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Abstract 
5-fluorouracil (5-FU) administered by protracted intravenous 

infusion has been shown to have clinical utility against colorectal 
cancer and several other advanced tumors. However, additional 
therapeutic strategies are needed to further improve treatment 
results. Although the addition of low-dose cisplatin appeared to 
improve the clinical activity of 5-FU infusion in early phase 11 
studies, subsequent evaluation has failed to substantiate these 
early reports. In addition, toxicity has been significantly increased. 
Combinations of cisplatin and other drugs with 5-FU infusion are 
currently being evaluated. Phase I studies demonstrate that only 
low doses of concomitant leucovorin are necessary to potentiate 
5-FU infusion; phase I1 studies to evaluate efficacy are underway. 
Although combinations of 5-FU and biological therapies such as 
alpha 2a-interferon appear to be very promising, they will require 
extensive phase I1 and 111 testing to define their clinical utility and 
toxicity. 
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Since the initial phase I report by Lokich et al. (1) 
demonstrating that 5-FU could be administered by pro- 
tracted intravenous infusion, numerous phase I1 and 111 
clinical studies have been completed (2-22). In colorectal 
cancer the response rate is increased when 5-FU is admin- 
istered by protracted infusion compared with a bolus 
schedule (6). Phase I1 studies have also demonstrated 
utility in the treatment of breast (13, 16-18,20-21) 
prostate (22), gastric (IS), and pancreatic cancers (14). 
Toxicity consists predominantly of stomatitis and hand- 
foot syndrome with minimal myelosuppression or other 
major organ toxicities (1,6,7). When toxicity is encoun- 
tered it is easily managed with brief infusion interruption 
and subsequent dose reduction. 

Despite these encouraging results with 5-FU infusion 
very few complete responses have been observed and most 
patients become refractory to treatment in 6-9 months 
(6,7,13-15). Because of its favorable toxicity profile, 5- 
FU infusion could potentially be an ideal drug to combine 
with other therapies to improve complete response rates 
and overall treatment results. The purpose of this paper is 
to review the recent studies (Table) that have combined 
other drugs with 5-FU infusion to identify which ap- 
proaches offer the most promise for future trials. 

Cisplatin 

Preclinical studies have demonstrated synergism when 
cisplatin (DDP) and 5-FU are utilized together (23,24). In 
view of their essentially non-overlapping toxicity profiles, 
they could represent an ideal combination approach. 
Cantrell et al. (25) reported preliminary results of a phase 
I1 study utilizing 5-FU by protracted infusion and weekly 
low-dose DDP in patients with metastatic colorectal can- 
cer. Objective response was seen in 20 of 32 patients (63%) 
with a median duration of response of more than 6 
months. Complete remission was observed in 5 patients 
( 16%) which is substantially higher than that which has 
been obtained with 5-FU infusion alone. Other phase I1 
studies have also evaluated this drug combination (18,26- 
30). The Mid-Atlantic Oncology Program (MAOP) per- 
formed a phase 111 randomized study of 5-FU infusion 
300mg/m2/day with or without weekly DDP 20mg/m2 
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Table 
Agents combined with protracted 5-FU inhion 

~ ___ ~ 

Ref. Agent($ Phase Disease No. of Response 
patients % 

25 
30 
31 
27 
32 
34 

35 

36 

38 

39 

40 

Cisplatin 
Cisplatin 
Cisplatin 
Cisplatin 
Cisplatin 
Cisplatin/ 
mitomycin-C 
Doxorubicin/ 
mitomycin-C/ 
cisplatin 
Leucovorin/ 
cisplatin 
Methotrexate/ 
leucovorin 
Lmcovorin 
(i.v.) 
Leucovorin 
(P.0.) 

I1 

1/11 

1/11 

I 

I 

C o 1 or ec ta 1 
Colorectal 
Colorectal 
Colorectal 
Pancreatic 

Colorectal 

Gastric 

Gastric 

Colorectal 

Colorectal 

Colorectal 

32 63 
38 37 

108 35 
24 42 
55 16 

21 38 

10 40 

8 - 

- 13 

19 - 

16 - 

(31). Preliminary results with 108 evaluable patients with 
metastatic colorectal cancer were recently reported, indi- 
cating response rates of 31% and 35% for those patients 
receiving 5-FU or 5-FU and DDP respectively. The differ- 
ence in the response rates is not statistically significant and 
there is no difference in survival. The role of weekly 
low-dose DDP is also being evaluated in an ongoing phase 
111 study in the Eastern Cooperative Oncology Group 
(ECOG) (Protocol EST 2286). 

The role of low-dose DDP potentiation of 5-FU infu- 
sion is also being investigated in a MAOP phase I1 study 
in metastatic pancreatic cancer (32). Fifty-five patients 
received 5-FU infusion 300 mg/m2/day continuously for 70 
days followed by a 2-week rest. Weekly cisplatin 20 mg/m2 
was administered weeks 1 through 10. The combination 
was repeated every 12 weeks until documented disease 
progression occurred, or unless it was discontinued due to 
treatment-related toxicity. Two complete and 7 partial 
responses were seen in 55 patients for an overall response 
rate of 16%. Average duration of response was 82 days 
and median survival was 5.8 months. This does not appear 
to be substantially different for that which has been re- 
ported with 5-FU infusion alone, where a 19% response 
rate and a median survival of 24 weeks were observed (14). 

The 5-FU/DDP regimen is significantly more toxic than 
5-FU alone. In the MAOP study in pancreatic cancer 
patients lost an average of more than 3.5 kg of body 
weight while on treatment with significant fall in perfor- 
mance status in many patients (32). Overall, 24 of the 55 
patients (44%) experienced severe treatment-related toxic- 
ity at some time in their treatment course and 2 patients 
had severe life threatening toxicity. In a different study in 
18 patients with advanced cancers receiving 5-FU infusion 

and weekly low-dose DDP excessive toxicity was also 
encountered (33). Ten of the 18 patients (56%) developed 
multiple (4 or more) toxicities during treatment. In 10 
patients (56%) the toxicity was categorized as severe. 
Seventeen of these 18 patients (94%) required treatment 
interruption or dose attenuation due to toxicity and most 
patients experienced a decline in ECOG performance 
status due to treatment-related toxicity. Compared with 
historical toxicity patterns with 5-FU infusion alone 
(7, 13-15), the addition of DDP resulted in significant 
increases in nausea and vomiting, anorexia, diarrhea, 
stomatitis and myelosuppression (33). 

In view of the increase in toxicity when weekly low-dose 
DDP is added, phase I11 studies must clearly domonstrate 
improvement in response rates and hopefully survival com- 
pared with 5-FU infusion alone, before the combination 
can be recommended for routine use. 

Cisplatin and other drugs 

Three other studies utilizing 5-FU infusion, cisplatin and 
other drugs have been ongoing. In these studies, other 
active agents with non-overlapping toxicity profiles have 
been added to further improve results. A phase I1 study in 
metastatic colorectal cancer utilizing 5-FU infusion 250- 
300 mg/m2/day, DDP 20 mg/m2/weekly, and mitomycin-C 
(MTC) 15 mg/mz/monthly has been recently completed 
(34). Complete remission was attained in 2 of 21 patients 
(9%) and partial response in 6 of 21 patients (29%) for an 
overall objective response rate of 38%. Mean duration of 
response was 8.7 months (range 6-14) and median sur- 
vival from initiation of treatment for all patients was 10 
months (range 4-29). All patients experienced significant 
toxicity that required interruption of 5-FU infusion and 
subsequent dose reduction at some time in their treatment 
course. Significant thrombocytopenia and leukopenia were 
observed as well as azotemia, diarrhea and extreme fa- 
tigue. In view of the increased toxicity and the lack of 
apparent improvement in treatment results compared with 
historical data for 5-FU infusion alone, the 3-drug combi- 
nation is not recommended (34). 

Raschko et al. (35) have reported preliminary results 
from a phase I1 study investigating the combination of 
5-FU infusion 300 mg/m2/day, doxorubicin 30 mg/m2/day 
1, mitomycin-C 10 mg/m2/day 1, and cisplatin 20 mg/m2/ 
days 8, 22, 36 and 50 (22,36, 50) in 10 patients with 
metastatic gastric cancer. The regimen is repeated every 8 
weeks. Toxicity has consisted of nausea and vomiting, 
mucositis, diarrhea, hand-foot syndrome and myelosup- 
pression, but there have been no drug related deaths 
observed. Objective response has been observed in 4 of 10 
patients (40%). It is clear that such combinations will be 
substantially more toxic than 5-FU infusion alone. 
Whether response rates and survival are enhanced can only 
be established with larger trials and longer follow-up. 
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Leichman et al. (36) have reported the use of neo- 
adjuvant 5-FU infusion 200 mg/m2/day plus weekly bolus 
leucovorin 20 mg/mZ/IV and cisplatin 100 mg/m2/days I 
and 21 in 8 patients. Five of these patients were able to 
undergo surgical resection of their primary cancer after 
chemotherapy administration. Selected patients also re- 
ceived intraperitoneal DDP and FUDR. Thus far, this 
aggressive approach has been well tolerated without major 
complications. To date, no information about time to 
progression, response rates or survival is yet available from 
this preliminary report. 

LeucovoM 

Another major method of 5-FU modulation is with 
calcium leucovorin (CLV). Once intra-cellular 5-FU is 
incorporated into the substrate fluorodeoxyuridylate 
monophosphate (FdUMP) which combines in a ternary 
fashion with thymidylate synthase and $10-methylene- 
tetrahydrofolate. This appears to be the major inhibitory 
site of 5-FU. This ternary complex has enhanced and 
prolonged intracellular stability in the presence of extra 
intracellular folates, which can be achieved by the exoge- 
nous administration of CLV. During the last decade there 
has been considerable interest in the interactions between 
calcium leucovorin and 5-FU (37). This has been predom- 
inantly with 5-FU utilized as a bolus injection. However, a 
previous phase 1/11 study suggested the possibility of bio- 
chemical interaction between 5-FU infusion and methotrex- 
ate/leucovorin (38). Thirteen patients with colorectal cancer 
were treated with 5-FU by protracted infusion 300 mg/mZ/ 
day, bolus methotrexate (MTX) 200 mg/m2 every other 
week and oral leucovorin (CLV) 10 mg/m2 every 6 h for 4 
to 8 doses. This study was abandoned since excessive 
toxicity was observed in all patients. A significant increase 
in stomatitis, hand-foot syndrome and diarrhea suggested 
that potentiation of 5-FU activity did occur. However, it 
was not clear whether this potentiation was due to MTX, 
CLV or the combination. 

Since then 2 phase I studies have been conducted with 
5-FU infusion and CLV. Anderson et al. (39) have reported 
the results from a phase I study of 5-FU infusion with 
simultaneous infusion CLV. They concluded that the opti- 
mal dose of each drug was 5-FU 200 mg/mz/day and leu- 
covorin 5 mg/mz/day respectively. The dose rate limiting 
toxicity for this combination was stomatitis. Preliminary 
results of another phase I study utilizing 5-FU infusion and 
oral CLV have been reported (40). When 5-FU was admin- 
istered at a dose rate of 200-300mg/m2/day with CLV 
5 mg orally every 8 h, excessive toxicity was observed. In 
subsequent patients the dose of 5-FU was decreased to 
100mg/m2/day and the dose of CLV has been escalated. 
Sixteen additional patients have now been treated and CLV 
has been increased to 17.5 mg orally every 8 h. Dose-limit- 
ing toxicity has not yet been observed. 

Both of these phase I studies demonstrate that very low 
doses of CLV administered either intravenously or orally, 
will potentiate the effect of 5-FU infusion. Whereas it has 
been suggested by some authors that relatively high doses 
of CLV may be necessary to potentiate bolus 5-FU (37), it 
is clear that toxicity will preclude the use of relatively high 
doses of CLV, administered concomitantly with 5-FU in- 
fusion. Formal phase I1 and 111 studies will be necessary to 
evaluate the potential clinical utility of such combinations. 

Futore trials 

Future studies will investigate 5-FU infusion in combi- 
nation with other drugs in diseases where 5-FU has been 
previously shown to have clinical activity. In addition, 
methods to further potentiate or modulate the effect of 
5-FU infusion will be evaluated; biological therapies are of 
major interest. Based on preclinical data that suggest that 
alpha interferon may potentiate 5-FU, Wadler et al. (41) 
treated patients with colorectal cancer with alpha inter- 
feron and 5-FU administered as a 5-day infusion loading 
course followed by weekly bolus therapy. Objective re- 
sponse was seen in 13 of 17 previously untreated patients. 
Phase I1 and 111 trials will be necessary to further assess 
the effectiveness and toxicity of similar approaches with 
protracted 5-FU infusion. In addition, other biological 
therapies such as 11-2 with or without LAK therapy, tumor 
vaccines, and monoclonal antibodies may ail represent 
useful methods to further potentiate the effect of 5-FU 
infusion, in settings where it has already had demonstrated 
clinical utility. 

Corresponding author: Dr Richard M. Hansen, Division of 
Hematology/Oncology, P.O. Box 133, 8700 W. Wisconsin Av- 
enue, Milwaukee, WI 53226. USA. 

REFERENCES 
1 .  Lokich J, Bothe A, Fine N, Perri J. Phase I study of pro- 

tracted venous infusion of 5-fluorouracil. Cancer 1981; 48: 

2. Lokich J. Fine N, Pem J, Bothe A. Protracted ambulatory 
venous infusion of 5-fluorouracil. Am J Clin Oncol 1983; 6 

3. Caballero GA, Ausman RK, Quebbeman ET. Long term, 
ambulatory, continuous intravenous infusion of 5-fluorouracil 
for treatment of advanced adenocarcinomas. Cancer Treat 
Rep 1985; 6 9  13-5. 

4. Quebbeman E, Ausman R, Hansen R, et al. Long term 
ambulatory treatment of metastatic colorectal adenocar- 
cinoma by continuous intravenous infusion of 5-fluorouracil. 
J Surg Oncol 1985; 30: 60-5. 

5. Wade JL, Herbst S ,  Greenburg A. Prolonged venous infusion 
(PVI) of 5-fluorouracil (5-FU) for metastatic colon cancer. A 

6. Lokich J, Ahlgren J, Gullo J, Phillips J, Fryer J. A prospec- 
tive randomized comparison of continuous infusion fluoro- 
uracil with a conventional bolus schedule in metastatic 
colorectal carcinoma: A Mid-Atlantic Oncology Program 
study. J Clin Oncol 1989; 7: 425-32. 

2565-8. 

103-7. 

follow-up report. PrN ASCO 1988; 7: 94. 



10 R. hi. HANSEN 

7. Hansen R, Quebbeman E, Ausman R, et al. Continuous 
systemic 5-fluorouracil (5-FU) infusion in advanced colorectal 
cancer. Results in 91 patients. J Surg Oncol 1989; 40: 177-81. 

8. Benedetto P, Bogus M, Morillo G, Sfakianakis G. Chronic 
continuous infusion of 5-fluorouracil (CCI-FU) in previously 
untreated patients with measurable metastatic colorectal can- 
cer (Abstract 358). Proc ASCO 1986; 5: 92. 

9. Faintuch JS, Shepard KV, Gaynor E, OLaughlin K, 
Beshorner J, Levin B. Continuous infusion 5-FU-a dose 
escalating schedule (Abstract 363). Proc ASCO 1986; 5: 93. 

10. Reiter B, Schreibman S, Adler S, Starrett S. Treatment of 
colorectal cancer with SFU by infusion in a community 
oncology practice (Abstract 288). Proc ASCO 1987; 6 74. 

11. Belt RJ, Davidner ML, Myron MC, Barrett S. Continuous 
low-dose 5-fluorouracil (5-FU) for adenocarcinoma: Confir- 
mation of activity (Abstract C-349). Proc ASCO 1985; 4: 90. 

12. Leichman L, Leichman CG, Kinzie J, Weaver D, Evans L. 
Long-term low dose 5-fluorouracil (5-FU) in advanced mea- 
sureable colon cancer: No correlation between toxicity and 
efficacy (Abstract (C-333). Proc ASCO 1985; 4 86. 

13. Hansen R, Quebbeman E, Ritch P, et al. Continuous 5- 
fluorouracil (5-FU) infusion in refractory carcinoma of the 
breast. Breast Cancer Treat Res 1987; 10: 145-9. 

14. Hansen R, Quebbeman E, Ritch P, Chitambar C, Anderson 
T. Continuous 5-fluorouracil(5-FU) infusion in carcinoma of 
the pancreas: Am J Med Sci 1988; 295: 91-3. 

15. Moynihan T, Hansen R, Anderson T, et al. Continuous 
5-fluorouracil (5-FU) infusion in advanced gastric carcinoma. 
Am J Clin Oncol 1988; 11: 461. 

16. Huan S, Pazdur R, Singhakowinta A, et al. Low dose contin- 
uous infusion 5-fluorouracil. Evaluation in advanced breast 
carcinoma. Cancer 1989; 63: 419-22. 

17. Jabboury K, Holmes F, Hortobagyi G, et al. Fluorouracil 
rechallenge by protracted infusion in refractory breast cancer. 
Cancer 1989; 64: 793-7. 

18. Strauss G, Schwartz J, Nickerson J, Lokich J. Continuous 
infusion (CI) 5-fluorouracil (5-FU) with or without cisplatin 
as third-line therapy for metastatic breast cancer. Proc ASCO 
1988; 7: 39. 

19. Kuo S, Finck S, Cho J, et al. Continuous ambulatory infu- 
sional 5-fluorouracil (5-FU) chemotherapy in advanced col- 
orectal cancer: A single institutional retrospective study. Proc 
ASCO 1989; 8: 126. 

20. Hatfield AK, Johnson PA, Egner JR, Long C. Long term 
continuous 5-fluorouracil (5-FU) infusion in the treatment of 
far advanced metastatic breast carcinoma. PROC ASCO 
1989; 8: 35. 

21. Hatfield AK, Neuberg DS, B e m s  RF, Tormey D, Abeloff M. 
Clinical trial of continuous intravenous infusion (CTI) of 
5-FU or doxorubicin (DOX) in metastatic breast carcinoma: 
An Eastern Cooperative Oncology Group Study (ECOG). 
Proc ASCO 1989; 8: 35. 

22. Hansen R, Moynihan T, Beatty P, et al. Continuous systemic 
5-fluorouracil infusion in refractory prostate cancer. Urology 
(in press). 

23. Scanlon KJ, Nee Dels C, Lu Y, et al. Biochemical basis for 
cis-platinum and 5-fluorouracil synergism in human tumors 
(Abstract C-1156). Proc AACR 1986; 27: 291. 

24. Schabel FM, Trader MW, Laster WR, et al. Cis-dichlorodi- 
ammine platinum (11): Combination chemotherapy and cross 
resistance studies with tumors of mice. Cancer Treat Rep 
1979: 63: 1459- 73. 

25. Cantrell J, Hart R, Taylor R, Harvey J. Pilot trial of pro- 
longed continuous infusion (CI) 5-FU and weekly low dose 
cisplatin (DDP) in advanced colorectal carcinoma. Cancer 
Treat Rep 1987; 71: 615-8. 

26. Ahlgren J, Gray R, Rothschild N, Richardson C. Phase Il 
study of continuous infusion 5-fluorouracil (CIS-FU) plus 
weekly cisplatin (DDP) as second line therapy for advanced 
measurable colorectal adenocarcinoma (Abstract 323). Proc 
ASCO 1987; 6: 83. 

27. Redman BG, LoRusso P, Pazdur R. Cisplatin (c) and contin- 
uous low dose infusion 5-fluorouracil (CLDI-FU) in col- 
orectal cancer. Proc ASCO 1988; 7: 112. 

28. Canfield VA, Lyss AP. Cisplatin (DDP)/fluorouracil (5-FU) 
chemotherapy for metastatic colorectal cancer. Proc ASCO 
1988; 7: 103. 

29. Cohn J, Tester W, Desai A, et al. Continuous infusion (CI) 
5-FU and weekly low dose cisplatin (DDP) in metastatic (M) 
gastrointestinal (GI) malignancies. Proc ASCO 1988; 7: 115. 

30. Behrens BC, Sickle-Santanello B, Martin E. Protracted 
venous 5-fluorouracil infusion (PVI-SFU) and weekly cis- 
platin (CP) in metastatic colorectal cancer (CRC). Proc 
ASCO 1989; 8: 124. 

31. Lokich J, Cantrell J, Ahlgren J, Phillips J. A phase I1 trial of 
protracted infusional 5-FU (PIF) vs PIF plus weekly bolus 
cisplatin (CDDP) in advanced measurable colon cancer 
(MAOP protocol 5286) Proc ASCO 1989; 8: 104. 

32. Cantrell J, Lokich J, Smith F, Ahlgren J. A phase I1 study of 
continuous infusional 5-fluorouracil (5FU) and weekly low 
dose cisplatin (DDP) for advanced pancreatic adenocar- 
cinoma. Proc Am Soc Clin Oncol 1989; 8: 107. 

33. Jeske J, Hansen R, Libnoch J, Anderson T. 5-fluorouracil 
infusion and low dose weekly cisplatin. An analysis of in- 
creased toxicity. Am J Clin Oncol (in press). 

34. Hansen R, Quebbeman E, Beatty P, Ritch P, Anderson T. 
Continuous 5-fluorouracil infusion, cisplatin and mitomycin- 
C in metastatic colorectal cancer. Cancer Ther Contr (in 
press). 

35. Raschko J, Gray R, Rothschild N, et al. Continuous infusion 
5-fluorouracil, adriamycin, mitomycin and cisplatin (FAMP) 
for metastatic gastric carcinoma. Proc Am Soc Clin Oncol 
1988; 7: 116. 

36. Leichman L, Siberman H, Leichman C, et al. Preoperative 
(preop) IV chemotherapy (chemo Tx) and postoperative 
(postop) intraperitoneal (IP) chemo Tx for gastric adenocar- 
cinoma (GA): A USC pilot program. Proc Am Soc Clin 
Oncol 1989; 8: 128. 

37. Arbuck SG. 5-FU Leucovorin: Biochemical modulation that 
works? Oncology 1987; 1: 61-71. 

38. Hansen RM, Quebbeman El, Ritch PS, Frick J, Anderson T. 
Continuous 5-fluorouracil infusion and pulse methotrexate/ 
leucovorin for colorectal adenocarcinoma. A report of exces- 
sive toxicity. Am J Clin Oncol 1987; 1 0  216-8. 

39. Anderson N, Lokich J, Bern M, et al. A phase I clinical trial 
of combined fluoropyrimidines with leucovorin in a 14-day 
infusion. Cancer 1989; 63: 233-7. 

40. Hansen R, Quebbeman E, Dubner H, Frick J, Anderson T. 
Continuous 5-fluorouracil (5-FU) infusion and oral calcium 
leucovorin (CLV): A phase I trial. Proc ASCO 1989; 8: 115. 

41. Wadler S, Schwartz EL, Goldman M, et al. Fluorouracil and 
recombinant alfa-%-interferon: An active regimen against 
advanced colorectal carcinoma. J Clin Oncol 1989; 7: 1769- 
75. 


