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ABSTRACT
24 patients with advanced, histologically proven cancer were treated
with difluoromethylornithine 2.25 g/m2 orally every 6 h for the first 7
days of each 4-week treatment cycle. These patients also received daily
Â¡.in.
doses of recombinant human a2a-interferon (IFN) on Days 3 through
7 of each cycle. IFN doses of 3,6, 12, 24, 36, and 48 x 10" units/m2 have
been studied utilizing three patients at each daily dose level. Three
additional patients have been observed at each of the two highest doses
for better toxicity definition.
This combination produced slight transient declines in leukocyte and
platelet counts and transient rises in serum aspartate aminotransferase;
however, these changes were no more pronounced at the higher IFN
doses than at daily doses of 6 x IO6 units/m2. Mild nausea and vomiting
occurred in most patients and mild diarrhea also was common at all IFN
dose levels. Chills, fever, myalgia, lethargy and fatigue, and anorexia
were also observed at all IFN doses; however, lethargy and fatigue
(lassitude) seemed to be the major factor which limited patient tolerance
of IFN to 48 x 10' units/m2 daily. No ototoxicity was identified clinically
or audiometrically and no life-threatening toxicity has occurred. Initial
Phase II studies in melanoma are currently in progress.

INTRODUCTION
DFMO3 is an inhibitor of the biosynthesis of the polyamine
putrescine. Its sole biochemical action appears to be the selec
tive irreversible inhibition of ornithine decarboxylase, the en
zyme which catalyzes the conversion of ornithine to putrescine
( 1). Decline in the biosynthesis of putrescine leads to a depletion
in intracellular concentrations of putrescine and spermidine
and to a much lesser extent spermine (2). Alterations in con
centrations of polyamines have been demonstrated to have a
variety of effects on mammalian cell proliferation and differ
entiation and to inhibit the growth of several different kinds of
human cancer cells in vitro (1, 3-5). Furthermore, DFMO has
been demonstrated to modulate the cytotoxic effects of several
anticancer drugs in vitro (6-10). Following Phase I studies by
Abeloff et al. (11), Phase II human studies have been done with
minimal evidence of activity of DFMO against small cell lung
cancer and melanoma but with negative preliminary results
against colon cancer (12, 13).
The inhibition of tumor growth by interferons has recently
attracted much investigative interest including the development
of numerous clinical studies (14). Highly purified human recombinant Â«2a-interferon has been studied extensively as a
single agent in patients with advanced cancer generally on a
daily or thrice weekly schedule. Daily doses have commonly
ranged from 12 to 50 x IO6 units/m2, and at the higher doses

better tolerated lower doses (12 x IO6 units/m2) has induced
objective tumor regression in 20-25% of patients with advanced
malignant melanoma when administered thrice weekly i.m. In
addition to melanoma, objective tumor regression has been
observed during treatment with a2a-interferon in a variety of
other solid tumors and hematological malignancies (16-21).
With the possible exception of a rare type of B-cell leukemia
(hairy cell leukemia), however, complete remission of human
cancer with ink-Heron as a single agent is infrequent.
Our pharmacology group became interested in studying the
antiproliferative activity of recombinant human Â«2a-interferon
in combination with DFMO after Sunkara et al. reported that
mouse type I interferon and DFMO were synergistic against
BIOmurine melanoma in vitro and in vivo (22). Through a series
of in vitro studies we have demonstrated that human a2ainterferon combined with DFMO has synergistic antiprolifer
ative activity against a variety of human epithelial tumor cell
lines which differ markedly in their sensitivity to interferon as
a single agent (23). This synergistic activity of DFMO plus
interferon is dependent upon depletion of polyamines by
DFMO in that the addition of putrescine eliminates the synergism. The in vitro synergistic activity of human recombinant
a2a-interferon and DFMO is achieved at concentrations readily
achievable in humans. The mean plasma concentration of in
terferon 4 h following single i.m. injections of 36 x IO6 units
of human recombinant a2a-interferon exceeds 200 units/ml, a
concentration nearly 70 times the concentration of 3 units/ml
at which synergism has been documented in vitro (24). Simi
larly, DFMO given orally at 3 g/m2 every 6 h produces mean
minimum steady state plasma concentrations of 37 x 10~5 M
(11), a level more than 30 times that required for synergism
with interferon in vitro against all cell lines studied (23). Even
at doses of 1.5 g/m2 every 6 h, DFMO produces mean minimum
steady state plasma concentrations of 11.3 x 10~5 M (11), a
level more than 10 times that required for synergism in vitro.
Because of this attainable opportunity for possible synergism
based on both the in vitro data and the mouse B|6 melanoma
model in vivo, we decided to develop a DFMO-IFN regimen in
patients with advanced cancer. The results of that phase I
clinical study are presented here.
MATERIALS

AND METHODS

Between August 1985 and October 1986, 24 patients with advanced
histologically proven cancer were treated with difluoromethylornithine
from Merrell Dow Research Institute in combination with recombinant
this treatment has produced significant fatigue, anorexia, and Â«2a-interferon from Hoffmann-LaRoche, Inc. DFMO was adminis
weight loss in addition to transient febrile reactions (15). Â«2a- tered orally in doses of 2.25 g/m2 every 6 h during the first 7 days of
interferon treatment in both the toxic higher doses and in the each 4-week treatment cycle. This dose level was selected to ameliorate
DFMO toxicity following the recommendations of Abeloff et al. (11).
Received 3/28/88; revised 8/3/88; accepted 8/9/88.
The patients also received daily i.m. doses of IFN on Days 3 through
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were studied in three new patients at each dose level. Three additional
patients were treated at each of the two highest IFN doses as we sought
to define the maximal tolerable doses in the combination.
Patients accepted for this study were those for whom more conven
tional treatment offered no reasonable hope of significant benefit. Each
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Table 1 Toxicity of DFMO + a2a-interferon

lowest
lowest
degree of
WBC x 10VÂ»Â»1 Pit ct x 103/fl
Daily IFN dose
no. of
of
lassitude
(U/l) increase
(range)"0.33(0-1)0.80(0-2)0.86(0-2)1.50(1-2)1.83(0-3)1.83(0-3)M
in AST*
(range)45(20-85)57(17-103)21(10-54)49
(U x 106/m2)3612243648Total
courses31013111112No.
patients35er4e66Mean
(range)2.8(2.2-3.2)3.7(2.1-6.2)3.8(1.5-4.7)3.7(3.2-4.8)4.6(3.3-9.6)3.5(1.8-4.8)Mean
(range)201(152-245)211(140-320)221(92-495)169.5(153-201)269(128-393)167.5(96-311)AudiogramNo
changeNo
changeNo
changeNo
changeNo
changeNo
changeMean
" Graded by increasing severity from 0 to 3 (disabling).
6 AST, aspartate aminotransferase.
' Including some who began at lower doses.

patient had life expectancy of at least 2 months, was able to provide
informed consent to participate, and maintained nutrition without
parenteral supplements. Patients had satisfactory renal, hepatic, and
bone marrow function as indicated respectively by serum creatinine no
higher than 1.5 mg/dl, direct reacting serum bilirubin no higher than
0.3 mg/dl, and by the presence of standard hematological values (WBC
>4,000//Â¿I,platelets >130,OOOAil and Hgb >10 g/dl). Patients with
history of cardiac disease were excluded, as were pregnant or lactating
women and patients with uncontrolled infection or severe nausea and
vomiting. All of the patients had Eastern Cooperative Oncology Group
performance status scores of 2 or better and all had recovered from any
previous irradiation or chemotherapy. No patient had previously re
ceived DFMO, IFN, or immunotherapy.
During each 7-day treatment, patients were clinically observed daily
for signs and symptoms of toxicity and had routine hematological and
biochemical monitoring before each cycle and on treatment Days 3 and
6. Interval weekly hemoglobin, serum creatinine, aspartate aminotrans
ferase, and serum bilirubin values were recorded in addition to twice
weekly leukocyte and platelet counts. Urinalysis and audiometry were
performed prior to treatment and at each fourth week clinical evalua
tion. For patients continuing treatment, doses were reduced by 50% for
retreatment in cases of severe toxicity, and if severe neurological toxicity
had occurred, the treatment was to be stopped. Patients who had
experienced no significant toxicity were retreated at the next higher
IFN dose level. Although participants were not required to have objec
tively Ã©valuabledisease, those who did were evaluated by standard
response criteria.

clinically or by audiometry performed at the time of return for
retreatment. Although side effects were slightly more promi
nent at the higher IFN doses, only fatigue and lethargy were
obviously dose related, and the lassitude produced by this
regimen at IFN doses of 48 units/m2/day appeared to be dose
limiting (Table 1). In one of the patients treated at this highest
IFN dose, lassitude was associated with transient hypotension.
No evidence of cumulative toxicity was observed, and toxicity
of the combination was similar among patients treated at es
calated doses to that observed in patients who began treatment
at those doses.
DISCUSSION
Among the 24 advanced cancer patients treated with DFMO
combined with IFN in the present study, transient febrile reac
tions and the anticipated flu-like responses to the treatment
were practically universal. Mild nausea and vomiting and diar
rhea also were common, perhaps more so than ordinarily would
be expected from recombinant a2a-interferon alone. These
tolerable gastrointestinal effects were perhaps the only observed
toxic activities related to the DFMO portion of the treatment.
With the exception of lethargy and fatigue, which became
disabling and intolerable in some patients above IFN doses of
24 x IO6 units/day on the thrice weekly schedule, this regimen

RESULTS

was generally acceptable to both patients and physicians. We
have selected for subsequent Phase II studies the lower IFN
dose (36 x IO6units/day) of the two evaluated within the "toxic"

Fifteen men and 9 women with median age of 50 years (range,
20-67 years) received from one to eight courses of DFMO-IFN
without any lethal or life-threatening toxicity but without any
objective tumor regression. Among the 24 patients, 10 had
adenocarcinoma of kidney origin, three had adenocarcinoma of
the colon, two had osteosarcoma, one each had carcinoma
arising from the breast, pancreas, stomach, duodenum, esoph
agus, thyroid, testis, and unknown primary site, and one patient
had synovial sarcoma. 12 of these patients had received previous
cytotoxic drug therapy; eight had received radiation therapy
(several had both); three patients had received megestrol ace
tate. All except six patients had received some type of nonsurgical treatment.
Toxic effects of the DFMO-IFN regimen included at all IFN
doses chills and fever, diarrhea, nausea and vomiting, myalgia,
fatigue, transient leukopenia, and transient increases in blood
transaminase levels (aspartate aminotransferase). Treatmentrelated symptoms usually receded within 1 week after each
course was completed, and the transient laboratory abnormali
ties resolved by Day 21. No hearing loss was observed either

range.
Since our study began, a number of other DFMO-IFN results
have been published. Sunkara has extended his earlier HUl
mouse melanoma observations of treatment synergy to include
metastatic Lewis lung carcinoma (25). In these studies he has
also confirmed that a-interferon present in the mouse type 1
interferon preparation is responsible for the potentiation of
antitumor activity with DFMO. Enhanced antiproliferative ac
tivity between DFMO and a-interferon has also been recently
observed in human melanoma cell lines (26), human lung cancer
cell lines (27), human renal cell carcinoma xenografts (28), and
human lymphoblastoid (Daudi) cells in culture (29). Sunkara et
al. (30) have also demonstrated potentiation of antiproliferative
and antimetastatic effects of DFMO by interferon inducers. In
addition to the abstract from our present study (31 ), two other
Phase I human trials have been reported, from the University
of Arizona (32), and from the M. D. Anderson Tumor Institute
(33), respectively. Using 11-day courses and administering both
agents on each day, Croghan et al. (32) (University of Arizona)
identified maximum tolerated daily doses of 4 g/m2 for DFMO
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and 6 x IO6units/m2 for IFN. These investigators also observed
reversible hearing loss in four of their 17 patients and felt that
leukopenia, fatigue, and weight loss were dose limiting. They
observed three partial tumor regressions among their 17 mela
noma patients. Talpaz et al. (33) at M. D. Anderson, utilizing
a continuous regimen of DFMO and a-interferon, identified
maximum tolerable daily doses of 6 g/m2 for DFMO and 3.2
x IO6 units/m2 for IFN-a. Of 12 patients who had melanoma,
two experienced partial tumor regression. Minor responses also
were observed in patients, respectively, with melanoma, colon
carcinoma and renal carcinoma. Our 1-week-monthly, inter
mittent regimen utilized DFMO in daily doses of one and onehalf to more than twice the daily doses used in these other
studies, and we administered IFN in daily doses 8 to 15 times
those included in the other two studies. By limiting the duration
of continuous exposure of patients to DFMO, we seem to have
eliminated the reversible hearing loss observed in patients re
ceiving more prolonged but less intensive courses of treatment.
We are currently evaluating the intermittent regimen developed
in the present study for activity against malignant melanoma
in a formal Phase II trial.
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