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Interleukin-2 in Combination with Interferon-a and 
SFluorouracil for Metastatic Renal Cell Cancer 

Jens Atzpodien, Hartmut Kirchner, Enrique Lopez HQnninen, Markus Deckert, 
Martin Fenner and Hubert Poliwoda 

Recent clinical trials for the biological therapy of solid tumours have used recombinant human cytokines in 
combination with conventional chemotherapy. In patients with progressive metastatic renal cell carcinoma, we 
established a three-drug combination comprising interferon-o (IFN-(u), interleukin-2 (IL-2) and S-fluorouracil(S- 
FU), using a regimen which allows outpatient therapy. Treatment consisted of 8 weeks each of IFN-a [6-9 MU/ 
m* once to three times weekly subcutaneously (SC)] combined sequentially with IL-2 (S-20 MU/m* thrice weekly 
SC for 4 weeks) and 5FU [750 mg/m* intravenously (iv) weekly for 4 weeks]. Among the first 35 patients treated, 
there were 4 complete (11.4%) and 13 partial responders (37.1%), with an overall objective response rate of 48.6% 
(95% confidence interval 32-66%). Regressions occurred in local relapse, in lung, lymph node, bone, pleural, 
renal and thyroid metastases. Median response duration was calculated at 7+ months. An additional 13 patients 
(37.1%) were stable throughout therapy and thereafter (median of 6+ months). Response rate of this three-drug 
combination regimen compared favourably with single agent IFN-a (objective response rate -16%) and against 
the SC IFN-a/IL-2 combination (objective response rate -28%). Systemic toxicity was mild to moderate with no 
severe S-FUrelated mucositis and no dose-limiting adverse effects of SC IL-2. While the exact mechanisms of the 
potentially additive or synergistic effects of 5FU and IFN-a/IL-2 remain to be established in more detail, it 
appears that the sequential use of IFN-a/IL-2 and IFN-(w/SFU in metastatic renal carcinoma further enhances 
the therapeutic index of IFN-a/IL-2-based biological therapy. Based on the present data, combined biochemother- 
apy may be a promising new approach to the therapy of advanced renal cancer. 
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INTRODUCTION 
METASTATIC RENAL cell carcinoma is a poor prognosis disease, 
with a 5-year survival below 10%; as yet, no standard therapy 
has been established [l, 21. Given the lack of effective single- 
agent or combination chemotherapy, novel treatment 
approaches are warranted employing recombinant human cyto- 
kines alone or in combination with conventional therapy. 

Clinical studies using recombinant interferon-a (IFN-(w) at 
doses of three or more megaunits three to five times per week 
have produced objective regressions of metastatic renal cell 
cancer in 5-27% of patients treated, with an overall response 
rate of approximately 16% [3, 41. The systemic inpatient use of 
high dose intravenous (iv) recombinant interleukin-2 (IL-2) in 
conjunction with lymphokine-activated killer cells has yielded 
up to 33% responses in advanced renal cell cancer, with dose- 
limiting toxicity [S-10]. The subcutaneous (SC) administration 
of low-dose IL-2 [ 1 l] has significantly reduced cytokine-related 
toxicity without abrogating its therapeutic efficacy. Based on 
preclinical evidence of a synergy between IFN-(r and IL-2 [12], 
both agents have been simultaneously employed in an outpatient 
treatment regimen with an objective response rate of 36% [13]. 

Here, we report on a phase II clinical trial combining SC IL-2 
and IFN-(U with iv 5-fluorouracil (S-FU) in patients with meta- 
static renal cell cancer; therapeutic response and toxicity of 
this combination regimen were evaluated in 35 patients with 
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progressive disease. The results of this study are the subject of 
the present report. 

Patients 
PATIENTS AND METHODS 

35 patients with progressive metastatic renal cell cancer (Table 
1) were treated on this protocol. All patients had histologically 
confirmed tumours, clinically evaluable progressive disease and 
presented with an ECOG performance status of 0 or 1. In 

Table 1. Patients’ characteristics 

No. of patients 

Evaluable patients 
Sex 

Male 
Female 

Age (years) 
Median 
Range 

ECOG 
0 
1 
22 

Pretreatment 
Surgery 
Chemotherapy 
Radiotherapy 
Immunotherapy 

35 

25 
10 

61 
38-74 

26 
9 
0 

34 
4 
3 
2 
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97% of patients, tumour nephrectomy was performed prior to 
systemic therapy. 

Treatment plan and patient evaluation 
All patients were treated as outpatients. Recombinant human 

IL-2 (EuroCetus, Amsterdam, The Netherlands) was given SC 
at 20 MU/m2 thrice weekly, weeks 1 and 4, and at 5 MU/m2 
thrice weekly, weeks 2 and 3. Recombinant human IFN-a2 was 
administered subcutaneously at 6 MU/m2 once weekly, weeks 1 
and 4, thrice weekly, weeks 2 and 3, and at 9 MU/m2 thrice 
weekly, weeks 5 to 8. 5-FU iv was given as bolus at 750 mg/m2 
once weekly, weeks 5 to 8. 

Treatment cycles were repeated every 2 months unless pro- 
gression of disease occurred. Reevaluation of the patient’s 
tumour status was performed between treatment courses. A 
complete remission was defined as the disappearance of all signs 
of disease for a minimum of 4 weeks, a partial remission as a 
minimum of 50% reduction in the sum of the products of the 
greatest perpendicular diameters of measurable lesions without 
an increase in size of any lesion, or the appearance of new lesions, 
stable disease as less than a partial response in the absence of 
disease progression for at least 8 weeks, and progression as an 
increase of at least 25% in the sum of the products of the 
longest perpendicular diameters of measurable lesions, or the 
development of new lesions. 

Systemic toxicity of this regimen was evaluated at weekly 
intervals using a grading system adapted from the World Health 
Organization (WHO). 

RESULTS 
A total of 35 patients were treated on this study; all patients 

were evaluable for response and toxicity (Table 1). 

Treatment response 
4 patients (11.4%) achieved a complete response, and 13 

patients (37.1%) had a partial remission (Table 2); the overall 
response rate of this study was 48.6% (95% confidence interval, 
3266%). Objective tumour regressions occurred in lung 
(n = 14), lymph nodes (n = S), bone (n = 2), local relapse 
(n = 2) and in other tumour sites (n = 4) including pleural, 
thyroid and renal metastases (Table 2). Objective tumour 
remissions were always observed during the first treatment cycle. 
The median response duration was 7+ months, with a range of 

Table 2. Tumour sites and clinical responses 

Response 

Tumour site CR PR SD I’D 

Lung 4 10 7 3 
Liver - - 4 - 
Local relapse - 2 1 1 
Lymph nodes 2 6 7 6 
Bone - 2 1 - 
Others - 4* 2 - 

Total evaluable 4 13 13 5 

a Renal (n = l), thyroid (n = 1) and pleural metasta- 
sis (a = 2). Median response duration was 7-t months 
(range 2+ to 11 + months). CR, complete response; 
PR, partial response; SD, stable disease; I’D, pro- 
gressive disease. 

2+ to ll+ months. 13 patients (37.1%) presented with stable 
disease throughout therapy and thereafter (median of 6+ 
months). 

Toxicity 
This outpatient regimen produced no grade IV toxicity and 

less than one grade III toxic event per treatment week. Grade III 
anorexia, chills and respiratory distress were observed in 5, 2 
and 2% of treatment cycles, and required a 50% dose reduction 
of IL-2 and IFN-(w; grade I or II malaise, fevers and chills were 
seen in 82, 76 and 60% of treatment cycles, respectively (Table 
3). Mild anorexia (grade I/II) occurred in 92% of cycles, and was 
often associated with nausea and vomiting (87% of treatment 
cycles), and/or diarrhoea (36% of treatment courses). Mild and 
transient mucositis was observed during the IL-2/IFN-a and 
the IFN-o/5-FU phases of therapy; it was limited to 53% of 
treatment cycles and did not require dose modification. Grade I 
or II respiratory distress was noted in 37% of cycles, but was 
never associated with pulmonary fluid retention. Hypotension 
occurred in 27% of cycles and was usually mild. Alopecia was 
observed in 17% of treatment cycles. Few patients developed 
transient paraesthesias (12% of cycles). In all patients, treatment- 
related systemic toxicity resolved after cessation of treatment. 
Capillary leak-induced fluid retention and weight gain did not 
occur upon systemic SC IL-2. None of the patients experienced 
major 5-FU-related toxicity, and no toxic deaths occurred. 

The subcutaneous administration of IL-2 resulted in transient 
inflammation and local induration at the injection sites, which 
persisted for up to 2 weeks following treatment. 

DISCUSSION 
In the present clinical study, we evaluated a three-drug 

combination of SC IFN-a, IL-2 and iv bolus 5-FU in patients 
with advanced progressive renal cell cancer. All patients received 
immunotherapy at home; chemotherapy was administered in 
the outpatient clinic. 

The plethora of biological mechanisms by which IL-2 and 
IFN-cx mediate tumour regression in man have been extensively 
studied, but are not yet fully understood. It has been hypo- 
thesised that IFN-a may augment IL-2-induced killing through 
activation of cytotoxic lymphocytes, and via enhanced 
expression of major histocompatability complex class I antigens 

Table 3. Systemic toxicity 

Percentage of treatment cycles 

Side-effects 
WHO WHO WHO WHO 
grade I grade II grade III grade IV 

Fever 4 72 - - 
Chills 41 19 2 - 
Malaise 58 24 - - 
Anorexia 49 43 5 - 
Nausea/vomiting 47 40 - - 
Diarrhoea 36 - - - 
Mucositis 38 15 - - 
Respiratory distress 15 22 2 - 
Hypotension 20 7 - - 
Paraesthesias 12 - - - 
Alopecia 10 7 - - 
Arrhythmias - - - - 

A total of 35 patients were evaluated for toxicity. 
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on tumour cells [12, 14, 151. Chemotherapy by itself has been 
inactive in renal cell cancer; however, various models have been 
established for combined biochemotherapy, notably for the 
combination of IFN-a, IL-2 and 5-FU [16, 171. 

In this phase II trial, objective tumour regressions have 
occurred in 48.6% of patients receiving IL-2, IFN-a and 5- 
FU combination therapy for progressive metastatic renal cell 
carcinoma. Response rates compared favourably with hormonal 
therapy (objective response rate below 5%) [18], single-agent 
chemotherapy (objective response rates below 10% for vinblas- 
tine and other cytotoxic agents) [3, 181, single-agent IFN-a 
(overall objective response rate of 16%) [3, 4, 141, and previous 
SC IFN-a/IL-2 combination trials conducted at our institution, 
whereby objective responses were observed in 28-36% of pati- 
ents with advanced renal cell cancer [ 131. 

The present combination regimen produced sustained 
remissions for up to ll+ months; among patients with a 
complete tumour regression, no relapse has been observed. 

Systemic toxicity of this three-drug biochemotherapy combi- 
nation was low, when compared to the intravenous adminis- 
tration of single agent IL-2 [5-lo]. With no major 5-FU- 
related toxicity, this regimen could further reduce side-effects 
of systemic IL-2 and IFN-o, thus allowing for an outpatient 
therapy in the palliative setting. 

In summary, while the therapeutic efficacy of this outpatient 
biochemotherapy study was comparable to the most aggressive 
inpatient regimens in advanced renal cell cancer [4, 51, the 
present combination regimen appears to further improve the 
therapeutic index in patients with renal cancer. These results 
will require confirmation in randomised trials. 

1. Buzaid AC, Todd MB. Therapeutic options in renal cell carcinoma. 
Semin Oncoll989,16,12-19. 

2. Pate1 NP, Lavengood RW. Renal cell cancer: natural history and 
results of treatment.3 Ural 1977,119,722-726. 

3. Krown SE. Therapeutic options in renal cell carcinoma. Semin 
Oncoll985,12,13-17. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Muss HB. Interferon therapy for renal cell carcinoma. Semin Oncol 
1987,14,36-42. 
Rosenberg SA, Lotxe MT, Muul LM, et al. A progress report 
on the treatment of 157 patients with advanced cancer using 
lymphokine-activated killer cells and interleukin-2 or high-dose 
interleukin-2 alone. N EnglJ Med 1987,316,889-897. 
West WH, Tauer KW, Yannelli JR, et OZ. Constant-infusion 
recombinant interleukin-2 in adoptive immunotherapy of advanced 
cancer. N EnglJ Med 1987,316,898-905. 
Fisher RI, Coltman CA, Doroshow JH, et OZ. Metastatic renal 
cancer treated with interleuken-2 and lymphokine-activated killer 
cells. Ann Intern Med 1988,108,518-523. 
Rosenberg SA, Packard BS, Aebersold PM, et al. Use of tumor- 
infiltrating lymphocytes and interleukin-2 in the immunotherapy of 
patients with metastatic melanoma. N Engl J Med 1988, 319, 
1676-1680. 
Rosenstein M, Ettinghausen SE, Rosenberg SA. Extravasation of 
intravascular fluid mediated by the systemic administration of 
recombinant interleukin-2.JZmmunoll986,137,1735-1742. 
Lee RE, Lotze MT, Skibber JM, et al. Cardiorespiratory effects of 
immunotherapy with interleukin-2.J CZin One01 1989,7,7-20. 
Atzpodien J, Korfer A, Evers I’, et al. Low dose subcutaneous 
recombinant interleukin-2 in advanced human malignancy: a phase 
II outpatient study. Molec Biother 1990,2, 18-26. 
Atzoodien I. Shimazaki C. Wisniewski D. et al. Interleukin-2 und 
Int&feron-a in der adopt&en Immuntherapie des Plasmozytoms: 
Ein experimentelles Modell. In Lutz D, Heinz R, Nowotny H, 
Stacher A, eds. Leukiimien und Lymphome. Milnchen, Urban & 
Schwarzenberg, 1988,211-212. 
Atzpodien J, Korfer A, Franks CR, Poliwoda H, Kirchner H. 
Home therapy with recombinant interleukin-2 and interferona2b 
in advanced human malignancies. Lancet 1990,335,1509-1512. 
Spiegel RE. The alpha interferons: clinical overview. Semin Oncol 
1986,13,207-217. 
Brunda MJ, Bellantoni D, Sulich V. In viva anti-tumor activity of 
combinations of interferon alpha and interleukin-2 in a murine 
model. Correlation of efficacy with the induction of cells resembling 
natural killer cells. IntJ Cancer 1987,40,39413953. 
Reiter Z, Ozes ON, Blatt LM, Taylor MW. A dual anti-tumor 
effect of a combination of interferon-o of interleukin-2 and 5- 
fluorouracil on natural killer cell-mediated cytotoxicity. Clin Zmmu- 
no1 Immunopatholl992,62,103-111. 
Wadler S, Schwartz EL. Antineoplastic activity of the combination 
of interferon and cytotoxic agents against experimental and human 
malignancies: a review. Cancer Res 1990,50,3473-3486. 
Harris DT. Hormonal therapy and chemotherapy of renal cell 
carcinoma. Semin 0nco11983,10,422-430. 


