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Summary. A total of 25 patients with metastatic renal 
cancer were treated on a phase II protocol with 5 days 
of continuous-infusion fluorodeoxyuridine (FUDR), 
(0.1 rag/kg daily) together with high-dose oral leucovorin 
(100 mg 4 h) and daily •  high-dose interferon-a2b 
(30 x 106 IU/m2). Despite the good performance status of 
the patients and the inclusion of 14 previously untreated 
patients in the cohort, no response was observed among the 
20 evaluable patients. Toxicities included high fever, mod- 
erate anemia, transient leukopenia, transient and mild 
elevations of transaminases, and moderate to severe 
nausea, vomiting, diarrhea, and mucositis. There were also 
two episodes each of confusion, fluid retention, and pan- 
creatitis and one episode of increased creatinine levels. 
During the study three deaths occurred, two of which were 
possibly therapy-related. Despite previous reports of activ- 
ity of FUDR in metastatic renal cancer, the present regimen 
cannot be recommended. 

Introduction 

Treatment of metastatic renal-cell carcinoma with chemo- 
therapy has generally been an unsuccessful endeavor, with 
the median survival being approximately 9 months. No 
chemotherapeutic regimen has achieved a reproducible ob- 
jective response rate of greater than 15%. Recently, the role 
of fluoropyrimidines has been reexamined and response 
rates of 10%-30% have been reported [3, 4, 9, 10, 12, 20, 
22, 28]. Fluorouracil (5-FU) interferes with cellular metab- 
olism through two mechanisms. It can be incorporated into 
RNA and either inhibit RNA processing or, through its 
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activation to fluorodeoxyuridine monophosphate 
(FdUMP), inhibit thymidylate synthetase (TS) and thus 
DNA synthesis. 

Fluorodeoxyuridine (FUDR) is a committed metabolite 
whose main mechanism of action is inhibition of TS. The 
inhibition of TS by both 5-FU and FUDR is greatly en- 
hanced by the presence of reduced folates such as leu- 
covorin (LV), the mechanism involved being stabilization 
of the ternary complex of FdUMP, LV, and TS [13]. In- 
creased toxicity, usually manifesting as increased mucosi- 
tis, has clearly been demonstrated for the combination of 
fluoropyrimidines and LV [ 14, 15]. A greater response rate 
as well as better survival have also been demonstrated for 
the combination as compared with single-agent 5-FU in 
metastatic colon cancer [7]. 

Extensive experience with interferon-c~ treatment in 
metastatic renal-cell cancer has revealed that the response 
rate is about 10%-15% [1, 19, 21]. More recently it has 
been noted that interferon-cz augments the cytotoxicity of 
5-FU in celt lines [26]. Increased toxicity is also noted in 
patients treated with this combination [11, 26], perhaps 
occurring through an interferon-mediated increase in 5-FU 
levels [2, 16]. Numerous trials are currently examining this 
combination in an effort to increase response rates in colon, 
head and neck, and other malignancies. 

To examine the clinical interaction between fluoropy- 
rimidines, reduced folates, and interferon-a, we initiated 
and recently completed two phase I trials. The first trial 
was performed with FUDR and LV [24] and the second 
with FUDR, LV, and interferon-c~ [25]. We defined the 
maximum tolerable dose (MTD) as being 30 x 106 IU/m2 
interferon given daily for 6 days together with concomitant 
oral administration of LV at 100 mg q 4 h and 5 days of 
continuous infusion of FUDR at 0.1 mg/kg daily. The 
dose-limiting toxicity was severe flu-like symptoms and 
fatigue attributed to the interferon. Higher doses of FUDR 
were accompanied by severe mucositis and diarrhea. Be- 
cause objective responses were seen in renal cancer 
patients in the phase I trials and due to the previous posi- 
tive responses noted in single-agent FUDR trials, we ini- 
tiated a phase II study using the recommended doses for 
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Table 1. Patients' characteristics 

Number of patients 25 

Median age (range) 54 (30-69) years 

Performance status: 
0 4 
1 17 
2 4 

Sex (M/F) 18/7 

Previously treated: 
IFN-7 2 
IL-2/IFN-c~ 6 
IL-2/LAK 1 
OKT-3 1 
Cyclophosphamide/CDDP 1 

Prior nephrectomy 18 

Sites of disease: 
1 only 8 a 
2 10 
~>3 7 

Time to metastatic diseaseb: 
At diagnosis 13 

0 -  12 months 1 
12-24 months 3 

>24 months 8 

IFN-7, Gamma-interferon; IFN-c~, alpha-interferon; IL-2, interleukin 2; 
LAK, lymphokine-activated killer cells; OKT-3, anti-CD3 monoclonal 
murine antibody; CDDR cisplatin 
a Lung, 3; bone, 2; visceral, 1; nodal, 2 
b From the time of initial nephrectomy 

F U D R ,  LV,  and  interferon-o~2b in  pat ients  wi th  metas ta t ic  
rena l  cancer .  

Pat ients  a n d  m e t h o d s  

Table 2. Toxicity of the present regimen 

CALGB grade 

1 2 3 4 

Hemoglobin 10 9 1 0 

WBC 3 14 6 0 

Liver-function tests 12 6 2 0 

Nansea/vomiting 8 4 3 1 

Fever 0 21 4 0 

Diarrhea 7 4 6 1 

Mucositis/stomatitis 9 5 5 0 

Dermatitis 0 3 0 0 

Confusion 0 2 0 0 

CHF/edema 0 1 1 0 

Pancreatitis 2 0 0 0 

Other 1 case of increased creatinine, 1 case 
of GI bleeding at a disease site, 
1 skin abscess, 2 possible toxic deaths 

CALGB, Cancer and Leukemia Group B; CHF, congestive heart failure; 
WBC, white blood count 

cycles were given at 28-day intervals. The FUDR dose was reduced by 
50% for grade 3 or 4 mucositis and by 25% for neutropenic fever en- 
countered during the previous cycle, Reevaluation was performed after 
two cycles of therapy. Patients with progressive disease were removed 
from the study; the administration of additional cycles of therapy to 
patients with responding or stable disease was left to the discretion of the 
attending physician. Toxicity was graded according to Cancer and Leu- 
kemia Group B (CALGB) consensus guidelines. To be evaluable for 
response, patients had to have completed at least two cycles of treatment 
unless therapy had to be discontinued due to progressive disease. All 
patients were analyzed for toxicity and survival. 

Patients. A total of 25 patients with histologically documented metastatic 
renal-cell cancer were entered in the study. Eligibility requirements in- 
cluded a performance status of 0-2 ,  a life expectancy of greater than 
8 weeks, adequate hematologic and metabolic parameters (WBC, 
>3.0/gl; platelets, >100,000/gl; total bilirubin, <1.6 mg/dl; creatinine, 
<2.0 mg/dl; and SGOT and SGPT levels of <3 times the normal values), 
and documentation of measurable or evaluable disease within 2 weeks of 
the beginning of treatment. Two patients had only evaluable disease. 
Because of a lack of other potentially effective treatment, patients who 
had undergone prior chemo- or immunotherapy were eligible; however, 
an a priori decision was made to enroll 14 previously untreated patients 
to ensure adequate evaluation of this regimen. Antecedent chemo- or 
radiotherapy had to have been completed at least 3 weeks prior to the 
initiation of therapy and could not have included 5-FU or FUDR. All 
patients were more than 18 years old and gave their written informed 
consent. 

Treatment follow-up. Patients received 100 mq oral LV q 4 h for a total 
of 36 doses (6 days). At 4 h after the beginning of LV treatment, FUDR 
(0.1 mg/kg daily) was given by continuous infusion for 5 days. Inter- 
feron-c~2b (Intron, 30 x 106 IU/m 2) therapy was begun simultaneously 
with the FUDR infusion and was given subcutaneously daily for six 
doses. Complete blood counts; platelet counts; electrolyte, blood urea 
nitrogen (BUN), and creatinine values; and liver-function tests were 
obtained prior to each treatment, on day 5, and at the follow-up examina- 
tion carried out 2 weeks after the start of each treatment. Subsequent 

Resu l t s  

The character is t ics  o f  the 25 pat ients  en te red  in  the s tudy 
f r o m  J u n e  to D e c e m b e r  o f  1991 are s h o w n  in  Tab le  1. 
Impor t an t ly ,  there  was  an  adequa te  r ep resen ta t ion  o f  
pat ients  wi th  good  p rognos t i c  ind ica tors  for  su rv iva l  [6]. 
The  m e d i a n  p e r f o r m a n c e  status was 1 ( symptoma t i c ,  bu t  
no  act ivi ty  l imi ta t ions) ,  8 pat ients  had  on ly  1 site o f  meta -  
static d isease  (3 in  the l u n g  only) ,  8 had  exper i enced  a 
p rogress ion- f ree  in te rva l  las t ing m o r e  than  2 years,  and  14 
had  u n d e r g o n e  no  pr ior  t rea tment .  

N o  ob jec t ive  re sponse  was  obse rved  a m o n g  20 eva lua -  
b le  pat ients  (9 p r ev ious ly  unt rea ted ,  11 p r e v i o u s l y  treated;  
95% c o n f i d e n c e  in terval ,  0 - 1 7 % ) .  The  toxic i ty  o f  this 
r e g i m e n  is s h o w n  in  Tab l e  2. A l l  pat ients  deve loped  a fever  
to greater  than  3 8 ~  and  four  pa t ients  d e v e l o p e d  a fever  
exceed ing  40 ~ C. The  l e u k o p e n i a  (m ed i an  nadir ,  2 .7/gl)  
r e so lved  as soon  as in te r fe ron  had  b e e n  d i s c o n t i n u e d  and  
was  no t  assoc ia ted  wi th  c l in ica l  s igns  of  infec t ion .  A n e m i a  
was  m i l d  and  no  s ign i f i can t  t h r o m b o c y t o p e n i a  was  noted.  
The  e leva t ions  in  t r ansaminases  were  also t ransient ,  resolv-  
ing  by  the t ime  of  the fo l low-up  c l in ic  vis i t  on  day 14. 
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Table 3, Reasons for stopping treatment 

Progressive disease 13 
Death 3 
Patient's refusal 5 
Physician's refusal 4 

Median number of cycles, 2; range, 1-6 

Nausea and vomiting was considered to be severe in four 
patients. Mucositis, stomatitis, and diarrhea were the most 
serious common toxicities, but they usually resolved by the 
3rd week and no cycles were delayed. Mild cases of hand- 
foot syndrome were observed in three patients. We also 
encountered several toxicities that have previously been 
attributed to high-dose interferon [8]. There were two epi- 
sodes each of pancreatitis, mental confusion, and volume 
overload that was presumably cardiogenic in nature. 

Three deaths also occurred during the study. The first 
occurred during internal fixation of a long bone pathologic 
fracture on day 10 of cycle one in a man who experienced 
a sudden intraoperative respiratory arrest that was presum- 
ably due to a fat embolism. The second patient died 
4 weeks after undergoing his second cycle of  therapy with 
ascites, renal failure, and fever. Although this death was 
presumably due to rapidly progressing bilateral renal 
cancers, we felt that it might have been therapy-related. 
The third death occurred suddenly in a 59-year-old man 
2 days after the second cycle of  therapy had been 
completed. The patient had known lung metastasis, coro- 
nary artery disease, and a depressed ejection fraction; thus, 
this death was also judged to have possibly been therapy- 
related. 

The median number of cycles given was 2 (range, 1-6) ;  
therapy of 13 patients was discontinued because of pro- 
gressive disease, 3 patients died, and 5 patients refused 
further therapy because of the toxicity they experienced. In 
4 patients, additional therapy was discontinued after the 
second possibly therapy-related death had been reported 
(Table 3). At a median follow-up period of 5 months, me- 
dian survival has not yet been reached. 

Discussion 

Interferon given at a variety of  doses and schedules con- 
sistently produces a 1 0 % - 1 5 %  response rate in metastatic 
renal cancer [1, 19, 21]. Recent reexamination of single- 
agent 5-FU and FUDR has shown response rates of 
1 0 % - 3 0 %  [3, 4, 9, 10, 12, 20, 22, 28]. The biochemical 
interaction of LV, interferon, and 5-FU or FUDR led us to 
initiate this protocol. In two previous studies using inter- 
feron and 5-FU or FUDR in patients with metastatic renal 
cancer, a response rate of  30% was reported [5, 23], al- 
though this was not confirmed in a third trial [17]. 

We also failed to replicate these high response rates 
using fluoropyrimidine-based therapy. Patient selection 
may have biased the previous trials or our own study. The 
dose of interferon used in the present investigation was 
significantly higher than that tested in the previous studies. 
It is unlikely that this would adversely affect the antitumor 

activity of the interferon itself [ 18]. In phase I studies using 
a small series of patients, it has been reported that low-dose 
interferon is more effective than high-dose interferon in 
modulating the response to 5-FU [27]. This finding, how- 
ever, has not been confirmed in carefully designed phase II  
or III studies. The pharmacokinetic modulation of 5-FU by 
LV has also been reported to be abrogated by interferon in 
one study [2]. We could not replicate these findings using 
our pharmacokinetic data from the phase I study performed 
prior to the current investigation (Vokes et al., manuscript 
in preparation). Moreover in some of the previous studies, 
FUDR was given in a circadian-timed manner, but it is not 
known whether this is important in obtaining responses. 
The severe side effects experienced by our patients demon- 
strate that the maximal dose intensity was used. Thus, we 
must conclude that despite the multiple interactions as well 
as the previous promising reports, the combination of 
FUDR, LV, and high-dose interferon-alpha used in the 
present trial is associated with significant toxicity and is 
inactive against metastatic renal-cell carcinoma. 
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