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Abstract  Concomitant chemoradiotherapy with cisplatin 
and combination chemotherapy in the neoadjuvant setting 
have both shown promising results. Purpose: To identify a 
locally and systemically active concomitant chemora- 
diotherapy regimen incorporating high-dose cisplatin, inter- 
feron alfa-2a (IFN), fluorouracil (5-FU), hydroxyurea (HU) 
and radiotherapy. Methods: Phase I cohort design establish- 
ing the maximal tolerated dose (MTD) of cisplatin with and 
without granulocyte colony stimulating factor (GCSF). For 
the first six dose levels, a 4-week cycle consisted of 
escalating doses of cisplatin during weeks 1 and 2, IFN 
(week 1), and 5-FU and HU (week 2) with single daily 
radiation fractions of 200 cGy during days 1-5 of weeks 1-3 
and no treatment in week 4. When dose-limiting neutrope- 
nia was encountered, GCSF was added during weeks 1, 3, 
and 4. Finally, to decrease esophagitis, the radiotherapy 
schedule was altered to 150 cGy twice daily during weeks 1 
and 2, followed by a 2-week break (level 7). Results: Forty- 
nine patients with refractory chest malignancies were 
treated. The MTD of this regimen without GCSF was 
cisplatin 50 mg/m 2 in weeks 1 and 2, IFN 5 million Units 
(MU)/m 2 per day on days 1-5 in week 1, 5-FU 800 mg/m ~ 
per day for 5 days by continuous infusion, and HU 500 mg 
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every 12 h for 11 doses during week 2. The addition of 
GCSF during weeks l, 3, and 4 allowed for escalation of 
cisplatin to 100 mg/m 2 during weeks 1 and 2, with a 
decreased dose of IFN at 2.5 MU/m 2 per day to avoid 
renal toxicity. Dose-limiting toxicity (DLT) included severe 
neutropenia, thrombocytopenia, and esophagitis in 5 of 13 
patients. Increased thrombocytopenia in patients receiving 
GCSF was not observed. During hyperfractionated radio- 
therapy (level 7) chemotherapy doses were as above except 
for a reduction of 5-FU to 600 mg/m 2 per day. While severe 
esophagitis was reduced, grade 4 thrombocytopenia became 
more prevalent and was seen in 6 of 7 patients. In-field 
tumor responses were observed in 17 of 28 evaluated 
patients with non-small-cell lung cancer. The median 
times to progression and survival were 4 and 6 months, 
respectively. When only patients with all known disease 
confined to the radiotherapy field were considered the 
corresponding times were 6 and 15 months, respectively. 
Most treatment failures occurred outside of the irradiated 
field. Conclusions: (1) This intensive multimodality regi- 
men can be given with aggressive supportive care incorpor- 
ating GCSE The recommended phase II doses for a 4-week 
cycle are cisplatin 50 mg/m 2 week 1, and 100 mg/m 2 week 
2, IFN 2.5 MU, HU 500 mg every 12 h x 11 and 5-FU 
800 mg/m 2 per day with single fraction radiotherapy during 
weeks 1-3 and GCSF during weeks 1, 3, and 4. (2) GCSF 
can be safely administered and provides effective support of 
neutrophils when administered simultaneously with IFN, 
cisplatin, and chest radiotherapy. (3) There is synergistic 
renal toxicity when high doses of IFN and cisplatin are 
given together. (4) Hyperfractionated radiotherapy de- 
creases the severity of esophagitis but increases thrombo- 
cytopenia. (5) Although highly toxic, response rates, time to 
progression and survival figures with this regimen are 
encouraging and support its investigation in the phase II 
setting. 
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Table 1 Treatment schedule for dose levels 1-6 (DLT dose-limiting toxicity; 5-FU fluorouracil; GCSF granulocyte colony stimulating factor; 
HU hydroxyurea; IFN interferon; XRT radiotherapy) 

Week 1 Week 2 Week 3 Week 4 

Cisplatin a X (X)  - 
IFN a 5 MU/m 2 per day - - 
5-FU - 800 mg/m 2 per day - 
HU - 500mgevery 12h x 11 - 
XRT 200 cGy days 1-5 200 cGy days 1-5 200 cGy days 1-5 
GCSF a 5 gg/kg days 2 -6  - 5 gg/kg days 1-7 5 p.g/kg days 1-7 

a Dose escalation. Level 1:50 mg/m 2, week 1; level 2:100 mg/m 2, 
week 1 (DLT); level 3:50 mg/m 2, week 1; 50 mg/m 2, week 2; level 4: 
50 mg/m 2, week 1; 100 mg/m 2, week 2 (DLT); level 5:50 mg/m 2, 

week 1; 100 mg/m2, week 2 plus GCSF; level 6:100 mg/m 2, week 1; 
100 mg/m 2, week 2 plus GCSF IFN 2.5 MU/m 2 per day 

Introduction 

In patients with advanced non-small  cell  carcinoma 
(NSCLC) a randomized study comparing radiotherapy 
alone with radiotherapy and concomitant  cisplatin has 
demonstrated improved survival as a consequence of 
increased locoregional  control; no reduction of distant 
progression rates was achieved [13, 17, 31]. Induction 
chemotherapy has also been shown to increase survival 
rates [8, 19, 21, 22] and in one randomized trial improved 
survival was demonstrated to occur as a function of 
increased systemic tumor control [21, 22]. Therefore, 
concomitant  chemoradiotherapy and induction chemother- 
apy have both resulted in improved survival in NSCLC, 
albeit  as a function of  different patterns of  increased tumor 
control. The identif ication of a treatment regimen incorpor- 
ating aggressive combinat ion chemotherapy with concomi- 
tant radiotherapy might  make it possible to achieve 
increased locoregional  and systemic tumor control and, 
thus, might  further increase survival rates, as has already 
been demonstrated in esophageal  cancer [14]. 

Prior phase 1 or II studies of  concomitant  chemora- 
diotherapy to the chest  at the Universi ty of  Chicago have 
focused on biochemical  modulat ion of fluorouracil  (5-FU) 
and cisplatin as radiation enhancers. We first studied a 
combinat ion of  5-FU/leucovorin,  hydroxyurea (HU) and 
radiotherapy (FHX) [35, 38]. Subsequently we investigated 
a combinat ion of cisplatin, interferon alfa-2a (IFN) a n d  

radiotherapy (CIX) [40, 41]. All  drugs studied in these 
combinat ions have been shown to enhance the activity of 
radiation in vitro and/or in vivo [1, 5, 9, 12, 15, 18, 20, 23 -  
25, 29, 34-36,  39]. In addition, HU can modulate  the 
activity of  5-FU [28], and interferon appears to enhance 
the activity of  cisplatin in some experimental  systems and, 
possibly, in lung cancer [2, 16, 30, 33]. Both regimens were 
administered over 5 days of  every other week on a 
protracted radiotherapy schedule. Dose-l imit ing toxicity 
of FHX was mucosit is  and that of  CIX was cumulat ive 
neutropenia. Both regimens had locoregional  activity, 
although systemic activity was low, possibly due to the 
low single-agent activity of  three of  the single agents 
incorporated into these two combinat ions (5-FU, HU, a n d  

IFN) and the low dose intensity of  cisplatin as used. 

In 1990 Gandara et al reported high systemic activity for 
cisplatin when it was administered at high doses of 100 mg/ 
m 2 on days 1 and 8 of  a 4-week cycle  as a single agent [11]. 
Similarly, radiation enhancement by cisplatin is felt to be 
dose- and, possibly, schedule-dependent  [23, 36]. 

Against  this background,  we designed a phase 1 study 
that sought to combine the two previously studied regimens 
of  FHX and CIX into one intensive mult idrug chemora- 
diotherapy regimen with high locoregional  activity; in 
addition, we sought to escalate cisplatin to the dose range 
studied by Gandara et al. [11] to increase the systemic 
activity of  this combinat ion for future studies in patients 
with locoregional ly advanced chest malignancies  being 
treated with curative intent. 

Patients and methods 

The initial objectives of this study were to estaNish the feasibility of 
administering the FHX and CIX combinations in direct sequence 
without interruption by a 1-week break between the two regimens as 
used previously, and to attempt further escalation of cisplatin and 
establish its maximal tolerated dose (MTD) and the dose-limiting 
toxicities. After neutropenia had emerged as an early dose-limiting 
toxicity, the feasibility of administering GCSF with concurrent chest 
radiation and IFN to allow further cisplatin dose escalation was  
studied; finally, we investigated the effects of administering hyper- 
fractionated radiotherapy (XRT) within this combination at the MTD 
of cisplatin. 

Eligible patients had histological or cytological documentation of a 
malignancy in clinical need of palliative-intent radiotherapy to the 
chest. All patients had a CALGB performance status of 0-2 and normal 
bone marrow, kidney and liver function tests, and all had given signed 
informed consent. There was no limitation on prior chemotherapy. 

Treatment schedule 

Treatment during week 1 was derived from the previous CIX study 
[40]. Table 1 outlines the treatment schedule for dose levels 1-6 (single 
daily fraction of radiotherapy). During dose levels 1-5, the treatment 
during week 1 consisted of IFN (Roferon A) given s.c. at 5 MU/m 2 on 
days 1-5 (Monday to Friday). At dose levels 6-8, IFN was decreased 
to 2.5 MU/m 2 in an attempt to decrease renal toxicity (Tables 1, 2). 
Cisplatin was administered on day 1 at 50-100 mg/m 2 over 6 h in 
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Table 2 Treatment schedule for dose Ievels 7 and 8 

Week 1 Week 2 Week 3 Week 4 

Cisplatin 100 mg/m 2 on day 1 100 mg/m 2 on day 1 - - 
IFN a 2.5 MU/m 2 per day on days 1 - 5  - - - 
5-FU - 600 mg/m 2 per day on days 1 -5  - - 
HU - 5 0 0 m g p . o .  every 12h  x 11 - - 
XRT 150 eGy b.i.d, on days 1 - 5  150 cGy b.i.d, on days 1 -5  - - 
GCSF 5 gg/kg on days 2 - 6  - 5 gg/kg on days 1 -7  5 gg/kg on days 1 -7  

a Dose escalation. XRT given in twice-daily hyperfractionated doses in 150 cGy fractions at least 5 h apart. Total cord dose 39 Gy. No IFN given 
on level 8 

1000 ml of DsNS with 18.5 g mannitol. Fluid orders were adjusted to 
insure a urine output of greater than 100 ml/h over 4 h before and 12 h 
after the administration of cisplatin. While the actual time of radio- 
therapy varied from patient to patient, administration of the daily dose 
of IFN preceded radiotherapy by 2 h. Radiotherapy was administered at 
daily fractions of 200 cGy on days 1-5. 

Treatment during week 2 was derived from the FHX study [37] and 
consisted of HU at 500 mg p.o. every 12 h for 6 days (11 doses per 
cycle), starting on day 0 (Sunday). On days 1-5, a continuous infusion 
of 5-FU was given at 800 mg/m 2 per day for 5 days, and radiotherapy 
was administered daily at 200 cGy. During dose levels 3-8, cisplatin 
was also administered on the evening of day 1 of week 2 at 50-100 mg/ 
m;. While the actual time of administration of HU and radiotherapy 
varied from patient to patient, one daily dose of HU preceded radio- 
therapy at a constant of 2 h. 

During week 3, radiotherapy was administered daily for 5 days at 
200 cGy. No chemotherapy was administered. Starting with dose level 
5, GCSF was added during week 1 on days 2-6 (after cisplatin but with 
radiotherapy and IFN) and during weeks 3 and 4, in an attempt to 
decrease the incidence of severe neutropenia. During week 4, no 
chemoradiotherapy was administered. A second cycle was initiated 
at the beginning of week 5 in patients requiring radiation doses of more 
than 3000 cGy. Cycle 2 was delayed by 1 week to allow for attenuation 
of toxicity to grade -< 1. 

The cisplatin dose escalation schedule and the GCSF schedule are 
summarized in Table 1. There was no cisplatin dose escalation in 
individual patients. At dose levels 7 and 8 (Table 2), we tested the 
hypothesis that less esophagitis would be seen if radiotherapy was 
administered according to a hyperfractionated schedule with a 25% 
decrease in the 5-FU dose, and that myelosuppression would be 
reduced in the absence of IFN (level 8). Therefore, high-dose 
cisplatin, IFN, hydroxyurea, and GCSF were administered as defined 
for level 6. In week 2, the dose of 5-FU was decreased to 600 mg/m 2 
per day. Radiotherapy was administered twice daily during weeks 1 
and 2, in 150 cGy fractions at least 5 h apart. No radiotherapy was 
given during weeks 3 and 4. 

Radiation field sizes and total doses were adjusted to each patient's 
treatment needs. Generally, total doses ranged from 30 Gy, or one cycle 
(e.g., a patient with systemic metastases and a mass in the chest), to 
60 Gy, or two cycles (e.g., a patient with no documented metastases 
outside of the radiation field). Treatment was given with palliative 
intent. 

Antiemetics were administered at the discretion of the attending 
physician. A double-lumen venous access device (e.g., Port-a-cath) 
was recommended prior to initiation of therapy. 

Definition of dose-limiting toxicity 

Toxicities were assessed following cycle 1 in all patients and cycle 2 in 
those patients receiving >30  Gy of radiotherapy. Dose-limiting 
myelosuppression was defined as grade 4 myelosuppression exceed- 
ing 4 days in duration or complicated by neutropenic fever during 
cycle 1. If dose-limiting toxicity (DLT) was observed in 1 of 3 patients, 
a minimum of 4 and maximum of 6 patients were treated at that dose 
level, Dose escalation continued until 50% of patients or more (a 
maximum of 2) treated at a particular dose level developed DLT. 

Patient accrual at dose level 6 was expanded to allow for better 
evaluation of the toxicity profile at that dose. For toxicities other 
than myelosuppression, DLT was defined as grade 3 or 4 toxicity in 
excess of 7 days in duration. 

Dose modifications 

Patients who experienced DLT were eligible to continue therapy on 
protocol after recovery to grade --<1 toxicity, but their doses were 
reduced in the subsequent cycle. 

For dose-limiting grade 3 mucositis, dermatitis, or diarrhea, 5-FU 
was decreased to 600 mg/m a per day. Following grade 4 mucositis, 
dermatitis, or diarrhea in the previous cycle, 5-FU was decreased to 
400 mg/m 2 per day. For grade-3 or -4 mucositis, dermatitis, or other in- 
field toxicity during radiotherapy or on day 1 of cycle, therapy was 
delayed until resolution of toxicity to grade -< 1. 

For a WBC count lower than 1000/gl or platelet count lower than 
25,000/gl in the previous cycle, HU, cisplatin, and IFN were reduced 
by 50%. The dose of cisplatin was reduced to 50% for a calculated 
creatinine clearance of 30-50 ml/min. No cisplatin was administered 
for a creatinine clearance lower than 30 ml/min. The creatinine 
clearance was calculated according to the formula of Cockcroft and 
Gault [6]. Determination of 24 h creatinine clearance by a timed urine 
specimen was performed if the estimated creatinine clearance was 
lower than 50 ml/min. 

Treatment evaluation 

All patients were evaluated for toxicity. Patients who completed at 
least one cycIe of therapy (4 weeks) or had disease progression at any 
time while on protocol were evaluated for response. Response was 
evaluated separately within the radiotherapy field and outside the 
radiotherapy field (when applicable). Standard response criteria were 
used as previously published [37, 40]. 

The response rate was expressed as the proportion of patients 
demonstrating complete response (CR) and/or partial response (PR). 
Time to progression (TTP) was measured as time from day 1 of therapy 
until documented disease progression or death from disease. Patients 
who died of clearly documented other causes after completion of 
therapy were censored for progression. Survival was measured from 
the date of registration until last follow-up or death. Actuarial survival 
and TTP were calculated according to Kaplan and Meyer [7]. 

Results 

Thi s  s tudy o p e n e d  in A u g u s t  1990, and  was  c losed  in  
M a r c h  1993. F o l l o w - u p  is ava i l ab l e  t h r o u g h  S e p t e m b e r  
1993. T h e  b a s e l i n e  pa t i en t  cha rac t e r i s t i c s  are s u m m a r i z e d  
in Table  3. A tota l  o f  49  pa t i en t s  were  en te red ,  37 o f  w h o m  
were  ma le ;  the  age  r a n g e d  f r o m  30 to 73 years  ( m e d i a n  56 



Table 3 Patient characteristics 

No. entered 
Male 
Female 
Age (years) median 
Age (years) range 
Performance status 
0 
1 
2 
NSCLC 
Esophageal 
Renal 
Head/neck 
Neuroendocrine 
Prior therapy: 
None 
Surgery 
Radiotherapy 
Chemotherapy 

49 
37 
12 
56 
30-73 

13 
25 
11 
41 

3 
3 
1 
1 

28 
12 
9 
6 

Table 4 Toxicities in cycle 1, levels 1 - 8  
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years) .  T h e  vas t  m a j o r i t y  o f  pa t i en t s  h a d  N S C L C ;  add i t ion -  

al pa t i en t s  w i th  e sophagea l ,  rena l ,  h e a d  a n d  neck ,  and  

n e u r o e n d o c r i n e  c a n c e r  l oca t ed  in the  ches t  we re  a lso 

en t e r ed  on  trial.  P r io r  t he r apy  c o n s i s t e d  o f  su rgery  (12 

pa t ien ts ) ,  r a d i o t h e r a p y  (9 pa t ien ts ) ,  and /o r  c h e m o t h e r a p y  

(6 pa t i en t s ) ;  28 pa t i en t s  h a d  no t  r e c e i v e d  p r io r  therapy.  

Toxic i ty  

Al l  49 pa t i en t s  we re  e v a l u a t e d  for  toxici ty.  Tab le  4 de ta i l s  

the  m a x i m a l  tox ic i t i es  o b s e r v e d  du r ing  cyc le  1 in  pa t i en t s  

t r ea t ed  at  dose  l eve l s  1 t h r o u g h  8. D o s e  l eve l s  1 -3  d id  no t  

resu l t  in  d o s e - l i m i t i n g  n e u t r o p e n i a ,  e x c e p t  in  2 pa t i en t s  

t r ea ted  at  l eve l  2. H o w e v e r ,  r ena l  tox ic i ty  was  e n c o u n t e r e d  

in pa t i en t s  t r ea ted  w i th  100 m g / m  2 of  c i sp la t in  d u r i n g  w e e k  

1 and  5 M U / m  2 o f  IFN  (dose  l eve l  2). G r a d e - 2  (4 pa t i en t s )  

or  grade-3  (2 pa t i en t s )  a z o t e m i a  was  o b s e r v e d  in  6 o f  7 

pa t i en t s  t rea ted ,  r e f l ec t ing  pos s ib l e  synerg i s t i c  r ena l  tox ic-  

i ty of  b o t h  agen t s  w h e n  g i v e n  c o n c u r r e n t l y  at these  doses .  

Subsequen t ly ,  the  dose  o f  c i sp la t in  at  l eve l s  3 - 5  was  

Toxicity WBC Platelets Creatinine Mucositis Esophagitis Feeding support b (n) 

Grade 0 -1 /2  1/2 4/0 3/1 0/4 1/1 1 
3 1 . . . .  
4 . . . .  2 

DLT (n = 3) . . . .  

Grade 0 -1 /2  1/0 2/0 1/4 3/3 1/0 3 
3 5 5 2 1 6 
4 1 . . . .  

DLT (n = 0) 2 - 2 - 1 

Grade 0 -1 /2  3/1 4/0 5/0 3/0 1/0 4 
3 1 1 - 1 3 
4 - - 1 1 

DLT (n = 1) . . . .  1 

Grade 0-1 /2  0/1 0/3 4/2 2/4 2/3 3 
3 2 2 - - i 
4 3 1 - - - 

DLT (n = 3) 2 - - - 1 

Grade 0 -1 /2  1/2 2/0 5/0 2/3 1/0 1 
3 2 3 - - 3 
4 . . . .  1 

DLT (n = 0) ' . . . . .  

Grade 0 -1 /2  2/2 1/3 12/0 6/4 5/3 4 
3 4 2 - 0 3 
4 4 6 - 2 1 

DLT (n = 5) 3 3 - 2 1 

Grade 0 -1 /2  0 0 3/1 4/0 1/3 3 
3 2 0 0 0 0 
4 2 4 0 0 0 

DLT (n = 2) 0 2 0 0 0 

Grade 0 1/2 2/0 0 3/0 1/1 2/0 1 
3 0 1 - - 1 
4 1 2 - 1 - 

DLT (n = 2) 1 2 - 1 - 

Level 1 (50/0) 
n = 4  

Level 2 (100/0) 
n = 7  

Level 3* (50/50) 
n = 6  
Phase II 

Level 4 (50/100) 
n = 6  

Level 5 (50/100) 
n = 5 (GCSF) 
Phase II 

Level 6a (100/100) 
n =  13 (GCSF)$IFN 

Level 7a (100/100) 
n = 5 (GCSF) J, IFN 

BID-XRT 

Level 8 (100/100) 
n = 3 (GCSF) no WN 

BID-XRT 

"Phase II" denotes dose levels that might be tested in phase II 
a 1 patient unevaluable 
b Patients with nasogastric or gastric feeding device 

studies 
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Table 5 Toxicities, cycle 2, Levels 1-8 

Level/cisplatin Toxicity WBC Platelets 
dose/N grade 

Creatinine Mucositis Esophagitis Dose reduction 

Cisplatin 5-FU HU IFN 

Patients 
with cycle 
delay (n) 

Level 1 (50/0) 0 -2  3 3 
n = 3  3 - - 

4 - - 

Level 2 (100/0) 0 -2  3 3 
n = 6  3 3 1 

4 - 2 

Level 3 (50/50) 0 -2  2 2 
n = 3  3 1 1 

4 - - 

Level 4 (50/100) 0 -2  1 3 
n = 4  3 2 - 

4 1 - 
Unknown - 

Level 5 (50/100) 0 -2  1 1 
n = 3 (GCSF) 3 2 1 

4 - 1 

Level 6 (100/100) 0 -2  4 6 
n = 1 0  (GCSF),~IFN 3 4 1 

4 1 3 
Unknown 1 - 

Level 7 (100/100) 0 -2  3 0 
n = 4 (GCSF) ,L IFN 3 0 2 

BID-XRT 4 1 2 

Level 8 (100/100) 0 -2  1 - 
n = 1 (GCSF) No IFN 3 - 1 

BID-XRT 4 - - 

3 3 2 0 0 0 0 3 

6 6 6 3 0 1 0 1 

3 3 - 0 2 0 o 2 
- -  - -  3 . . . . .  

4 4 3 2 1 0 0 2 

3/0 3 3 0 0 0 0 0 

10 9 6 4 3 1 0 4 
- - 2 . . . . .  
- -  1 . . . . . .  

- - 2 l 1 1 1 - 

4 4 2 3 0 2 2 1 
- -  - -  t . . . . .  

1 1 1 1 0 0 1 1 

decreased to 50 mg/m 2 in week 1, and cisplatin was 
escalated during week 2. At  levels 6-8,  the cisplatin dose 
during week 1 was again increased to 100 mg/m2; however, 
the dose of  IFN was reduced to 50% to ameliorate this renal 
toxicity. No severe or l ife-threatening renal toxicity was 
observed at any of the subsequent dose levels, indicating 
that this toxic renal interaction may be dependent  on 
cisplatin and IFN doses. 

Level  4 (cisplatin dose of  50 and 100 mg/m 2 in weeks 1 
and 2) was dose-limiting. Of 2 patients with dose-l imit ing 
neutropenia, 1 died of  pneumonia while neutropenic, and 
the other of  a cardiopulmonary arrest. To determine 
whether further cisplatin intensification was feasible with 
growth factor support, GCSF was added to the regimen 
during weeks 1, 3, and 4. No grade 4 neutropenia was 
observed in patients treated at dose level 5 with the same 
cisplatin dose as on level 4 but with GCSF  support. 
Increased thrombocytopenia  was not observed. At  dose 
level 6, 13 patients received the targeted cisplatin dose of  
100 mg/m z in weeks 1 and 2. One patient died of  a bleeding 
gastric ulcer on day 4 of  cycle 1 and was not evaluated for 
other toxicities. DLT was documented in 5 patients and 
consisted predominant ly  of myelosuppression.  A total of  6 
patients developed grade 4 thrombocytopenia,  and 8 
patients had grade-3 or -4 neutropenia. Thus, considerable 
toxici ty was observed at this dose level, although DLT as 
defined for this study was observed in only 5 of  13 patients. 

Severe or l ife-threatening esophagitis  was observed 
frequently at dose levels 1-6 of this study, reflecting the 
severe in-field toxici ty of  this chemoradiotherapy program. 
Although we at tempted to pall iate this toxici ty by offering 
nutritional support devices to patients (nasogastric or 
gastric feeding tubes), a reduction in the severity of 
esophagitis was desirable. We postulated that esophagi t i s  
could be reduced by l imiting radiotherapy to weeks 1 and 2, 
thus allowing for repopulation of  normal mucosal cells in 
the esophagus during weeks 3 and 4. Therefore, at dose 
levels 7 and 8 the radiation schedule was altered to 150 cGy 
twice daily during weeks 1 and 2, to give an identical cycle 
dose of  3,000 cGy. As shown in Table 4, this did indeed 
result in a low incidence of esophagitis more severe than 
grade 2 during cycle  1. However,  6 of  7 patients treated had 
grade-4 thrombocytopenia,  which was dose-l imit ing in 4. 
Therefore, thrombocytopenia  seemed to be further in- 
creased by the use of twice-dai ly  radiotherapy to the 
chest. Furthermore, during evaluation of  the toxicit ies 
encountered during cycle  2 (Table 5), severe esophagitis 
was seen in 2 of 5 patients, although at a later t ime point, 
when it was less l ikely to interfere with the complet ion of  
therapy. The omission of IFN at dose level 8 did not seem 
to have any major  effect on myelosuppress ion and was not 
pursued further. 

Table 5 indicates that during a second cycle  of  this 
therapy myelosuppression and esophagitis remained the 



Table 6 Responses  (CR complete response; PD progressive disease; 
PR partial response; SD stable disease; UE unevaluated) 

n CR PR SD PD LIE 

In field 
NSCLC 4t 1 16 10 1 13 
Renal 3 - 1 1 - 1 
Head/neck 1 1 . . . .  
Esophagus 3 - 3 - - - 
Neuroendocrine 1 - l - - 

Out of field 
NSCLC 18 1 - 2 5 10 
Renal 2 . . . .  2 
Head/neck 1 - 1 - - - 
Esophagus 1 - 1 - - - 
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most significant toxicities. Dose reductions and the fre- 
quency of a delay of cycle 2 are also indicated. 

Response 

The in-field response by type of malignancy is described in 
Table 6. A majority of evaluable patients with NSCLC 
responded (17 of 28). Some patients who presented with 
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"out-of-field" metastatic disease at the start of treatment 
were also evaluated for response at those sites. Activity 
included a CR in 1 patient with NSCLC, and 2 PRs in 
patients with metastatic head and neck and esophageal 
cancer, respectively. Five patients had progression of their 
disease. Twelve of these patients were not re-evaluated for 
disease status at distant sites. 

TTP and survival 

TTP and overall survival for the entire study group are 
outlined in Figs. 1 and 2. At a median follow-up of 17 
months for surviving patients, the median time to progres- 
sion was 4.0 months, and the median survival was 6.4 
months. Currently, 10 patients remain progression-free and 
13 are alive. For further analysis of this concomitant 
chemoradiotherapy regimen, we divided our patient popu- 
lation into two groups. Group 1 included 22 patients, who 
presented with metastatic disease that was not included in 
the radiotherapy field. Group 2 included 27 patients in 
whom all known disease was included in one contiguous 
radiotherapy field. We expected patients in group 2 to have 
more durable responses and to be a more representative 
group of patients for future studies of this regimen in 
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patients with locoregionally advanced solid tumors of the 
chest. The median TTPs for patients in groups 1 and 2 were 
4 months and 6 months, respectively (Fig. 3). Overall, 10 
patients in group 2 remain progression-free. The median 
survival is 5 months for patients in group 1 and 15 months 
for those in group 2 (Fig. 4). Overall, 12 patients remain 
alive in group 2, while only 1 patient in group 1 is still 
alive. The 2-year survival rate for group 2 patients with 
NSCLC is 30%. 

Finally, we evaluated the site of first disease progres- 
sion. The vast majority of patients progressed outside of the 
radiation field. Seventeen patients with NSCLC progressed 
outside the chest, 5 progressed within the radiotherapy 
field, and 1 patient progressed both within and outside of 
the radiation field. Eight NSCLC patients had no documen- 
ted progression. 

Discussion 

The goal of this phase I study was to define a chemo- 
radiotherapy regimen that would result in enhanced loco- 
regional therapy while also having systemic activity. We 
conclude that high-dose cisplatin at 100 mg/m 2 on days 1 
and 8 can be administered with 5-FU, HU, IFN and 
concomitant radiotherapy, and recommended dose level 5 
for phase II testing. However, toxicity is substantial and 
maximal supportive care, including GCSF and nutritional 
support, is required. DLTs are myelosuppression and 
esophagitis. The use of twice-daily radiotherapy (level 7) 
appears to decrease the severity of early esophagitis; 
however, severe thrombocytopenia is prohibitive. 

The inclusion of IFN in this study was based on 
laboratory data indicating enhancement of radiotherapy 
and cisplatin [2, 5, 9, 12, 15, 16, 18, 20, 24, 25, 28-30, 
33, 34]. In addition, the feasibility of combining IFN with 
cisplatin and radiotherapy had been demonstrated in our 
previous phase I study [40]. Of interest was an apparent 
synergistic renal toxicity between cisplatin and IFN, as 
observed at dose level 2. We are not aware of previous 
reports of this toxic interaction. Additional studies are 
currently in progress for more careful definition of the 
role of IFN as a modulator of cisplatin and radiation. 

The use of GCSF in this study was not initially planned. 
Only after dose-limiting neutropenia had been observed at 
dose level 4 was GCSF added; it was administered with 
radiotherapy (and IFN) in weeks 1 and 3. Its administration 
during week 2 was avoided, since increased toxicity had 
been reported when cell-cycle-specific drugs were adminis- 
tered concurrently with GCSF [4, 26, 32]. 

Recent studies have also indicated that administration of 
GCSF with radiotherapy may result in increased toxicity. 
Bunn et al. [3] studied the role of GM-CSF chemoradiother- 
apy in 213 patients with limited stage small-cell lung 
cancer. Patients were treated with VP-16 and cisplatin on 
days 1-3, and chest radiotherapy, which was also started on 
day 1. Patients were randomized to receive or not to receive 
GM-CSF on days 4-14 of all six planned chemotherapy 

cycles. An interim analysis demonstrated a statistically 
significant increase in severe thrombocytopenia and in the 
number of severe infections in the GM-CSF arm. Overall 
tumor response rates were significantly lower in the GM- 
CSF arm (63% vs 80%). Momin et al. [27] also reported 
lower median nadir platelet counts in a group of patients 
with NSCLC receiving chemoradiotherapy with GCSF. 

On the other hand, Fushiki and Abe randomized 52 
patients undergoing radiotherapy to receive GCSF or 
placebo concurrently with the radiation for 14 days [10]. 
The group receiving GCSF had no febrile episodes, and 
their requirements for antibiotics were lower. WBC count 
was also significantly higher in the group receiving GCSF. 

The phase [ design and the small cohort size in our study 
do not allow for firm conclusions on the role of GCSF with 
concurrent radiotherapy (and IFN). We note, however, that 
thrombocytopenia was not higher at dose level 5 than at 
level 4 and that neutropenia was ameliorated. These two 
dose levels differed only in that patients at dose level 5 
received GCSF after dose-limiting neutropenia had been 
observed at level 4. Thus, in patients treated with once- 
daily radiotherapy, GCSF may be of benefit. On the other 
hand, patients receiving twice-daily radiotherapy had a high 
incidence of severe thrombocytopenia. 

The activity of this regimen, when measured as in-field 
response or TTR is encouraging, particularly in patients 
with all known disease included in the radiation port (group 
2). The activity against clinically detectable metastatic 
disease appeared to be similar to that of other currently 
available cisplatin-based regimens. The high toxicity pro- 
file suggests that further investigations of this regimen be 
limited to a curative-intent treatment setting. For NSCLC, it 
would be of interest if this or a similar intensive concomi- 
tant chemoradiotherapy combination can result in higher 
survival rates than reported for a less toxic approach 
utilizing cisplatin and vinblastine as induction chemother- 
apy [8, 19]. The latter has been shown to result in median 
survival of 14 months and a 26% 2-year survival rate in 
unresectable stage III disease [8]. When patients were 
retrospectively assigned to stage IIIA or IIIB, median 
survival rates in that study were 17 months and 12 
months, respectively [19]. Our regimen might also be of 
interest in esophageal cancer; a phase II study in that 
disease has been initiated at our institution. 

In conclusion, two feasible dose levels (with and without 
GCSF) were identified for possible phase II trials. Dose 
levels 5 and 6 allowed for safe administration of this 
regimen with GCSF and single-daily-fraction radiother- 
apy. Since we were able to retreat more patients at level 
5 during cycle 2 with the same dose, this is our recom- 
mended phase II dose level. If it was intended that the 
administration of GCSF be avoided, the dose level recom- 
mended would be dose level 3, although then the dose 
intensity of cisplatin would not be superior to that of other 
currently used regimens. While the use of hyperfractionated 
radiotherapy resulted in a lower incidence of severe 
esophagitis during cycle 1, more thrombocytopenia was 
also seen. In view of this significant myelosuppression, 
level 7 would be feasible only with maximal supportive 
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care, inc lud ing  pla te le t  t ransfusions,  and is not recom-  

mended .  

Acknowledgements We wish to thank Dr. Brian Samuels for treating 
his patients on this study, Dr. Judith Prestifilippo and Roche Pharma- 
ceuticals, Nutley, N.J. for supplying Roferon, and Ms. Susan Jarman 
for assistance in preparation of the manuscript. 

References 

1. Begg AC (1990) Cisplatin and radiation: interaction probabilities 
and therapeutic possibilities. Int J Radiat Oncol Biol Phys 19:1183 

2. Bowman A, Fergusson RJ, Allan SG, Stewart ME, Gregor A, 
Cornbleet MA, Greening AP, Crompton GK, Leonard RCF, Smyth 
JF (1990) Potentiation of cisplatin by alpha-interferon in advanced 
non-small cell lung cancer (NSCLC): a phase II study. Ann Oncol 
1:351 

3. Bunn PA Jr, Crowley J, Hazuka R, Tolley R, Livingston R (1992) 
The role of GMCSF in limited stage SCLC: a randomized phase 
III study of the Southwest Oncology Group (SWOG). Proc ASCO 
11:292 

4. Butler RD, Waites TM, Lamar RE, Hainsworth JD, Greco FA, 
Johnson DH (1992) Timing of GCSF administration during 
intensive chemotherapy for breast cancer. Proc ASCO 11:403 

5. Carmichael J, Fergusson RJ, Wolf CR, Balkwill FR, Smyth JF 
(1986) Augmentation of cytotoxicity of chemotherapy by human 
cz-Interferons in human non-small-cell lung cancer xenografts. 
Cancer Res 46:4916 

6. Cockcroft DW, Gault MH (1976) Prediction of creatinine clear- 
ance from serum creatinine. Nephron 16:31 

7. Cox DR, Oakes D (1984) Analysis of survival data. Chapman & 
Hall, London, p 48 

8. Dillman RO, Seagren SL, Propert KJ, Guerra J, Eaton WL, Perry 
MC, Carey RW, Frei EF III, Green MR (1990) A randomized trial 
of induction chemotherapy plus high-dose radiation versus radia- 
tion alone in stage III non-small cell lung cancer. N Engl J Med 
323:940 

9. Dritschilo A, Mossman K, Gary M, Sreevalsan T (1982) Potentia- 
tion of radiation injury by interferon. Am J Clin Oncol 5:79 

10. Fushiki M, Abe M (1992) Randomized double-blinded controlled 
study of rhGCSF in patients with neutropenia induced by radiation 
therapy. Proc ASCO 11:410 

11. Gandara DR, Wold H, Perez EA, Deisseroth AB, Doroshow J, 
Meyers F, McWhirter K, Hannigan, De Gregorio MW (1989) 
Cisplatin dose intensity in non-small cell lung cancer: phase II 
results of a day 1 and day 8 high-dose regimen. J Natl Cancer Inst 
81:790 

12. Gould MN, Kakria RC, Olson S, Borden EC (1984) Radiosensi- 
tization of human bronchogenic carcinoma cells by interferon beta. 
J Interferon Res 4:123 

13. Haraf DJ, Devine SM, Ihde DC, Vokes EE (1992) The evolving 
role of systemic therapy in carcinoma of the lung. Semin Oncol 19 
[Suppl 11]: 72 

14. Herskovic A, Martz K, A1-Sarraf M, Leichman L, Brindle J, 
Vaitkevicius V, Cooper J, Byhardt R, Davis L, Emami B (1992) 
Combined chemotherapy and radiotherapy compared with radio- 
therapy alone in patients with cancer of the esophagus. N Engl 
J Med 32:1593 

15. Holsti LR, Mattson K, Niiranen A, Standertskiold-Nordenstam 
CG, Stenman S, Sovijarvi A, Cantell K (1987) Enhancement of 
radiation effects by alpha interferon in the treatment of small cell 
carcinoma of the lung. Int J Radiat Oncol Biol Phys 13:1161 

16. Hong WS, Lee JO, Kang TW, Kim YW, Song JK, Yun TK (1989) 
Enhancement of cytotoxicity of cisplatin in vitro by recombinant 
human tumor necrosis factor and/or recombinant human inter- 
feron-alpha, -beta, and -gamma. Jpn J Cancer Res 80:904 

17. Ihde DC (1992) Chemotherapy of lung cancer. N Engl J Med 
327:1434 

18. Kardamakis D, Gillies NE, Souhami RL, Bewerley PCL (1989) 
Recombinant human interferon alpha-2b enhances the radiosensi- 
tivity of small cell lung cancer in vitro. Anticancer Res 9:1041 

19. Kreisman H, Lisbona A, Olson L, Propert KJ, Modeas C, Dillman 
RO, Seagren SL, Green MR (1993) Effect of radiologic stage III 
substage on nonsurgical therapy of non-small cell lung cancer. 
Cancer 72:1588 

20. Laaksonen R, Niiranen A, Iivanainen M, Mattson K, Holsti L, 
Fgrkkitg M, Cantelt K (1988) Dementia-like, largely reversible 
syndrome after cranial irradiation and prolonged interferon treat- 
ment. Ann Clin Res 20:201 

21. Le Chevalier T, Arriagada R, Quoix E, Ruffle P, Martin M, Tarayre 
M, Lacombe-Terrier M-J, Douillard J-Y, Laplanche A (1991) 
Radiotherapy alone versus combined chemotherapy and radio- 
therapy in nonresectable non-small cell lung cancer. J Natl Cancer 
Inst 83:417 

22. Le Chevalier T, Arriagada R, Tarayre M, Lacombe-Terrier M-J, 
Laplanche A, Quoix E, Ruffle R Martin M, Douillard J-Y (1992) 
Significant effect of adjuvant chemotherapy on survival in locally 
advanced non-small-cell lung carcinoma. J Nat] Cancer Inst 84:58 

23. Lelieveld P, Scoles MA, Brown JM, Kallman RF (1985) The effect 
of treatment in fractionated schedules with the combination of x- 
irradiation and six cytotoxic drugs on the RIF-1 tumor and normal 
mouse skin. Int J Radiat Oncol Biol Phys 11:111 

24. Lvovsky EA, Mossman KL, Levy HB, Dritschilo A (1985) 
Response of mouse tumor to interferon inducer and radiation. Int 
J Radiat Oncol Biol Phys 11: 172I 

25. Maasilta R Holsti LR, Halme M, Kivisaari L, Cantel K, Mattson K 
(1992) Natural alpha-interferon in combination with hyperfractio- 
hated radiotherapy in the treatment of non-small cell lung cancer. 
Int J Radiat Oncol Biol Phys 23:863 

26. Meropol NJ, Miller LL, Korn EL, Braitman LE, McDermott ML, 
Schuchter LM (1992) Severe myelosuppression resulting from 
concurrent administration of granulocyte colony-stimulating fac- 
tor and cytotoxic chemotherapy. J Natl Cancer Inst 84:1201 

27. Momin F, Kraut M, Lattin R Valdivieso M (1992) Thrombocyto- 
penia in patients receiving chemoradiotherapy and GCSF for 
locally advanced non-small cell lung cancer (NSCLC). Proc 
ASCO 11 : 294 

28. Moran RG, Danenberg PV, Heidelberg C (1982) Therapeutic 
response of leukemic mice treated with fluorinated pyrimidines 
and inhibitors of deoxyuridylate synthesis. Biochem Pha~raacol 
31:2929 

29. Namba M, Yamamoto S, Tanaka H, Kanamori T, Nobuhara M, 
Kimoto T (1984) In vitro and in vivo studies an potentiation of 
cytotoxic effects of anticancer drugs or cobalt-60 gamma ray by 
interferon on human neoplastic cells. Cancer 54:2262 

30. Rosso R, Ardizzoni A, Salvati F, Rinaldi M, Rubagotti A, 
Pennucci C, Tonachella R, De Marinis F, Rinaldi M, Mantellini 
E, Soresi E, Ferrara G, Romano F, Bandera M, Martini M, Fortini 
C, for the Italian Lung Cancer Task Ford (FONICAP) (1990) 
Combination chemo-therapy and recombinant (R) alfa- interferon 
(IFN) for metastatic non-small cell lung cancer (NSCLC): A 
randomized FONICAP trial. Proc ASCO 9:227 

31. Schaake-Koning C, Van Den Bogaert W, Dalesio O, Festen J, 
Hoogenhout J, Houtte P van, Kirkpatrick A, Rodrigus R Schuster- 
Uitterhoeve L, Sulier J-R Zandwijk N van, Baterlink H (1992) 
Effects of concomitant cisplatin and radiotherapy on inoperable 
non-small-cell lung cancer N Engl J Med 326:524 

32. Shaffer D, Smith L, Burris H, Kuhn J, McVea S, Clark G, Weiss G, 
Eckardt J, Rinaldi D, Von Hoff D (1992) A randomized phase I 
trial of VP-16 and GM-CSF in patients with advanced solid 
tumors. Proc AACR 33:243 

33. Sklarin NT, Chahinian AR Feuer EJ, Lahman LA, Szrajer L, 
Holland JF (1988) Augment-ation of activity of cis-diamminedi- 
chloroplatinum(II) and mitomycin-C by interferon in human 
malignant mesothelioma xenografts in nude mice. Cancer Res 
48:64 

34. Torrisi J, Berg C, Bonnem E, Dritschilo A (1986) The combined 
use of interferon and radiotherapy in cancer management. Semin 
Oncol 13 [Suppl 2]: 78 



312 

35. Vokes EE (1993) Interactions of chemotherapy and radiation. 
Semin Oncol 20:70 

36. Vokes EE, Weichselbaum RR (1990) Concomitant chemora- 
diotherapy: rationale and clinical experience in patients with 
solid tumors. J Clin Oncol 8:911 

37. Vokes EE, Vijayakumar S, Hoffman PC, Ferguson MK, Bitran JD, 
Krishnasamy S, Jacobs R, Golomb HM (1990) 5-Fluorouracil with 
oral leucovorin and hydroxyurea and concomitant radiotherapy for 
stage III non-small cell lung cancer. Cancer 66:437 

38. Vokes EE, Moormeier J, Ratain MJ, Egorin M, Haraf DJ, Mick R, 
Weichselbaum RR (1992) 5-Fluorouracil, leucovorin, hydroxy- 
urea, and escalating doses of continuous infusion cisplatin with 

concomitant radiotherapy: a clinical and pharmacologic study. 
Cancer Chemother Pharmacol 29:178 

39. Vokes EE, Beckett MA, Karrison T, Weichselbanm RR (1992) The 
interaction of 5-fluorouracil hydroxyurea and radiation in two 
human head and neck cancer cell lines. Oncology 49:454 

40. Vokes EE, Haraf DJ, Hoffman PC (1993) Escalating doses of 
interferon alfa-2A with cisplatin and concomitant radiotherapy: a 
phase I study. Cancer Chemother Pharmacol 33:203 

41. Vokes EE, Haraf DJ, Hoffman PC, Bitran JD, Ferguson MK, 
Golomb HM (1994) Concomitant chemoradiotherapy for non- 
small cell lung cancer. Lung Cancer 10:$253 


