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ABSTRACT

Â«-Interferon (IFN-a) enhances the activity of S-fluorouracil in patients

" Â¡Ihadvanced colorectal carcinoma. Preclinical evidence suggests a sim
ilar potential role for IFN-a combined with cyclophosphamide, doxoru-
hicin (.\driamvein, Adria Laboratories, Columbus. OH), and 5-fluorour-

acil (CAK) in advanced adenocarcinoma of the breast. To determine a
maximum tolerated dose of IFN-a that could be combined with CAP and

that did not compromise CAP dose intensity and to determine the effect of
IFN-a on the pharmacokinetics of doxorubiein. a phase I study of IFN-a

plus CAP was performed by the Eastern Cooperative Oncology Group.
Nine patients with advanced breast cancer received CAP (cyclophospha
mide at 100 mg/ni2/day p.o. on days 1-14, doxorubiein at 30 mg/m2 and
5-fltiorouracil at 500 mg/m2 i.v. bolus on days 1 and 8) plus IFN-a
{1 milliunit/nr. n = 6, or 2 milliunits/m2, n = 3} given s.c. on days 1, 3, 5,

and 8 ( l h prior to the doxorubiein and 5-FU injection on days 1 and 8) of
each cycle every 28 or more days. Escalation of the IFN-a dose occurred
in cohorts of 3-6 patients if a dose-limiting toxic event (neutropenic fever,
platelet nadir of < 25,000/ul, > 2-week treatment delay, or a >50% dose

reduction in day 8 CAP) occurred during the first two cycles in 0 of 3 or
I of 6 patients. During cycle 1, IFN-a was omitted on day 1. and multiple
plasma samples were drawn on day 1 (without IFN-a) and day 8 (with
IFN-a) after each doxorubiein injection and were analyzed for plasma
doxorubiein concentration. The maximum tolerated dose of IFN-a by our
criteria was 1 milliunit/m2, and neutropenia was the predominant toxic

effect that precluded IFN-a dose escalation. The dose intensity of CAP
achieved with IFN-a was identical to that for CAP alone observed in prior
studies. IFN-a had no significant effect on the pharmacokinetics of dox

orubiein, although 3 of 7 patients studied had reduced doxorubiein clear
ance, ranging from 32% to 69%. Alternative CAP drug delivery schedules
(all drugs given i.v. every 3-4 weeks) that are more amenable to hemato-

poietic growth factor support may be more suitable to combine with
higher doses of IFN-a that may produce modulation.

INTRODUCTION
Prcclinicul and clinical evidence ( I ) suggests that IFN-a1 enhances

the antineoplastic activity (2-A) and toxic effects (5) of 5-FU. The
response rate to the 5-FU/IFN-a combination in patients with ad

vanced colorectal carcinoma is higher than that expected for a com
parable dose of 5-FU used alone (6) and is similar to the response rate
observed when 5-FU is combined with other modulating agents such
as leucovorin (7) or /V-(phosphonacetyl)-L-aspartate (8). While some
studies have found that IFN-a-induced reduction of 5-FU clearance
may be responsible for the enhanced toxic effects of 5-FU (9-11),

enhanced toxicity was observed without reduced clearance in other
studies (5). suggesting that IFN-a may act as a modulating agent.
IFN-a also augments the cytotoxic effect of doxorubiein and cyclo-
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phosphamide in various preclinical tumor model systems ( 1). includ
ing a human breast cancer xenograft model (12). Based upon these
considerations, we investigated the feasibility of administering IFN-a

in conjunction with cyclophosphamide, doxorubiein (Adriamycin:
Adria Laboratories, Columbus. OH), and 5-fluorouracil (CAP), a stan

dard treatment for patients with advanced breast cancer (13, 14). In
addition, since prior studies had shown that IFN-a reduced 5-FU
clearance (9-11 ). we sought to determine whether IFN-a administra

tion had any effect significant effect on the pharmacokinetics of i.v.
bolus doxorubiein.

MATERIALS AND METHODS

Patient Eligibility. Patients were treated in this Eastern Cooperative On
cology Group trial (EST PY-990) between August 1991 and July 1992 and
were required to have biopsy-proven, measurable, or Ã©valuablestage II1B or

stage IV adenocarcinoma of the breast. Prior chemotherapy for advanced
disease was not permitted, but prior hormone therapy, irradiation involving
<30% of the bone marrow, or adjuvant non-doxorubicin-containing chemo

therapy (given >l year prior to registration) were allowed. Patients were
required to have an ECOG performance status of 0 or 1 and normal bone
marrow (leukocytes. >4000//j.l; platelets. >150.000/fih hemoglobin. >9 g/dl)
and renal (serum ereatinine. <1.5 mg/dl). hepatic (bilirubin. <l.5 g/dl). and
cardiac (ejection fraction. >50% on MUGA scan) function. All patients gave

informed consent.
Treatment Plan Patients received treatment according to the schedule

outlined in Table I. The dose of IFN-a was escalated in cohorts of 3-6 patients
from I niilliunit/m2 to 2 milliunits/m2 and then in increments of 2 milliunits/m2

until the maximum tolerated dose was reached. Responding or stable patients
could receive up to six cycles.

Criteria for Dose Escalation. The National Cancer Institute Common
Toxicity Criteria were used to grade toxicity. A DLTE was defined as any of the
following events that occurred during the first two treatment cycles: (a) a
> 14-day delay in the second cycle or a subsequent cycle attributable to an

ANC of <2(X)()//xl or a platelet count of < 100,000/^.1. (b) an ANC nadir of
<500/(Â¿1with fever or a platelet count nadir of <25,000/ju.l (c) a 50% reduction
in CAP on day 8 due to an ANC of < 1000/ju.l or a platelet count of <50.000/
/il. or (i/) any grade 3 or 4 nonhematological toxicity. Escalation of the IFN-a

dose occurred based on the following schema: (u) O of 3 with DLTE. escalate;
(b) 1 of 3 with DLTE. add 3 patients at the same dose level; (<â€¢)1 of 6 with

DLTE. escalate; and (</) >2 of 3 or >2 of 6 with DLTE. maximum tolerated

dose exceeded, treat 3 additional patients at the preceding dose level. The MTD
of IFN-a was defined as the dose level at which <1 of 6 had a DLTE.

Management of Toxicity. Treatment cycles were repeated every 28 or
more days. A complete blood count was performed on a weekly basis. The
doses of cyclophosphamide. doxorubiein. and 5-fluorouracil were modified on

day 8 and for nadir counts according to the schema in Table 2.
Pharmacokinetic Analysis. Blood specimens were drawn (into tubes with

anticoagulant) before and at 1.2. 3, 4, 6, 8, 12. 24. 32. and 48 h after
doxorubiein administration on days 1 and 8 of the first treatment cycle. Spec
imens were centrifuged and the plasma was frozen at -20Â°C until analysis.

Plasma doxorubiein concentration was quantitated by high pressure liquid
chromatography using a previously described method (15). The lower limit of
doxorubiein detection was 25 ng/ml. Plasma concentration was modeled us
ing PCNONLIN (Statistical Consultants. Lexington, KY). and the parameters
obtained before and after IFN-a administration were compared using the
paired / test. On day 1. doxorubiein and 5-FU were not preceded by IFN-a;
on day 8. doxorubiein and 5-FU were given I h after a s.c. IFN-a injection.

Analysis was not performed for two patients due to either patient refusal (pa
tient 9) or inadequate plasma quantity (patient 4).
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Table I Treatment plan
Doxorubicin was given via an i.v. bolus injection over IO min, followed by 5-FU over

5 min. IFN-a was given s.c. by the study nurse or physician on days I and 8, I h before
each i.v. injection of doxorubidn and 5-FU. Cyclophosphamide was given p.o. as a single
dose if possible.

Table 4 Toxicity in tiii treatment cvcies

Grade 3 and 4 hematological toxicities and grade 1 or greater nonhematological
toxicities are shown.

DrugCyclophosphamide

Doxorubicin
5-Fluorouracil
Interferon-a2bCycle

1
Cycles 2-6DoseUK)

mg/m~/dÂ¿iy

30 mg/rrr/day
500rng/rrr/day.v1'

milliunils/rrr
.v" milliunits/m'ScheduleDays

1-14
Days 1 and 8
Days 1 and8Days

3, 5, and 8
Days 1, 3, 5. and 8Routep.o.

i.v. push
i.v.pushs.c.s.c.

".v, the dose of IFN-a was 1 milliunit/m" in the first cohort and milliuiiiis/m~ in the

second cohort and then was to be escalated in increments of 2 milliunits/rrr in each
subsequent cohort.

Table 2 Criteria for dose modification on da\ H of therapv

Dose(%)">2000/

Platelets>3500//il''>IOO.OOO//il

100
50.000-99.000/nl 50I500-I999/

3000-3499/^175

50
01000-1499/

2500-2599/^150

5002499/nl00
0

" Percentage of drug given on day I of treatment cycle; if a second or third cycle was

delayed 14 days (up to day 42) due to a ANC of <2000 or platelet count of <I(X).(XIO.
treatment was given on day 42 according to the schema outlined for day 8.

'' Granulocytes/leukocytes.

RESULTS

Toxicity. The episodes of DLTE that occurred in each patient at
each IFN-a dose level during the first two treatment cycles, as well as

all grade 3 or 4 toxic events that occurred during the entire treatment
period, are shown in Table 3. None of the first three patients treated
at the 1 milliunit/m2 IFN-a dose level had a DLTE. After escalation to
the 2 milliunits/m2 IFN-a dose level, however, two patients had a
DLTE; three additional patients were then treated at the I milliunit/m2

IFN-a dose level, and one patient had a DLTE. The maximum toler
ated dose of IFN-a by our criteria, therefore, was 1 milliunit/m2.

The incidence of all toxic events that occurred in the 42 treatment
cycles given is shown in Table 4. Three patients required hospitaliza-
tion for treatment-related complications, including severe neutropenia
(ANC, <500/ju.l) associated with fever (;; = 1), coagulase-negative
staphylococcal bacteremia (n = 1), and a urinary tract infection (n =

1). Neutropenia was the predominant toxic effect of therapy. Mild to
moderate (up to 5-fold) elevation in the transaminases or alkaline

phosphatase occurred in four cycles (10%) but was transient and did
not result in treatment modification. Neurological complications con
sisted of headache or mild paresthesias in three cycles (7%). Other
toxic effects occurred with the frequency expected for CAP (13, 14).
There was no significant difference in the mean left ventricular ejec
tion fraction before treatment (69%), compared with after treatment
(65%), in seven patients who completed four to six cycles of therapy
(mean cumulative doxorubicin dose, 244 mg/m2), and no clinical

cardiac toxicity was observed.

Toxicity No. of cycles

Total no. of cycles 42

Neutropenia
5<XM)<W/|il(grade 3) 20

000//J.I (grade 4) 9 (21%)

Leukopenia
IOOO-1999/nl (grade 3) 21 (50%)
<IOOO/|il (grade 4) 8 (19%)

Anemia
Hemoglobin 8-10 g/dl (grade 2) 2 (5%)
Hemoglobin 6.5-7.9 g/dl (grade 3) 7 (17%)

Thrombwytopeniu
25.000-5(),(XX)/(il (grade 3) I (2%)
<25.(KX)//il (grade 4) 0

Infection
Localized infection (grade 2) 2 (5%)
Systemic infection (grade 3) 3 (7%)

Hepatic (elevated transaminase or alkaline phosphatase)
Up to 2.5-fold elevated (grade I I 2 (5%)
2.6-5-fold elevated (grade 2) 2 (5%)

Nausea/vomiting
Able to eat. 1 episode/24 h (grade 1) 10 (24%)
Intake diminished, 2-5 episodes/24 h (grade 2) 2 (2%)

MucositisUlcers
(grade 2)

Painful ulcers, cannot eat (grade3)Fever

in absence ofinfectionFatigueAlopecia

(grade 2)2

(5%)
1(2%)5

(12%)3

(7%)9(100%)"

" Percentage of patients (not cycles) with alopecia.

Effect of IFN-a on CAP Dose Intensity. Chemotherapy dose was

reduced due to neutropenia in 26 cycles (62%). Treatment was de
layed in 15 of the 33 (45%) second or subsequent cycles due to either
neutropenia (Â»= 11), an upper respiratory infection (n = 3), or a
localized infection (n = 1). The dose intensities of Cyclophosphamide,
doxorubicin, and 5-FU administered were 228, 9.7, and 171 mg/m2/

week, respectively, which were not substantially different when com
pared with prior studies using CAP alone (Table 5) (13, 14. 16).

Pharmacokinetic Analysis. The data for seven patients treated
with either 1 milliunit/m2 IFN-a (n = 5) or 2 milliunits/m2 IFN-a

(n = 2) are shown in Table 6. IFN-a administration had no significant

effect on the maximum concentration, tv,a, t,/Â¡l},the area under the
curve, or the clearance of doxorubicin. Three patients had a reduction
in the doxorubicin area under the curve value after IFN-a adminis

tration, ranging from 32% to 69% (patients 3. 5. and 7), but the effect
in all seven patients was nonetheless not statistically significant.

Table 3 Dose-limiting toxiceventsNo.1i34*5C6C78"*9IFN-a

dose
(milliunits/m2)11122211iDLTE"NoneNoneNoneNone4N,

314N.
21None4N.

31NoneGrade

3/4toxicity4N.

3A3N,
3A,hypothyroidism4N.

3L4N.
4L. 3T,3A4N,
4L. 31, 3T,3A4N,

3A4N,
314N,

31,3A3NPrior

therapyNoneNoneNoneNoneCMFIrradiation,

tamoxifen plusIFN-aNoneNoneNone

" N, neutropenia; L, leukopenia; A, anemia; I, infection; T, thrombocytopenia; CMF. cyclophosphamide/methotrexate/5-FU. Number adjacent to letter indicates grade of toxicity.
'' Patient had bone marrow biopsy for the evaluation of anemia after initiation of therapy that revealed mÃ©tastasesto the bone marrow.
' Patients 5 and 6 were taken off study after one cycle due to a DLTE that occurred during the first cycle.
'' Patient had a DLTE during the first cycle but was allowed to continue treatment since the MTD had been established.
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Table 5 Of.vc inlt'ti*il\ of CAÃ•-'/Â»///.vll-'N-a

Dose intensitv (mg/nr/week)

Regimen
('\cloplu )sphamide Doxoruhicin 5-FU

Intended doseintensitv"C'
Al-' alone(16)CAF

plus IFN-a350221

(63*)''228

(65*)1510.5(701)9.7 (65*)250175(70*)171(687r)
" Intended dose intensity indicates dose intensity of each drus:, expressed as mg/m"/

week, it'all cycles were gi\cn in lull dose and on lime.
'' Numbers in parentheses indicate percentage of intended dose intensity achieved.

Demographic and Response Data. The demographic and re
sponse data are shown in Table 7. Partial response occurred in eight of
nine patients (88%). One patient had a minor response after one cycle
of therapy, was removed from the study due to a DLTE. and subse
quently had further tumor reduction with CAP alone that qualified as
a partial response. Response occurred at every site in every patient
with the exception of the bone marrow involvement demonstrated in
one patient. The median response duration was 8 months (range.
1-18+ months). Seven patients are alive with a median follow-up of

13 months.

DISCUSSION

The objectives of our study were to determine the MTD of IFN-a

that could be used in combination with CAP in patients with advanced
breast cancer and to determine the effects of IFN-a on doxorubicin

pharmacokinetics. We employed CAP because of extensive prior ex
perience with this regimen in prior ( 13, 14) and ongoing ECOG trials.
Four daily doses of IFN-a were given on days 1. 3, 5. and 8 of each
treatment cycle, and the IFN-a was given I h prior to doxorubicin and
5-FU on days 1 and 8. This IFN-a schedule was devised to maximize

the potential for therapeutic synergy and minimize the potential for
additive myelosuppression.

The MTD of IFN-a was 1 milliunit/m2. Severe neutropenia was the

predominant toxic effect of therapy and precluded IFN-a dose esca

lation. The neutrophil nadir occurred between days 15 and 22. a time
when the toxic effects of IFN-a should have resolved ( 17). Although
the two patients who had a DLTE at the 2 milliunits/m2 dose level had

received prior therapy that may have compromised their bone marrow
and treatment tolerance, it is unlikely that further escalation would
have been possible given the frequent dose reductions and treatment
delays required for patients treated with 1 milliunit/m3 IFN-a. Prior

attempts to combine IFN-a with cyclophosphamide ( 18). doxorobucin
( 19, 20). or 5-fluorouracil (2-5, 9, 21 ) have also resulted in enhance

ment of neutropenia or gastrointestinal and mucosal toxicity.
Our study was designed to define a dose of IFN-a that did not

compromise CAF dose intensity, since evidence suggests that more
dose-intensive cytotoxic regimens are associated with greater re
sponse and survival in advanced breast cancer (6, 22). While IFN-a

has been shown to prolong the complete response duration and time to
treatment failure in patients with low/intermediate-grade NHL receiv

ing COPA, despite resulting in reduced COPA dose intensity (23). the
substanial single-agent activity of IFN-a in NHL (24) makes it unclear

whether this effect was attributable to the addition of another active
agent or modulation of the COPA regimen. In contrast to NHL, IFN-a

has no substantial activity in advanced breast cancer (25), indicating
that the basis for enhanced CAF efficacy, if observed, must be ther
apeutic synergy. Our criteria succeeded in preserving CAF dose in
tensity ( 16) but also resulted in our being unable to escalate the IFN-a
dose. While the dose of IFN-a that produces optimal modulation is
unknown, doses ranging from 5 to 10 milliunits/m2 have resulted in

enhanced toxicity (5. 9) and therapeutic effect (2^4-) of 5-FU in
patients with advanced colorectal carcinoma. Doses of IFN-a exceed
ing 10 milliunits/m2 have resulted in greater toxicity without evidence

of improved efficacy (21), however, suggesting a therapeutic window
for the IFN-a dose. Our trial was not designed to assess the optimal
dose of IFN-a that resulted in the greatest degree of modulation, since

there are no appropriate biological surrogates that reflect this effect
other than response. While the sample size of our study precluded any
evaluation of the efficacy of the combination, the absence of complete
responders and the comparability of the response duration to that
observed with CAF alone (13. 14) suggest that the dose of IFN-a

employed may not have resulted in any clinically meaningful modu
lation.

The addition of a hematopoietic growth factor would have repre
sented a logical approach that might have been expected to facilitate
the escalation of the IFN-a dose. Indeed, in a prior ECOG trial ot CAF
in patients with advanced breast cancer, severe or life-threatening

leukemia occured in 25 and 15% of patients, respectively ( 13). Robert
et al. (26) found, however, that granulocyte-macrophage colony-stim

ulating factor did not substantially ameliorate neutropenia attributable
to CAF. possibly because of the prolonged period of p.o. cyclophos
phamide administration. In contrast, administration of FAC as an i.v.

Table 6 Effect of IFN-a on Â¡ilmnnafokini'lii's ctf

Without IFN-a
With IFN-afmax"(fig/ml)0.24

Â±0.04''

0.20 Â±0.02*Vin(h)2.73
Â±0.56

2.46 Â±0.51'â€¢/,<j

(h)23.4

Â±3.51
25.05 Â±3.5 1AUC

(fig/ml/h)2.92

Â±0.52
2.00 Â±0.27Clearance

(ml/irr/min)2

16.59Â±49.95
281.20Â±39.17

" C"mux-maximum concentration; AUC, area under the curve.
'' Mean Â±SEM.

No.1234567g9Age(years)442748656542466558StageIVIIIBIIIBIVIVIVIVIIIBIIIBIFN-a
doseER"

(milliunits/m-)111_

2U
2+

2111Table

"No.

of cyclesgiven663/3''61

(4)''1
(5)r64/2''4Demographic

and responsetintaDisease

sitesBreasBreasBreasBreasBone.BreasBreasBreasdistant

nodes.
regionalnodes.
regionalnodes.
regional nodes, bonemarrowdistant

nodes.
regional nodes,bone.
liver, lung. bone, distantnodesBreastResponse

anddurationPR,

5moPR,
5moPR;
CR after surgery. 17+moPR.
5moPR,
12+mo''MR.

8 mo; PR after CAF withoutIFN-aPR.
1moPR;
CR after surgery 8+moPR.
7+ moSurvival

(mo)1118

+18
+1213

+13+11

+11
+8

+
" ER, estrogen receptor Malus; U. unknown; CR, complete response; PR. partial response; MR, minor response.
'' Number of cycles given before/after mastectomy.
' Numbers in parentheses indicate number of cycles of CAF without IFN-a given after patient removed from the study due to a DLTE.
' Patient placed on tamoxifen after the completion of five cycles of CAF (one cycle of CAF given with IFN-a) without progression.
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bolus injection every 3 weeks plus granulocyte colony-stimulating

factor resulted in escalation of cyclophosphamide and doxorubicin
doses by 4-fold and 1.8-fold, respectively (27), illustrating that inter

mittent drug delivery schedules (i.e.. FAC) may be more amenable to
dose intensification with hemutopoietic growth factor support than are
continuous drug delivery schedules (i.e.. CAP). Further study of
IFN-a with an intermittent schedule of i.v. FAC used in combination

with a hematopoietic growth factor is more likely to result in im
proved ability to escalate the IFN-a dose to a range at which modu

lation may occur.
IFN-a has been shown to reduce the clearance of 5-FU when the

latter is given as an i.v. bolus (9, 10) at higher (5-10 milliunits/irr ) but
not lower (3 milliunits/rrr) IFN-a doses (9). 5-FU pharmacokinetics
are not altered by IFN-a when 5-FU is given as an i.v. infusion (5),
however, suggesting that the effect of IFN-a on 5-FU kinetics may be
dependent on the dose and schedule of both 5-FU and IFN-a. These
observations prompted us to investigate the effect of IFN-a on the

other agents employed in the CAP regimen. We restricted our analysis
to doxorubicin kinetics because of the inherent difficulties in studying
the pharmacokinetics of p.o. cyclophosphamide (28) and because of
the extensive prior reports regarding 5-FU pharmacokinetics when
combined with IFN-a (5, 9-11). We found that IFN-a administration

resulted in no significant effect on the pharmacokinetics of doxoru
bicin. Clearance was reduced 32-69% in three of seven patients

studied, but the findings were not statistically significant. Further
studies will be required to determine whether higher IFN-a doses are
capable of altering doxorubicin kinetics, particularly since a dose-
dependent effect of IFN-a on 5-FU kinetics has been demonstrated

(9).
In conclusion, the maximum tolerated dose of IFN-a that could be

administered in conjunction with the CAP regimen employed in our
study was 1 milliunit/m2. Further investigation will be required to

study alternative chemotherapy regimens (i.e., FAC) that may be more
amenable to combination with IFN-a and hematopoietic growth factor

support.
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