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BACKGROUND. This Phase I trial was developed to determine the safety, biologic

activity, and effects on hematopoietic recovery of PIXY321 following ifosfamide,

carboplatin, and etoposide chemotherapy for children with recurrent or refractory

solid tumors.

METHODS. Children (age , 22 years at diagnosis) received ifosfamide 1800 mg/m2/

day 3 5 days, carboplatin 400 mg/m2/day 3 2 days, and etoposide 100 mg/m2/day 3

5 days, followed by daily subcutaneous administration of PIXY321. Dose-limiting

toxicity was defined as Grade IV toxicity related to PIXY321. Pharmacokinetic and

endogenous cytokine production studies were conducted during Course 1, and pe-

ripheral blood (PB) progenitor cell and receptor expression studies were conducted

during Course 1 when the white blood cell count recovered to $1000/mm3.

RESULTS. Twenty-four children received ifosfamide, carboplatin, and etoposide

chemotherapy plus PIXY321, the latter at doses of 500 mg/m2/day (n 5 3), 750

mg/m2/day (n 5 6), 1000 mg/m2/day (n 5 9), or 500 mg/m2/twice a day (n 56).

PIXY321 was well tolerated, with only 1 dose-limiting toxicity (chills, occurring at a

dose of 750 mg/m2/day). The maximum tolerated dose was not reached in this

study. The median days to absolute neutrophil count recovery ($1000/mm3) and

platelet recovery (.100,000/mm3) during Course 1 following PIXY321 (1000 mg/

m2/day) were 22 days (range, 5–33 days) and 20 days (range, 5–31 days), respec-

tively. There was a 2500, 5000, 3000, and 390% increase in PB granulocyte-mac-

rophage colony-forming units, erythrocyte blast-forming units, granulocyte

erythrocyte macrophage and megakaryocyte colony-forming units, and CD341

cells, respectively.
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CONCLUSIONS. In summary, this pediatric Phase I trial demonstrated that PIXY321

was well tolerated by children and resulted in platelet recovery a median of 20 days

after ICE chemotherapy and an increase in the number of PB progenitor cells

above baseline. However, based on recent negative results with PIXY321 in ran-

domized Phase II/III trials involving adult subjects, PIXY321 is not currently avail-

able for future trials involving children. Cancer 1998;83:1449 – 60.

© 1998 American Cancer Society.
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The use of ifosfamide, carboplatin, and etoposide
(ICE), either singly or in combination, has been

successful in the treatment of children with recurrent
or refractory solid tumors.1–7 Combination chemo-
therapy such as ICE, however, is associated with a
significant degree of myelosuppression. Thrombocy-
topenia continues to remain a significant limitation in
the use of combination chemotherapy despite the re-
cent use of several myeloid hematopoietic growth fac-
tors, such as granulocyte-colony stimulating factor (G-
CSF) and granulocyte-macrophage-colony stimulating
factor (GM-CSF), to help decrease the duration and
increase the nadir of neutropenia and to facilitate dose
intensity. Neither G-CSF nor GM-CSF has been dem-
onstrated to reduce the duration of thrombocytope-
nia, the nadir of thrombocytopenia, or the frequency
of platelet transfusions following dose-intense combi-
nation chemotherapy.8,9

Anovel cytokine, GM-CSF/interleukin (IL)-3 fu-
sion protein (PIXY321), is a recently described hema-
topoietic growth factor that was generated by con-
structing a plasmid containing the coding regions for
the cDNAs of human GM-CSF and IL-3.10,11 The se-
quences were connected by a synthetic linker and the
plasmid was expressed in a yeast culture system. The
human GM-CSF was altered by changing ASN-27 to
ASP-27 and THR-39 to GLU-39, resulting in a human
GM-CSF analog (ASP27, GLU39). In addition, human
IL-3 was changed from ASN-15 to ASP-15 and from
ASN-70 to ASP-70, resulting in a human IL-3 analog
(ASP15, ASP70). PIXY321 has been demonstrated to
have a 10- to 20-fold increase in binding affinity to
several myeloid leukemia cell lines and is significantly
more potent than either GM-CSF or IL-3 alone or in
combination in inducing in vitro erythrocyte-blast
forming unit (BFU-E), granulocyte-macrophage-col-
ony forming unit (CFU-GM), and granulocyte eryth-
rocyte macrophage and megakaryocyte-colony form-
ing unit (CFU-GEMM) colony formation.10 PIXY321
has also been demonstrated in nonhuman primates to
enhance both neutrophil and platelet recovery follow-
ing total body irradiation.12 A Phase I trial of PIXY321
following myelosuppressive chemotherapy (cyclo-

phosphamide, doxorubicin, and dacarbazine) (DTIC)
in adult patients with sarcoma had originally sug-
gested that this new cytokine may improve both neu-
trophil and platelet recovery.13

The safety, biologic activity, and effect on hema-
topoietic recovery of PIXY321 following myelosup-
pressive chemotherapy in children is unknown. In the
current study, we report the results of a Phase I dose-
escalation trial (CCG-0924) of PIXY321 following ICE
chemotherapy in children with recurrent or refractory
solid tumors.

METHODS
Patient Eligibility
This protocol (CCG-0924) was opened for patient en-
try in July 1993 and was closed to patient entry in April
1995. Patients with refractory or recurrent solid tu-
mors who were age ,22 years at diagnosis were eligi-
ble for study entry. All patients were required to have
histologic verification of malignancy at the time of
initial diagnosis. Patients with bone marrow involve-
ment by tumor, patients who had received craniospi-
nal irradiation ($3600 centigray) or radiation therapy
to .50% of their bone marrow space, or patients who
had previously received total body irradiation were
ineligible for study entry. All patients were required to
have recovered from previous colony stimulating fac-
tor (CSF) therapy and been off all CSFs for more than
10 days. All patients were required to have adequate
bone marrow, liver, renal, and cardiac function at the
time of study entry. The patient or legal guardian must
have signed a documented informed consent indicat-
ing awareness of the investigational nature and risks
of this study. Patients were required to have had an
adequate performance status as defined by $60 on a
Lansky scale (age 1–16 years) or Karnofsky scale (age
.16 years). Patients were required to be a minimum of
age 12 months at the time of study entry. Adequate
bone marrow function at time of study entry was
defined as an absolute neutrophil count (ANC) of
$1000/mm3 and a platelet count of $100,000/mm3.
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Chemotherapy Administration
Ifosfamide was administered at 1800 mg/m2/day x 5
days, carboplatin 400 mg/m2/day 3 2 days, and eto-
poside 100 mg/m2/day 3 5 days. Mesna and intrave-
nous hydration were administered during each of the
5 days of ifosfamide. Chemotherapy was repeated
when hematologic recovery was achieved (ANC
$1000/mm3 and platelet count $100,000/mm3). Re-
peated courses of chemotherapy were planned every
21 days. The patient was to have PIXY321 discontin-
ued for at least 2 days prior to subsequent chemother-
apy. No modification was made for ICE administration
in Courses 1 and 2. In Courses 3– 6, however, ICE
chemotherapy was reduced by 25% if, in the previous
course, hematologic recovery failed to occur by Day
21. There was no modification in ICE administration
for renal toxicity during Courses 1 and 2. After Course
2, if the creatinine clearance or glomerular filtration
rate (GFR) decreased to 50 –74% of normal, the ifosf-
amide and carboplatin doses were reduced by 25%. If
the creatinine clearance or GFR decreased to 25– 49%
of normal, the ifosfamide and carboplatin doses were
reduced by 50%. Finally, if after Course 2 there was
evidence of Fanconi’s syndrome, i.e., renal tubular
acidosis, proteinuria, hypophosphatemia, decreased
serum CO2, and increased chloride, the ifosfamide was
discontinued. Patients were not to undergo surgery
until they had completed four courses of chemother-
apy. In addition, no patients received radiotherapy
while receiving protocol therapy.

Colony Stimulating Factor Administration
There were 4 dose levels employed in this study: 500
mg/m2/day, 750 mg/m2/day, 1000 mg/m2/day, and 500
mg/m2 twice a day. PIXY321 was administered by sub-
cutaneous injection. It was kindly supplied by Immu-
nex (Seattle, WA) and was distributed through the
National Cancer Institute. PIXY321 was continued
from Day 5 until Day 18 of each course unless the
ANC was $20,000/mm3 or the platelet count was
$900,000/mm3 for 2 days between Days 13 and 18, at
which time PIXY321 was discontinued for the remain-
der of the course. Patients failing to achieve an ANC
$1000/mm3 by Day 18 continued at the assigned dose
level of PIXY321 until the ANC reached $1000/mm3.
Chemotherapy was resumed a minimum of 2 days
after discontinuation of PIXY321, provided that the
ANC was $1000/mm3 and platelet count $100,000/
mm3. PIXY321 was continued at the assigned dose
level until a maximum of Day 25 of any course. Pa-
tients failing to achieve the desired ANC and platelet
count (i.e., 1000/mm3 and 100,000/mm3, respectively)
by Day 28 during Courses 3 through 6 were considered

off protocol therapy and in follow-up. For patients
who experienced Grade IV dose-limiting toxicity (DLT)
secondary to PIXY321, administration of PIXY321 was
permanently discontinued. DLT was defined as Grade
IV toxicity related to PIXY321 using National Cancer
Institute common toxicity criteria: pain that persisted
beyond 2 doses and that was not controlled by nar-
cotic analgesia, or shaking chills that were unrelated to
infection during PIXY321, persisted beyond the first 2
injections, and were not controlled by medication.

Dose Escalation
Patients were entered in cohorts of three; all three
patients in each cohort were assigned the same dose.
If none of the three patients demonstrated DLT, the
dose level was escalated in the next cohort. If two or
more demonstrated DLT, the dose was considered
intolerable and was reduced to the previous dose level
in the next cohort. If one of three patients demon-
strated DLT, the next cohort was treated at the same
dose level. If none of those three demonstrated DLT,
the dose was escalated in the next cohort; otherwise,
the dose was considered intolerable and reduced in
the next cohort. Six patients were to be treated at the
maximum tolerated dose (MTD). No more than one
patient could demonstrate DLT at the MTD. Intrapa-
tient dose escalation was not done in this study. Only
the toxicity evaluation made during the first course of
therapy was used in the determination of the MTD.

Evaluation
All patients were identified to the Children’s Cancer
Group (CCG) registrar within 72 hours of starting che-
motherapy. At the time of registration, the dose level
of PIXY321 was assigned to each patient as described
above. Chemotherapy and PIXY321 were continued
past Course 2 until disease progression, failure to
achieve an ANC $1000/mm3 and platelet count
$100,000/mm3 by Day 28, Grade IV renal toxicity re-
sulting from ifosfamide, or a maximum of 6 courses of
therapy. Complete blood count (CBC), differential,
and platelet counts were obtained on Days 0, 4, 6, 8,
10, 12, 14, 16, 18, and 21 during the first 2 courses of
therapy. In subsequent courses, CBC, differential, and
platelet counts were obtained on Days 0, 4, 11, 18, and
21. Complete neutrophil recovery was defined as an
ANC of $1000/mm3 and complete platelet recovery
(to a platelet count of $100,000/mm3) a minimum of
2 days after discontinuation of CSFs.

Hematologic Recovery, Transfusions, and Infections
Time to hematologic recovery was calculated for each
course administered during protocol therapy accord-
ing to the following algorithm. Each patient who
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started a course of chemotherapy was evaluated for
each of three measures of hematologic recovery: 1)
recovery of ANC (RANC); 2) recovery of platelet count
(RPC); and 3) hematologic recovery (RH). RANC was
considered to be the time from the start of the course
until the first date the ANC reached 1000/mm3 after
the nadir of chemotherapy or the date the next course
of chemotherapy was delivered, whichever came first.
Such an observation was considered to be complete. If
a patient was removed from protocol therapy prior to
the recovery of ANC to 1000/mm3, the RANC was
extended to 1 day beyond the longest complete obser-
vation and the patient was considered censored for
the RANC at that date. RPC was considered to be the
time from the start of the course until the first date the
platelet count reached 100,000/mm3 after the nadir of
chemotherapy or the date the next course of chemo-
therapy was delivered, whichever came first. Such an
observation was considered to be complete. If a pa-
tient was removed from protocol therapy prior to re-
covery of platelet count to 100,000/mm3, the RPC was
extended to 1 day beyond the longest complete obser-
vation and the patient was considered censored for
RPC at that date. RH was considered to be the time
from the start of the course until the first date when
both the ANC reached 1000/mm3 and the platelet
count reached 100,000/mm3 after the nadir of chemo-
therapy or the date the next course of chemotherapy
was delivered, whichever came first. Such an observa-
tion was considered to be complete. If a patient was
removed from protocol therapy prior to concomitant
recovery of ANC to 1000/mm3 and platelet count to
100,000/mm3, the RH was extended to 1 day beyond
the longest complete observation and the patient was
considered censored for the RH at that date. Finally,
the median number of transfusions, days of fever, days
of infection requiring hospitalization, and days of fe-
ver and neutropenia were determined.

Peripheral Blood Progenitor Cells
During the first course of PIXY321 administration, pe-
ripheral blood progenitor cells were determined at a
central laboratory before therapy and when the white
blood cell count (WBC) had recovered to .1000/mm3.
Mononuclear cells (MNC) were isolated from the
blood samples by density gradient separation with
Ficoll Hypaque. An aliquot of this MNC fraction (104/
mL) was added to Iscove’s modified Dulbecco’s me-
dium/0.9% methylcellulose (StemCell Technologies,
Inc., Vancouver, British Columbia, Canada) supple-
mented with 2 U/mL of erythropoietin (Epogen; Am-
gen, Thousand Oaks, CA). Colony formation was in-
duced by stimulation with phytohemagglutinin
human leukocyte conditioned medium (StemCell

Technologies, Inc.). The cells were plated in 24-well
plates (Costar, Cambridge, MA) at 500 cells per well
and incubated in a 5% CO2 humidified incubator at
37 °C. Colonies were scored after 14 –21 days, and
clusters of 251 cells were considered colonies.

Peripheral Progenitor Cell Receptor Expression
Aliquots of MNC isolated from peripheral blood, as
described above, were stained with fluorochrome-
conjugated monoclonal antibodies for cytokine recep-
tor and CD341 expression. CD341 cell populations
were assessed using the human progenitor cell anti-
gen (HPCA) antibody conjugated to phycoerythrin
(PE) (Becton Dickinson, Mountain View, CA). Recep-
tor expression was measured using the following an-
tibodies: IL-3/PE (R & D Systems, Minneapolis, MN),
IL-6/PE (R & D Systems), GM-CSF/PE (R & D Systems),
and stem cell factor (SCF)/PE (R & D Systems). Anal-
ysis was performed on a FACStar™ flow cytometer
(Becton Dickinson) with gating on the leukocyte pop-
ulations of interest using the Simultest Leukogate an-
tibody cocktail. Isotype controls were included for
each staining experiment.

Induction of Endogenous Cytokines
On Day 5 of the first course only, following the first
dose of PIXY321, endogenous cytokine levels were de-
termined. Aliquots of patient sera (1.5 mL) and plasma
(1.0 mL) from different time points (0 hour, 30 minute,
1 hour, 2 hours, 4 hours, and 6 hours post PIXY321
injection) were shipped on dry ice (overnight) to the
Cytokine Reference Laboratory of the University of
Minnesota Hospital and stored at 270°C. Levels of
IL-1a, IL-1b, tumor necrosis factor (TNF)-a, interferon
(IFN)-g, and G-CSF were determined by sandwich en-
zyme-linked immunosorbent assay using commer-
cially available kits according to manufacturers’ in-
structions for either the serum or plasma, depending
on the optimal matrix empirically determined by the
reference lab (plasma IL-1a, serum G-CSF, R & D
Systems; serum IL-1b, R & D Systems; serum TNF-a,
Boehringer Mannheim, Indianapolis, IN; plasma
IFN-g, Endogen, Cambridge, MA). The concentrations
for each cytokine, in pg/mL, were interpolated from
standard curves generated for each assay performed.

Pharmacokinetics
On Day 5 of the first course administered to patients
who received 500 or 1000 mg/m2/day, plasma and
serum were obtained prior to and at 5 minutes, 30
minutes, and 1, 2, 4, 6, 8, and 12 hours after the first
dose of PIXY321. Microtiter plates with 96 wells each
were coated with anti-IL-3 monoclonal antibodies,
and serum samples were diluted and titrated in dupli-
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cate with control PIXY321 samples prediluted on each
plate. The plates were incubated for 1 hour and then
washed. Sheep anti-GM-CSF polyclonal serum was
added to the wells and incubated for 1 hour. Peroxi-
dase-labeled antisheep immunoglobulin (Ig)G was
added for 1 hour, then peroxidase substrate was added
for 10 minutes and optimal densities were deter-
mined. The standard curve was fitted to a four-param-
eter model and sample concentrations were deter-
mined. The limit of detection of assay was 125 pg/mL
of PIXY321.

Statistical Methods
The interpolation strategy yields conservative esti-
mates of the median time to hematologic reconstitu-
tion. This method was chosen because the mechanism
that caused the patient’s exact recovery time to be
unobserved, namely, termination of protocol therapy,
was related to disease progression and probably the
individual’s capacity for hematologic recovery. An
analysis of individuals censored at the time of termi-
nation of protocol therapy, if recovery was not ob-
served by that point, did not appreciably change any
of the estimates of the median values of RANC, RPC,
or RH.

Results of the progenitor and receptor studies are
expressed as mean values 6 the standard error of the
mean (SEM). The SEMs were calculated from the three
replicates from baseline and from posttherapy sam-
ples. The equality of mean biologic measures between
baseline and posttherapy time points was assessed
using the paired Student’s t test, with each patient
contributing a pair of observations for the analysis.

Survival distributions for RANC, RPC, and RH
were calculated by the Kaplan-Meier method.14 Esti-
mates of the median times to RANC, RPC, and RH
were derived from the survival curves.

RESULTS
Twenty-five patients were enrolled in CCG-0924. One
patient could not be evaluated because the patient
was removed from protocol therapy after the last dose
of ifosfamide but before any PIXY321 was adminis-
tered. Three patients received 500 mg/m2/day, 6 re-
ceived 750 mg/m2/day, 9 received 1000 mg/m2/day,
and 6 received 500 mg/m2 twice a day. Twenty-four
patients were evaluable for toxicity and hematologic
response. The demographic characteristics of the
evaluable patients are depicted in Table 1.

All patients had completed protocol therapy and
required data submission to address the study objec-
tives at the time the analysis was done. The number of
courses with toxicity related to treatment with
PIXY321 by dose level is shown in Table 2. These side
effects were generally mild. There was one dose-lim-
iting toxicity (chills) at the dose of 750 mg/m2/day in
the first 3 patients, but the subsequent 3 patients
treated at that dose did not show any evidence of
dose-limiting toxicity. The toxicities associated with
PIXY321 were manageable, and the MTD was not de-
termined in this study.

Hematologic Recovery
The median days to ANC recovery ($1000/mm3) dur-
ing Course 1 following PIXY321 (1000 mg/m2/day) was
22 days (range, 5–33 days). The median days to ANC

TABLE 1
Demographic Characteristics of Evaluable Patients

Characteristics

Dose level

500 mg/m2/day 750 mg/m2/day 1000 mg/m2/day 500 mg/m2/bid

Race White 2 3 5 6
Black 1 1 0 0
Other 0 2 4 0

Gender Male 0 3 6 5
Female 3 3 3 1

Tumor type Brain 0 0 3 0
Osteosarcoma 1 2 1 0
Ewing’s sarcoma 0 1 0 2
Other tumor 2 3 5 4

Age (yrs) at study entry ,11 3 3 6 2
$11 0 3 3 4

Age (yrs) at initial
diagnosis ,11 3 3 7 2

$11 0 3 2 4

bid: twice a day.

PIXY321 following ICE Chemotherapy/Cairo et al. 1453



recovery during all courses combined at each dose
level are shown in Table 3. The time to recovery of
ANC in Course 1 and all courses is depicted in Figures
1A and 1B, respectively. Seventy-five percent of pa-
tients who received PIXY321 (1000 mg/m2/day) recov-
ered their ANC $1000/mm3 by 23 days in Course 1.
The median days to platelet recovery ($100,000/mm3)
during Course 1 following PIXY321 (1000 mg/m2/day)
was 20 days (range, 5–31 days). The median days to
platelet recovery during all courses combined at each
dose level are shown in Table 3. The time to platelet
recovery in Course 1 and all courses combined is
depicted in Figures 2A and 2B, respectively. Seventy-
five percent of patients who received PIXY321 (1000
mg/m2/day) recovered their platelet count $100,000/
mm3 by 23 days in Course 1. The time to recovery of

both ANC $1000/mm3 and platelet count $100,000/
mm3 for Course 1 and all courses combined is given in
Figures 3A and 3B, respectively. PIXY321 was never
discontinued for maximal elevation of blood counts.

Seven patients did not recover ANC of $1000/
mm3 and platelet count of $100,000/mm3 by Day 28
during 1 of the first 2 courses. Two patients demon-
strated recovery of counts during Course 1 but did not
receive a second course of chemotherapy. Three pa-
tients were removed from therapy because of progres-
sive disease and did not have sufficient data submitted
to evaluate whether blood counts recovered before
Day 28 of Course 1. Fourteen patients received at most
two courses of therapy. Of the 10 patients who re-
ceived 3 or more courses of therapy, 1 patient did not
recover ANC of $1000/mm3 and platelet count of

TABLE 2
Toxicities Associated with PIXY321

Toxicity Observed

Dose level (mg/m2)

500 qd
(10)a

750 qd
(17)

1000 qd
(16)

500 bid
(13)

Fever Grade I 0 1 1 2
Grade II 1 0 2 1
Grade IV 0 0 0 0

Chills Mild 2 1 3 2
Persistent 1 1 0 0

Myalgia Mild 0 1 0 4
Moderate–nonnarcotic tx 0 1 1 1
Moderate–narcotic tx 0 0 0 3

Bone pain Mild 0 0 1 3
Moderate–nonnarcotic tx 0 1 1 0
Intractable—req. narcotics 0 0 0 2

Local reaction Grade I 0 0 2 1
Grade II 0 1 1 3

qd: daily; bid: twice a day; tx: toxicity.
a No. of courses evaluated for toxicity.

TABLE 3
Hematologic Recovery for Evaluable Patients Receiving ICE and PIXY321 by Dose Level

Characteristic All courses dose levela,b Course 1 only dose levela,b

500 750 1000 500 bid 500 750 1000 500 bid

No evaluable 3 6 9 6 3 6 9 6

Median days to ANC 24 24 18 21 23 24 22 21
.1,000/mm3 (7–33) (7–42) (5–42) (7–75) (22–33) (17–33) (5–33) (17–33)

Median days3 to platelet count 26 23 20 22 21 20 20 21
.100,000/mm3 (11–32) (12–32) (5–31) (5–75) (16–31) (16–31) (5–31) (12–31)

ICE: ifosfamide, carboplatin, and etoposide therapy; ANC: absolute neutrophil count; bid: twice a day.
a Doses are expressed in mg/m2/day.
b Figures in brackets represent the range.
c Median determined from the Kaplan–Meier estimate of the survivor function.
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$100,000/mm3 by Day 28 of the last course of therapy,
and 1 patient did recover counts by Day 28. Eight
patients were removed from therapy because of pro-
gressive disease before Day 28 of their last course of
therapy and prior to count recovery.

Transfusions
The median number of days requiring red cell trans-
fusions, stratified by dose level in Course 1 and all
courses, is depicted in Table 4. Patients who re-
ceived 1000 mg/m2/day of PIXY321 had a median of
1 day of red cell transfusions for all courses. The
median number of days required for platelet trans-
fusions, stratified by dose level for Course 1 and
all courses, is depicted in Table 4. The median
number of days requiring platelet transfusions fol-
lowing 1000 mg/m2/day of PIXY321 for all courses
was 1.5 days.

Days in Hospital
The median number of days of fever or infection re-
quiring hospitalization, stratified by dose level, is de-

picted in Table 4. The median number of days of fever
or infection requiring hospitalization following 1000
mg/m2/day of PIXY321 for all courses was 7.5 days.

Fever and Neutropenia
The median number of days of fever and neutropenia
(38.5°C and ANC ,500/mm3) is stratified by dose level
and depicted in Table 4. The median number of days
of fever and neutropenia following 1000 mg/m2/day of
PIXY321 for all courses was 4 days.

Peripheral Blood Progenitor Colony Formation/receptor
Expression
The number of total CFUs, including BFU-E, CFU-GM,
and CFU-GEMM after 1000 mg/m2/day, is depicted in
Table 5. The total number of CFU/104 MNC following
1000 mg/m2/day of PIXY321 was 131.7 6 41.1 (a 1317%
increase). There was a significant increase in CFU-GM,
BFU-E, and CFU-GEMM compared with baseline values
(P , 0.01) (Table 5). There was also a significant increase

FIGURE 1. (A) Kaplan-Meier estimate of the probability of absolute neutrophil

count (ANC) recovery to $1000/mm3 in Course 1 following PIXY321. (B)

Kaplan-Meier estimate of the probability of ANC recovery to $1000/mm3 in all

courses following PIXY321.

FIGURE 2. (A) Kaplan-Meier estimate of the probability of platelet recovery

to $100,000/mm3 in Course 1 following PIXY321. (B) Kaplan-Meier estimate of

the probability of platelet recovery to $100,000/mm3 in all courses following

PIXY321.
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in CD341 and c-kit expression (P , 0.01 and P , 0.05,
respectively) as well as a significant increase in IL-3, IL-6,
and GM-CSF receptor expression (P , 0.01) (Table 6).
There was no evidence of a dose response, although the
small number of patients studied precluded a definitive
analysis of a dose response to PIXY321.

Cytokine Induction
To determine whether PIXY321 had secondary effects
on the induction of either proinflammatory cytokines
(which may have had modified toxicity) or proteins
involved in positively regulating hematopoiesis, a ki-
netic analysis (0, 0.5, 1, 2, 4, and 6 hours) of circulating
cytokine levels was performed on patients following
the subcutaneous injection of PIXY321. None of the
patients who received PIXY321 had elevations in the
proinflammatory cytokines, interferon gamma,
TNF-a, or IL-1a. However, in 5 of 13 evaluable pa-
tients (38%) who received high doses (500 mg/m2 twice

a day or 1000 mg/m2/day) of PIXY321, there was an
induction of circulating G-CSF (4 –144 pg/mL) and
IL-1b (0.2–3.1 pg/mL) over the baseline values of these
molecules, which was noted 2– 4 hours after subcuta-
neous PIXY321 injections.

Pixy321 Pharmacokinetics
Samples were obtained on Day 5 of the first course of
PIXY321 at baseline, 5 and 30 minutes or 1, 2, 4, 6, 8,
and 12 hours after subcutaneous injection. For 3 pa-
tients who received 500 mg/m2/day, the mean area
under the curve (AUC) was 9.4 6 2.6 ng-hr/mL, Cmax

1.02 6 0.16 ng/mL, and Tmax 4.5 6 3.4 hours. For 7
patients who received 1000 mg/m2/day, the AUC was
18.6 6 5.0 ng-hr/mL, Cmax 2.53 6 0.83 ng/mL, and
Tmax 3.4 6 1.9 hours (mean 6 SEM).

DISCUSSION
PIXY321 is a novel fusion protein (GM-CSF/IL-3)
that appears to be more potent than either GM-CSF
or IL-3 alone in vitro in inducing hematopoietic
progenitor colony formation (BFU-E, CFU-GM, and
CFU-GEMM).10 The combination of GM-CSF and
IL-3 following radiation-induced bone marrow apla-
sia in a nonhuman primate demonstrated signifi-
cant additive effects on hematopoietic recovery
compared with either cytokine alone.15 Sequential
IL-3 and GM-CSF following combination chemo-
therapy with ifosfamide, cisplatin, and etoposide in
adults has been demonstrated to improve platelet
recovery compared with GM-CSF alone.16,17 Re-
cently, PIXY321 has also been demonstrated to en-
hance in vitro human megakaryocytopoiesis signif-
icantly, expand peripheral blood progenitor cells ex
vivo, and, with the addition of SCF, significantly
inhance CFU-GM formation from both cord and
adult CD341 selected stem cells.18 –20

We have recently demonstrated a significant over-
all response rate (complete response and partial re-
sponse) (CR 1 PR) following ifosfamide, carboplatin,
and etoposide in children with recurrent or refractory
solid tumors.1,2 This combination of chemotherapy
induced an overall response rate (CR 1 PR) of 51% in
a wide variety of refractory or recurrent pediatric solid
tumors.1 The CR rate in all diagnostic categories was
27%, and the overall response rate (CR 1 PR) was
greater than 60% for patients with Wilms’ tumor, Ew-
ing’s sarcoma, rhabdomyosarcoma, other soft tissue
sarcomas, or lymphomas. Despite increasing the dose
of G-CSF (5.0 vs. 10.0 mg/kg/day) following the iden-
tical regimen of ICE chemotherapy for a similar group
of patients and pretreatment history, we previously
demonstrated an 83% incidence of Grade IV neutro-

FIGURE 3. (A) Kaplan-Meier estimate of the probability of recovery of both

absolute neutrophil count (ANC) to $1000/mm3 and platelet count to

$100,000/mm3 in Course 1 following PIXY321. (B) Kaplan-Meier estimate of

the probability of recovery of both ANC to $1000/mm3 and platelet count to

$100,000/mm3 in all courses following PIXY321.
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penia and an 80% incidence of Grade IV thombocyto-
penia (CCG-0894).1 Most importantly, 25% of patients
treated on CCG-0894 during Course 1 required at least
35 days to recover their platelet count of $100,000/
mm3.1,2 To identify new hematopoietic growth factors
that might enhance platelet recovery following dose-
intensive chemotherapy (ICE), we sought to deter-
mine the toxicity and possible hematologic efficacy of
PIXY321 in a similar group of children with recurrent
or refractory tumors. The principal goal was to deter-
mine the MTD on clinical criteria. Analysis of progen-
itor cell assays was conducted to explore the correla-
tion between dose and response. A study to ascertain
the dose-response correlation would have required a
prohibitive number of patients.

PIXY321 was well tolerated in this pediatric Phase
I trial. After 9 patients were evaluated at 1000 mg/m2/
day, an additional 6 patients were studied at 500
mg/m2 twice a day, based on reports suggesting that

twice-daily dosing of PIXY321 may be more effective
in ameliorating thrombocytopenia than daily dos-
ing.21,22 The twice-daily dosing of 500 mg/m2 dose
compared with 1000 mg/m2/day did not seem to offer
any advantage relative to hematologic recovery or re-
duced toxicity. The small number of patients enrolled
at the two dose levels precluded detection of even
moderate differences in time to platelet recovery.
There was only one dose-limiting toxicity (chills) in
the current study (750 mg/m2/day), but the MTD was
not reached in this trial. The most common toxicities
associated with PIXY321 identified in this pediatric
Phase I trial included chills, bone pain, and local re-
actions. Local reactions usually included redness and
itching of mild-to-moderate severity. Comparatively,
adults who received similar doses of PIXY321 had a
higher incidence of other constitutional symptoms,
including headache, malaise, and fatigue.13 However,

TABLE 4
Transfusions and Toxicity in Evaluable Patients Receiving ICE and PIXY321 by Dose Level

Characteristic

All courses dose levela,b Course 1 only dose levela,b

500 750 1000 500 bid 500 750 1000 500 bid

No. evaluable 3 6 9 6 3 6 9 6
Median days requiring red cell 3 2 1 1 4 1 1 1.5

transfusions (range) (2–6) (0–4) (0–6) (0–7) (2–5) (0–4) (0–6) (0–7)
Median days requiring platelet 4.5 2 1.5 3 5 2.5 1 3.5

transfusions (range) (1–5) (0–6) (0–12) (1–14) (3–5) (1–4) (0–12) (1–14)
Median days hospitalized for 18 7 7.5 4 21 8.5 8 3

fever or infection (range) (9–28) (0–18) (0–28) (0–28) (19–28) (0–18) (0–28) (0–28)
Median days of fever and 9 3 4 3 15 5 5 2.5

neutropenia (range) (0–25) (0–12) (0–18) (0–16) (13–25) (2–12) (0–18) (0–16)

ICE: ifosfamide, carboplatin, and etoposide therapy; bid: twice a day.
a Doses are expressed in mg/m2/day.
b Figures in parentheses represent the range.

TABLE 5
Peripheral Blood Progenitors following PIXY321 (1000 mg/m2/day)
after ICE Chemotherapy in Children with Refractory or Recurrent
Solid Tumorsa

Colony forming units/104

MNC mean 6 SEM
% Increase from
baseline

P value
(baseline
vs. post tx)

CFU-GM 50 6 17 2500 , 0.01
BFU-E 49.8 6 19.1 5000 , 0.01
CFU-GEMM 30.0 6 30 3000 , 0.01

ICE: ifosfamide, carboplatin, and etoposide therapy; CFU-GM: colony forming unit– granulocyte -

macrophage; BFU-E: burst forming unit– erythroid; CFU-GEMM: colony forming unit– granulocyte,

erythroid, monocyte, megakaryocyte; MNC: mononuclear cell; SEM: standard error of the mean; tx:

toxicity; WBC: white blood cell count.
a Course 1 when WBC reached 1000/mm3.

TABLE 6
Peripheral Blood Receptor Expression following PIXY321
(1000 mg/m2/day) after ICE in Children with Refractory or
Recurrent Solid Tumorsa

Receptor
% Increase from baseline
mean 6 SEM

P value
(baseline vs.
post tx)

CD341 389.7 6 143.0 , 0.01
IL-3 320.0 6 91.1 , 0.01
IL-6 525.4 6 153.0 , 0.01
GM-CSF 184.9 6 70.6 , 0.01
c-kit 728.0 6 710.0 , 0.05

ICE: ifosfamide, carboplatin, and etoposide therapy; SEM: standard error of the mean; tx: toxicity; IL:

interleukin; GM-CSF: granulocyte-macrophage– colony stimulating factor.
a Course 1 when WBC reached 1,000/mm3.
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headache, malaise, and fatigue were rarely identified
in this pediatric trial.

The median time to recovery of an ANC of $1000/
mm3 after Course 1 following PIXY321 (1000 mg/m2/
day) was 22 days (range, 5–33 days). For children with
similar tumors and pretreatment history who received
the identical doses of ICE chemotherapy followed by
either 5.0 or 10.0 mg/kg/day of G-CSF administered in
a similar fashion, the median days to ANC recovery
$1000/mm3 were 21 days and 20 days, respectively.1,2

The median days to recovery of a platelet count of
$100,000/mm3 after Course 1 following PIXY321 (1000
mg/m2/day) in the current trial was 20 days (range,
5–31 days). The median time to platelet recovery
$100,000/mm3 for children with similar tumors and
pretreatment history who received identical ICE che-
motherapy in a similar time frame following G-CSF
(5.0 vs. 10.0 mg/kg/day) was 27 days and 27 days,
respectively.1,2 Most importantly, the median time to
restart chemotherapy, i.e., ANC $1000/mm3 and
platelet count $100,000/mm3 during Course 1 follow-
ing PIXY321 (1000 mg/m2/day) in the current trial was
23 days (range, 5–33 days). The Phase I adult trial of
PIXY321 ($750 mg/m2/day) following cyclophospha-
mide, doxorubicin, and dacarbazine therapy sug-
gested that PIXY321 significantly reduced the degree
and duration of neutropenia and increased the mean
nadir platelet count relative to GM-CSF alone when
compared with historical controls.13 Both the pediat-
ric and adult Phase I PIXY321 trials, therefore, suggest
that higher doses of PIXY321 (750 or 1000 mg/m2/day)
may enhance hematologic recovery, especially platelet
recovery, following myelosuppressive combination
chemotherapy compared with G-CSF or GM-CSF.

The median number of platelet transfusions in the
current study following PIXY321 (1000 mg/m2/day)
during Course 1 was 1 (range, 0 –12). Children with
similar solid tumors and pretreatment history who
received identical doses of ICE chemotherapy and 10
mg/kg/day of G-CSF had a median number of 12 days
during which platelet transfusions were required.1,2 It
is noteworthy that, despite repeated courses of ICE
chemotherapy in this trial, the median number of
platelet transfusions following PIXY321 (1000 mg/m2/
day) was 1.5 (range, 0 –12), suggesting a continued
effect of PIXY321 despite repeated courses of myelo-
suppressive chemotherapy.

We assessed the number of peripheral blood
progenitor cells following PIXY321 (1000 mg/m2/day)
after ICE chemotherapy during Course 1 when the
WBC returned to $1000/mm3. Our studies demon-
strated that PIXY321 (1000/mg/m2/day) significantly
increased circulating hematopoietic progenitors com-
pared with baseline values. No dose response to

PIXY321 was identified. In the Phase I PIXY321 trial
following the administration of cyclophosphamide,
doxorubicin, and dacarbazine to adults, peripheral
blood progenitor cells were measured on Day 14 of
treatment (regardless of WBC) compared with our
trial, in which peripheral blood progenitor cell colony
formation was measured only when the WBC was
.1000/mm3.23 The Phase I study of adults did not
demonstrate any consistent changes among BFU-E,
CFU-GM, CFU-G, CFU-M, or CFU-GEMM following
PIXY321.23 This difference in results may have been
secondary to the obtainment of progenitor samples at
different times following hematologic recovery. How-
ever, in the adult trial, PIXY321 was demonstrated to
increase significantly the cycling rate (the percentage
of progenitors in S-phase) of all bone marrow progen-
itors.23

During the first course, we measured peripheral
blood progenitor receptor expression following
PIXY321 (1000 mg/m2/day) in children who received
ICE chemotherapy. The expression of CD341, IL-3,
IL-6, GM-CSF, and c-kit all significantly increased
compared with baseline values. The increase in circu-
lating committed progenitor cells and the increase in
receptor expression of CD341 and other cytokine re-
ceptors suggest that PIXY321 (1000 mg/m2/day) may,
in conjunction with chemotherapy, be useful as a mo-
bilization strategy for obtaining peripheral blood stem
cells for future myelosuppressive therapy and autolo-
gous stem cell transplantation.

With respect to the quantitation of circulating cy-
tokine levels following PIXY321 injection, the absence
of induction of proinflammatory cytokines is consis-
tent with the clinical tolerability of PIXY321. In addi-
tion, the very modest induction of G-CSF cannot ac-
count for the hematopoietic effects observed in these
patients. The fact that there was a modest induction of
circulating G-CSF and IL-1b levels following subcuta-
neous PIXY321 injections in some patients suggests
that the fusion protein may be able to bind to GM-CSF
receptors on endothelial cells, which are a source of
these two growth factors. The absence of IFN-g and
TNF-a suggest that macrophages were not stimulated
by PIXY321 via GM-CSF receptor binding.

We also studied PIXY321 pharmacokinetics fol-
lowing subcutaneous administration. At 1000 mg/
m2/day, the AUC was 18.6 6 5.0 ng-hr/mL, Cmax was
2.53 6 0.83 ng/mL, and Tmax was 3.4 6 1.9 hours
(mean 6 SEM). In adults, the Tmax following subcu-
taneous administration of PIXY321 at 1000 mg/m2/
day also appears to be approximately 4 hours.24

Although only 6 patients were entered at 500 mg/m2

twice a day in our pediatric Phase I trial, we were
unable to demonstrate any difference compared
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with 1000 mg/m2/day as a single dose with respect to
hematologic recovery, transfusion requirements, or
toxicity. However, reliable statistical comparisons
cannot be made because of the small number of
patients evaluated.

Recent Phase II/III randomized studies of adults
that compared PIXY321 with GM-CSF following either
myeloablative therapy and autologous bone marrow
transplantation or myelosuppressive chemotherapy
(with 5-flourouracil, leucovorin, doxorubicin, and cy-
clophosphamide) failed to demonstrate any superior-
ity of PIXY321 with respect to hematologic reconstitu-
tion.25,26 Specifically, Vose et al.25 reported that
PIXY321 did not improve time to platelet indepen-
dence compared with GM-CSF following autologous
bone marrow transplantation in adults with non-
Hodgkin’s lymphoma. Furthermore, O’Shaughnessy
et al.26 also could not demonstrate that PIXY321 could
ameliorate cumulative thrombocytopenia or the need
for platelet transfusions compared with GM-CSF in
adults with breast carcinoma following FLAC chemo-
therapy. These adult Phase II/III trials have strongly
suggested that PIXY321 does not have any advantage
over GM-CSF with respect to hematologic reconstitu-
tion following myelosuppressive or myeloablative
chemotherapy.

In summary, this pediatric Phase I trial involving
children with refractory or recurrent ST demonstrated
that PIXY321 was well tolerated and that the MTD was
not reached. Hematologic recovery following PIXY321
(1000 mg/m2/day) and ICE chemotherapy suggests
that the median days to platelet recovery (100,000/
mm3) was 20 days and the median number of days
requiring platelet transfusions was 1.5 days. In addi-
tion, we have demonstrated that PIXY321 induces a
significant increase in the number of peripheral blood
progenitor cells and induces an increase in a subset of
cells in the circulating peripheral blood that express
specific cytokine receptors. Future double-blind, ran-
domized prospective Phase II/III trials would be re-
quired to determine whether PIXY321 provides earlier
hematologic recovery, reduced transfusion require-
ments, and/or dose intensification of chemotherapy.
However, based on the recent negative results with
PIXY321 in randomized Phase II/III trials involving
adults, PIXY321 is currently not available for future
randomized trials involving children.
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