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Abstract. In a previous phase I study we identified the 
maximally tolerated dose (MTD) of a continuous in- 
travenous infusion of fluorodeoxyuridine (FUdR) to be 0.3 
mg/kg daily for 5 days when combined with oral leu- 
covorin (LV) given at 100 mg q4h. In an attempt to modu- 
late FUdR further, we added escalating doses of interferon 
alpha-2b (IFN) to FUdR/LV in a phase I cohort study. A 
total of 36 patients with refractory solid tumors were 
treated at two dose levels of FUdR and five dose levels of 
IFN. Although the initial patient cohort was treated with a 
dose of FUdR lower than that previously identified as the 
MTD [FUdR at 0.2 mg/kg daily with LV at 100 mg q4h 
and IFN at 2 million units (MU)/m 2 daily], three of six 
patients developed grade 3 mucositis, indicating that the 
toxicity of FUdR/LV was increased in the presence of low 
doses of IFN. After decreasing the FUdR dose to 0.1 mg/kg 
daily, we could increase the dose of IFN from 2 to 30 
MU/m2 daily in five additional cohorts of patients. With 
increasing IFN doses, no increase in mucositis or der- 
matitis was observed, indicating no further potentiation of 
FUdR/LV toxicity with higher IFN doses. However, 
known toxicities of IFN, including transient myelosuppres- 
sion and hepatic transaminase elevation, were observed 
more frequently at IFN doses of 15 and 30 MU/m 2 daily, 
where they became dose-limiting. We conclude that IFN 
modulates FUdlL/LV at low doses, resulting in increased 
FUdR toxicity. When the dose of IFN is increased, this 
FUdR/LV toxicity does not appear to be potentiated further 
and IFN-related toxicities become dose-limiting. 
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Introduction 

Modulation of fluorouracil (5-FU) with leucovorin (LV) 
has been shown to result in increased cytotoxicity in vitro 
due to stabilization of the binding of the 5-FU metabolite 
5-fluorodeoxyuridine monophosphate (5-FdUMP) to its 
target enzyme thymidylate synthase (TS) in the presence of 
LV [17, 21, 33]. Clinically, increased response rates have 
been demonstrated in patients with advanced colorectal 
cancer for the combination of 5-FU/LV as compared with 
5-FU alone, although no consistent improvement in overall 
survival has been demonstrated [1, 9, 11, 28, 30, 31]. In 
addition, encouraging pilot data have been reported for 
other types of solid tumors, including head and neck cancer 
[40, 41, 4345] .  Interferon has also been shown to augment 
the cytotoxicity of 5-FU in vitro [2, 5, 10, 18, 34, 46, 47, 
50]. Clinically, high response rates for 5-FU and interferon 
have been demonstrated in patients with colorectal cancer 
[20, 29, 48, 49, 51, 52]; randomized studies comparing 
5-FU/interferon with 5-FU alone have not yet been 
completed. 

The mechanisms of interaction between 5-FU and IFN 
have not yet been conclusively identified. Increased intra- 
cellular TS concentrations following exposure to 5-FU 
have been shown to be a possible mechanism of 5-FU 
resistance [19]. Interferon may prevent the increase in TS 
concentrations, thereby resulting in increased 5-FU cyto- 
toxicity. This has been demonstrated in the laboratory set- 
ring for interferon-gamma [5]. Increased intracellular con- 
version of 5-FU to 5-FdUMP has also been described [35]. 
Finally, alterations in 5-FU pharmacokinetics have been 
demonstrated in several studies [7, 14, 15, 26, 27, 45, 53]. 

5-FU can be either sequentially phosphorylated and in- 
corporated into cellular RNA or metabolized to 
fluorodeoxyuridine (FUdR) and 5-FdUMP. Biochemical 
modulation of 5-FU by LV affects the latter pathway. 
Although the mechanisms of interaction between inter- 
feron and 5-FU remain to be clearly established, it is possi- 
ble that they too are focused on the TS pathway [3]. FUdR 
represents a metabolite of 5-FU on this pathway. There- 
fore, it may be a more suitable target for biochemical 
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modula t ion  with L V  and/or  interferon than is 5 -FU [25, 39, 
42]. The  choice of  oral  L V  was based  on previous  studies 
in head and neck  cancer  that demons t ra ted  a favorable  ratio 
of  p l a sma  concentra t ions  of  the pharmaco log ica l ly  act ive 
L -LV s tereoisomer  and its major  metabol i te  5-methyl -  
te t rahydrofola te  to the inact ive D - L V  s tereoisomer  fo l low-  
ing oral  adminis t ra t ion of  D/L- leucovor in  [40, 41]. This is 
felt  to be due to s tereoselect ive  absorpt ion  of  the L - L V  
isomer  during adminis t ra t ion of  the racemic  oral  formula-  
t ion o f  LV. D - L V  has been shown to b ind  to TS and, thus, 
might  impai r  the abi l i ty  of  the pha rmaco log ica l ly  active 
L -LV and its metabol i tes  to b ind  to TS [24]. In a previous  
phase I study, we combined  h igh-dose  oral  L V  with a 
5-day cont inuous infusion of  F U d R  [41]. In  that study, we 
ident i f ied  F U d R  given at 0.3 mg/kg  dai ly  for 5 days  with 
100 mg L V  given ora l ly  q4h during the entire durat ion of  
the infusion as r e c o m m e n d e d  doses for phase  II testing. 
Mucosi t i s  was the dose- l imi t ing  toxici ty.  Other  toxici t ies  
inc luded skin rash and hand-foot  syndrome;  no hemato log-  
ic toxic i ty  was observed.  

W e  now repor t  the results  o f  a s tudy testing the feasi-  
bi l i ty  of  adding interferon a lpha-2B (IFN) in escala t ing 
doses to this F U d R / L V  regimen.  W e  were  par t icular ly  
interested in poss ib le  interact ions at the h igh-dose  range of  
IFN with F U d R  and LV. Our  objec t ives  were  to def ine the 
max ima l ly  to lera ted dose  (MTD)  of  IFN given with a 
5-day cont inuous infusion o f  F U d R  and oral  LV,  to def ine 
the pat tern of  toxici t ies  observed  for this regimen,  and to 
establ ish whether  the cl inical  effects of  F U d R  modula t ion  
with IFN are IFN-dose-dependen t .  

Patients and methods 

This study opened in March of 1990 and was closed to patient accrual in 
May of 1991. To be eligible, patients had to have histologic or cytologic 
documentation of neoplastic disease that was refractory to standard ther- 
apy or for which no standard therapy existed, a performance status of 0-2 
according to Cancer and Leukemia Group B (CALGB) criteria, and a life 
expectancy of >_ 8 weeks. Required entry criteria included a total white 
blood cell count of _>3,500/gl, a platelet count of _> 100,000/gl, total 
serum bilirubin levels of <1.6 mg/dl, SGOT and SGPT levels of <_3 
times the upper normal value, and a serum creatinine value of <_ 1.5 
mg/dl. There was no limitation on prior therapy. The extent of measur- 
able disease was documented when present, but measurable disease was 
not a requirement for entry into this study. Written informed consent was 
obtained from all patients. 

Treatment plan. Chemotherapy consisted of FUdR given as a continuous 
intravenous infusion over 5 days. Since we anticipated that the toxicity of 
FUdR/LV would be increased in the presence of IFN, we initiated this 
study at an FUdR dose of 0.2 instead of 0.3 mg/kg daily, the previously 
defined MTD for FUdR/LV without IFN. This dose was decreased to 0.1 
mg/kg daily for dose levels 2-6 following the occurrence of dose-limit- 
ing toxicity at the first dose level. Racemic D/L-LV (Burroughs-Well- 
come) was given orally at 100 mg q4h starting at 4 h prior to the FUdR 
infusion and continuing until 1 day after the end of the infusion. IFN was 
injected subcutaneously q24h for a total of six doses; the first dose was 
given at 4 h prior to the beginning of the FUdR infusion. IFN doses of 2, 
4, 8, 15, and 30 million units (MU)/m 2 were evaluated. Cycles were 
repeated every 21 days until documentation of progressive disease or 
unacceptable toxicity. Antiemetics were given at the discretion of the 
treating physician. Placement of a venous access device was recom- 
mended. Toxicities were assessed at least once weekly and were graded 
according to National Cancer Institute Common Toxicity Criteria. 

Dose escalation. The dose of IFN was escalated after a minimum of three 
patients had been evaluated during the first cycle of therapy (2l days) at 
a given dose level. If toxicity exceeding grade 2 was observed in one of 
three patients, up to six patients were treated at that dose level until 
_> 50% of the patients (a maximum of three) developed at least grade 3 
toxicity. The IFN dose was not escalated in individual patients. Excluded 
as dose-limiting toxicities were nausea and vomiting, grade 3 or 4 ueutro- 
penia resolving to grade 2 or less by day 10 of a cycle and not compli- 
cated by a neutropenic fever, and grade 3 or 4 hepatic transaminase 
elevation resolving to grade 2 or less within 7 days and not resulting in 
symptoms. The latter has previously been described as being rapidly 
reversible on the withdrawal of interferon and unassociated with 
functional sequelae [22]] Patients who experienced dose-limiting therapy 
but had stable disease or showed a response could continue on the 
protocol and were given reduced doses during subsequent cycles. 

Response evaluation. Response evaluation was performed after the com- 
pletion of the first two cycles and then every two cycles thereafter. A 
complete response was defined as the complete disappearance of all 
detectable tumor for at least 28 consecutive days. A partial response was 
defined as a reduction of at least 50% in the product of the longest 
perpendicular diameters of the most easily measurable or largest tumor 
mass (indicator lesion) in the absence of both the growth of other existing 
lesions and the appearance of new lesions for at least 28 days. Stable 
disease (SD) was defined by the same criteria, except that an increase of 
<25% or a decrease of <50% in the size of the indicator lesion was 
required. Disease progression was defined as an increase of _> 25% in the 
product of the perpendicular diameters of the indicator lesion or the 
appearance of new metastatic lesions. 

Results 

A total of  36 patients were  t reated in this study. The 
pat ients '  pre t rea tment  character is t ics  are out l ined in Table  
1. One addi t ional  pat ient  was regis tered  but  taken off  
study, having rece ived  less than 2 days  of  chemotherapy ,  
after it was d iscovered  that her  central  venous access cathe- 
ter had penet ra ted  into the medias t inum.  This pat ient  was 
not  included in the analysis .  The  median  age of  the 36 
evaluable  pat ients  was 59 (range, 27-76)  years.  In all, 11 
patients had a per formance  status of  1 and 17 had a per-  
formance  status of  2. Thir teen pat ients  had renal-cel l  carci-  
noma,  and 7 had colorectal  carc inoma.  Prior  therapy in- 
c luded chemotherapy  in 17 patients and b io logica l  re- 
sponse modif ie rs  in 7 patients.  

Toxicity 

Patients were  treated at six dose levels.  Al l  patients were 
assessed for toxic i ty  (Table  2). The first dose  level  con- 
sisted of  0.2 mg/kg  dai ly  of  F U d R  with LV and 2 M U / m  2 
dai ly  of  IFN. At  this dose,  three o f  six pat ients  deve loped  
dose- l imi t ing  mucosi t is  despi te  a decrease  in the F U d R  
dose f rom 0.3 mg/kg  dai ly  as def ined in our previous  study 
o f  F U d R / L V  without  IFN.  Therefore,  the dose of  F U d R  
was decreased  to 0.1 mg/kg  dai ly  for all subsequent  dose  
levels.  IFN doses were  escala ted  f rom 2, 4, 8, and 15 
M U / m  2 dai ly  to a m a x i m u m  of  30 M U / m  2 dai ly.  Doses  o f  
2 -8  MU/m2 dai ly  were  tolerated without  major  toxic 
events.  A t  dai ly  doses of  15 and 30 M U / m  2 IFN,  severe or 
l i fe- threatening mye losuppress ion  and e levat ion  of  hepat ic  
t ransaminases  were  consis tent ly  observed.  Mye losuppres -  
sion occurred during chemotherapy  adminis t ra t ion,  was of  



Table 1. Pretreatment characteristics of 36 evaluable patients a 

Patients entered 36 

Sex: 
M 19 
F 17 

Age (years): 
Median 59 
Range 27-76 

Performance status: 
0 8 
1 11 
2 17 

Primary malignancy: 
Renal-cell carcinoma 13 
Colorectal carcinoma 8 
Ovarian cancer 3 
Breast cancer 2 
Small-bowel cancer 2 
Esophageal cancer 1 
Gastric cancer 1 
Non-small-cell lung cancer 1 
Sarcoma 1 
Islet-cell carcinoma 1 
Esthesioneuroblastoma 1 
Unknown primary, adenocarcinoma 1 
Cervical cancer 1 

Prior therapy: 
Surgery 24 
Radiotherapy 9 
Chemotherapy 17 
Biologicals 7 
Hormones 3 
High-dose chemotherapy 1 

Number of prior therapies: 
None 3 
-1 15 
>1 18 

a One patient who received less than 2 days of therapy is not included 

Table 2. Toxicities, cycle 1 a 
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short  durat ion in all patients,  and was not  dose- l imi t ing  as 
def ined  in the protocol .  In part icular ,  no neut ropenic  infec- 
t ion was observed.  Similar ly ,  t ransaminase  e levat ion  was 
of  short  durat ion and was not  a dose- l imi t ing  event.  Inter- 
est ingly,  FUdR- re l a t ed  toxici t ies  of  mucosi t is ,  dermati t is ,  
or d iarrhea were  not  found to increase  in severi ty  with 
escala t ing doses  of  IFN. This sugges ted  that any interac- 
t ion of  IFN with F U d R / L V  was not  IFN-dose -dependen t  
and that h igher  IFN doses mere ly  resul ted in increased  
toxici t ies  usual ly  at t r ibuted to IFN as a single agent.  There-  
fore, esca la t ion  of  the IFN dose  beyond  level  6 was not  
at tempted.  

Other  toxici t ies  inc luded repeated  episodes  o f  confus ion 
during IFN-re la ted  febri le  episodes  in one pat ient  (dose 
level  3) and acute pu lmonary  edema  in another  patient,  
which started within 4 h o f  the F U d R  infusion and was felt  
to be poss ib ly  re la ted to the chemothe rapy  (dose level  4). 
Another  pat ient  deve loped  severe  dyspnea  and pu lmonary  
edema  whi le  rece iv ing  his fourth cyc le  o f  chemotherapy  
(level  6); an echoca rd iogram demonst ra ted  a ca rd iomy-  
opathy.  This toxic i ty  was also felt  to be poss ib ly  re la ted to 
the therapy.  Headaches  were  observed  in one pat ient  ( level  
5), and four patients t reated on dose level  6 were noted to 
have grade 3 or 4 anorexia.  

Response 

Four  patients were  not  eva lua ted  for response.  Three  of  
these refused further therapy fo l lowing  cycle  1; one pat ient  
deve loped  acute pu lmonary  edema  while  rece iv ing  her first  
cyc le  on level  4 and was not  retreated.  No part ia l  or 
comple te  response  was observed  in the remain ing  patients.  
In all, 12 patients had stable d isease  fo l lowing cycle  2; 11 
of  these cont inued therapy until  d isease  progress ion  for a 
m a x i m u m  of  8 cycles  (median,  4), inc luding 6 patients 

WBC Pits Mucositis Skin Hepatic Diarrhea Fever 
Grade Grade Grade Grade Grade Grade Grade 

0 1,2 3 4 0 1,2 0 1,2 3 0 1,2 3 0 1,2 3 4 0-1 2 3 0-1 2 3 Other 

Levell, n = 6  6 0 0 0 1 5 0 3 3 3 2 1 5 1 0 0 3 3 0 0 6 0 
FUdR: 0.2/IFN: 2 b 

Level 2, n = 6  5 1 0 0 6 0 3 2 1 6 0 0 2 3 0 0 5 1 0 0 6 0 
FUdR: 0.1/IFN: 2 b 

Level 3, n = 6  2 3 1 0 5 1 1 3 2 4 1 1 3 3 0 0 4 2 0 0 5 1 Confusion 
FUdR: 0.1/IFN: 4 b (grade 2) 

Level 4, n=6  2 3 0 0 4 1 1 4 0 3 2 0 2 2 0 0 4 0 1 0 4 0 Pulmonary 
FUdR: 0.1/IFN: 8 b edemac 

Level 5, n=6  1 3 2 0 3 3 1 3 2 5 1 0 2 1 2 1 4 1 1 0 6 0 Cardiomyopathy 
FUdR: 0.1/IFN: 15 b headache 

Level 6, n=6  0 2 3 1 1 5 2 3 1 5 1 0 2 1 2 1 2 4 0 0 6 0 Anorexia 
FUdR: 0.1/IFN: 30 b grade 3:3 patients 

grade 4:1 patient 

Pits, Platelets 
a Maximal toxicities seen during cycle 1 in 36 patients. Hepatic enzymes were unavailable from 1 patient each on levels 2 and 4 
b FUdR dose in mg/m 2 daily; IFN dose in MU/m 2 daily 
c Other toxicities in this patient were not evaluable due to early discontinuation of the therapy 
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with renal-cell carcinoma, 2 patients with colorectal 
cancer, and 1 patient each with ovarian cancer, gastric 
cancer, non-small-cell lung cancer, and esthesioneuroblas- 
toma. A total of 20 patients developed progressive disease. 

Discussion 

This study was designed to define the MTD of IFN when 
added to a previously tested combination of FUdR and LV 
[41]. A low dose of IFN (2 MU/m 2 daily) appeared to 
result in increased FUdR toxicity as compared with our 
previous study. When the FUdR dose was decreased to 0.1 
mg/kg daily, corresponding to one-third of the previous 
MTD without IFN, escalation of the IFN dose to 30 
MU/m 2 daily was feasible. At high doses of  IFN, toxicities 
included severe but transient neutropenia and hepatic 
transaminase elevation, which were attributed to IFN and 
were not dose-limiting [4, 16, 22, 23, 32, 36]. Interest- 
ingly, a further potentiation of FUdR-related toxicities was 
not observed. 

These data suggest that the interaction between 
FUdR/LV and IFN occurs at low IFN doses and does not 
increase further at higher IFN doses when an FUdR dose of 
0.1 mg/kg daily is used. This statement is specific for 
FUdR and is based on clinical findings only, since no 
pharmacologic analysis was performed in this study. Grem 
et al. [14, 15] and Yee et al. [53] have published different 
findings regarding the interaction of 5-FU with interferon 
alpha-2a. These investigators demonstrated an interferon- 
dose-dependent decrease in 5-FU clearance [14], which 
appeared to be due to decreased catabolism of the drug 
[53]. If  our data are confirmed by pharmacology studies, 
low doses of IFN might be sufficient to modulate FUdR 
cytotoxicity in the clinical setting. The use of IFN at high 
doses would then be useful only in clinical situations in 
which single-agent dose-dependent activity of IFN is de- 
sired. This may apply to patients with malignant melanoma 
or renal-cell carcinoma. In this context, it is disappointing 
that none of the 13 patients with renal-cell carcinoma re- 
sponded; only 1 of them had received prior treatment with 
FUdR and LV and 5 had received biological response 
modifiers, including 3 who had been given interferon. Sim- 
ilarly, a phase II study of this combination at the MTD in 
patients with advanced renal-cell carcinoma failed to iden- 
tify any responders [38]. In the more common setting, in 
which IFN is used as a modulator of fluoropyrimidine 
activity, its use at a low dose appears to result in clinical 
effects similar to those observed at higher doses while 
resulting in fewer IFN-related toxicities. In that setting, it 
may be possible to use an FUdR dose higher than those 
explored on levels 2-6 in the present study (e.g, 0.15 
mg/m 2 daily). 

The toxicities seen in this study at high IFN doses 
corresponded to those previously described elsewhere [4, 
16, 22, 23, 32, 36]. We also observed cardiopulmonary 
toxicity in three patients. Ischemic heart disease, conges- 
tive heart failure, cardiac arrhythmia, and cardiomyopathy 
have been reported following the use of  IFN [6, 8, 37]. In 
addition, cardiotoxicity has been associated with 5-FU [12, 
13], although we are not aware of such reports for FUdR. 

Therefore, it may be prudent to consider cardiac toxicity as 
a possible explanation for the cardiopulmonary symptoms 
that develop in patients receiving combinations including a 
fluoropyrimidine and interferon. 

In summary, we find that IFN enhances FUdR toxicity 
at low doses (2 MU/m 2 daily). FUdR modulation is not 
IFN-dose-dependent within the IFN dose spectrum tested 
in this study (2-30 MU/m 2 daily at low doses of FUdR). 
Mucositis and dermatitis are dose-limiting FUdR-related 
toxicities, whereas myelosuppression and hepatic trans- 
aminase elevation are severe IFN-related toxicities. The 
recommended phase II doses are FUdR given at 0.1 mg/kg 
daily • 5 as a continuous intravenous infusion, LV given 
p.o. at 100 mg q4h x 36 doses, and IFN given at 30 x 106 
units/m 2 x 6 doses where high doses of  IFN appear to be 
useful. In all other clinical situations, low doses of IFN 
may result in a similar modulatory effect. 

Acknowledgements. We wish to thank Susan Jarman for preparation of 
the manuscript. 
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