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We conducted a prospective randomized trial to evaluate the
ability of the interleukin-3/granulocyte-macrophage colony-
stimulating factor (GM-CSF) fusion protein, PIXY321, to ame-
liorate cumulative thrombocytopenia after multiple cycles
of S5-fluorouracil, leucovorin, doxorubicin, cyclophospha-
mide (FLAC) chemotherapy compared with GM-CSF in pa-
tients with advanced breast cancer, Fifty-three patients were
randomized to receive either PIXY321, 375 pg/m?® twice a
day subcutaneously, or GM-CSF, 250 ;2g/m? daily subcutane-
ously after FLAC chemotherapy. PIXY321 was less well toler-
ated than GM-CSF, with more patients developing chills and
local skin reactions and more patients stopping PiXY321 due
to intolerance. While no difference in the neutrophil nadirs
was seen with the two cytokines, the duration of the abso-

EVERAL HEMATOPOIETIC growth factors are under
clinical development to ameliorate the cumulative
thrombocytopenia that is dose-limiting in the treatment of
advanced breast cancer with high-dose chemotherapy. We
have previously shown that a 20% increase in the dose inten-
sity of multiple cycles of 5-fluorouracil, leucovorin, doxoru-
bicin, cyclophosphamide (FLAC) chemotherapy can be
achieved with the addition of granulocyte-macrophage col-
ony-stimulating factor (GM-CSF,; Escherichia coli-derived
molgramostim) compared with treatment with FLAC alone;
however, cumulative thrombocytopenia over several cycles
of chemotherapy limited further dose intensification.'
PIXY321 is a genetically engineered fusion protein combin-
ing interleukin-3 (IL-3) and GM-CSF into one molecule.? II -
3 is a multilineage hematopoietic growth factor that stimulates
the proliferation of early progenitors of myeloid, erythroid,
and megakaryocytic lineages, while GM-CSF promotes the
proliferation of more mature myeloid progenitors.” One study
has shown additive effects of combined IL-3 and GM-CSF
administration in sublethally irradiated primates,” and several
studies have demonstrated greater proliferation of myeloid and
megakaryocyte progenitors as well as improvement in patients’
platelet recovery with sequential IL-3 and GM-CSF administra-
tion after high-dose chemotherapy.”® We have recently shown
that administration of 9 days of IL-3 followed by GM-CSF
was superior to either cytokine alone and to concurrent IL-3
and GM-CSF administration in ameliorating cumulative throm-
bocytopenia over multiple cycles of FLAC chemotherapy.?
PIXY321 has been shown to be a potent stimulator of multipo-
tential and lineage-restricted progenitors, including colony-
forming units-granulocyte, erythroid, monocyte, megakaryo-
cyte (CFU-GEMM).? In addition, PIXY321 has been shown
to enhance the rate of both neutrophil and platelet recovery in
sublethally irradiated primates.'®
A phase I/II trial of PIXY32! in sarcoma patients being
treated with cyclophosphamide, doxorubicin, dacarbazine (Cy-
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lute neutrophil count less than 1,000/uL for all cycles was
significantly longer with PIXY321 than with GM-CSF. Fifty
percent of patients treated with muiltiple cycles of FLAC che-
motherapy on both study arms developed dose-limiting
thrombocytopenia. No differences in platelet nadirs, dura-
tion of thrombocytopenia, or need for platelet transfusions
were observed with PiIXY321 versus GM-CSF. The average
delivered doses of FLAC chemotherapy were somewhat
higher in the GM-CSF study arm. PIXY321 was not superior
to GM-CSF in ameliorating the cumulative thrombocyto-
penia observed with mutltiple cycles of FLAC chemotherapy
and was less well tolerated.

This is a US government work. There are no restrictions on
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ADIC) showed that doses of 500 to 1,000 ug/m?/d were biologi-
cally effective in preventing cumulative thrombocytopenia over
two cycles of therapy compared with historical controls that
had been treated with GM-CSF."" The preliminary reports of
several other phase I/II studies have also shown reduced dura-
tions of thrombocytopenia in patients receiving treatment with
ifosfamide, carboplatin, etoposide (ICE) chemotherapy'>"* and
in patients receiving high-dose chemotherapy and autologous
stem cell reinfusion.'* In addition, recent data have suggested
that twice daily dosing of PIXY321 may be more effective in
ameliorating thrombocytopenia than once-a-day dosing."

To evaluate the ability of PLIXY321 to ameliorate thrombocy-
topenia over multiple cycles of chemotherapy, we conducted a
prospective, randomized, open-label phase III trial of PIXY321
versus GM-CSF in patients with advanced breast cancer under-
going treatment with five cycles of FLAC chemotherapy.

PATIENTS AND METHODS

Fifty-three patients with stages II (four or more nodes positive),
IIL, or IV histologically confirmed breast cancer were entered on
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this study. Patients with stage II or III disease had received no prior
chemotherapy, and patients with stage IV disease were previously
untreated for metastatic disease but could have received doxorubicin
up to 360 mg/m? as adjuvant therapy. An Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0, 1, or 2 was required,
as well as a leukocyte count greater than 4,000/uL and a platelet
count above 100,000/uL. Patients were required to have normal
renal, cardiac, and hepatic function, unless there was evidence of
tumor involvement in liver in which case, up to four-times normal
hepatic transaminases were allowed. All patients gave written in-
formed consent according to National Institutes of Health (NIH)
Clinical Center guidelines before study entry.

Treatment plan and study schema. FLAC chemotherapy was
administered every 21 days for five cycles, as follows: 5-fluorouracil
(5-FU; Solopak, Franklin Park, IL), 300 mg/m’ slow intravenous
(IV) push days 1, 2 and 3; calcium leucovorin (supplied by the
Cancer Therapy Evaluation Program [CTEP], National Cancer Insti-
tute [NCI], Bethesda, MD, 500 mg/m” IV over 15 to 30 minutes
days 1, 2, and 3, given 1 hour before 5-FU; doxorubicin (Adriamy-
cin; Adria Labs, Columbus, OH), 17 mg/m* IV days 1, 2, and 3;
and cyclophosphamide (Cytoxan, Bristol-Myers-Squibb, Evansville,
IL), 500 mg/m* 1V days 1, 2, and 3. No dose escalations were
undertaken over the five cycles of therapy. Dose reductions for
FLAC chemotherapy were made for grade 3 or 4 (CTEP Common
Toxicity Criteria) gastrointestinal toxicity, resulting in a 25% reduc-
tion in the 5-FU dose in subsequent cycles. Grade 4 thrombocyto-
penia (defined in this study as a platelet count less than 20,000/uL)
or grade 4 neutropenia (absolute neutrophil count [ANC] less than
500/uL) of greater than 5 days’ duration resulted in a 10% reduction
in the dose of both cyclophosphamide and doxorubicin in the subse-
quent cycle. Platelets were transfused for counts less than 10,000/uL
to 20,000/uL., and red blood cells were transfused at the discretion of
the treating physicians, generally for a hemoglobin level less than
8 mg/dL.. Patients were hospitalized for intravenous antibiotic ther-
apy for an ANC less than 500/uL and either one temperature greater
than 38.5°C or three repeated temperatures greater than 38°C.

Patients were randomized to receive either PIXY321 (1,500 pg
per vial; Immunex; supplied by CTEP, DCT, NCI), 375 pg/m? twice
a day subcutaneously from day 4 until neutrophil and platelet recov-
ery, or sargramostim (500 ug per vial, Leukine, yeast-derived GM-
CSF, Immunex; supplied by CTEP, DCT, NCI), 250 ,uglm2/d sub-
cutaneously until hematologic recovery. Patients were taught to
reconstitute and self-administer the cytokine. PIXY321 was reconsti-
tuted with 1 mL of bacteriostatic water for injection at a final concen-
tration of 1,500 mg/mL, and sargramostim was reconstituted with 1
mL of sterile water for injection at a final concentration of 500 pg/
mL. As the data suggesting superiority of a twice daily divided
schedule of PIXY321 were not yet available, the first five patients
randomized to receive PIXY321 were treated with 750 ug/m® once
a day. Both cytokines were continued until patients’ ANCs were
greater than 5,000/uL and platelet counts were greater than 100,000/
uL. No dose reductions of PIXY321 or GM-CSF were permitted,
and the cytokines were discontinued for dose-limiting toxicity that
we defined as grade 2 allergic reactions or any grade 3 or 4 toxicity
believed to be cytokine-related (allergic reactions, arthralgias/myal-
gias, chills, fever, headache, local skin reactions). Complete blood
counts (CBC) with white blood cell differentials were scheduled to
be obtained on Mondays, Wednesdays, and Fridays for cycles 1
through 5 on all patients.

Statistical analysis. All patients entered on study were assessa-
ble for toxicity. Only cycles in which patients received all four
chemotherapy agents were included in the analyses of hematologic
toxicity. If a patient was taken off of the hematopoietic growth
factor due to toxicity, the subsequent cycles of FLAC chemotherapy
without the cytokine were also included in the analysis of hemato-
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logic toxicity that was an intention-to-treat analysis. Differences in
the incidence of nonhematologic toxicities for PIXY321 versus GM-
CSF were assessed using an exact version of the Cochran-Armitage
test.

For analysis of platelet and neutrophil counts, any cycle that had
less than three observations within the 2-week period centered
around the nadir was judged to have too little data to be reliable
and was omitted from all analyses of the nadirs and the durations
of cytopenia. Only in the analysis of the percentage of cycles with
recovery of counts by day 22, any cycle that had no observations
after day 13 or that had no recovery of counts on or before day 17
and no data after day 17 was omitted for the same reason.

The day on which a patient’s count crossed a threshold (eg, ANC
less than 500/uL. or 1,000/uL or platelet count less than 50,000/uL)
was estimated by linear interpolation between the logarithms of the
consecutive counts above and below the threshold. Fractional days
arising in the calculation of durations were rounded to the nearest
full day. When a platelet transfusion produced a transient increase
above a threshold, the increased was ignored, but if the increase
above the threshold was sustained for the rest of the cycle, then that
increase was interpreted as the end of the duration of thrombocyto-
penia. The distributions of durations are well represented by their
means and standard errors, but the distributions of nadirs are highly
skewed, and therefore, medians are reported in all calculations of
nadirs. For the comparisons between the two arms of the study, the
mean duration or the median nadir for each patient was calculated
over the assessable cycles among the first five cycles, or among
cycles 3 through S as indicated, and the distributions of these statis-
tics were tested using the Wilcoxon rank sum test.'® In cases where
some durations were right-censored, the estimate of the mean dura-
tion was based on the Kaplan-Meier estimate of the duration distribu-
tion. The P values reported for individual tests have not been cor-
rected for the large number of tests performed. Because of the
correlations between the four outcomes tested, we have estimated
that P values less than .025 represent significant results.

The recovery of counts by day 22 is correlated across cycles for
each patient; that is, recovery is more likely in one cycle if it occurred
in an earlier cycle. Nonetheless, the overall proportions of patients
with recovery by day 22 are essentially equal in cycles 3, 4, and 5.
Therefore, the cycles with recovery were modeled as correlated bi-
nary observations with constant correlation between consecutive cy-
cles, maximum likelihood estimation was used to estimate the mar-
ginal probability and correlation parameters, and comparisons
between study arms were made using the likelihood ratio test. The
average delivered dose intensities for the individual drugs were ex-
pressed in mg/m%wk, and 21 days were added to the durations of
therapy to account for the interval after administration of cycle 5 of
FLAC." The potential contribution of leucovorin was not included
in the dose intensity analyses, because there was no modification of
this drug dose. Objective antitumor responses in stage 1V patients
with bidimensionally measurable disease (excluding patients with
bone-only disease) were determined according to standard criteria."

RESULTS

Patient characteristics. Fifty-three patients were ran-
domized to receive five cycles of FLAC chemotherapy with
either PIXY321 (26 patients) or GM-CSF (27 patients). The
patient characteristics are listed in Table 1. The patients were
well balanced on the two arms of the study for disease stage,
number of patients who had received prior adjuvant chemo-
therapy, or radiation therapy. More patients in the PIXY321
arm had two or more sites of metastatic disease: 8 of 26
versus 3 of 27 patients for PIXY321 and GM-CSF, respec-



RANDOMIZED TRIAL OF PIXY321 VERSUS GM-CSF

Table 1. Patient Characteristics

PIXY321 GM-CSF
No. of patients 26 27
Stage I 8 6
Stage Il 3 5
Stage IV 15 16
Median age (yr) 45 46
Stage IV patients
Prior adjuvant chemotherapy 8 10
Prior radiotherapy 7 6
Bone disease 8 5
No. of disease sites
0 8 7
1 10 17
2 5 2
=3 3 1

tively. Eight patients who received PIXY321 had bony meta-
static breast cancer versus five with GM-CSF.

In the detailed analyses of hematologic toxicity, 26 of the
27 GM-CSF patients were assessable for cycle 1 of FLAC
(one patient died during cycle 1 of sepsis), 26 in cycle 2, 25
in cycle 3, 23 in cycle 4, and 22 in cycle 5. For the 26
patients randomized to PIXY321, 24 were assessable for
hematologic toxicity for cycle 1 (one patient received only
two doses of PIXY321 because she developed symptoms of
cardiac ischemia, and a second patient developed clinically
apparent brain metastases during cycle 1 and was taken off
PIXY321), 24 for cycle 2, 20 for cycle 3, 20 for cycle 4,
and 18 for cycle 5. For patients randomized to PIXY321,
one patient developed progressive disease during cycle 1,
one patient was removed from study due to noncompliance,
one patient refused further therapy after cycle 2 due to poor
tolerance of chemotherapy, and the other five patients were
taken off PIXY321 due to grade 3 or 4 toxicity during cycle
1 or 2 (one allergic reaction, one renal failure, one prolonged
pancytopenia, one cardiac ischemia, one fevers with grade
3 arthralgias). On the GM-CSF arm, one patient died of
sepsis in cycle 1, two patients developed progressive disease
after cycles 2 and 3, respectively, one patient was removed
from study because of a significant drop in her cardiac ejec-
tion fraction, and one patient went on to receive high-dose
chemotherapy with autologous stem cell rescue after four
cycles of FLAC plus GM-CSF.

Nonhematologic toxicity. The nonhematologic toxicities
associated with FLAC chemotherapy and PIXY321 versus
GM-CSF are listed in Table 2. With regard to toxicities that
were believed to be cytokine-related, one patient receiving
GM-CSF developed transient grade 3 fatigue that did not
require stopping the cytokine, and six patients receiving
PIXY321 developed dose-limiting toxicities (two patients
with grade 3 local skin reactions [erythema, induration,
warmth, and pruritus], one patient with a grade 2 allergic
reaction, one with grade 3 possible cardiac ischemia, one
with grade 3 renal failure [occurring in a dehydrated patient
with a history of hypertension, and therefore, renal failure
was only possibly related to PIXY321], and one with grade
3 arthralgias). The incidence of grade 2 and 3 local skin
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reactions was greater with PIXY321 (n = 21) than with GM-
CSF (n = 6; P < .001), and grade 1 chills also developed
more commonly in patients who received PIXY321. Overall,
six patients on the PIXY321 arm stopped the cytokine due
to toxicity compared with none on the GM-CSF arm. No
significant differences in the nonhematologic toxicities that
were likely related to administration of high-dose chemother-
apy were noted on the two arms of the study (Table 2).
One patient who was treated with five cycles of FLAC plus
PIXY32] developed a secondary acute myelogenous leuke-
mia (French-American-British [FAB] subtype M5) 9 months
after completing therapy with cytogenetics consistent with
an abnormality of chromosome 11q23.

Hematologic toxicity. Of the patients treated with GM-
CSF or PIXY?321, 96% developed grade 4 neutropenia (ANC
less than 500/uL) during the five cycles of FLAC chemother-
apy. Of patients treated with GM-CSF, 48% (13 of 27) devel-
oped grade 4 thrombocytopenia (platelet count less than
20,000/pL), and 26% (7 of 27) developed grade 3 thrombo-
cytopenia (platelet count less than 50,000/uL). Of patients
treated with PIXY321, 50% (13 of 26) developed grade 4
thrombocytopenia, and 31% (8 of 26), grade 3 thrombocyto-
penia at some time during the five cycles of FLAC chemo-
therapy.

The hematologic toxicities observed over five cycles of
FLAC chemotherapy for patients treated with PIXY321 ver-
sus GM-CSF are listed in Table 3. There was no significant
difference in the median neutrophil nadirs in patients treated
with PIXY321 or GM-CSF over five cycles of FLAC. Al-
though no difference in the mean duration of grade 4 neutro-
penia was observed for PIXY321 versus GM-CSF, the dura-
tion of neutropenia less than 1,000/uL was significantly
longer with PIXY321 than with GM-CSF: 8.3 versus 7.0
days, respectively (P = .015).

As shown in Table 3, there was no difference in platelet
nadirs or duration of platelet nadirs less than 20,000/uL or

Table 2. Number of Patients With Nonhematologic Toxicities as a
Result of FLAC Plus PIXY321 Versus GM-CSF

PIXY321 (N = 26) GM-CSF (N = 27)

Toxicity Gr1 Gr2 Gr3 Grd4 Gr1 Gr2 Gr3 Gr4
Allergic reactions 1* 2
Arthralgia/myalgia 7 8 1* 4 8
Chills 8 1 2 1
Fatigue 4 18 3 20 1
Fever 3 18 3 5 13 2
Headaches 4 2 3 2
Local skin reaction 5 19 2% 15 6
Thrombosis 2 1
Cardiac ischemia 1*
Renal insufficiency 1 1%
Diarrhea 2 9 4* 5 8 3*
Mucositis 2 10 6* 10 10 5*
Nausea 4 13 6 5 14 5 1
Vomiting 5 13 3 2 5 11 2
Dysuria/hematuria 3 2 1 1

Abbreviation: Gr, grade.
* Dose-limiting toxicity.
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50,000/pL over five cycles of FLLAC chemotherapy between
patients treated with PIXY321 and those treated with GM-
CSF. Also, there was no difference observed in the median
hemoglobin nadirs over five cycles of FLAC with PIXY321
versus GM-CSF.

Figure 1A and B depicts the patterns of the median neutro-
phil nadirs and the mean number of days with the ANC less
than 500/uL for FLAC cycles 1 through 5 for PIXY321
versus GM-CSF. No significant differences were noted in
the patterns of the neutrophil nadirs across cycles. There was
a trend towards a longer duration of grade 4 neutropenia
during cycles 3 through 5 for PIXY321 compared with GM-
CSF; however, these comparisons were not statistically sig-
nificant. A similar pattern was seen for the duration of ANC
less than 1,000/uL and less than 1,500/uL over cycles 1
through 5, with PIXY321 being associated with a longer
duration of neutropenia over cycles 3 through 5 compared
with GM-CSF (data not shown).

Figure 2A and B shows the patterns of the median platelet
nadirs and the mean number of days with the platelet count
less than 50,000/uL (grade 3) for cycles 1 through 5 for
PIXY321 versus GM-CSF. No difference in the patterns of
cumulative thrombocytopenia was seen comparing the two
cytokines. A longer duration of grade 3 thrombocytopenia
was observed during cycles 2 and 3 with PIXY321 compared
with GM-CSF; however, these differences were not statisti-
cally significant. No significant difference in the duration of
the platelet counts less than 20,000/ul. was seen for
PIXY321 versus GM-CSF over the five cycles of FLAC
chemotherapy (data not shown). Figure 3A and B shows the
patterns of the platelet nadirs and recoveries for patients
treated with GM-CSF or PIXY321 during cycle 3 of FLAC
chemotherapy. It is interesting to note that the platelet counts
on day 1 of cycle 3 were somewhat higher in patients who
received GM-CSF than in patients treated with PIXY321,

Table 3. Hematologic Toxicity (Cycles 1 to 5]

PIXY321 GM-CSF
(N = 24) (N = 26) P
Median ANC nadir (/uL) 102 148 .089
Mean no. of days ANC
<5800/pL (=SEM) 5.6 (0.39) 4.5 (0.41) 13
Mean no. of days ANC
<1,000/uL (+SEM) 8.3 (0.4) 7.0 (0.36) .015

Median platelet nadir

(x1,000/wL) 56 48 .98
Mean no. of days platelet

count <20,000/uL

(=SEM} 0.37 (0.13) 0.31(0.13) 7
Mean no. of days platelet

count <50,000/uL

(-SEM) 2.5 (0.46) 2.0 (0.33) .6

% Cycles 3-5 where ANC
=1,500/uL by day 22

% Cycles 3-56 where
platelet count
=100,000/ul. by day 22

Median hemoglobin
nadir (mg/dL) 8.1 8.3 71

86% (42/52) 92% (57/63) .68

82% (46/56) 91% (61/69) 4
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Fig 1. Median neutrophil nadirs (A} and mean duration of the ANC
less than 500/uL (B) over FLAC cycles 1 to 5 for PIXY321 (@) versus
GM-CSF (O).

and that the slopes of the platelet recovery curves appear
somewhat steeper in many patients who received GM-~CSF
compared with those treated with PIX'Y321. Similar patterns
of platelet recovery were also seen during cycle 4 of FLAC
with PIXY321 versus GM-CSF (data not shown).

Because the cumulative hematologic toxicity observed
with high-dose FLAC chemotherapy is most significant in
cycles 3,4, and 5 (see Figs 1 and 2), we analyzed the percent-
age of cycles in which adequate ANC recovery (ANC
=1,500/ul.) and adequate platelet count recovery (platelet
count =100,000/uL) occurred by cycle day 22 of cycles 3
through 3, thereby allowing administration of the next cycle
of FLAC chemotherapy on time. As seen in Table 3, 92%
versus 86% of cycles 3 through 5 had adequate ANC recov-
ery by cycle day 22 for GM-CSF versus PIXY321, respec-
tively. For platelets, 91% versus 82% of cycles 3 through 5
had adequate recovery by cycle day 22 for GM-CSF versus
PIX Y321, respectively. For GM-CSF and PIXY321, respec-
tively, 90% and 79% of cycles were associated with both
adequate neutrophil and platelet recovery by cycle day 22
(P = .14). Figure 4 shows the percentage of cycles with
adequate recovery of both neutrophils and platelets for cycles
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counts less than 50,000/.L (B) over FLAC cycles 1 to 5 for PIXY321
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1 through 5 for PIXY321 versus GM-CSF. A greater propor-
tion of cycles was associated with adequate hematologic
recovery with GM-CSF than with PIXY321, allowing on-
time FLAC administration.

There were no significant differences in the requirements
for platelet or red blood cell transfusions for patients treated
with PIXY321 versus GM-CSF. In 29% and 28% of all
cycles, respectively, PIXY321- versus GM-CSF-treated
patients required red blood cell transfusions, and in 13% and
7% of cycles, respectively, PIXY321- versus GM-CSF-
treated patients required platelet transfusions. Nine patients
who received PIXY321 required an average of 3.2 platelet
transfusions versus six patients treated with GM-CSF who
required an average of two platelet transfusions over the
course of FLAC chemotherapy. In 36% and 20% of cycles,
patients treated with PIXY321 versus GM-CSF, respec-
tively, developed a fever greater than 38.5°C associated with
an ANC less than 500/uL requiring intravenous antibiotic
administration.

The average delivered dose intensities for cyclophospha-
mide, doxorubicin, and 5-FU over all five cycles of therapy
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Fig 3. Patterns of the platelet nadirs and recoveries for patients
treated with GM-CSF (A} or PIXY321 (B) during cycle 3 of FLAC che-
motherapy.

were 435 mg/m*/wk (88%), 16 mg/m?*/wk (94%), and 274
mg/m*wk (91%), respectively for GM-CSF-treated patients
compared with 429 mg/m?*wk (86%), 15 mg/m*/wk (88%),
and 253 mg/m*/wk (84%), respectively, for PIXY321. Fif-
teen patients who were treated with GM-CSF and 16 patients

100 -
90 -
80 -
70 -

60
50
40

T

PERCENT OF CYCLES WITH
HEMATOLOGIC RECOVERY

30 | 1 1 i
1 2 3 4 5

CYCLE

Fig 4. Percentage of FLAC cycles 1 to 5 with adequate recovery
of both neutrophils (ANC =1,500/uL} and platelets (platelet count
=100,000/uL) for PIXY321 (@) versus GM-CSF {O).
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who received PIXY321 required a dose reduction at some
point in their therapy. Of the 15 patients with stage IV dis-
ease on both study arms who had bidimensionally measur-
able disease, 12 patients achieved an objective response. No
difference in antitumor activity was seen with FLAC pius
PIXY321 versus GM-CSF.

DISCUSSION

In this study of dose-intensive FLAC chemotherapy, no
significant difference in the incidence of cumulative hemato-
logic toxicity was observed in patients who were randomized
to receive PIXY321 versus GM-CSF. Early phase I studies
have suggested that PIXY321 could ameliorate thrombocyto-
penia associated with multiple cycles of chemotherapy. In
contrast, no beneficial effects of PIXY321 on platelet toxicity
were observed in this randomized study of moderately my-
elosuppressive FLAC chemotherapy. Although there were
more patients randomized to receive PIXY321 who had two
or more sites of metastatic disease and who had bony meta-
static disease compared with GM-CSF, a somewhat greater
number of patients randomized to GM-CSF had received
prior adjuvant chemotherapy. It is unlikely that these small
degrees of imbalance in factors that can influence bone mar-
row integrity can explain the overall lack of platelet stimula-
tory effects of PIXY321 observed in this study. The actual
delivered dose intensity of cyclophosphamide, doxorubicin,
and 5-FU over five cycles of therapy was somewhat higher
in patients treated with GM-CSF, and therefore, the lack of
platelet stimulatory effects observed with PIXY321 cannot
be explained by an imbalance in the actual doses of drug
delivered. The failure to demonstrate an anticipated differ-
ence can sometimes be attributed to inadequate numbers of
patients in a study. However, this does not appear to be an
important consideration in this study, because, if anything,
there was a suggestion of greater cumulative neutrophil and
platelet toxicity on the PIXY321 study arm.

We have previously shown that treatment of advanced
breast cancer with concurrent IL-3 and GM-CSF with FLLAC
chemotherapy was associated with longer durations of grade
3 thrombocytopenia and delayed platelet recovery by cycle
day 22 than treatment with sequential IL-3 and GM-CSF or
with GM-CSF alone.? The results of the current study with
PIXY321 appear to support the idea that concurrent adminis-
tration of IL-3 and GM-CSF is not effective in ameliorating
FLAC-induced myelosuppression.

The results of our study are somewhat surprising when
contrasted with other reports of PIXY321 administered to-
gether with combination chemotherapy. Vadhan-Raj et al,"'
in the first human trial of PIXY321, showed that 750 pg/m®
of PIXY321 given in divided doses twice daily was the
optimal dose in ameliorating cumulative thrombocytopenia
after CyADIC chemotherapy. In this study, the mean platelet
nadir after cycle 2 of CyADIC was significantly higher in
patients treated with PIXY321 compared with the platelet
nadirs in cycle 1 of CyADIC without PIXY321 and with
historical control patients who had been treated with GM-
CSF. In the present study, no amelioration of platelet toxicity
from PIXY321 was observed over five cycles of FLAC che-
motherapy. It would be interesting to evaluate the effects of
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PIXY321 over multiple cycles of CyADIC chemotherapy to
determine whether any beneficial effects of PIXY321 on
platelets may be related to the specific chemotherapy regi-
men being administered. It is possible, for example, that the
addition of 5-FU and leucovorin to cyclophosphamide and
doxorubicin, drugs common to both regimens, resulted in
greater platelet toxicity that could not be overcome by
PIXY321.

Two recent preliminary studies suggest that administration
of PIXY321 to patients in whom a prolonged period of
thrombocytopenia is expected can significantly reduce the
duration of severe thrombocytopenia. In pediatric patients
with cancer who were treated with high-dose ICE chemo-
therapy and PIXY321, the duration of the platelet counts
less than 20,000/uL. was 4 days compared to 13.5 days for
historical controls treated with ICE alone, and 11 days for
historical controls treated with GM-CSF." In the second
phase I study, administration of =750 pg/m* of PIXY321
after ICE chemotherapy to children with recurrent solid tu-
mors substantially reduced the duration of the platelet counts
less than 100,000/uL."” In addition, a study of PIXY321
administration after high-dose chemotherapy and autologous
bone marrow transplant has shown a decrease in the time
to platelet independence compared with GM-CSF-treated
historical controls (17 v 26 days, respectively).™ These stud-
ies suggest that PIXY321 may be effective in ameliorating
thrombocytopenia in patients treated with chemotherapy reg-
imens that induce very prolonged periods of severe thrombo-
cytopenia. In contrast, the duration of severe thrombocyto-
penia observed with administration of FLAC chemotherapy
was generally 1 to 2 days in the 50% of patients who devel-
oped grade 4 thrombocytopenia.

Treatment with PIXY321 was less well tolerated in pa-
tients receiving FLLAC chemotherapy than was GM-CSF.
Systemic toxicity with chills as well as significant local skin
reactions were more common with PIXY321 than with GM-
CSF. In addition, other clinically significant toxicities were
seen with PIXY321, including one case of reversible acute
renal failure in a patient with long-standing hypertension
who became dehydrated, one case of possible cardiac isch-
emia in a patient with substernal chest pain who did not
have coronary artery disease found at catheterization, and
one allergic reaction with chest tightness and shortness of
breath. One patient developed a presumed secondary acute
myelogenous leukemia after treatment with FLAC chemo-
therapy and PIXY321. Secondary leukemias after treatment
with high-dose cyclophosphamide and doxorubicin with
granulocyte colony-stimulating factor have been previously
reported.’ At present, it is unclear whether the addition of
hematopoietic growth factors and/or the higher doses of che-
motherapy are contributing to the incidence of secondary
leukemias observed in breast cancer patients treated with
high-dose chemotherapy.

In conclusion, the addition of PIXY321 to dose-intensive
FLAC chemotherapy in the treatment of patients with ad-
vanced breast cancer was not superior in ameliorating plate-
let toxicity compared with GM-CSF. Dose-limiting thrombo-
cytopenia occurred in one half of the patients treated with
high-dose FLAC chemotherapy with PIXY321 or GM-CSF.
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In addition, PIXY321 was less well-tolerated than GM-CSF.
Efforts to develop other thrombopoietic agents to ameliorate
the thrombocytopenia associated with multiple cycles of
moderately intensive chemotherapy are warranted.

REFERENCES

1. O’Shaughnessy JA, Denicoff AM, Venzon DJ, Danforth D,
Pierce L), Frame JN, Bastian A, Ghosh B, Goldspiel B, Miller L,
Dorr FA, Keegan P, Ben-Baruch N, Mrose H, Noone M, Cowan
KH: A dose intensity study of FLAC (5-fluorouracil, leucovorin,
doxorubicin, cyclophosphamide) chemotherapy and Escherichia
coli-derived granulocyte-macrophage colony-stimulating factor
(GM-CSF) in advanced breast cancer. Ann Oncol 5:709, 1994

2. Williams DE, Park LS: Hematopoietic effects of a granulocyte-
macrophage colony-stimulating factor/interleukin-3 fusion protein.
Cancer 10:2705, 1991

3. Donahue RE, Seehra J, Metzger M, Lefebvre D, Rock B, Car-
bone S, Nathan DG, Garnick M, Sehgal PK, Laston D, LaVallie E,
McCoy J, Schendel PF, Norton C, Turner K, Yang Y, Clark SC:
Human IL-3 and GM-CSF act synergistically in stimulating hemato-
poiesis in primates. Science 241:1820, 1988

4. Farese AM, Williams DE, Seiler FR, MacVittie TJ: Combina-
tion protocols of cytokine therapy with interleukin-3 and granulo-
cyte-macrophage colony-stimulating factor in a primate model of
radiation-induced marrow aplasia. Blood 82:3012, 1993

5. Brugger W, Frisch J, Schulz G, Pressler K, Mertelsmann R,
Kanz L: Sequential administration of interleukin-3 and granulocyte-
macrophage colony-stimulating factor following standard-dose com-
bination chemotherapy with etoposide, ifosfamide, and cisplatin. J
Clin Oncol 10:1452, 1992

6. Geissler K, Valent P, Mayer P, Liehl E, Hinterberger W,
Lechner K, Bettelheim P: Recombinant human interleukin-3 expands
the pool of circulating hematopoietic progenitor cells in primates—
Synergism with recombinant human granulocyte-macrophage col-
ony-stimulating factor. Blood 75:2305, 1990

7. Ganser A, Lindermann A, Ottmann OG, Seipelt G, Hess U,
Geissler G, Kantz L, Frish J, Schulz G, Herrmann F, Mertelsmann
R, Hoetzer D: Sequential in vivo treatment with two recombinant
human hematopoietic growth factors (interleukin-3 and granulocyte
macrophage colony-stimulating factor) as a new therapeutic modal-
ity to stimulate hematopoiesis—Results of a phase I study. Blood
79:2583, 1992

8. O’Shaughnessy JA, Venzon DJ, Gossard M, Noone MH, Deni-
coff A, Tolcher A, Danforth D, Jacobson J, Keegan P, Miller L,
Chow C, Goldspiel B, Cowan K: A phase I study of sequential
versus concurrent interleukin-3 and granulocyte-macrophage colony
stimulating factor in advanced breast cancer patients treated with

2211

FLAC (5-fluorouracil, leucovorin, doxorubicin, cyclophosphamide)
chemotherapy. Blood 86:2913, 1995

9. Broxmeyer HE, Benninger L, Cooper S, Hague N, Benjamin
RS, Vadhan-Raj S: Effects of in vivo treatment with PIXY321 (GM-
CSF/IL-3 fusion protein) on proliferation kinetics of bone marrow
and blood myeloid progenitor cells in patients with sarcoma. Exp
Hematol 23:335, 1995

10. Williams DE, Dunn JT, Park LS, Frieden EA, Seiler FR,
Farese AM, Macvittie TJ: A GM-CSF/IL-3 fusion protein promotes
neutrophil and platelet recovery in sublethally irradiated rhesus mon-
keys. Biotech Ther 4:17, 1993

11. Vadhan-Raj S, Papadopoulous N, Burgess M, Linke K, Patel
S, Hays C, Arcenas A, Plager C, Kudelka A, Hittelman W, Brox-
meyer H, Williams D, Garrison L, Benjamin R: Effects of PIXY321,
a granulocyte-macrophage colony-stimulating factor/interleukin-3
fusion protein, on chemotherapy-induced multilineage myelosup-
pression in patients with sarcoma. J Clin Oncol 12:715, 1994

12. Furman WL, Marina N, Luo X, Arnold B, Pratt C, Bowman
L, Santana V, Garrison L, Meyer W: A pediatric phase I/II trial of
subcutaneous (SQ) PIXY321 administered after ifosfamide/car-
boplatin/etoposide (ICE) chemotherapy. Proc Am Soc Clin Oncol
13:1429a, 1994 (abstr)

13. Cairo MS, Weinthal JA, Garrison L, Krailo M, Kao W, Sender
L, Blazar B, Reaman G: Results of a phase I trial of PIXY321
following ifosphamide, carboplatin, and etoposide (ICE) chemother-
apy in children with recurrent solid tumors (RST): Improved multi-
lineage reconstitution. Proc Am Soc Clin Oncol 14:693a, 1995
(abstr)

14. Vose JM, Anderson J, Bierman PJ, Garrison L, Appelbaum
F, Anderson J, Bishop M, Larsen K, Armitage J: Initial trial of
PIXY321 (GM-CSF/IL-3 fusion protein) following high dose che-
motherapy and autologous bone marrow transplantation (ABMT) for
lymphoid malignancy. Proc Am Soc Clin Oncol 12:1237a, 1993
(abstr)

15. Raptis G, Gilewski T, Caron D, et al: PIXY321 abrogates
cumulative myelosuppression—Once vs. twice daily dosing. Proc
Am Soc Clin Oncol 14:710a, 1995 (abstr)

16. Hollander M, Wolfe DA: Nonparametric Statistical Methods.
New York, NY, Wiley, 1973, p 115

17. Hryniuk W, Bush H: The importance of dose intensity in
chemotherapy of metastatic breast cancer. J Clin Oncol 2:1281, 1984

18. Hayward JL, Carbone PP, Heuson JC, Kumaoka S, Segaloff
A, Rubens RD: Assessment of response to therapy in advanced
breast cancer. A project of the Programme on Clinical Oncology of
International Union Against Cancer, Geneva, Switzerland. Cancer
39:1289, 1977

19. DeCillis A, Anderson S, Wickerham DL, et al: Acute myeloid
leukemia (AML) in NSABP B-25. Proc Am Soc Clin Oncol 14:92a,
1995 (abstr)



