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Abstract. In this phase I study, we added escalating doses 
of interferon-alpha2A (IFN) to cisplatin and twice-daily 
radiotherapy based on the following rationale. Radiation 
enhancement has been shown for both interferon and cis- 
platin; in addition, potentiation of the cytotoxic activity of 
cisplatin by interferon has been demonstrated. A total 
of 48 patients with advanced solid tumors were treated 
with radiotherapy in 2 daily fractions of 125 cGy plus 
cisplatin at 8 - 10 mg/m2 per day delivered on 3 different 
schedules (continuous infusion, daily short-term infusion, 
and single short-term infusion of 50 mg/m2). IFN was 
injected s.c. 2 h preceding the first daily fraction of radia- 
tion. IFN doses ranged from 0 to 5.0 x 106 U/m 2 per day. 
All therapy was given over 5 days of every other week until 
completion of the radiotherapy. Treatment at all dose 
levels was well tolerated during cycles 1 and 2, with no 
instance of acute grade 3 or 4 toxicity being noted. How- 
ever, cumulative myelosuppression in patients receiving 
more than two treatment cycles was seen at all dose levels 
and was attributed to the repeated administration of cispla- 
tin. Alteration of the cisplatin schedule did not allow for 
further dose escalation of cisplatin. Our recommended 
doses are cisplatin given at 8 mg/m2 per day as a continu- 
ous infusion with IFN at 5.0 x 106 U/m 2 per day. Among 
24 patients with non-small-cell lung cancer, 2 had a 
complete response, 9 had a partial response, and 7 had 
stable disease. We conclude that this concomitant cispla- 
tin-IFN-radiotherapy regimen is feasible. Activity was 
seen in non-small-cell lung cancer, and further studies of 
this regimen in that disease appear indicated. 

Correspondence to: Everett E. Vokes, M.D., Associate Professor of 
Medicine and Radiation Oncology, University of Chicago, 5841 S. Mary- 
land Avenue, MC-2115, Chicago, IL 60637-1470, USA 

Introduction 

For many patients with locoregionally advanced solid 
tumors, current standard therapy consists of surgery and/or 
radiotherapy. To increase locoregional and distant control 
rates and, thus, improve survival, the use of concomitant 
chemoradiotherapy is increasingly under clinical inves- 
tigation [12, 41, 43, 45, 46]. Randomized studies compar- 
ing standard radiotherapy with concomitant chemoradio- 
therapy have demonstrated improved disease-free and/or 
overall survival in a number of solid tumor types, including 
carcinoma of the cervix [20], esophagus [15], lung [35], 
and head and neck [11, 28, 31, 47, 51]. 

A number of cytotoxic drugs have been used in this 
setting, including cisplatin, carboplatin, bleomycin, mito- 
mycin C, and the antimetabolites 5-fluorouracil (5-FU) and 
hydroxyurea [12, 41, 43, 45, 46]. Cisplatin, in particular, 
has been frequently investigated. This interest in cisplatin 
is due to its known activity as a single agent in many solid 
tumors and its radiation-enhancing potential. Radiation en- 
hancement by cisplatin has been postulated to occur 
through inhibition of repair of sublethal radiation damage 
and the killing of hypoxic cells by cisplatin that are less 
responsive to radiation [2, 21, 22, 27, 36, 39, 40, 52]. 
Although no clear schedule of administration has been 
demonstrated to result in maximal single-agent activity, it 
has been suggested that cisplatin may be more active when 
given as a continuous i.v. infusion [4@ Regarding its 
interaction with radiation, animal studies suggest that its 
administration in divided dally doses prior to radiotherapy 
may allow for maximal radiation enhancement as com- 
pared with large single doses [21, 22, 27, 39]. 

More recently, biological response modifiers, including 
interferon, have been investigated as radiation enhancers 
[8]. In vitro radiosensitization by interferon has been re- 
ported for several cell lines, including non-small-cell and 
small-cell lung cancer cells [10, 13, 18, 23, 25, 29, 32]. The 
exact mechanisms by which radiosensitization with inter- 
feron occurs remain to be established. Chang and Keng [6] 
demonstrated increased blockage of hypernephroma cells 
at the G2-M junction of the cell cycle 24 h after interferon 
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Cisplatin *mg/m~day 
as continuous infusion 

I 

Interferon Alpha-2A* X X X X X 

Radiatherapy XX XX X• XX 
125 cGy BID 

XX 

Day 1 2 3 4 5 

repeated every other week until completion of radiotherapy 

*Dose escalat ion 

Level I:  CDDP: lOmg/m2/day CVI, no IFN 

Level 2: CDDP: 8mg/m2/day CVI, no IFN 

Level 3: CDDP: 8mg/m2/day CVI, IFN: 0.5 MU/m2/day 

Level 4: CDDP: 8mg/m2/day CVI, IFN: 1.0 MU/m2/day 

Level 5: CDDP: 8mg/m2/day CVI, IFN: 2.0 MU/m~/day 

Level 6: CDDP: 8mg/m2/day CVI, IFN: 3.0 MU/m~/day 

Level 7: CDDP: 8mg/mZ/day CVI, IFN: 4.0 MU/m2/day 

Level 8: CDDP: 8mg/m2/day CVI, IFN: 5.0 MU/m2/day 

Level 9: CDDP: 10mg/m2/day (30 rain); IFN: 5.0 MU/m~/day 

Level I0: CDDP: 50mg/m2/day i (30 min); IFN: 5.0 MU/m2/day 

Fig, 1. RegJa~en. (Levels 1-8). The daily dose of IFN preceded the first 
daily fraction of radiotherapy by 2 h. The IFN dose was escalated after 
3-6 patients had been observed for at least 2 cycles of therapy at a given 
dose level. When grade 3 toxicity was observed ha 1 of 3 patients, a total 
of 6 patients were treated at that dose level. CVI, continuous i.v. infusion; 
CDDP, cisplatin; IFN, interferon alpha-2A 

treatment; cells in that phase of the cell cycle have been 
shown to be more radiation-sensitive. 

Recent attention has also focused on the use of inter- 
feron in combination with cytotoxic drugs [50]. In particu- 
lar, its interaction with 5-FU has been studied [49]. Pre- 
clinical data also support the combined use of interferon 
with cisplatin. Carmichael et al. [5] applied weekly doses 
of cisplatin with human lyrnphoblastoid interferon to three 
human non-small-cell cancer xenografts and found a sig- 
nificant potentiation of the cytotoxic activity of cisplatin. 
Sklarin et al. [37] also observed increased cytotoxicity 
after adding interferon to cisplatin in a malignant me- 
sothelioma xenograft. In addition, some clinical studies 
have suggested increased activity when cisplatin is com- 
bined with interferon [1, 4, 33, 34]. 

On the basis of these data, we designed a phase I study 
testing the concomitant administration of continuous-in- 
fusion cisplatin with escalating daily doses of interferon 
alpha-2A (IFN) and twice-daily radiotherapy in a cohort of 
patients undergoing palliative radiotherapy. The twice- 
daily radiotherapy schedule was chosen because of the 
increased antitumor activity suggested in randomized clin- 
ical studies [ 19]. A protracted chemoradiotherapy schedule 
involving administration of this therapy every other week 
was chosen to allow for recovery from toxicities following 
each cycle of therapy and for the subsequent integration of 
this regimen with other chemoradiotherapy combinations 
in a curative-intent treatment setting. 

Patients and methods 

All patients entered on this study were treated at two participating insti- 
tutions (University of Chicago Hospitals and Michael Reese Hospital). 
The objectives of this study were to define the maximal tolerated dose 
(MTD) of daily IFN given s.c. with continuous-infusion cisplatin and 
concomitant hyperfractionated radiotherapy every other week and to 
define the pattern of toxicities observed. 

Patient eligibility. Patient eligibility was determined by a team composed 
of a radiation oncologist and a medical oncologist. Histologic or cyto- 
logic documentation of neoplastic disease and predominance of disease 
in a site amenable to palliative-intent radiotherapy was also required. 
Measurable disease was carefully recorded prior to the initiation of 
protocol therapy but was not an absolute requirement. Additional eligi- 
bility criteria included a p~tient performance status of 0 - 2 (Cancer and 
Leukemia Group B), a plateiet count of _> 100,000/Fti, and an initial 24-h 
creatinine clearance of ->50 ml/min. There was no limitation on prior 
radiation therapy or chemotherapy. Patients who had received prior ther- 
apy with interferon and patients with brain metastases were ineligible for 
this study. Written informed consent was obtained from all patients prior 
to the initiation of protocol therapy. 

Treatment schema. Patients were hydrated i.v. with 500 ml normal saline 
(NS) over 3 h prior to the initiation of chemotherapy (Fig. I). A continu- 
ous i.v. infusion of cisplatin was begun on the evening prior to day 1 
(usually Sunday) at 10 mg/m 2 per day for 5 consecutive days. One-half of 
the daily dose was given in 1000 cc of DsNS over 12 h for a total of ten 
doses. IFN was given s.c. on days 1 - 5 preceding the first daily fraction 
of radiotherapy by 2 h. Radiotherapy was delivered in two daily fractions 
of 125 cGy separated by at least 6 h on days 1 - 5  (Monday through 
Friday). Following completion of the eisplatin infusion, 500 ml of NS 
with 20 mEq KC1 were given over 2 h, followed by 500 ml DsW with 4 g 
of MgSO4 over 2 h. No therapy was given on days 7 - 14. Following dose 
level 1, the dally dose of cisplatin was decreased to 8 mg/m 2 per day after 
dose-limiting cmlaulative toxicity had been observed. 

Due to the phase I nature of the study, radiotherapy was variable. All 
patients were simulated prior to treatment and treatment was delivered 
with a linear accelerator (>6 MV). However, treatment volumes were 
highly variable and individualized for each patient. Typical radiation 
fields encompassed gross disease and included a 2-cm margin. In patients 
with non-small-cell lung cancer, typical fields included the primary 
lesion along with the hilar and mediastinal lymph nodes. An AP/PA field 
arrangement was most commonly used. All fields were treated each day. 
An oblique field arrangement was employed to boost areas of gross 
disease in patients receiving >40 Gy and in those who had undergone 
prior radiation therapy so as to keep the spinal cord dose within tolerance. 

IFN dose escalation proceeded from 0 (level 1) to 5 • 106 U/m 2 per 
day. Further dose escalation of IFN was not attempted in view of its 
known myelosuppressive and hepatotoxic effects at higher doses. Two 
alternative schedules of cisplatin were also tested with the highest doses 
of IFN in the final portion of this study. These cisplatin schedules 
consisted of 10 mg/m z per day given in 200 ml of NS over 30 rain on 5 
consecutive days, preceding the first fraction of daily radiotherapy by 1 h 
(dose level 9); and 50 mg/m 2 given on day 2 of each cycle in 250 cc of 
NS over 30 rain (level 10). In this setting, cisplatin was infused after 
delivery of the second dose of radiotherapy on day 1 of each cycle. 

The dose of IFN was escalated after three to six patients had been 
evaluated at a given dose level. If grade 3 toxicity during cycles 1 o r2  
(Common Toxicity Criteria, National Cancer Institute) was observed in 
one patient, a total of six patients were treated at that dose level. Dose 
escalation continued until -->50% of the patients (a maximum of three 
patients) treated on a given dose level developed acute grade 3 toxicity. 
Dose escalation was to be stopped if any patient developed grade 4 
toxicity. Antiemetics were given at the discretion of the attending physi- 
cian. The introduction of a double-lumen venous access device (e.g., 
Port-a-cath) prior to the initiation of therapy was recommended; 

Patients who experienced grade 3 or 4 toxicity could continue therapy 
on protocol; however, their doses of IFN and cisplatin were reduced in 
subsequent cycles. Patients who experienced grade 3 toxicity (except 
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Table 1. Patients' characteristics 

Number of patients 48 

Sex: 
M 30 
F 18 

Age (years): 
Median 63 
Range 24-78 

Performance status: 
0 2 
1 17 
2 28 
Unknown 1 

Prior therapy: 
None 19 
Surgery 22 
Radiotherapy 7 
Chemotherapy 13 
Hormonal therapy 1 

Primary tumor site: 
Non-small-cell lung 24 
Small-cell lung 1 
Breast 3 
Esophageal 3 
Colorectal 5 
Melanoma 1 
Head and neck 4 
Parotid gland 2 
Gallbladder 1 
Mesothelioma 1 
Appendix 1 
Pancreas 1 
Adenocarcinoma, unknown primary 1 

renal toxicity) continued therapy at 75% of the intended doses of cispla- 
tin and IFN. For grade 4 toxicity (except renal toxicity), 50% doses of 
cisplatin and IFN were given. For grade 3 or 4 toxicity (except renal 
toxicity) that had not resolved to _< grade 2 by day 14, the next cycle was 
postponed by 1 week or until resolution of that toxicity to _< grade 2. 

The dose of cisplatin was reduced to 50% for a calculated creatinine 
clearance of 30-  50 cc/h using the formula of Cockcroft and Gault [7]. 
No cisplatin was given for a creatinine clearance of <30 cc/h. Determina- 
tion of 24-h creatinine clearance by a timed urine specimen was perform- 
ed for an estimated creatinine clearance of ___ 30 cc/h. 

Treatment evaluation. Patients completing at least one cycle (days 
1 - 14) of protocol therapy were evaluable for toxicity. Patients who 
completed a planned course of radiotherapy on protocol were evaluated 
for response. A complete response (CR) was defined as the complete 
disappearance of all detectable tumor for at least 28 consecutive days. A 
partial response (PR) was defined as a reduction by at least 50% of the 
products of the longest perpendicular diameters of the most easily mea- 
surable or largest tumor mass, usually the lesion undergoing radiation 
(indicator Iesion). At the same time, there was to be no growth of other 
lesions and no appearance of new lesions for at least 28 consecutive days. 
Stable disease (SD) defined a decrease of the indicator lesion by <50% or 
an increase by <25%, and progressive disease (PD) represented an in- 
crease by _> 25% of the product of perpendicular diameters at the indica- 
tor lesion or the appearance of new lesions. 

R e s u l t s  

A total of  48 patients were entered on 10 dose levels in this 
study. The pretreatment characteristics o f  the patients are 
summarized in Table 1. In all, 30 patients were men and 
18 women.  The median age was 62 years (ranges, 2 4 -  78 
years). Most  patients had a performance status o f  1 or 2. 
Overall, 19 patients had not previously been treated, 
whereas 29 had previously undergone surgery and/or che- 
motherapy and radiotherapy. Patients with a variety o f  
solid tumors were treated, but the majority of  patients had 
non-small-cell  lung cancer (NSCLC) or colorectal, head 
and neck, esophageal,  or breast cancer. 

Toxicities 

In this trial, toxicities observed during the first treatment 
cycle (2 weeks) were used to determine dose-limiting tox- 
icities and the MTD. However ,  in the administration of  a 
concomitant  chemoradiotherapy regimen, it is necessary to 
give several repeated cycles o f  therapy so as to deliver the 
previously determined amount  o f  radiotherapy. Therefore, 
toxicities occurring during later cycles of  therapy may also 
be of  clinical significance. Therefore, we decided to ana- 
lyze separately as acute toxicities those observed during 
cycles 1 and 2, corresponding to a customary chemothera-  
py cycle o f  4 weeks, and as cumulative toxicities those 
observed during the entire treatment course in patients 
receiving more  than two cycles. 

The acute toxicities for all ten dose levels are summa- 
rized in Table 2 and the cumulative toxicities, in Table 3. 
Dose  levels 1 and 2 utilized continuous-infusion cisplatin 
without IFN. Although a daily dose o f  10 mg/m2 of  cispla- 
tin did not result in dose-limiting acute toxicity, grade 3 
cumulative myelosuppression was observed in two of  five 
such patients. Subsequently, we decreased the cisplatin 
dose to 8 mg/m2 per day. Again,  no dose-limiting acute 
toxicity was seen, and only one o f  four patients developed 
dose-limiting cumulative toxicity. 

W e  subsequently added escalating daily doses o f  IFN to 
this lower dose o f  cisplatin. Doses ranging f rom 0.5 to 
5.0 x 106 U/m2 per day (dose levels 3 -  8) were all well 
tolerated and not dose-limiting as defined in the protocol,  
although grade 3 neutropenia during cycle 2 was observed 
in Some patients treated with IFN doses o f  2.0, 3.0, and 
4 . 0 x  106 U/m 2 per day. Thrombocytopenia  exceeding 
grade 1 was not observed. Similarly, serum creatinine 
elevation exceeding 2.0 mg/dl  was not observed. Grade 2 
or 3 hypomagnesemia  was seen in several patients. These 
renal toxicities did not appear to increase in severity with 
higher doses o f  IFN. Nausea and vomit ing were mild to 
moderate in the majority o f  patients. 

In our analysis o f  cumulative toxicities, grade 3 neutro- 
penia was seen in the majority o f  patients treated for more 
than two cycles on dose levels 3 - 8. Al though the patient 
numbers for most  dose levels were small, this toxicity 
occurred at all dose levels and did not appear to be IFN- 
dose-dependent within the IFN dose range tested in this 
study. Thrombocytopenia ,  serum creatinine elevation, and 
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Table 2. Acute toxicities, cycles 1 and 2 

Dose Level~ Patients WBC Pits Creat Magnesium N/V Mucositis Skin Fever/ Total 
(n) grade grade (mg/dl) (mg/dl) grade grade grade chills number 

grade of cycles 

0-1 2 3 0 - 1  __<2.0 -->1.2 1.0-0.8 0.8-0.16 0-1 2 3 0 1 3 0 1 0.1 __>2 1 2 3 4 5 

1)CDDP:10/IFN:0 6 4 2 - 6 6 6 - - 5 1 - 5 1 - 5 t 6 - - 1 - -  5 
2) CDDP: 8/IFN: 0 5 4 1 - 5 5 3 b - 1 3 b 1 - 4 1 - 5 - 5 - - 1 2 1 I 
3) CDDP: 8/IFN:0.5 3 2 1 - 3 3 3 - - 2 - 1 1 2 - 3 - 3 - 1 - -  1 1 
4) CDDP: 8/IFN:I.0 4 2 2 - 4 4 4 - - 1 2 1 3 1 - 4 - 2 2 1 1 - -  2 
5) CDDP: 8/IFN:2.0 3 1 1 1 3 3 3 - - 2 1 - 3 3 - 2 1 - 1 2 - -  
6) CDDP: 8/IFN:3.0 5 3 1 1 5 5 4 1 - 4 1 - 3 1 1 3 2 3 2 - 4 - -  1 
7) CDDP: 8/IFN:4.0 6 1 3 2 6 6 6 - - 3 2 1 6 6 6 - 1  1 1 3 
8) CDDP: 8/IFN:5.0 4 2 2 -  4 4 4 - - 1 2 1 4 4 -  2 2 - 2  1 1 -  
9)CDDP:10/IFN:5.0 4 1 1 2 4 4 3 1 - 3 1 - 4 3 1 1 3 1 - - - 3  

10) CDDP:50/IFN:5.0 8 3 1 4 8 8 7 1 - 6 2 - 8 8 - - 8 - 3 - 4  1 

Worst toxicities observed in all patients during cycles 1 and 2. PLTS, Platelets; Creat, creatinine; N/V, nansea/vomiting; CDDP, cisplatini IFN, inter- 
feron alpha-2A 
a CDDP doses are expressed in mg/m 2 per day and IFN doses, in ( x 106) U/m 2 per day 
b Data on one patient are missing 

Table 3. Cumulative toxicities, all cycles 

Dose level a - Patients WBC grade Pits grade Creatinine Magnesium 
(n) (mg/dl) (mg/dl) 

0 -1  2 3 4 0 -1  2 3,4 ___2 2.1-2.5 >1.2 1.1-0.9 

1) CDDP: 10/IFN: 0 5 1 2 2 - 5 - - 5 - 5 - 
2) CDDP: 8/IFN: 0 4 2 1 - 1 3 - 1 36 - 2 b 1 
3) CDDP: 8IFN: 0.5 2 - - 2 - 2 - - 2 - 2 - 
4) CDDP: 8/IFN: 1.0 2 - - 2 - 1 1 - 2 - 1 1 
5) CDDP: 8/IFN: 2.0 2 - - 1 1 2 - - 2 - 2 - 
6) CDDP:. 8/IFN: 3.0 1 - - 1 - 1 - - 1 - - 1 
7) CDDP: 8/IFN: 4.0 5 - 1 4 - 4 - 1 5 - 2 3 
8) CDDP: 8/IFN: 5.0 2 - 1 1 - 2 - - 2 - 2 - 
9) CDDP: 10/IFN: 5.0 3 - - 2 1 2 - 1 1 2 1 2 

10) CDDP: 50/IFN: 5.0 5 - 2 3 - 5 - - 5 - 2 3 

Worst toxicities observed during all cycles in patients receiving more than two cycles. Plts, Platelets; CDDP, cisplatin; IFN, interferon alpha-2A 
a CDDP doses are expressed in ng/m 2 per day and IFN doses, in ( • 106) U/m 2 per day 
b Data on one patient are missing 

h y p o m a g n e s e m i a  w e r e  aga in  m o s t l y  m i l d  in d e g r e e  w h e n  
all t r e a t m e n t  c y c l e s  w e r e  ana lyzed .  S imi l a r ly ,  m u c o s i t i s  

and  i n - f i e l d  d e r m a t i t i s  w e r e  g r a d e d  as 0 or  1 in  m o s t  

pa t i en t s  (da ta  n o t  s h o w n ) .  O n  the  bas i s  o f  t h e s e  data ,  w e  

i d e n t i f i e d  d o s e  l eve l  8, c o r r e s p o n d i n g  to  a c i sp l a t in  d o s e  o f  
8 m g / m  2 p e r  day  a n d  an I F N  d o s e  o f  5.0 x 106 U / m  2 p e r  

day ,  as ou r  r e c o m m e n d e d  d o s e  l eve l  s ince  it r e s u l t e d  in  no  

d o s e - l i m i t i n g  acu te  t ox ic i ty  and  in  c u m u l a t i v e  t ox ic i ty  tha t  
d id  n o t  a p p e a r  to b e  I F N - d o s e - d e p e n d e n t .  

W e  w e r e  i n t e r e s t e d  to k n o w  w h e t h e r  the  d o s e  o f  c i sp la -  
t in  c o u l d  b e  e s c a l a t e d  to 10 m g / m  2 p e r  day  (or  50 m g / m  2 

p e r  cyc l e )  i f  a sho r t e r  i n f u s i o n  s c h e d u l e  w e r e  app l i ed .  

T h e r e f o r e ,  t w o  add i t i ona l  d o s e  l eve l s  w e r e  t e s t e d  w i t h  a 
f i x e d  d o s e  o f  I F N  at 5.0 x 106 U / m  2 pe r  day  as u s e d  o n  

d o s e  l eve l  8. W e  t e s t ed  the  a d m i n i s t r a t i o n  o f  a s h o r t - t e r m  
da i ly  i n f u s i o n  o f  c i sp l a t i n  at  10 m g / m  2 p e r  day  o v e r  30 ra in  
g i v e n  1 h p r io r  to  o n e  da i ly  d o s e  o f  r a d i o t h e r a p y  ( l eve l  9) 
as w e l l  as its a d m i n i s t r a t i o n  o n l y  o n c e  p e r  c y c l e  at 

50 m g / m  2 on  d a y  1 o v e r  30 min .  

As  d e m o n s t r a t e d  in  T ab l e s  2 a n d  3, b o t h  o f  t h e s e  d o s e  
l eve l s  r e s u l t e d  in  g r a d e  3 acu te  n e u t r o p e n i a  in  5 0 %  o f  the  

pa t i en t s .  S imi la r ly ,  c u m u l a t i v e  t ox ic i ty  e x c e e d e d  g r a d e  2 in 

all  3 pa t i en t s  on  d o s e  l eve l  9 a n d  in  3 o f  5 pa t i en t s  on  d o s e  

l eve l  10. T h e r e f o r e ,  e s c a l a t i o n  o f  c i sp l a t in  b e y o n d  a d o s e  
o f  8 m g / m  2 p e r  day  (or  40  m g / m  2 p e r  cy c l e )  w a s  n o t  

f e a s i b l e  and  r e s u l t e d  in  d o s e - l i m i t i n g  acu te  a n d  c u m u l a t i v e  

t o x i c i t y  as d e f i n e d  fo r  th is  s tudy,  r e g a r d l e s s  o f  its s c h e d u l e  

o f  a d m i n i s t r a t i o n .  
O t h e r  t y p e s  o f  tox ic i t i e s  o b s e r v e d  in  th is  s tudy  i n c l u d e d  

r ad i a t i on  p n e u m o n i t i s  ( th ree  pa t i en t s )  and  s u d d e n  d e a t h  in  
o n e  pa t i en t ,  fe l t  to r e p r e s e n t  a p u l m o n a r y  e m b o l u s  o r ,  

p o s s i b l y ,  t r e a t m e n t - r e l a t e d  ca rd i ac  toxic i ty .  A n  e p i s o d e  o f  
a n g i n a  in  a n o t h e r  p a t i en t  w a s  fe l t  to  b e  p o s s i b l y  I F N - t r e a t -  

m e n t - r e l a t e d  [9, 38]. A n o t h e r  p a t i e n t  w i t h  a h i s t o ry  o f  
c o r o n a r y  ar te ry  d i s e a s e  h a d  s y n c o p a l  e p i s o d e s  tha t  w e r e  

no t  fe l t  to  r e p r e s e n t  tox ic i ty .  F ina l ly ,  c o n f u s i o n  w a s  n o t e d  
in 1 p a t i en t  t r e a t ed  on  l eve l  10 and  w a s  c o n s i d e r e d  to b e  

p o s s i b l y  I F N - r e l a t e d  [3, 14, 24]. 



Response 

A total of  41 patients were evaluated for response within 
the radiotherapy field (Table 4). Of  24 patients with 
NSCLC,  two had a clinical CR, 9 had a PR, 7 had SD, and 
5 had PD. On analysis o f  the site of  first treatment failure, 
7 patients with N S C L C  were found to have progressed 
within the irradiated field, whereas 10 progressed outside 
the irradiated field and 3 progressed both within and out- 
side the irradiated field. The median time to progression 
was 8 weeks (range, 2 - 42 weeks, with one patient remain- 
ing in CR at 186 weeks o f  follow-up). Nine patients with 
N S C L C  were also evaluated for response outside the ir- 
radiated field; o f  these, one had a PR  (this patient had a CR 
within the radiotherapy field), two had SD, and six had PD. 
The responses observed for other types o f  tumors are sum- 
marized in Table 4. 

D i s c u s s i o n  

We investigated the simultaneous use of  escalating doses 
of  IFN with continuous-infusion cisplatin and twice-daily 
radiotherapy and identified recommended  doses of  8 
rag/m2 per day for cisplatin and 5.0 x 106 U / m  2 per day for 
IFN. These doses will result in no severe acute toxicity, 
although cumulative myelosuppression may be seen and 
may  require dose reductions. Dose  escalation to higher 
doses o f  IFN was not attempted, given the known myelo-  
suppressive and hepatotoxic effects o f  IFN at high-dose 
ranges [3, 14, 24]. Escalation of  cisplatin to higher doses, 
on the other hand, was attempted but found not to be 
feasible despite the choice of  an administration schedule 
that has been reported to result in less myelosuppression.  
Since the dose-limiting toxicity consisted exclusively of  
neutropenia, it is possible that the use of  a colony-stimulat-  
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ing factor might  permit further escalation o f  the cisplatin 
dose. This question is being addressed in an ongoing study 
at our institution [16]. 

The use o f  an alternating-week schedule o f  chemoradio-  
therapy in this study was based on a need to observe 
carefully the interaction and possible toxicities of  these 
drugs when given in combination. Except  for the patients 
developing possible radiation-related pneumonia,  there ap- 
peared to be no exacerbated in-field toxicity (e.g., mucosi-  
tis, dermatitis), al though the latter has been suggested by 
other investigators [17, 26, 30, 42]. This would suggest that 
when cisplatin and I F  are used with concomitant  radi- 
otherapy, an interruption o f  the radiotherapy to allow for 
normal tissue recovery f rom in-field toxicity as performed 
in this trial may  not be necessary. This is an important 
finding, given the loss of  activity observed on the interrup- 
tion of  radiotherapy as a single-treatment modali ty [43]. 

Of  interest is the lack o f  severe renal toxicity noted for 
cisplatin and IFN in this study. This finding is in contrast to 
the results o f  another study conducted at our institution that 
utilized higher doses of  cisplatin (100 mg/m2) with contin- 
uous-infusion fluorouracil  (5-FU), high-dose oral leu- 
covorin, and interferon alpha-2b [48]. In that study, a sig- 
nificant loss o f  serum electrolytes, including magnesium, 
sodium, potassium, and calcium, was observed. It is possi- 
ble that the different extent o f  nephrotoxicity seen in these 
two studies relates to the higher doses of  cisplatin or to the 
additional use o f  5-FU/leucovorin in the previous study. 
The possible cardiac toxicity observed in the present study 
is compatible with previous observations with interferon 
[9, 381. 

Few additional studies have reported on the clinical 
interaction of  interferon with cisplatin or radiotherapy. A 
phase I study by Torrisi et al. [42] identified a dose of  
2 - 5 • 106 U/m2 given three to five times per week during 
radiotherapy as the MTD. Increased normal  tissue effects 

Table 4. Response 

Disease Patients (n) Response 

CR PR SD PD N/A 

Site of failure 

In Out Both U n -  

f i e l d  of field known 

Median time to 
progression in weeks 
(range) 

NSCLC 24 2 a 9 7 5 1 7 
SCLC 1 . . . .  1 1 
Breast 3 - - - 1 2 1 
Esophageal 3 - - 2 - 1 1 
Colorectal 5 - 1 2 2 - - 
HNC (SCCA) 4 - 1 - 2 1 3 
Parotid 2 1 - 1 - - - 
Melanoma 1 - - - 1 - - 
Adenocarcinoma 1 . . . .  1 - 
Gallbladder 1 - - 1 - - - 
Mesothelioma 1 - - 1 - - 1 
Appendix 1 - - 1 - - - 
Pancreas 1 - - 1 - - 1 

10 3 3 a 8 (12-186+) 
- - 18 

1 1 4 ( 4 - 8 )  

2 - 20 (12-23) 
2 1 2 7 (3-20) 
- - 1 4 (2-22) 
1 1 - 16, 43 

- 1 - 1 

- - 1 6 

- - 1 _ b  

. . . .  b 

- 1 _ b  

NSCLC, Non-small-cell lung cancer; SCLC, small-cell lung cancer; HNC, head and 
evaluated for response 
a One patient remains failure-frce at 186 weeks 
b Data not available 

neck cancer; SCCA, squamous-cell carcinoma; N/A, patient not 
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in the radiation field were reported as dose-limiting. Holsti 
et al. [17] observed activity for  interferon and radiotherapy 
in small-cell lung cancer. Whether  the addition o f  IFN 
results in an improved treatment outcome remains to be 
investigated in phase III  studies. 

More  recently, this group of  investigators reported on a 
trial o f  hyperfractionated radiotherapy [125 cGy  twice 
daily) to 60 Gy with or without  natural leukocyte interferon 
alpha at 3 x 106 U s.c. in the morning prior to radiotherapy 
and at 1.5 x 106 U via inhalation through jet nebulizer 30 
min before each radiotherapy dose [30]. A total o f  20 
patients with inoperable N S C L C  were treated. In all, 5 o f  
10 patients in the radiotherapy a rm and 6 o f  10 patients in 
the radiotherapy/interferon arm responded. Pneumonit is  
and esophagitis were reported as being more  severe in 
patients receiving the combined therapy. 

The interaction o f  cisplatin and interferon has been in- 
vestigated in other studies. Bowman  et al. [4] gave 
100 rag/m2 of  cisplatin every 3 - 4 weeks with interferon 
alpha-2b to 68 patients with NSCLC.  The overall response 
rate in 60 evaluable patients was 30%; 11 of  24 [46%) 
patients with squamous-cel l  carc inoma responded. No  
potentiation o f  hematologic,  renal, or neurologic toxicity 
was seen. Rosell  et al. [33] gave 50 mg/m2 of  cisplatin on 
days 1 and 8 o f  a 28-day cycle with interferon alpha-2b at 
5 x 106 U three times weekly for a max imum o f  2 months 
and reported a 13% response rate in 30 patients with 
NSCLC.  Toxicities were judged to be not significant. Ard- 
izzoni et al. [1] reported a response rate of  19% in 34 
patients with previously untreated N S C L C  treated with 
cyclophosphamide,  epirubicin, and cisplatin together with 
interferon alpha-2b. The median progression-free survival 
and overall  survival were 20 and 37 weeks, respectively. 
Finally, Rosso et al. [34] have reported preliminary data on 
a subsequent randomized study o f  cyclophosphamide,  
epirubicin, and cisplatin with or without  interferon alpha- 
2b. The overall  response rates were 11% (95% confidence 
interval, 5 % - 2 1 % )  vs 22% (95% confidence interval, 
9 % - 3 3  %) in favor  o f  the interferon group. Toxicities were 
also more  severe in that group o f  patients, including inter- 
feron-related flu-like symptoms and fatigue, stomatitis, 
and myelosuppression.  

In conclusion, we identified the MTDs of  cisplatin and 
IFN given with concomitant  radiotherapy. Activi ty was 
seen in patients with NSCLC,  which was the largest group 
of  patients treated in this phase I study. Further phase II  
investigation of  this regimen in that group of  patients may  
be warranted. On the other hand, it may  be possible to 
intensify this regimen further by utilizing colony-st imulat-  
ing factors and intensifying the radiotherapy schedule. This 
strategy might  succeed in further increasing the potential of  
this regimen to improve the therapeutic outcome in patients 
with N S C L C  and other malignancies.  
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