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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/m?2 per day delivered on 3 different
schedules (continuous infusion, daily short-term infusion,
and single short-term infusion of 50 mg/m?2). IFN was
injected s.c. 2 h preceding the first daily fraction of radia-
tion. IEN 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/m? per day as a continu-
ous infusion with IFN at 5.0 x 106 U/m? 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.
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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 [44]. Regarding its
interaction with radiation, animal studies suggest that its
administration in divided daily 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

Interferon Alpha-2A* X X X X X
Radiotherapy XX XX XX XX XX
125 cBy BID
Day 1 2 3 4 5

repeated every other week until completion of radiotherapy

*Dose escalation

Level 1: CDDP: 10mg/m%/day CVI, no IFN

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

Level 3: CDDP:  8mg/m%/day CVI, IFN: 0.5 MU/m¥/day
Level 4: CDDP:  8mg/m’/day CVI, IFN: 1.0 Mu/m’/day
Level 5: CDDP:  8mg/m’/day CVI, IFN: 2.0 MU/m%/day
Level 6: CDDP:  8mg/m*/day CVI, IFN: 3.0 MU/m%/day
Level 7: CDDP:  8mg/m‘/day CVI, IFN: 4.0 MU/m%/day
Level 8: CDDP:  8mg/m¥/day CVI, IFN: 5.0 MU/m%/day

tevel 9: CDDP: 10mg/m‘/day (30 min}; IFN: 5.0 MU/m’/day

Level 10: CDDP: 50mg/m’/day 1 (30 min); IFN: 5.0 MU/m%/day

Fig. 1. Regimen. (Levels 1-8), The daily dose of IFN preceded the first
daily fraction of radiotherapy by 2 h. The IEN 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 in 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 [S0]. 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 lymphoblastoid 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 continucus-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 2 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 patient performance status of 0 -2 (Cancer and
Leukemia Group B), a platelet count of = 100,000/, 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 mi normal saline
(NS) over 3 h prior to the initiation of chemotherapy (Fig. 1). A continu-
ous i.v. infusion of cisplatin was begun on the evening prior to day 1
(usually Sunday) at 10 mg/m? 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. IEN 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 cisplatin infusion, 500 ml of NS
with 20 mEq KCI 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 daily dose of cisplatin was decreased to 8 mg/m? per day after
dose-limiting cumulative 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
arrangerent 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 (Jevel 1) to 5% 106 U/m? 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 JFN in the final portion of this study. These cisplatin schedules
consisted of 10 mg/m? per day given in 200 ml of NS over 30 minon 5 .
consecutive days, preceding the first fraction of daily radiotherapy by 1h
(dose level 9); and 50 mg/m? given on day 2 of each cycle in 250 cc of
NS over 30 min (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 or 2
(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



Table 1. Patients’ characteristics

Number of patients 48
Sex:
M 30
F 18
Age (years):
Median 63
Range 24-178
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 lesion). 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 225% of the product of perpendicular diameters at the indica-
tor lesion or the appearance of new lesions.

205

Results

A total of 48 patients were entered on 10 dose levels in this
study. The pretreatment characteristics of the patients are
summarized in Table 1. In all, 30 patients were men and
18 women. The median age was 62 years (ranges, 24— 78
years). Most patients had a performance status of 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 of
solid tumors were treated, but the majority of patients had
non-small-cell Iung 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 of therapy so as to deliver the
previously determined amount of 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 of 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 of 10 mg/m? 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/m? per day. Again, no dose-limiting acute
toxicity was seen, and only one of four patients developed
dose-limiting cumulative toxicity.

We subsequently added escalating daily doses of IFN to
this lower dose of cisplatin. Doses ranging from 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 of 2.0, 3.0, and
4.0x 106 U/m2 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 of IFN. Nausea and vomiting were mild to
moderate in the majority of patients.

In our analysis of cumulative toxicities, grade 3 neutro-
penia was seen in the majority of patients treated for more
than two cycles on dose levels 3 —8. Although the patient
numbers for most dose levels were small, this toxicity
occurred at all dose levels and did not appear to be TFN-
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 Plts Creat Magnesium N/V Mucositis Skin Fever/  Total

() grade grade (mg/dl) (mg/dl) grade grade grade chills number

grade of cycles
0-12 3 0-1 <20 =12100808016 0-1 2 3 013 0101=2 12345
1) CDDP: 10/IEN: 0 6 4 2 -~ 6 6 6 - - 5 1- 51 - 516 - —-1~=5
2) CDDP: 8/IFN: 0 5 4 1 - 5 5 30 - 1 3 I - 41 - 5-35 - —-1211
3)CDDP: 8IFN:05 3 2 1 -3 3 3 - -~ 2 -1 12 ~ 3 -3 - 1~--11
4)CDDP: 8/1FN:1.0 4 2 2 -~ 4 4 4 - - 1 21 31 - 4-2 2 11 --2
5)CDDP: §/IFN:20 3 1 11 3 3 3 - - 2 1 - 3 - - 3 -2 1 -12-~-
6) CDDP: &/IEN:3.0 5 3 11 5 5 4 - 4 1 -~ 311 323 2 ~4--1
7)CDDP: 8/IFN:4.0 6 1 32 6 6 6 - 3 21 6 — - 6 - - 6 -1113
8) CDDP: &/IFN:5.0 4 2 2 - 4 4 4 - - 1 21 4 - - 4 - 2 2 ~211-~
9) CDDP: 10/IFN: 5.0 4 1 12 4 4 3 1 - 3 1 - 4 - - 311 3 1---73
10) CDDP: 50/IFN: 5.0 8 3 14 8 8 7 1 - 6 2 - g§ - - 8 - ~ 8 -3-41

Worst toxicities observed in all patients during cycles 1 and 2. PLTS, Platelets; Creat, creatinine; N/V, nausea/vomiting; CDDP, cisplatin; IFN, inter-

feron alpha-2A

2 CDDP doses are expressed in mg/m? per day and IFN doses, in ( x 10) U/m?2 per day

b Data on one patient are missing

Table 3. Cumulative toxicities, all cycles

Dose level2 - Patients WBC grade Plts grade Creatinine Magnesium
(m) (mg/dD) (mg/dl)
0-1 2 3 4 0-1 2 3,4 <2 21-25 >1.2 1.1-0.9

1) CDDP: 10/IFN: 0 5 1 2 2 - 5 - - 5 - 5 -
2y CDDP: 8/IEN: 0 4 2 T - 1 3 - 1 3b - 26 1
3) CDDP: 8IFN: 0.5 2 - - 2 - 2 - - 2 - 2 -
4) CDDP: &/IEN: 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: &/IFN: 4.0 5 - 1 4 - 4 - 1 5 - 2 3
8) CDDP: &/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
2 CDDP doses are expressed in ng/m?2 per day and IFN doses, in ( x 106) U/m? per day

b Data on one patient are missing

hypomagnesemia were again mostly mild in degree when
all treatment cycles were analyzed. Similarly, mucositis
and in-field dermatitis were graded as 0 or 1 in most
patients (data not shown). On the basis of these data, we
identified dose level 8, corresponding to a cisplatin dose of
8 mg/m? per day and an IFN dose of 5.0 x 106 U/m? per
day, as our recommended dose level since it resulted in no
dose-limiting acute toxicity and in cumulative toxicity that
did not appear to be IFN-dose-dependent.

We were interested to know whether the dose of cispla-
tin could be escalated to 10 mg/m? per day (or 50 mg/m?
per cycle) if a shorter infusion schedule were applied.
Therefore, two additional dose levels were tested with a
fixed dose of IFN at 5.0x 106 U/m? per day as used on
dose level 8. We tested the administration of a short-term
daily infusion of cisplatin at 10 mg/m?2 per day over 30 min
given 1 h prior to one daily dose of radiotherapy (level 9)
as well as its administration only once per cycle at
50 mg/m?2 on day 1 over 30 min.

As demonstrated in Tables 2 and 3, both of these dose
levels resulted in grade 3 acute neutropenia in 50% of the
patients. Similarly, cumulative toxicity exceeded grade 2 in
all 3 patients on dose level 9 and in 3 of 5 patients on dose
level 10. Therefore, escalation of cisplatin beyond a dose
of 8 mg/m? per day (or 40 mg/m? per cycle) was not
feasible and resulted in dose-limiting acute and cumulative
toxicity as defined for this study, regardless of its schedule
of administration.

Other types of toxicities observed in this study included
radiation pneumonitis (three patients) and sudden death in
one patient, felt to represent a pulmonary embolus or,
possibly, treatment-related cardiac toxicity. An episode of
angina in another patient was felt to be possibly IFN-treat-
ment-related [9, 38]. Another patient with a history of
coronary artery disease had syncopal episodes that were
not felt to represent toxicity. Finally, confusion was noted
in 1 patient treated on level 10 and was considered to be
possibly IFN-related [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 of the site of first treatment failure,
7 patients with NSCLC 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 of follow-up). Nine patients with
NSCLC were also evaluated for response outside the ir-
radiated field; of 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 of tumors are sum-
marized in Table 4.

Discussion

We investigated the simultaneous use of escalating doses
of IFN with continuous-infusion cisplatin and twice-daily
radiotherapy and identified recommended doses of 8
mg/m2 per day for cisplatin and 5.0 x 106 U/m? 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 of IFN was not attempted, given the known myelo-
suppressive and hepatotoxic effects of 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-

Table 4. Response
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ing factor might permit further escalation of the cisplatin
dose. This question is being addressed in an ongoing study
at our institution [16].

The use of an alternating-week schedule of 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), although the latter has been suggested by
other investigators [17, 26, 30, 42]. This would suggest that
when cisplatin and IFN are used with concomitant radi-
otherapy, an interruption of the radiotherapy to allow for
normal tissue recovery from 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 modality [43].

Of interest is the lack of severe renal toxicity noted for
cisplatin and IFN in this study. This finding is in contrast to
the results of another study conducted at our institution that
utilized higher doses of cisplatin (100 mg/m?2) with contin-
uous-infusion fluorouracil (5-FU), high-dose oral leu-
covorin, and interferon alpha-2b [48]. In that study, a sig-
nificant loss of serum electrolytes, including magnesium,
sodium, potassium, and calcium, was observed. It is possi-
ble that the different extent of nephrotoxicity seen in these
two studies relates to the higher doses of cisplatin or to the
additional use of 5-FU/leucovorin in the previous study.
The possible cardiac toxicity observed in the present study
is compatible with previous observations with interferon
[9, 38].

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 —5x 106 U/m?2 given three to five times per week during
radiotherapy as the MTD. Increased normal tissue effects

Disease Patients (n) Response Site of failure Median time to
progression in weeks
(range)
CR PR SD PD N/A In Out Both  Un-
field offield known
NSCLC 24 22 9 7 5 1 7 10 3 3a 8 (12-186+)
SCLC 1 - - - - 1 1 - - - 18
Breast 3 - - - 1 2 1 1 - 1 4(4-8)
Esophageal 3 - - 2 - 1 1 2 - - 20 (12-23)
Colorectal 5 - 1 2 2 - - 2 1 2 7 (3-20)
HNC (SCCA) 4 - 1 - 2 1 3 - - 1 4(2-22)
Parotid 2 1 - 1 - -~ - 1 1 - 16,43
Melanoma 1 - - - 1 - - 1 - 1
Adenocarcinoma L - - - - - - 1 6
Gallbladder 1 - - 1 - - - - - L —b
Mesothelioma 1 - - 1 - - 1 — - - b
Appendix 1 - - 1 - - - - - 1 b
Pancreas 1 - - 1 - - 1 - - - b

NSCLC, Non-smali-cell lung cancer; SCLC, small-cell lung cancer; HNC, head and neck cancer; SCCA, squamous-cell carcinoma; N/A, patient not

evaluated for response
2 Onpe patient remains failure-free at 186 weeks
b Data not available
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in the radiation field were reported as dose-limiting. Holsti
etal. [17] observed activity for interferon and radiotherapy
in small-cell lung cancer. Whether the addition of 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 of 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 of 20
patients with inoperable NSCLC were treated. In all, 5 of
10 patients in the radiotherapy arm and 6 of 10 patients in
the radiotherapy/interferon arm responded. Pneumonitis
and esophagitis were reported as being more severe in
patients receiving the combined therapy.

The interaction of cisplatin and interferon has been in-
vestigated in other studies. Bowman et al. [4] gave
100 mg/m? 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-cell carcinoma responded. No
potentiation of hematologic, renal, or neurologic toxicity
was seen. Rosell et al. [33] gave 50 mg/m? of cisplatin on
days 1 and 8 of a 28-day cycle with interferon alpha-2b at
5% 106 U three times weekly for a maximum of 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 NSCLC 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 of cyclophosphamide,
epirubicin, and cisplatin with or without interferon alpha-
2b. The overall response rates were 11% (95% confidence
interval, 5% —21%) vs 22% (95% confidence interval,
9%-33%) in favor of the interferon group. Toxicities were
also more severe in that group of patients, including inter-
feron-related flu-like symptoms and fatigue, stomatitis,
and myelosuppression.

In conclusion, we identified the MTDs of cisplatin and
IEN given with concomitant radiotherapy. Activity was
seen in patients with NSCLC, which was the largest group
of patients treated in this phase I study. Further phase Il
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-stimulat-
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 NSCLC and other malignancies.

Acknowledgements. We wish to thank Drs. Ralph R. Weichselbaum,
Jacob D. Bitran, and Harvey M. Golomb for their support of the study
and Susan Jarman for preparation of the manuscript. This work was
supported in part by an educational gift from Roche Pharmaceuticals
(Nutley, N.IL.). One of the authors (D.J.H.) is the recipient of a Clinical
Oncology Cancer Development Award from the American Cancer
Society.

References

1. Ardizzoni A, Rosso R, Salvati F, Scagliotti G, Soresi E, Ferrara G,
Pennucci C, Baldini E, Cruciani AR, Antilli A, Tonachella R, Rinaldi
M, Genovese G, Crippa M, Gatti E, Fortini C (1991) Combination
chemoradiotherapy and interferon alpha-2b in the treatment of ad-
vanced non-small-cell lung cancer. The Italian Lung Cancer Task
Force. Am J Clin Oncol 14: 120-123
2. Begg AC(1990) Cisplatin and radiation: interaction probabilities and
therapeutic possibilities. Int J Radiat Oncol Biol Phys 19: 1183-1189
3. Borden EC (1979) Interferons: rationale for clinical trials in neoplas-
tic disease. Ann Intern Med 91: 472-479
4. Bowman A, Fergusson RJ, Allan SG, Stewart ME, Gregor A, Corn-
bleet 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:
351-353
5. Carmichael J, Fergusson RJ, Wolf CR, Balkwill FR, Smyth JF
(1986) Augmentation of cytotoxicity of chemotherapy by human
o-interferons in human non-small-cell lung cancer xenografts.
Cancer Res 46: 4916-4920
6. Chang AYC, Keng PC (1987) Potentiation of radiation cytotoxicity
by recombinant interferons, or phenomenon associated with in-
creased blockage at the G2-M phase of the cell cycle. Cancer Res 47:
4338-4341
7. Cockeroft DW, Gault MH (1976) Prediction of creatinine clearance
from serum creatinine. Nephron 16: 31-41
8. Devine S, Vokes EE, Weichselbaum RR (1991) Chemotherapeutic
and biologic radiation enhancement. Current Opin Oncol 3:
1087-1095
9. Deyton LR, Walker RE, Kovacs JA, Herpin B, Parker M, Masur H,
Fauci AS, Clifford Lane H (1989) Reversible cardiac dysfunction
associated with interferon alfa therapy in AIDS patients with
Kaposi’s sarcoma. N Engl J Med 321: 1246-1249
10. Dritschilo A, Mossman K, Gary M, Sreevalsan T (1982) Potentiation
of radiation injury by interferon. Am J Clin Oncol 5: 79-82
11. Fu KK, Phillips TL, Silverbeg I'Y, Jacobs C, Goffinet DR, Chun C,
Friedman MA, Kohler M, McWhirter K, Carter SK (1987) Com-
bined radiotherapy and chemotherapy with bleomycin and
methotrexate for advanced inoperable head and neck cancer: update
of a Northern California Oncology Group randomized trial. J Clin
Oncol 5: 1410-1418
12. Fu KK, Phillips TL (1991) Biologic rationale of combined radiother-
apy and chemotherapy. Hematol Oncol Clin North Am 5: 737-751
13. Gould MN, Kakria RC, Olson S, Bordon EC (1984) Radiosensitiza-
tion of human bronchogenic carcinoma cells by interferon beta.
J Interferon Res 4: 123—-128
14. Gutterman JD, Fine S, Quesada J, Horning SJ, Levine JF, Alexanian
R, Bernhardt L, Kramer M, Spiegel H, Colburn W, Trown P, Meri-
gan T, Dziewanowski Z (1982) Recombinant leukocyte A interferon:
pharmacokinetics, single-dose tolerance, and biologic effects in
cancer patients. Ann Intern Med 96: 549-556
15. Herskovic A, Martz K, Al-Sarraf M, Leichman L, Brindle J,
Vaitkevicius V, Cooper J, Byhard R, Davis L, Emami B (1992)
Combined chemotherapy and radiotherapy compared with radiother-
apy alone in patients with cancer of the esophagus. N Engl ] Med 32:
1593-1598
16. Hoffman P, Drinkard L, Haraf D, Golomb H, Ferguson M, Vogel-
zang NJ, Vokes E (1993) Intensive concomitant chemoradiotherapy
with cisplatin dose escalation in advanced chest malignancies: a
phase I study (abstract). Proc Am Soc Clin Oncol 12: 357
17. 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: 1161-1166
18. 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 interferon-
alpha, -beta, and -gamma. Jpn J Cancer Res 80: 904-909



19.

20.

21.

22.

23,

25.

26.

27.

28.

29.

30.

31.

32.

33,

34.

Horiot JC, LeFur R, N’Guyen T, Chenal C, Schraub S, Alfonsi S,
Gardani G, Van Den Bogaert W, Danczak S, Bolla M, Van Glabbeke
M, DePauw M (1992) Hyperfractionated versus conventional frac-
tionation in oropharyngeal carcinoma: final analysis of a randomized
trial of the EORTC Cooperative Group on Radiotherapy. Radiother
Oncol 25: 231-241

Hreshchyshyn MM, Aron BS, Boronow RC, Franklin EW, Shingle-
ton HM, Blessing JA (1979) Hydroxyurea or placebo combined with
radiation to treat stages IIIB and IV cervical cancer confined to the
pelvis. Int J Radiat Oncol Biol Phys 5: 317-322

Kallman RF, Rapacchietta D, Zaghloul MS (1991) Schedule-depen-
dent therapeutic gain from the combination of fractionated irradia-
tion plus ¢-DDP and 5-FU or plus c-DDP and cyclophosphamide in
C3H/Km mouse model systems. Int J Radiat Oncol Biol Phys 20:
227-232

Kanazawa H, Rapacchietta D, Kallman RF (1988) Schedule-depen-
dent therapeutic gain from the combination of fractionated irradia-
tion and cis-diamminedichloroplatinum(Il) in C3H/Km mouse mod-
el systems. Cancer Res 48: 3158-3164

Kardamakis D, Gillies NE, Souhami RL, Bewerley PCL (1989)
Recombinant human interferon alpha-2b enhances the radiosensitiv-
ity of small cell lung cancer in vitro. Anticancer Res 9: 1041-1044

. Kirkwood IM, Ernstoff MS (1984) Interferons in the treatment of

human cancer. J Clin Oncol 2: 336-352

Kyle G, Woolley P, Kumar S, Mossman K (1985) Antiproliferative
effect of human recombinant interferon in combination with radia-
tion and chemotherapeutic drugs in five human cell lines. Proc Am
Assoc Cancer Res26: 2327

Laaksonen R, Niiranen A, Iivanainen M, Mattson K, Holsti L, Firk-
kila M, Cantell K (1988) Dementia-like, largely reversible syndrome
after cranial irradiation and prolonged interferon treatment. Ann Clin
Res 20: 201-203

Lelieveld P, Scoles MA, Brown JM, Kallman RF (1985) The effect
of treatment in fractionated schedules with the combination of X-ir-
radiation and six cytotoxic drugs on the RIF-1 tumor and normal
mouse skin. Int ] Radiat Oncol Biol Phys 11: 111-121

Lo TC, Wiley AL Jr, Ansfield FJ, Brandenburg JH, Davis Jr HL,
Gollin FF, Johnson RO, Ramirez G, Vermund H (1976) Combined
radiation therapy and 5-fluorouracil for advanced squamous cell
carcinoma of the oral cavity and oropharynx: a randomized study.
AJR 126: 229-235

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: 1721-1725

Maasilta P, Holsti LR, Halme M, Kivisaari L, Cantel K, Mattson K
(1992) Natural alpha-interferon in combination with hyperfrac-
tionated radiotherapy in the treatroent of non-small-cell lung cancer.
Int J Radiat Oncol Biol Phys 23: 863-868

Merlano M, Vitale V, Rosso R, Benasso M, Corvo R, Cavallari M,
Sanguineti G, Bacigalupo A, Badellino F, Margarino G, Brema F,
Pastorino G, Marziano C, Grimaldi A, Scasso F, Sperati G, Pal-
lestrini E, Garaventa G, Accomando E, Cordone G, Comella G,
Daponte A, Rubagotti A, Bruzzi P, Santi L. (1992) Treatment of
advanced squamous-cell carcinoma of the head and neck with alter-
nating chemotherapy and radiotherapy. N Engl J Med 327:
1115-1121

Namba M, Yamamoto S, Tanaka H, Kanamori T, Nobuhara M,
Kimoto T (1984) In vitro and in vivo studies on potentiation of
cytotoxic effects of anticancer drugs or cobalt 60 gamma ray by
interferon on human neoplastic cells. Cancer 54: 22622267

Rosell R, Carles J, Ariza A, Moreno 1, Ribelles N, Solano V, Pellicer
I, Barnadas A, Abad A (1991} A phase II study of days 1 and 8
cisplatin and recombinant alpha-2B interferon in advanced non-
small-cell lung cancer. Cancer 67: 2448-2453

Rosso R, Ardizzoni A, Salvati F, Rinaldi M, Rubagotti A, Pennucci
C, Tonachella R, De Marinis F, Rinaldi M, Mantellini E, Soresi E,
Fertara G, Romano F, Bandera M, Martini M, Fortini C, for the
Italian Lung Cancer Task Ford (FONICAP) (1990) Combination
chemotherapy and recombinant (R) alfa interferon (IFN) for meta-
static non-small cell lung cancer (NSCLC): a randomized FONICAP
trial (abstract). Proc Am Soc Clin Oncol 9: 227

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

209

Schaake-Koning C, Van Den Bogaert W, Dalesio O, Festen J, Hoo-
genhout J, Van Houtte P, Kirkpatrick A, Koolen M, Maat B, Nijs A,
Renaud A, Rodrigus P, Schuster-Uitterhoeve L, Sculier J-P, Van
Zandwijk N, Bartelink H (1992) Effects of concomitant cisplatin and
radiotherapy on inoperable non-small-cell lung cancer. N Engl J Med
326: 524-530

Schwachsfer JH, Crooijmans MA, Hoogenhout J, Kal HB,
Theeuwes GM (1991) Effectiveness in inhibition of recovery of cell
survival by cisplatin and carboplatin: influence of treatment
sequence. Int J Radiat Oncol Biol Phys 20: 1235-1241

Sklarin NT, Chahinian AP, Feuer EJ, Lahman LA, Szrajer L, Hol-
land JF (1988) Augmentation of activity of cis-diammine-
dichloroplatinum(II) and mitomycin-C by interferon in human
malignant mesothelioma xenografts in nude mice. Cancer Res 48:
64-67

Sonnenblick M, Rosin A (1991) Cardiotoxicity of interferon: a re-
view of 44 cases. Chest 99: 557

Tanabe M, Godat D, Kallman RF (1987) Effects of fractionated
schedules of irradiation combined with cis-diamminedichloroplat-
inum(l) on the SCCVII/ST tumor and normal tissues of the
C3H/KM mouse. Int J Radiat Oncol Biol Phys 13: 1523-1532
Terheggen PM, Emondt JY, Floot BG, Dijkman R, Schrier PI, En-
gelse L den, Begg AC (1990) Correlation between cell killing by
cis-diamminedichloroplatinum(Il) in six mammalian cell lines and
binding of a cis-diamminedichloroplatinum(IT)-DNA antiserum.
Cancer Res 50: 3556-3561

Third International Conference on the Interaction of Radiation Ther-
apy and Systemic Therapy (1991) Int J Radiat Oncol Biol Phys 20:
195-386

Torrisi J, Berg C, Bonnem E, Dritschilo A (1986) The combined use
of interferon and radiotherapy in cancer management. Semin Oncol
13 [Suppl 2]: 78-83

Vokes EE, Weichselbanm RR (1990) Concomitant chemoradiothes-
apy: rationale and clinical experience in patients with solid tumors.
J Clin Oncol 8: 911-934

Vokes EE, Ackland SP, Vogelzang NJ (1990) Cisplatin, carboplatin,
and gallium nitrate. In: Lokich JT (ed) Cancer chemotherapy by
infusion, 2nd edn. Precept, Chicago, pp 176-196

Vokes EE (1992) Concornitant chemoradiotherapy for solid tumors:
rationale and clinical experience. Proceedings of a symposium.
Semin Oncol 19 {Suppl 11]: 1-102

Vokes EE (1993) The interaction of chemotherapy and radiation.
Semin Oncol 20: 70-79

Vokes EE, Weichselbaum RR, Lippman S, Hong WK (1993) Head
and neck cancer. N Engl T Med 328: 184-194

Vokes EE, Ratain MJ, Mick R, McEvilly J-M, Haraf D, Hamasaki V,
Kozloff M, Weichselbaum RR, Panje WR, Wenig B, Berezin F
(1993) Cisplatin, fluorouracil and leucovorin augmented by inter-
feron alfa-2B in head and neck cancer: a clinical and pharmacologic
analysis. J Clin Oncol 11: 360-368

Wadler S, Schwartz EL, Goldman M, Lyver A, Rader M, Zimmer-
man M, Itri L, Weinberg V, Wiernik PH (1989) Fluorouracil and
recombinant alfa-2a-interferon: an active regimen against advanced
colorectal carcinoma. J Clin Oncol 7: 1769

Wadler S, Schwartz EL (1990) Antineoplastic activity of the combi-
nation of interferon and cytotoxic agents against experimental and
human malignancies: a review. Cancer Res 50: 3474-3486
Weissberg JB, Son YH, Papac RJ, Sasaki C, Fischer DB, Lawrence
R, Rockwell S, Sartorelli AC, Fischer JJ (1989) Randomized clinical
trial of mitomycin-C as an adjunct to radiotherapy in head and neck
cancer. Int J Radiat Oncol Biol Phys 17: 3-9

Zak M, Drobnik I (1971) Effects of cis-dichlorodiammineplat
inum(IT) on the post-itradiation lethality in mice after irradiation with
X-rays. Strahlentherapie 142: 112-115



