommended dose of IFN is 2x  106 U/m2s.c. in 
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patients with no prior exposure to DDP or i.v. mor- 
phine, given together with 5-FU (750 mg/m 2, days 1-5, 
CI) and DDP (75 mg/m 2, day 1) on a 28-day cycle. 
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Introduction 

Interferon (IFN) was characterized in 1957 as a protein 
elaborated by virus-infected cells that functioned to 
prevent secondary viral infection [-1]. It is now evident 
that IFN has direct and indirect cytotoxic, cytostatic 
and immune effects. Response to treatment with IFN 
has been observed in hairy-cell leukemia, lymphoma, 
melanoma, Kaposi's sarcoma, renal-cell carcinoma, 
myeloma and chronic myelogenous leukemia [2]. 

5-Fluorouracil (5-FU) is a structural analogue of the 
pyrimidines uracil and thymidine that has a fluorine 
atom substituted in the 5 position and modulates the 
enzyme thymidylate synthetase, which in turn blocks 
the synthesis of DNA. 5-FU, has been used successfully 
in the treatment of gastrointestinal malignancies, carci- 
noma of the aerodigestive tract, and breast and bladder 
cancer. 

Several laboratories have shown an in vitro synergis- 
tic interaction of IFN and 5-FU [-3-5]. The report of 
earlier phase I trial of the combination of 5-FU and 
IFN in colon carcinoma has been published [6]. A 
recent phase II trial of this combination has been re- 
ported with very encouraging results [7]. The mecha- 
nism of the synergistic interaction of 5-FU and 1FN 
remains unclear. However, evidence indicates that the 
possible mechanism is an increase in thymidylate syn- 
thetase inhibition [8]. 

Cisplatin (DDP) is an inorganic complex of platinum 
surrounded by chlorine and ammonia atoms in the cis 
position of the horizontal plane. DDP inhibits DNA 
synthesis by causing inter- and intra-strand cross-link- 
ing. The major clinical indication for DDP use has 
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included testicular, ovary, bladder, lung, and aerodiges- 
tive tract malignancies. 

The combination of IFN and D D P  has demon- 
strated synergistic cytotoxicity in a number of pre-clini- 
cal systems [9, 10]. A phase I study of IFN with dose 
escalation of D D P has been reported [11]. The max- 
imum tolerated dose was determined to be IFN, 5 mil- 
lion units/m 2 given s.c. three times weekly; and DDP, 
25 mg/m 2 given weekly. 

The combination of 5-FU and DDP has also demon- 
strated synergistic effect when tested in vitro [12]. Also, 
clinical studies have demonstrated the synergistic inter- 
action of DDP and 5-FU. The most encouraging re- 
sults have been observed in using the combination for 
the treatment of tumours of the upper aerodigestive 
tract, where the frequency of responders has been re- 
ported to be in the 60%-80% range ]-13-17]. The 
combination has also been utilized in non-small-cell 
lung carcinoma [18], colorectal carcinoma ]-19] and 
breast cancer [20]. 

Therefore, the combination of the three agents 5-FU, 
DDP  and IFN may lead to a greater therapeutic effect 
if there is an increase in the response rate, including the 
complete response rate and the median duration of 
response, that when the agents are used alone or in the 
combination described above. 

The objective of this study was to determine the 
maximum tolerated dose (MTD) of the combination of 
5-FU, D D P  and IFN; to determine the qualitative and 
quantitative toxicity and the reversibility of toxicity of 
this combination; and to document any observed anti- 
tumour  activity. 

Patients and methods 

50% or more in the size of the tumor was observed for 4 weeks and 
as no response (NR) if no impact of the chemotherapy was found. 

This protocol was approved by the Institutional Review Board as 
well as by the Clinical Trial Committee of the McGill Cancer Center 
before treatment began. 

Treatment plan 

Each patient received a fixed dose of the combination of 5-FU, DDP 
and IFN. No dose escalation was allowed within individual subjects. 
DDP was infused i.v. over 2 h on day 1 of each cycle, after which 
5-FU was given by continuous infusion (CI) over 24 for 5 consecut- 
ive days. Intron A (recombinant human IFN-c~-2b, rh-IFN-~-2b; 
Schering Canada) was given s.c. daily after 5-FU and DDP on days 
1-5 and then continued three times weekly (days 8, 10, J.2, t5, 17, 19, 
22, 24 and 26). Therapy was given on a 28-day cycle. The dose- 
escalation schema is shown in Table 1. 

The rationale for the dose and dose schedule used for the single 
agents and the combination mimics pre-clinical models. These mod- 
els showed synergy for concurrent exposure to IFN and DDP 
during the week of chemotherapy since DDP is protein~bound. 
Thereafter, chronic exposure to IFN is done to avoid tolerance. 
Treatment cycles were continued until disease progression or unac- 
ceptable toxicity occurred. Only patients receiving two or more 
cycles of chemotherapy were eligible for response analysis. 

Three patients were entered on each dose level. For grade 1 or 
2 toxicity, the patient was allowed to continue treatment. For any 
grade 3 toxicity that was felt to be related to 5-FU, DDP or IFN, the 
treatment was held until recovery from this toxicity. Then the dose 
of either 5-FU, DDP or IFN was to be reduced by 25% for the next 
cycle such that the patient could continue on the treatment program. 
For any grade 4 toxicity, the patient was removed from the study. 

If two instances of grade 3 or 4 toxicity were observed during the 
course of treatment on the same dose level, a total of six patients 
would be placed on that dose level. If three or more instances of 
grade 3 or 4 toxicity were observed during the course of treatment 
on the same dose level, accrual into the trial at that dose level would 
be terminated and the next lower level would be declared the MTD. 
The MTD was defined as the highest dose producing toxicity that 
was not greater than or equal to grade 3 in more than two patients. 

Patients 

Patients must have fulfilled all the following criteria to be eligible for 
this study: 
1. A primary diagnosis of histologically proven cancer for which 

standard therapy is not of proven benefit or for which the estab- 
lished standard therapy has proved unsuccessful in that patient 

2. An age of 18 years or more and an ambulatory performance 
status of above 60% on the Karnofsky scale (KS). 

3. Normal cardiac function, preserved hepatic and renal functions 
and normal blood counts. 

4. A minimal life expectancy of 3 months was required as well 
as the ability to understand and sign a written informed consent 
form. 
Patients were excluded if they had prior treatment with IFN, brain 

metastases or a known seizure disorder. Treatment with chemother- 
apy (6 weeks in the case of mitomycin C or the nitrosourea), im- 
munotherapy or radiotherapy at less than 3 weeks prior to entry was 
not acceptable, nor was ongoing treatment with corticosteroids. 

Patients needed to have evaluable disease, but not necessarily 
measurable disease. Patients were assessed for toxicity every 4 weeks 
before the next cycle of chemotherapy. The National Cancer Insti- 
tute toxicity criteria [21] were used, and assessment of response was 
performed following every two cycles of chemotherapy. Responses 
were defined as complete (CR) if there was complete disappearance 
of measurable disease for 4 weeks, as partial (PR) if a decrease of 

Results 

Patients' characteristics 

A total of 15 patients, including 9 women and 6 men, 
were accrued between May 1990 and July 1991 (Table 2); 
8 patients had received prior chemotherapy. The age 
ranged from 22 to 76 years (median, 58 years). Primary 
cancers were: unknown, 3; colorectal, 3; head and neck, 2; 

Table 1 Dose-escalation schema 

Dose 5-FU CI, Cisplatin rh-IFN-alpha-2b, Number 
level days 1-5 bolus, day 1 days 1-5, of patients 

(mg/m 2) (mg/m 2) followed by 
3 x weekly 
(U/m 2) 

-I 750 75 2.0 • l06 6 
I 750 75 3.0 • 106 9 
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Table 2 Patients characteristics 

Patients accrued 15 
M 6 
F 9 

Age (years): 
Range 22-76 
Median 58 

Previous therapy (n = 8 patients): 
Radiotherapy 1 
Chemotherapy 5 
Chemotherapy/radiotherapy 3 

Primary cancer: 
Unknown Primary 3 
Colorectal 3 
Head and neck 2 
Lung 2 
Gynecologic 1 
Gallbladder 1 
Sarcoma 1 
Anal canal 1 
Pancreas 1 

Table 3 Toxicities encountered at dose level I--IFN: 3 x 106 U / m  2 

Toxicity Grade 

1 2 3 4 5 

Nausea 2 5 0 0 0 
Vomiting 2 5 0 0 0 
Mucositis 1 2 2 0 0 
Diarrhea 0 3 1 0 0 
Fever/chills 2 3 4 0 0 
Fatigue/malaise 1 1 1 0 0 
Leukopenia 2 1 2 0 0 
Anemia 3 1 1 1 0 
Thrombocytopenia 0 0 1 0 0 
CNS 0 0 0 0 28 
Decline in PS 0 0 0 1 0 
Hematuria 2 0 0 0 0 
Skin rash 3 0 0 0 0 
Proteinuria 3 0 0 0 0 

Probable neurotoxic deaths (see Results) 

Table 4 Toxicities encountered at dose level -I--IFN: 2 x 10 6 U/m 2 

lung, 2; gynecologic, 1; gallbladder, 1; sarcoma, 1; anal 
canal, 1; and pancreas, 1. All 15 patients were evaluable 
for toxicity, but  only 10 were evaluable for response 
since 5 did not  complete 2 cycles of chemotherapy.  

Toxicity 

The trials started on level I, which is I F N  given at 
3 million units/m 2 (Table 3). On that level, the first two 
patients experienced probable  neurotoxic deaths. The 
first patient, who had a cancer of unknown origin, 
experienced tonic-clonic generalized seizures on day 
8 of cycle 2 and did not  recover. This was at tr ibuted 
to metabolic encephalopathy secondary to her 
disease and was exascerbated by the treatment,  since 
computed  tomography  (CT) scans of the brain and 
electroencephalography (EEG) showed non-specific 
abnormalities. The second patient had non-small-cell 
lung carcinoma of stage IV. He suffered a massive cereb- 
rovascular accident (CVA) on day 3 of cycle 1 and died. 
The third patient treated on level I had a grade 3 toxicity 
in terms of performance status (it declined from KS 1 to 
KS 4) after 1 cycle. Indeed, a weight loss of 35 lbs. in 
1 month  and severe anorexia leading to dehydration 
prompted the patient's admission for i.v. support. 

On the basis of these events, accrual into the study 
was temporar i ly  halted. We decided to re-open accrual 
that excluded the enrollment  of patients on i.v. mor-  
phine, which was the case for the first two patients, and 
to exclude patients with prior  exposure to DDP,  which 
was the case in the third patient. 

The study was restarted at level -I and six new 
patients were enrolled. This resulted in grade 3 toxicity 

Toxicity Grade 

1 2 3 4 

Fever 0 4 0 0 
Nausea 0 4 1 0 
Vomiting 0 3 2 0 
Mucositis 2 3 0 0 
Diarrhea 1 1 0 0 
Fatigue/malaise 2 0 2 0 
Leukopenia/neutropenia 1 0 3 1 
Anemia 1 2 1 0 
Thrombocytopenia 1 0 1 0 
Skin rash 1 0 0 0 
Proteinuira 1 0 0 0 

in terms of nausea and vomiting, fatigue and 
leukopenia (in less than 50% of patients) but  in no 
further CNS event. Escalation back to level I resulted 
in grade 3 and 4 myelosuppression, even in patients 
previously untreated with chemotherapy.  Because four 
of five patients experienced such toxicity, the study was 
closed and this level was declared the MTD.  

Tables 3 and 4 show the greatest toxicity experienced 
by each patient on the study in the first two cycles only. 
Patients may  have had more than one grade 3 or 
4 toxic episode during their entire t reatment  on the 
study. The co m m o n  symptoms of fatigue, fever and 
chills from I F N  are almost universally found (even if 
patients are premedicated with acetaminophen),  as are 
nausea and vomiting from D D P  (ondansetron was not  
available at the time) and mucositis and myelosuppres- 
sion from 5-FU, as felt by the investigators. Episodes of 
dose modification or delay of t reatment  because of 
grade 3 or 4 toxicity happened once for 5-FU and 11 
times for IFN.  Nine patients were enrolled on level 
I and six patients on level -I. 



Outcome 

Because of the toxicity encountered on level I, the 
MTD of tFN given in this manner was found to be 
2 million units/m 2. Responses were seen in two pa- 
tients. The first patient was a 56-year-old woman with 
liver metastases form an adenocarcinoma of unknown 
origin. She had received no previous chemotherapy and 
had a partial response after six cycles of chemotherapy 
on level -I that !asted for 6 months. The second patient 
was a 60-year-old man who had laryngeal cancer and 
pulmonary metastases that had been treated previously 
with 5-FU and DDP. He was the third patient treated 
on dose level I before it was halted temporarily. This 
patient had a partial response of 2 months' duration 
after one cycle and declined further treatment after ex- 
periencing severe toxicity in terms of performance status. 

Discussion 

5-FU, DDP and IFN-alpha are chemotherapy agents 
active against a variety of solid tumours. Since synergy 
exists amongst most of them, the combination of these 
three agents may lead to greater therapeutic efficacy. 
This possibility led to the present phase I dose- escala- 
tion study to determine the MTD of this combination. 
This study shows that this combination chemotherapy 
is reasonably well tolerated at lower doses, but it ap- 
pears to be quite toxic at IFN close levels that are 
generally considered moderate (dose level I). The usual 
major toxicities consisting of fever, chills, nausea, 
vomiting, fatigue and myelosuppression were all found 
in this trial and could be related to each of the agents 
5-FU, DDP or IFN. IFN was the drug whose dose was 
most frequently modified, and its administration was 
delayed eight times at dose level I and three times at 
dose level -I because of unacceptable toxicity. On the 
other hand, 5-FU and DDP could be delivered at close 
to 100% of the scheduled dose on each occasion. 

In our study, there were two patients who responded 
to chemotherapy: one had a cancer of unknown origin 
and the other had cancer of the head and neck. Indeed, 
in one phase I-II  study [22] using the same-combina- 
tion in head and neck cancers, tile MTD was DDP, 
105 mg/m2; 5-FU, 700 mg/m 2 (CI, days 1-5); and IFN, 
3 x 106 U/m 2 (s.c., days 1-5); the response rate was 
30%. Mucositis and neutropenia were the limiting 
toxicities. In another phase I trial in head and neck 
cancer [23], the MTD was DDP, 100 mg/m 2 (day 1); 
5-FU, 800 1000mg/m 2 (CI, days 1-4); and IFN, 
3 • 106 U (flat dose, days 1-5). The response rate was 
33%. It is possible that these two studies [22, 23] have 
a higher MTD than our phase I trial because IFN was 
given on!y on days 1-5 of the cycle. Other investigators 
have attempted to increase this combination's activity 
in head and neck cancer by adding leucovorin [24]. 

499 

In conclusion, the combination of IFN, 5-FU, and 
DDP is possible but results in toxicity. It is advisable to 
avoid treating patients with this combination if they 
have had prior exposure to DDP or if they are on i.v. 
morphine. The recommended dose for phase II study is 
5-FU, 750 mg/m 2 given on days 1-5 as a CI; DDP, 
75 mg/m 2 given on day 1; and IFN, 2 million units/m 2 
given on days 1-5 of the first week of chemotherapy 
and on days 1, 3, and 5 of each week thereafter on 
a 28-day cycle. 

Acknowledgements The authors thank Mrs. Gis~le Sabourin for her 
excellent assistance in the preparation of this manuscript and other 
physicians for referring patients for the study. 

References 

1. Isaacs A, Lindemann J (1957) Virus Interference. 1. The inter- 
feron. Proc R Soc Lond l-Bioll 147:258-267 

2. Goldstein D, Laszlo J, Rudnick S (1987) Interferon therapy in 
cancer principles of cancer biotherapy. R. Oldham, New York 
pp 247-282 

3. Namba M, Miyoshi T, Kanamori T, Nobuhara M, Kimoto T, 
Ogawa S (1982) Combined effects of 5-ftuorouracil and inter- 
feron on proliferation of human neoplastic cells in culture. Jpn 
J Cancer Res 73:819-824 

4. Yamamoto S, Tanaka H, Kanamori T, Nobuhara M, Namba 
M (1983) In vitro studies on potentiation of cytotoxic effects of 
anticancer drugs by interferon on a human neoplastic cell line. 
Cancer Lett 20:121-138 

5. Miyoshi T, Ogawa S, Kanamori T, Nobuhara M, Namba 
M (1983) Interferon potentiates cytotoxic effects of 5-fluoro- 
uracil on cell proliferation of established human cell lines origin- 
ating from neoplastic tissue. Cancer Lett 17:239-247 

6. Clark P, Slevin M, Reznek R, Nierferle N, Kurshoel E, Ludell G, 
Cedermark B, Fallenius A, Blomgren H, Ohman U, Silfersward 
C, There N, Wrigley P (1987) Two randomized phase 2 trials: 
intermittent intravenous versus subcutaneous alpha-2 inter- 
feron alone (trial 1) and in combination with 5-fluorouracil (trial 
2) in advanced colorectal cancer. Int J Colorectal Dis 2:28 29 

7. Wadler S, Lyvee A, Goldman N, J Wiernik PHL (1989) Therapy 
with 5-fluorouracil and recombinant alpha-2a interferon in re- 
fractory GI malignancies. Proc Am Soc Clin Oncol 8:A384 

8. Elias L, Crissman H (1988) Interferon effects upon the adenocar- 
cinoma 38 and HL-60 cell lines: antiproliferative response and 
synergistic interaction with halogenated pyrimidine anti- 
metabolites. Cancer Res 48:4868-4873 

9. Aapro M, Alberts P, Salmon S (1983) Interactions of human 
leukocyte interferon with vinca alkaloids and other chemother- 
apeutic agents against human tumors in clonogenic assay. Can- 
cer ChemotIqera Pharmacol 109:161-166 

10. Welander C, Morgan T, Homesby H, Troxxa P, Spiegel R (1985) 
Combined recombinant human interferon alpha 2 and cytotoxic 
agents studied in a clonogenic assay. Int J Cancer 35:721-729 

11. Walsh C, Speyer J, Wernz J, Hochster H, Grossberg C, 
Chachova A, Molinero P, Meyers M, Blum R (1989) Phase 
I study of the combination of alpha-2 interferon and cis- 
platinum. J. Biol Response Mod 8:11-15 

12. Speer RJ, Lapid S, Ridgway H (1971) Cisplatinumdiam- 
minedichloride (PDD) in combination therapy of leukemia 
L1210. Weekly Med Bull 1:103-109 

13. Kish J, Prelichman A, Jacobs J (1982) Clinical trial of cisplatin 
and 5-FU infusion as initial treatment for advanced squamous 
cell carcinoma of the head and neck. Cancer Treat Rep 66: 
47t 474 



500 

14. Kish J, Decker B, Bergsman A, A1-Sarraf M (1983) Preliminary 
reports of treatment of recurrent squamous carcinoma of head 
and neck with cisplatin (CACP)+ 5-FU infusion vs CACP 
+ 5-FU bolus. Proc Am Soc Clin Oncol 2:A163 

15. Kish J, Weaver A, Jacobs J, Cummings G, A1 Sarrat M (1984) 
Cisplatin and 5-fluorouracil infusion in patients with recurrent 
and disseminated epidermoid cancer of the head and neck. 
Cancer 53:181%1824 

16. Coniny P, Nasca S, Lebrun D, Panis X, Lucas P, Garbe E, 
Legros M (1988) Sequential trial of initial chemotherapy for 
advanced cancer of the head and neck. Cancer 62:1888-1892 

17. Thyss A, Schneider M, Santin J, Caldani C, Vallicion J, Cahuvel 
P, Demard F (1986) Induction chemotherapy with cisplatinum 
and 5-fluorouracil for squamous cell carcinoma of the head and 
neck. Br J Cancer 54:755-760 

18. Weiden P, Einstein A, Rudolph R (1985) Cisplatin bolus and 
5-FU infusion for non small cell lung cancer. Cancer Treat Rep 
69:1253-1255 

19. O'Connell M, Moertel C, Kuols L, Hahn R, Rubin J (1986) 
Clinical trials of cisplatin and intensive course 5-fluorouracil for 

the treatment of advanced cotorectal cancer. Am J Ctin OncoI 9: 
192-195 

20. Amoroso D, Pronzato P, Bertelli G, Gallotti P, Pastorino G, 
Cusianano M, Merlano M, Conte P, Rosso R (1988) Cisplatin 
and 5-fluorouraciI in refractory breast cancer patients: a phase 
2 study. Breast Cancer Res Treat 11:269-271 

21. Wittes RE (ed) (1989-1990) Manual of oncologic therapeutics. 
J.B. Lippincott, Philadelphia, pp 628-631 

22. Shirinian M, Choksi AJ, Dimery I (1992) Phase I/II study of 
cisplatin + 5-Fluorouracil + alpha-interferon for recurrent 
squamous cell carcinoma of the head and neck. Proc Annu Meet 
Am Soc Clin Oncol 1 i: A807 

23. Bensmaine A, Azli N, Domenge C (1992) CDDP-5 FU 
modulation by alpha-IFN-2B in metastatic and/or recurrent 
head and neck squamous cell carcinoma. Ann Oncol 3 [Suppl 
5]: 153 

24. Vokes EE, Ratain M J, Mick R (1993) Cisplatin, fluorouracil and 
leucovorin augmented by interferon alpha-2b in head and neck 
cancer: a clinical and pharmacologic analysis. J Clin Oncol 11: 
360-368 


