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ABSTRACT

We have previously shown that the combination of 5-fluorouracil (5-
FUra) and recombinant a-2.-interferon (rll \-,, ,) produced objective
responses in 23 of 32 (63%) previously untreated patients with advanced
colorectal carcinoma. Because in vitro data suggest that rIFN-a-2. mod
ulates the cytotoxic effects of SFUra in a concentration-dependent man
ner, a phase I clinical trial was initiated to determine the maximum
tolerated dose ul rll \-..... when administered in combination with 5FUra.
A total of 27 patients with advanced colorectal carcinoma were enrolled.
The median age was 64 years, and the median performance status was 1.
A total of 18 patients had no prior chemotherapy and 19 no prior SFUra.
SFUra was administered at 750 mg/m^/day by continuous i.v. infusion for

5 days, followed by weekly bolus therapy, rll V,>,, was administered at
6, 9, 12, 15, or 18 x ID"units s.c. beginning on day 1. The dose-limiting

toxicity of this regimen was fatigue, resulting in a decrease in performance
status, and this was the only toxicity that correlated with increasing dose
of rIFN-aj.. Eastern Cooperative Oncology Group grade 3-4 toxicities
included leukopenia (6), thrombocytopenia (2), anemia (4), stomatitis (4),
diarrhea (4), neurological (2), infection (2), and allergy (2). Three quarters
of the patients required interruption of therapy or dose reductions of
either SFUra or rll V<.... for toxicity. Among the patients with measur
able disease who were previously untreated with SFUra, 5 of 9 at the
lowest dose levels achieved an objective response, including one patho
logical complete responder, whereas 0 of 9 at the three highest dose
levels responded. Among patients previously treated with SFUra, only 1
achieved an objective response. We conclude that the maximum tolerated
dose of rlFN-a2., when administered with SFUra as above, is 15-18 x
id" units; however, the efficacy of this regimen does not appear to be

related to the dose intensity of rll V<>..â€žand future regimens should
employ a lower dose, intermittent schedule of rII \-,. ,. which may be

better tolerated.

INTRODUCTION
The fluorinated pyrimidine SFUra' remains the mainstay of

therapy for colorectal carcinoma, despite objective response
rates of only 7-25%, few complete responses, and no improve
ment in overall survival (1-4). No other single agent has dem
onstrated greater activity against colorectal carcinoma, and
combinations of other cytotoxic agents with SFUra have yet to
be proven more effective than SFUra alone (3). Therefore,
strategies to improve the therapy of colorectal cancer have often
focused on attempts to enhance the efficacy of SFUra.

One strategy, termed biochemical modulation, appears prom
ising. Biochemical modulation use an agent which is itself
nontoxic or which is administered at a nontoxic dose but which
is capable of increasing the lethality of a synchronously em
ployed cytotoxic agent at its cellular target (5). For example,
the reduced folate leucovorin stabilizes the complex formed by
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the SFUra metabolite 5-fluorodeoxyuridine monophosphate at
its target enzyme thymidylate synthase resulting in prolonged
inactivation of the enzyme with consequent cell death (6, 7).
The results of some clinical trials with the combination of
SFUra and leucovorin have suggested that this combination of
agents may be superior to SFUra alone (8-10).

The interferons are a family of endogenously produced gly-
coproteins which are capable of modulating the cytotoxic effects
of SFUra in a concentration-dependent fashion in vitro (1J-
13). This finding is of clinical interest because, with a nonov-
erlapping spectrum of toxicities, interferon and SFUra can
theoretically be administered simultaneously to patients, with
out additive side effects. Furthermore, in a murine model,
interferon was found to protect host tissues against SFUra-
induced toxicity, allowing delivery of higher doses of the anti-
metabolite (14).

With this rationale, a pilot clinical trial was initiated combin
ing SFUra as an infusion followed by weekly bolus therapy and
rIFN-Â«2;iadministered at 9 x IO6 units 3 times/week. Of 32

previously untreated patients, 20 (63%) achieved an objective
response (15). Because r!FN-Â«2ahas been shown to enhance the
effects of SFUra in a concentration-dependent fashion in vitro
(11), a phase I trial was initiated to determine the maximum
tolerated dose of interferon given in combination with SFUra,
as administered in our pilot trial, and to determine the spectrum
of toxicities observed with administration of these drugs in
combination.

MATERIALS AND METHODS

Patient Eligibility. Patients were required to have biopsy-proven
adenocarcinoma of the colon or rectum beyond the scope of surgical
resection. Other requirements included an Eastern Cooperative Oncol
ogy Group performance status of 0-2, a life expectancy of at least 8
weeks, normal bone marrow, liver and renal function, defined as WBC
count, >4000//jl; platelet count. > 100.000/^1; blood urea nitrogen, <25
mg/dl; serum creatinine, <1.5 mg/dl; and bilirubin and serum glutamic-
oxaloacetic transaminase, <3 times normal. Both measurable and Ã©val
uable disease were acceptable criteria for enrollment. Patients were
required to give informed consent; both the consent and protocol were
approved by the Albert Einstein and Montefiore Research Committees
and Institutional Review Boards and met all federal, state, and institu
tional guidelines.

Drug Treatment. rIFN-Â«2awas supplied by Hoffman-LaRoche (Nu-
tley, NJ). SFUra (Adrucil; Adria Laboratories, Columbus, OH) was
obtained commercially. SFUra was administered as a loading course,
750 mg/nr day by continuous infusion for 5 days, followed by weekly-
bolus therapy starting on day 15 at the same dose. rIFN-Â«2awas
administered as a daily s.c. injection starting on day 1. Patients were
admitted to the Oncology Unit at either the Montefiore Medical Center
or the Hospital of the Albert Einstein College of Medicine for the first
week of therapy.

The starting dose of rIFN-Â«2a,determined from a prior pilot study
(15), was 6 x IO6units and each escalation was 3 x IO6units. At least

three patients were treated at each dose level; there were no escalations
for individual patients. The dose of SFUra was decreased for myelo-
suppression, thrombocytopenia, stomatitis, and diarrhea. The dose of
rIFN-Â«2Â«was decreased for fatigue, a decrease in performance status,
cerebral symptoms, or myelosuppression, if the WBC count did not
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improve with dose reduction of SFUra. Patients were allowed to remain
on therapy in the absence of tumor progression and intolerable symp
toms; patients who were removed from study because of intolerable
symptoms were allowed the option of continuing on therapy at a much
reduced dose.

Criteria for Response. While the primary goal of this study was to
determine the toxicities, reversal of toxicities, and maximum tolerated
dose of rIFN-Â«2a,patients with measurable disease were evaluated for
objective response. Standard Eastern Cooperative Oncology Group
response criteria were employed (16). Complete response required
complete disappearance of tumor for 4 weeks with no new lesions and
no significant decrease in performance status. Partial response required
a 50% reduction in the sum of the products of the perpendiculars of all
measurable lesions in the absence of new lesions. If hepatomegaly was
used as the measurable lesion, the liver was required to be at least 5 cm
below the costal margin and to decrease in size by at least 30%. Stable
disease required no greater than 25% increase in the size of the
measurable lesions and no appearance of new lesions. Progressive
disease required the appearance of new lesions or a greater than 25%
increase in the sum of the products of the perpendiculars of all meas
urable lesions.

RESULTS

Demographic Characteristics

As shown in Table 1, a total of 27 patients were entered onto
a clinical trial. One patient had nonmeasurable disease and is
Ã©valuablefor toxicity only; one patient did not receive rIFN-a2a
and is Ã©valuablefor response only. One patient was initially
thought to have colon cancer, but after study entry his diagnosis
was changed to adenocarcinoma of unknown primary. This
patient is evaluated with the entire cohort. A total of 18 patients
had no prior chemotherapy and 19 no prior SFUra. While the
overall performance status of this group of patients was gener-

Table 1 Demographic characteristics

No. of patients

Number enrolled
Number Ã©valuable

Age
Median
Range

Male:female

27
27

64 yr
32-77 yr

14:13

PerformancestatusMedianRangePrimaryColonRectumUnknownPrior

treatmentSurgeryRadiationChemotherapyNoneNo

prior5-FUra5-FUra5-FUra

combinationsEchinomycinSites

ofmÃ©tastasesLiverLymph

nodesPeritoneumBoneAbdominal/pelvic

massLung/pleuraAbdominal

wallOvaryGallbladder10-3242127518198511855443221

ally good, 1 patient with performance status 3 was entered onto
the trial and is considered Ã©valuable.Despite the generally good
performance status, the majority of patients had widely met-

astatic disease and/or bulky liver mÃ©tastases.

Toxicity

Performance Status. Incapacitating fatigue accompanied by a
decrease in performance status was the dose-limiting toxicity
of this regimen. As shown in Table 2, fatigue was common at
all dose levels, and the level of fatigue correlated with the dose
of rIFN-cv2a. Only 2 patients experienced no constitutional

symptoms.
Malaise, defined as a loss of initiative out of proportion to

fatigue or in the absence of fatigue, occurred commonly. Ma
laise was at times difficult to distinguish from fatigue or from
a reactive depression. One patient with a previous psychiatric
history, noted above, developed symptoms of depression with
loss of initiative and one instance of suicidal ideation, which
was resolved with counselling. One patient developed emotional
lability with frequent episodes of weeping.

Mucosa! Toxicity. Oral and other mucosal toxicities were
common, often incapacitating, and often unanticipated. At
levels 4 and 5, 3 of 9 patients had persistent complaints of dry
mouth without evidence of mucosal inflammation or infection.
In 1 patient, this was associated with an inability to swallow,
despite an extensive radiological and endoscopie evaluation
which failed to reveal evidence of mechanical obstruction or
neurological impairment. Assessment for Sicca's syndrome,

including a rheumatological evaluation and measurement of
anti-Ro and anti-La antibody levels, was negative. A second
patient complained of persistent genital and oral dryness.

Stomatitis occurred at all treatment levels; neither the fre
quency nor severity were related to the dose of rIFN-Â«2a-Sto
matitis was manifest as painful or painless erythema, mouth or
throat pain in the presence or absence of frank ulcÃ©ration,and
cracking at the corners of the lips.

Dysgeusia was common at the three highest dose levels of
rIFN-Â«2aand was associated with a metallic or unpleasant taste
or with an absence of taste. One instance of dacrocystitis was
noted.

Diarrhea and cramps were problematic. In a previous pilot
study, 2 patients had experienced a syndrome characterized by
watery' diarrhea followed by sepsis and death (15). No patients

in this phase I study expired; however, at levels 1, 2, 4, and 5,
4 patients required hospitalization and prophylactic antibiotic
and fluid therapy for diarrhea and/or cramps, without neutro-
penia. One of these patients developed prolonged diarrhea with
hypoalbuminemia and a clinical picture consistent with bowel

Table 2 Toxicities among 26 patients receiving 5-FUra and rIFN-aj,,
No. of patients with toxicity*

LeukopeniaThrombocytopeniaGranulocytopeniaAnemiaStomatitisDiarrheaNausea/vomitingNeurologicalInfectionHepaticGenitourinaryFatigue1

(8)*1022210010032(5)0000110000023(4)42

(00

<0000

1000

10
114)

5(5)Â»

31)

0101)

010)

0)
01

4
' Eastern Cooperative Oncology Group grade 3-4 (16).
*rIFN-Â«;.dose evel. Numbers in parentheses, numbers of patients.
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wall edema, which required prolonged i.v. fluids, parenteral
nutrition, and hospitalization.

Infections. Overt infections requiring antibiotic therapy were
unusual. There were no instances of nadir sepsis. One patient
developed fevers and rigors and was admitted to the hospital
for parenteral antibiotics. Blood cultures were negative, but the
patient's urine cultures were positive. A second patient, de

scribed above, was admitted with diarrhea and received paren
teral antibiotics. This patient went on to develop pseudomem-
branous enterocolitis with positive cultures for Clostridium
difficile. Other infections included a perirectal abscess which
ruptured spontaneously and did not require antibiotics, an
uncomplicated bacterial cystitis in a male, and a folliculitis
which was resolved with oral antibiotics.

Allergic Reactions. Three patients at the lowest dose levels
developed a cough temporally related to administration of
rIFN-Â«2a,which resolved spontaneously or with topical bron-
chodilator therapy and did not require cessation of therapy.
Five patients at four dose levels developed an erythematous
rash. In 1 patient this was accompanied by perirectal erythema
and a bulla on a single digit.

Response to Treatment

While the primary goal of this trial was to determine the
maximum tolerated dose of r!FN-Â«2awhen administered in
conjunction with SFUra, observations were also made with
regard to objective response to treatment.

Levels 1 and 2. A total of 9 patients with measurable disease
previously untreated with SFUra were enrolled at levels 1 and
2. Five achieved an objective response, including 1 pathologi
cally confirmed complete response (Table 3). The complete
responder had a 6- x 6-cm destructive lesion of the sternum
which resolved radiographically. A subsequent biopsy of the
bone was negative for tumor. An exploratory laparotomy for
bowel obstruction secondary to adhesions was also negative for
tumor. In every case in which plasma CEA and other tumor
markers were measured, response to therapy was confirmed by
a fall in markers.

Of the 4 previously untreated patients who did not respond
to therapy, 2 were lost to follow up immediately after the
induction course and did not have repeat radiographie studies
and 2 have had stable disease. One remains on treatment at 6+
months with stable disease. The other patient had persistent
neutropenia, was unable to receive more than 25-50% of the
projected drug dose, and was removed from study. These 4
patients are considered treatment failures. The objective re
sponse rate at levels 1 and 2 for patients previously untreated
with SFUra is 5 of 9 or 56%.

Among 4 patients who had had prior treatment with a SFUra-
containing regimen, 1 had an objective response. This patient
had previously received adjuvant SFUra and then failed treat
ment for metastatic disease with methotrexate/SFUra followed
by SFUra/vincristine/bis-chloroethylnitrosourea. Radiographie

Table 3 Response to therapy among 26 Ã©valuablepatients receiving 5-Fi'ra/

No. ofpatientsNo

prior5-FUraLevel1-2

3-5
TotalCR"1

01PR4 04SD4 7
11PD022CR0

90Prior

5-FUraPR

SD1

0
0 2
1 0PD3

27

Â°CR. complete response PR. partial response; SD. stable disease; PD. pro

gressive disease.

evidence of an objective response following treatment with
5FUra/rIFN-Â«2a was confirmed by improvement in the patient's

clinical examination, by a decrease in plasma CEA levels from
114 to 52 ng/ml, and a decrease in serum CA-19 levels from
137 to 67 units/ml. The response lasted for 4 months. The
remaining 3 previously treated patients had progressive disease.

Levels 3, 4, and 5. A total of 9 previously untreated patients
received a combination of SFUra and rIFN-Â«2a,either 12, 15,
or 18 x IO6 units. One patient remains on treatment at 6+

months, 1 patient expired, and the reaminder went off study at
periods from 4 days to 2 months because of fatigue. Of the 7
patients who went off study, 6 have stable disease and 4 have
continued therapy with a reduced dose of rIFN-Â«2a.Two of the
9 previously untreated patients have had sequential tumor
marker studies. In 1 patient, the plasma CEA level fell from
198 to 27 to 10 ng/ml and the serum CA-19 level fell from
8,800 to 1,300 to 190 units/ml. In the second, the CEA fell
from 42 to 25 ng/ml and then rose to 42 ng/ml, the CA-19 fell
from 12,900 to 9,100 units/ml, and the CA-125 fell from 181
to 61 units/ml.

Among the 4 previously treated patients, 2 have had stable
disease (4+ and 1+ months) and 2 progressive disease.

DISCUSSION

The maximum tolerated dose of r!FN-Â«2awhen given in
combination with SFUra by the schedule used in this study is
15-18 x IO6units daily. These doses were tolerated poorly, and

treatment could not be sustained. Patients who were removed
from study at the higher dose levels were often able to continue
treatment at the lower intermittent dose levels used in our
previous pilot trial.

The findings from our phase I trial confirm the well described
observations of the dose dependency of interferon-induced con
stitutional symptoms (17). As in previous studies, fatigue was
the dose-limiting toxicity (18,19). Unlike previous studies ( 170,
however, other toxicities such as leukopenia were not aug
mented by higher doses of interferon in our trial, although this
may represent the effects of dose reductions. The spectrum of
toxicities classically associated with administration of SFUra,
such as diarrhea and stomatitis, was unchanged at higher doses
of rIFN-Â«2a. Interferon appeared to neither ameliorate nor
exacerbate these toxicities.

While tumor response was not the primary goal of this study,
the overall response rate was disappointing as compared to the
results of a previous pilot study which used a lower dose of
rIFN-Â«2athan the lowest dose used in this study (15). It is of
some interest, however, that, at the two lowest dose levels of
rIFN-Â«2aused, 5 of 9 (56%) patients previously untreated with
SFUra achieved an objective response, a figure within the 95%
confidence intervals of the 63% rate seen in a previous study
(15).

At levels 3-5, no previously untreated patients have re
sponded, but 7 of 9 patients have had stable disease. At these
levels the only 2 patients with sequential tumor marker studies
have had a decrease in the levels of their tumor markers. As
interferons are more likely to increase than decrease expression
of tumor markers (20-21), this is unlikely to be artifactual.

The failure to achieve clinical responses at these dose levels
may be secondary to several factors: (a) in a small cohort, this
may represent a chance event; (b) higher doses of rIFN-Â«2amay-

have inhibitory effects in addition to positively modulating the
activity of SFUra. For example, the presence of several atypical
infections in this patient population, including urosepsis in a
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51-year-old female, a rectal abscess, and bacterial cystitis in a
male, suggests a possible immunosuppressive effect (22-24); (c)
despite in vitro studies to the contrary, higher doses of rlFN-
Â«2amay not result in the same enhancement of SFUra activity
as lower doses; (d) the inability to deliver drug for extended
periods because of poor patient tolerance may have limited the
opportunity for response.

It remains unclear what the optimal combination of SFUra
and rIFN-a2a may be. In vitro studies using the HL-60 human

promyelocytic leukemia cell line have demonstrated that, in the
presence of a interferon (1000 units/ml for 3 days), treatment
with SFUra results in a 10-fold accumulation of the active
metabolite 5-fluordeoxyuridine monophosphate, as compared
to cells not treated with interferon. Furthermore, treatment
with interferon resulted in inhibition of the catalytic activity of
the SFUra target enzyme, thymidylate synthase (25). These
findings remain to be confirmed. Nevertheless, they are intrigu
ing and suggest a potential mechanism for the interaction of
these agents which could perhaps be clinically exploited.

We conclude that higher daily doses of rIFN-a2a in combi
nation with SFUra, as employed in this study, are more toxic
than an interrupted schedule with lower doses and preclude
prolonged therapy at these dose levels. The dose-limiting tox-
icity, as in single-agent interferon studies, is fatigue. While a
definitive statement cannot be made from this phase I trial, the
higher doses of rIFN-Â«2aappear to offer no therapeutic advan
tage over the lower doses and appear to be more poorly toler
ated. Future studies of the combination of rIFN-Â«2aand SFUra
should use lower intermittent doses of rIFN-a2a.
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