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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

A Randomized Phase 3 Study of Peripheral Blood Progenitor Cell Mobilization
With Stem Cell Factor and Filgrastim in High-Risk Breast Cancer Patients

By Elizabeth J. Shpall, Catherine A. Wheeler, Stewart A. Turner, Saul Yanovich, Randy A. Brown,
Andrew L. Pecora, Thomas C. Shea, Kenneth F. Mangan, Stephanie F. Williams, C. Fred LeMaistre,
Gwynn D. Long, Roy Jones, Mark W. Davis, Robyn Murphy-Filkins, William R.L. Parker, and John A. Glaspy

This randomized study compared the number of leukapher-
eses required to collect an optimal target yield of 5 x 10°
CD34* peripheral blood progenitor cells/kg, using either
stem cell factor (SCF) at 20 pwg/kg/d in combination with
Filgrastim at 10 pg/kg/d or Filgrastim alone at 10 pg/kg/d,
from 203 patients with high-risk stage Il, Ill, or IV breast
cancer. Leukapheresis began on day 5 of cytokine administra-
tion and continued daily until the target yield of CD34+ cells
had been reached or a maximum of 5 leukaphereses per-
formed. By day 5 of leukapheresis, 63% of the patients
treated with SCF plus Filgrastim (n = 100) compared with
47% of those receiving Filgrastim alone (n = 103) reached the
CD34+ cell target yield. There was a clinically and statistically
significant reduction (P < .05) in the number of leukapher-

receiving SCF plus Filgrastim (median, 4 leukaphereses)
compared with patients receiving Filgrastim alone (median,
6 or more leukapherses; ie, <50% of patients reached the
target in 5 leukaphereses). All patients receiving SCF were
premedicated with antihistamines, albuterol, and pseudo-
ephedrine. Treatment was safe, generally well tolerated, and
not associated with life-threatening or fatal toxicity. In
conclusion, SCF plus Filgrastim is a more effective peripheral
blood progenitor cell (PBPC)-mobilization regimen than Fil-
grastim alone. In addition to the potential for reduced
leukapheresis-related morbidity and costs, SCF offers addi-
tional options for obtaining cells for further graft manipula-
tion.

© 1999 by The American Society of Hematology.

eses required to reach the target yield for the patients

VER THE PAST DECADE, peripheral blood progenitor factor (SCF; STEMGEN; US-adopted name, Ancestii)
cells (PBPCs) have replaced marrow as the major sourceecombinant human Mpl ligan#s'8 flt-3 ligand®; or interleu-

of hematopoietic support, resulting in significantly faster rateskin-3 receptor ligandd?
of platelet and neutrophil engraftment after high-dose therapy The most extensively studied of these combinations is SCF
for malignant diseasés? plus Filgrastim. SCF is a cytokine that acts on primitive

The criteria defining an adequate or optimal leukapheresignultiineage hematopoietic progenitor cells?? In rats, dogs,
product are of substantial interest to clinicians performingand baboons the addition of species-specific SCF to granulocyte
PBPC transplants. Although the number of mononuclear cellsolony-stimulating factor (G-CSF) increases PBPC mobiliza-
and/or colony-forming units granulocyte-macrophage (CFU-tion compared with G-CSF alor#é28In these animal models,
GM) were used previously to assess the adequacy of a PBPthe infusion of increased PBPC numbers resulted in more rapid
product, the CD34 cell content has recently evolved as the engraftment after myeloablatigf?7:2°
most consistent and clinically relevant measure available for
this purposé:1° The methods for CD34 cell analysis are

Var!able’ but p_u_b“Shed studies suggest that thg vast majority 0|]‘ado Health Sciences Center, Denver, CO; Beth Israel Hospital/Dana-
patients receiving P.BPC autografts containirgs X< 10° Farber Cancer Institute, Boston, MA; Amgen Inc, Thousand Oaks, CA;
CD34" cells/kg experience prompt and durable platelet engraftwedical College of Virginia Hospitals, Richmond, VA; Washington
ment, whereas those receiving less than 1 t& 20° CD34" University School of Medicine, St Louis, MO; Hackensack University
cells/kg are at risk for delayed engraftment or, rarely, engraft-Medical Center, Hackensack, NJ; UNC Lineburger Cancer Center,
ment failure36-10 Consequently, 5x 10°f CD34" cells/kg has  Chapel Hill, NC; The Temple University Cancer Center, Philadelphia,
been identified as an optimal target yield, associated with a hig?A; the University of Chicago Medical Center, Chicago, IL; South Texas
probability of rapid multilineage engraftmeht8 Cancer Institute, San Antonio, TX; Stanford Medical Centerz Stanford,
Filgrastim (r-metHuG-CSF) is frequently used to mobilize C:ée?gs (E:;waer Oncology Center, UCLA School of Medicine, Los
hematlc;%metl_c progenitors from the marrow into the_penp_h('eralA Submitted February 20, 1998; accepted December 3, 1998,
blood:2# Patients then undergo leukaphereses until sufficient gypnorted in part by National Institutes of Health/National Cancer
PBPCs for hematopoietic reconstitution are collected. Thenstitute Grant No. RO1-CA61508 (to E.J.S.); by Grant No. MO1-
yields of CD34 cells are adversely affected by factors includ- RR00865 from The Revion/UCLA Women's Cancer Research Program
ing age, prior chemotherapy, prior radiation therapy, and tumoito J.A.G.); by Grants No. MO1RR00046 and 5-P30-CA16086-23 from
involvement in the bone marro##6To obtain sufficient CD3#4  the University of North Carolina, Chapel Hill, NC (to T.C.S.); and by
cells, multiple leukaphereses collections are often required. Thémgen Inc.
morbidity and expense associated with leukapheresis have Address reprint requests to Elizabeth J. Shpall, MD, Bone Marrow
stimulated clinicians to develop strategies to improve PBPCTranspIant Program, University of Colorado Health Sciences Center,
mobilization and thereby reduce the number of Ieukapheresegenver’ €O 80262.

i . . The publication costs of this article were defrayed in part by page
performed. One such strategy involves the administration Ofcharge payment. This article must therefore be hereby métkeder-

chemotherapy plus cytokines, resu'“”g in t.he COIthiOﬁ Of tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
greater numbers of CD34cells than with either modality this fact.

alonetl12 Another approach is the use of multiple cytokines, © 1999 by The American Society of Hematology.
such as Filgrastim combined with recombinant human stem cell 0006-4971/99/9308-0003$3.00/0

From the Bone Marrow Transplant Programs, University of Colo-
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Recombinant human SCF has been shown in controllegotential for direct mast cell stimulation, all patients treated with SCF
clinical trials to enhance the Filgrastim-induced mobilization of were to receive a premedication regimen consisting of diphenhydra-
CD34" cells with and without chemotherap¥56In a large, mine (50 mg orally every 6 hours), ranitidine (159 mg orally every 12
randomized phase 2 study of patients with breast cancer, GlaspyPurs). wo puffs of albuterol metered-dose inhaler before each
et al® defined the optimal dose and schedule of SCF andnjectlon, and pseudoephedrine (120 mg sustained release before each
Filgrastim when used in combination to mobilize PBPCs. Theinjection). Administration of diphenhydramine and ranitidine began 12
combination of SCF at 20 pg/kg/d plus Filgrastim at 10 ug/kg/dto 24 hours before the first dose of SCF and was timed so that a dose of

all four medications was delivered approximately 1 hour before each
doubled the number of CD1_34ceI|s tha_t cou.ld be collected oq injection of SCF. Diphenhydramine and ranitidine were administered
dgys 5,_ 6, and 7 of_ cytokine administration, compared With¢, g hours after the last injection of SCF.
Filgrastim alone. This study also supported<510° CD34* Patients eligible for study had baseline hematology and serum
cells/kg as an optimal target yield. A central laboratory was usedhemistry evaluations. Complete blood counts were evaluated daily
to determine CD34 cell numbers, because standardization of until the final leukapheresis was performed. Leukapheresis began on
target PBPC yields has been complicated by variation betweetday 5 of cytokine administration and was performed daily until either
laboratories performing CD34cell quantificatior® Infusion  the optimal target of 5x 10° CD34" cells/kg was collected or a
of greater than 5 10f CD34" cells/kg resulted in rapid platelet maximum of 5 leukaphereses was performed. Each leukapheresis
engraftment (within 15 days) for all patients, whereas 23% ofProcessed approximately 10 L of blood using a Cobe Spectra apheresis
patients infused with less than & 10° CD34' cells/kg device (COBE Laboratories, Lakewood, CO). The leukapheresis prod-

experienced delayed platelet engraftmer28 days) uct was processed and cryopreserved on the day it was collected. If,
We report here a randomized phase 3 trial of breast cance‘a}fter 5 leukaphereses, thefummat've CDM." content of th?.PBPC
tients designed to determine whether the optimal target o?ﬂraﬂ was=1 X 10° CD34" cells/kg, the patient was classified as a
pa obilization failure and withdrawn from the study.

5 X 10° CD34" cellslkg could be achieved with fewer Progenitor cell assays. The CD34 cell quantification was per-

leukaphereses when a combination of SCF plus Filgrastim wag,imed at a central laboratory (Cytometry Associates Inc, San Diego,
used for mobilization compared with Filgrastim alone. CA) that was blinded to patient cytokine regimen. Samples obtained
from each leukapheresis product were shipped immediately by courier
MATERIALS AND METHODS to the central laboratory, where they were labeled with phycoerythrin
Patients. The study protocol was approved by the Institutional (PE)-conjugated anti-CD34 (HPCA-2; Becton Dickinson, Mountain
Review Boards of the participating institutions, and all patients gaveView, CA) and then analyzed for expression of CD34 using a FACScan
written informed consent before study enrollment. Patients with stage I(Becton Dickinson).
or Ill breast cancer involving 10 or more axillary lymph nodes or A bivariate plot of forward angle light scatter (FALS; ordinate) and
chemotherapy-responsive metastatic disease were eligible for thigrthogonal light scatter (SSC; abscissa) was created from the list mode
study. Normal vital organ function and a Karnofsky performance statusdata. A region was drawn on that plot that included all cells with the
of =80% were required for study entry. Patients were excluded if breascombined characteristics of lymphocytes. Within this region, the
cancer represented more than 10% of the overall cellularity of bilateramajority of cells with increased FALS and decreased SSC signal were
bone marrow biopsy specimens, as assessed by standard histologidarluded. A gate was then created from this region and applied to a
techniques. Patients were also excluded if they had received more thdpivariate plot of PE signal (ordinate) and SSC signal (abscissa). The
12 cycles of prior chemotherapy, had documented brain metastases, eluster of the brightest CD34-staining cells was considered positive.
had a history of asthma or other significant IgE-mediated hypersensitivi- Study design—Transplant and follow-updithin 2 to 10 days of
ties. completing the leukapheresis procedures, patients were admitted to the
Study design—Collection phaseEligible patients were randomized hospital and treated with high-dose cyclophosphamide at 1,875 mg/
to receive either Filgrastim at 10 pg/kg/d alone or the combination ofm?/d administered intravenously over 1 hour on each of 3 days (days
SCF at 20 pg/kg/d and Filgrastim at 10 pg/kg/d. The cytokine(s) was—5 through—3), cisplatin at 55 mg/#id administered by continuous
administered subcutaneously starting on day 1 and continued for up to travenous infusion for 3 days (dayss through—3), and carmustine
consecutive days (Fig 1). In the group that received both SCF andit 600 mg/rd administered intravenously over 2 hours on dag.
Filgrastim, the two cytokines were injected separately. Because of thé\fter a 48-hour rest period, patients received an intravenous infusion of
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their PBPCs on days 0, 1, and 2, depending on their number of Safety. During the collection phase, assessment of the safety
cryopreserved PBPC products. Patients received two PBPC productsrofiles of SCF plus Filgrastim and Filgrastim alone included daily
daily on days 0 and 1, and the fifth product was administered on day 2evaluation of vital signs, hematology laboratory values, and adverse
Beginning on day 0, all patients received Filgrastim at 10 pg/kg/d, eitherevents. Blood chemistry values were obtained before and upon comple-
by subcutaneous injection or intravenous infusion. Filgrastim therapytion of the collection phase.
was continued until the absolute neutrophil count (ANC) wes X During the treatment phase, assessment of safety after infusion of
10°%/L for 3 consecutive days oe=10 X 10%L on one determination. ~PBPCs mobilized by SCF plus Filgrastim or by Filgrastim alone
Antibiotics, blood products, and intravenous fluids were administeredincluded daily evaluation of vital signs during hospitalization, weekly
according to institutional protocols. Complete blood counts weremonitoring of blood chemistry values until day 30 posttransplant, and
obtained daily until the ANC was5 X 10%/L and the platelet count ~ frequent determination of hematology laboratory values (see section
(PLT) was =20 X 10%L and were obtained three times per week above entitled “Study design—Transplant and follow-up”). Long-term
thereafter until the PLT was=50 X 10%L on two determinations engraftment and patient survival were recorded at 60 and 100 days
separated by a minimum of 48 hours. All patients were eligible for posttransplant.
discharge from the hospital when their ANC wa.5 X 10°/L and they Quality of life (QOL) study. A companion study was conducted
were able to maintain adequate oral intake. along with the clinical trial to assess patient QOL during PBPC
Study end-points and statistical analyse®rimary end-points for ~ mobilization and transplantation for both treatment groups. The total
this study included the number of leukaphereses required to reach aROL study period for each patient was 160 days from the time of
optimal target of 5x 108 CD34" cells/kg, the number of days from the randomization. The QOL questionnaire consisted of questions selected
first day of PBPC infusion to neutrophil engraftmert.5 x 10°L), from two generic instruments (SF-36and EuroQOE) and two
and the number of days until transfusion-independent platelet engraftdisease-specific instruments (FACP@nd FACT-BMT). The ques-
ment &20 X 1°/L). The safety profile of patients receiving SCF in tionnaires were administered throughout the collection phase, during
combination with Filgrastim was compared with that of patients hospitalization, and at regular intervals during follow-up for a total of
receiving Filgrastim alone. up to 20 planned assessments. Areas for assessment included general
The primary data set used for the analysis of this study included alhealth perceptions, physical well-being, social well-being, functional
patients who were randomized and underwent at least 1 leukapheresyéell-being, emotional well-being, and relationship with physicians. In
(intent-to-treat). An efficacy-evaluable data set, from which patientsaddition, questions specific to morbidity symptoms associated with
with protocol violations were excluded, was also defined. bone marrow transplantation were included. The area under the curve
Efficacy analyses were performed on both the intent-to-treat andAUC) method was used for computing cumulative quality of life
efficacy-evaluable data sets. All hypothesis testing and confidencéAUC-QOL) scores over the entire study duration; these scores were
interval estimates were two-sided and performed at a 5% significancélivided by 160 days to obtain the daily QOL scores over the study
level. All analyses were completed using SAS version 6.11 (SAsduration?3¢
Institute Inc, Cary, NC) on a Sun Sparc Station, running under UNIX. ~ Study drug. The SCF used in this trial was produced using
A Cox proportiona| hazards ana|ysis was used to compare the numb@enetica”y engineereﬂscherichia COI,i with retention of the Inltlatlng
of leukaphereses required to reach the optimal targetofl§° CD34" N-terminal methionine residue (Amgen Inc, Thousand Oaks, CA). The
cells/kg between treatment groups while controlling for a prospectivelySCF was provided as a lyophilized powder that, after reconstitution,
determined covariate, the number of cycles of prior chemotherapywas administered at a concentration of 1.5 or 2.0 mg/mL. Filgrastim
Values for patients whose leukapheresis schedule deviated from that ¢is0 was provided by Amgen Inc.
the protocol due to an adverse event were censoredsadeukapher-

eses, regardless of the number of procedures performed. Values for all RESULTS
other patients who did not reach the target were censored at their last )
recorded leukapheresis. Collection phase—Groups analyzed-ourteen transplant

The cumulative number and proportion of patients reaching the targe€enters participated in the study. A total of 203 breast cancer
yield were calculated by day using Kaplan-Meier methods. Odds ratiogatients were randomized, received a cytokine(s), and under-
were calculated from the Kaplan-Meier event rates by day. The z-tesvent at least one leukapheresis (intent-to-treat data set); 103
was used to compare the total proportion of patients reaching the targgceived Filgrastim alone and 100 received the cytokine combi-
by day 5 between the treatment groups. The rate of decrease in'CD34nation, The demographic and baseline disease characteristics
cell yield over time was calculated for each treatment group to observe, .o provided in Table 1. The two groups were evenly balanced

the comparapve sustained yield. Also, for descriptive purposes, thetot or stage of disease, bone marrow involvement, and extent of

CD34" cell yields were compared between treatment groups using the . . .

Wilcoxon rank sum test. prior treatment. There were protocol violations related to the
The number of days until neutrophil and platelet engraftment werePfimary end-points of the study for 28 patients. These patients

assessed using Kaplan-Meier methods. Values for patients who failed t4/€r€ evenly balanced between the two treatment groups. Nine
engraft were censored at their last recorded day or at day 1009f the protocol violations were errors in patient enroliment (eg,
whichever came first. Equivalence of engraftment was demonstratedecent or excessive prior chemotherapy), 14 were errors in
using the Hodges-Lehmann median difference estimator and its correfollowing the protocol at study sites or at the central laboratory
sponding 95% confidence interval estimate. The proportion of patientgfter patient enroliment (eg, leukapheresis stopped before target
failing to achieve platelet engraftment within 14 days (and 28 days) Ofyield reached), and 5 were caused by logistical difficulties (eg,
transplant was assessed, censoring all times greater than 14 days (andggd weather preventing further leukaphereses). When the
days). These proportions are presented for patients transplanted with r}rotocol violations were excluded, 175 patients were evaluable

to 2, 2 to 5, and greater than>s 10° CD34" cells/kg. The generalized th . tud d-point ff luable dat ¢
Wilcoxon test was used to evaluate whether there was a significantor e primary study end-points (efficacy-evaluable data set),

difference between the proportion of patients failing to achieve platele?0 1N the Filgrastim alone group and 85 in the SCF plus
engraftment within 14 days (and 28 days) for those who yielded 2 toFilgrastim group.

5 X 10P CD34" cells/kg versus those who yielded greater than 508 Progenitor cell harvests. The daily median CD3% cell
CD34" cells/kg. yields for the intent-to-treat population are illustrated in Fig 2A.
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Table 1. Patient Baseline Demographics and Disease Characteristics

Filgrastim SCF + Filgrastim Total PValue
Sex (n)
Female 103 100 203 —
Age (yr)
Median (min, max) 45.5 (27.1, 62.6) 46.4 (26.7, 63.1) 46.1 (26.7, 63.1) 492
Weight (kg)
Median (min, max) 65.5 (42.0, 114.0) 70.1(37.0,123.2) 66.8 (37.0, 123.2) .096
Baseline hematology
ANC (x10°/L)
Mean (SD) 3.80 (1.60) 3.52 (1.69) 3.67 (1.65) .052
Median (min, max) 3.73 (0.82, 11.75) 3.11 (0.78, 11.47) 3.38 (0.78, 11.75)
PLT (X109L)
Mean (SD) 252 (84) 245 (96) 249 (90) .295
Median (min, max) 247 (98, 591) 224 (128, 935) 238 (98, 935)
Bone marrow involvement (all <10% involvement)
n (%)
No 92 (89.3) 97 (97.0) 189 (94.5) 121
Yes 8 (7.8) 3(3.0) 11 (5.5)
Unknown 3(2.9) 0 (0) 3(1.5)
Prior cycles of chemotherapy
Median (min, max) 5(2, 22) 5(2,17) 5.0 (2, 22) .946
Prior cycles of cyclophosphamide
Median (min, max) 4 (0, 19) 4 (0, 13) 4 (0, 19) .658
Prior radiotherapy
n (%)
Yes 29 (28.2) 27 (27.0) 56 (27.6) .855
No 73 (70.9) 72 (72.0) 145 (71.4)
Unknown 1(1.0) 1(1.0) 2 (1.0
Disease stage
n (%)
I 10 (9.7) 13 (13.0) 23 (11.2) .810
A 24 (23.3) 19 (19.0) 43 (21.2)
1B 15 (14.6) 14 (14.0) 29 (14.3)
vV 54 (52.4) 54 (54.0) 108 (53.2)

Patients receiving the combination of SCF plus Filgrastim had Proportion of patients reaching target yield and number of
higher median yields of CD34cells on each day of leukapher- |eukaphereses. Table 2 shows the proportion of patients
esis compared with patients receiving Filgrastim alone; thisreaching the target yield of & 10° CD34" cells/kg within 5
difference was statistically significar® (< .01) on days 7, 8, |eukaphereses and the median number of leukaphereses re-
and 9 of cytokine therapy (leukapheresis days 3, 4, and S)guired to reach the target by treatment group for the intent-to-
Although patients in the SCF plus Filgrastim group underwentyreat and efficacy-evaluable data sets. For the intent-to-treat data
fewer leukaphereses than those in the Filgrastim alone 9rouRyet, 63% of the patients receiving SCF plus Filgrastim reached
the median total CD34cell yield was nevertheless higher for o target yield compared with 47% of patients receiving

the SCF plus Filgra_lstim ngL%P (‘_53 10°/kg v 4.8 X 10°/kg, Filgrastim alone P < .05). The number of leukaphereses
P =.067). Note, as indicated in Fig 2A, that the patient numbers

. . equired to reach the optimal target yield showed a clinically
decreased with successive days as those who successfu_li%d statistically significant reductioP & .05) for the cytokine

reached the target yield no longer required leukapheresis; this o . .
. . : combination group (median, 4 leukaphereses) compared with
decrease accounts for the decrease in medians cell yields acro%s

days of leukapheresis. It can be seen in Fig 2A that the rate o] e Filgrastim alone group (median, 6 or more leukaphereses;

decrease in cell yield across days of leukapheresis was mark: <5(_)% of patients receiving Filgragtim along .reache.d the
edly lower in the SCF plus Filgrastim combination group target in 5 leukaphereses). Thus patients mobilized with the

compared with the Filgrastim alone group, indicating that CYtokine combination required at least 2 fewer procedures to
CD34 cell yields were sustained to a greater degree. This igeach the target, compared with those receiving Filgrastim
further illustrated in Fig 2B, which shows CD3%ell yield ~ alone. Analyses of the 175 patients in the efficacy-evaluable
values, only for the patients remaining on each successive dagiata set yielded similar results. Sixty-seven percent of patients
as a percentage of their day 1 yields. For patients whaoeceiving SCF plus Filgrastim reached the target yield within 5

underwent 5 leukaphereses, the median day-5 yield was 84% d¢ukaphereses compared with 48% of patients receiving Filgras-
the day-1 yield for the SCF plus Filgrastim group but only 38% tim alone P < .01). The median number of leukaphereses

for the Filgrastim alone group. required to reach the target was 3 for efficacy-evaluable patients
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Fig 2. (A) Intent-to-treat population. Median
CD34+ cell yield (x10%/kg) by day of leukapheresis. 0 +
(B) Intent-to-treat population. Median daily CD34+ Day 1 Day 2 Day 3 Day 4 Day 5
i i ini Filgrasti =103 =94 =75 ~ 59 =54
cell yields (only for those patients remaining on each SICgF;aflg}'llgfas!im n- o noo n-i2 n-% -

successive day) as a percentage of the day 1 values,
which are shown as 100%.

Leukapheresis Day

receiving SCF plus Filgrastim ar6 for the patients receiving variable= average CD34 cell yield per leukapheresis) and to
Filgrastim alone < .01).
The number of prior cycles of chemotherapy was confirmedof these factors benefit most from SCF. Thirty-three demo-
to be a statistically significant covariate for PBPC mobilization graphic factors, including age, stage of disease, prior chemother-
(P < .001); there was a direct positive correlation between theapy, prior radiotherapy, baseline laboratory values, and treat-
number of leukaphereses required to reach the target yield anghent center, were evaluated. None of the factors, other than
the number of cycles of prior chemotherapy. Therefore, thisprior therapy, influenced the extent of PBPC mobilization, and
prospectively identified covariate was included in the statisticakhere was no interaction between prior therapy and effect of
analysis of the primary end-point.
A retrospective stepwise multiple regression was performede heavily and less heavily treated patients who received,
to look at factors that may affect PBPC mobilization (respons€ ggpectively, greater than 5 or less than 5 cycles of prior therapy.

Table 2. Proportion of Patients Reaching the Target CD34+ Cell Yield

and the Median Number of Leukaphereses Required to Reach the
Target Yield for Each Treatment Group

Percentage of Patients
Reaching the Target
CD34* Cell Yield

Median No. of

Leukaphereses Required to

Reach the Target Yield

Treatment ITT Evaluable ITT Evaluable
Group (n=203) (n=175) (n = 203) (n = 175)
SCF + Filgrastim 63 67 4 3
Filgrastim 47 48 =6 =6
Pvalue <.05 <.01 <.05 <.01

Abbreviation: ITT, intent-to-treat.

determine whether any subgroup of patients identified in terms

SCF, indicating that SCF increases CD3kll yields in both

The median number of prior chemotherapy cycles for both
treatment groups was 5. In patients with less than 5 cycles of
prior chemotherapy, the median CD3¢ell yields per leukapher-
esis were 2.3 10°/kg for the SCF plus Filgrastim group and
1.83 X 10°/kg for the Filgrastim alone group. In patients with
=5 cycles of prior chemotherapy, the corresponding values
were 0.99x 10°kg and 0.68x 10°/kg.

Seven patients (3 treated with SCF plus Filgrastim and 4
treated with Filgrastim alone) failed to achieve a CD3%l|
yield of =1.0 X 10%kg with 5 leukaphereses. They were
deemed mobilization failures and were ineligible for transplant
on study, as specified in the protocol. The 3 mobilization
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failures in the SCF plus Filgrastim group had all received 61.0 J_,___.—a
cycles of chemotherapy prior to enrollment on study, and 2 hacg.g - :
received prior radiotherapy. Their mean baseline ANC and PLT | ANC
were 3.91 (SD, 1.35)% 1%L and 192 (SD, 30)x 1L,
respectively. The 4 mobilization failures in the Filgrastim alone 071
group had received 22, 7, 7, and 3 prior cycles of chemotherapy06 -
respectively. The patient who had received 22 prior chemothergs -
apy cycles, and 1 of the patients who had received 7 priol, , |
chemotherapy cycles, had also received prior radiotherapy. Th
mean baseline ANC and PLT for the 4 patients were 4.26 (SDO'3 i
1.67)x 10°/L and 186 (SD, 48X 1%L, respectively. With the 021
small number of mobilization failures, their prior chemother- g.1 {

Platelets

— Filgrastim
apy, prior radiotherapy, and baseline ANC and PLT did not | N s SCF+Filgrastim
differ significantly from those for the total study populations 0 5 10 15 20 25 20

(Table 1). Days From PBPC Transplantation
Treatment phase—Groups analyze®ne hundred eighty-

nine (97 in the Filgrastim alone group and 92 in the SCF plus Fig 3. Probability of engraftment of ANC to 0.5 x 10%L and PLT to
Filgrastim group) of the 203 patients underwent PBPC infusion? * 10"
and were included in the analysis for the transplant phas%f CcD34
(intent-to-treat data set). Fourteen patients (6 in the Filgrastimr
alone group and 8 in the SCF plus Filgrastim group) were
withdrawn before PBPC infusion on study, but after completing
the leukapheresis schedule. Seven of these patients (mention
in preceding section: 4 treated with Filgrastim alone and 3

treated with SCF plus Filgrastim) failed to achieve a CDaéll by day 14 or day 28 for the patients receiving greater than 5

yi?ld of =1.0 X _106/kg with 5 Ieukaphere_ses and Were ;5 cpggr cells/kg compared with those receiving 2 tox5L0°P
withdrawn as required by the protocol. The high-dose chemO'CD34+ cells/kg. Similar engraftment results, as a function of

therapy was not administered to 3 patients who had developegnz: qelis per kilogram infused, were documented for each
disease progression, 2 patients who had developed unrelated

medical conditions, and 1 patient who voluntarily withdrew 25

cells infused. Overall (top panel), for those patients

eceiving greater than & 10° CD34" cells/kg, only 1% failed

to recover by day 14, and all recovered by day 28. For those

Eﬁtients receiving 2 to X 10° CD34" cells/kg, 13% failed to
cover by day 14, and 3% failed to recover by day 28. Thus,

there were significantly les®(< .05) patients failing to engraft

from study. One patient died during high-dose chemotherapy 1> 14 Days
administration. 20 N N> 28 Days

The efficacy-evaluable data set for the transplant phast — p<0.05—,
excluded 28 patients with protocol violations (essentially the o 15 NN !

same 28 patients who incurred protocol violations in thecé
collection phase; see section above entitled “Collection phase— X
Groups analyzed”), such that this data set was composed of 16X 5
patients (85 in the Filgrastim alone group and 76 in the SCF pIu:E N

10

Filgrastim group). 0 o2 2105 gy
Engraftment. Engraftment was equivalent for the two intent- (n = 20) (n=862) (n=104)

Engraft to

to-treat groups with respect to ANC and PLT recovery (Fig 3).
Hodges-Lehmann estimates and distribution-free 95% confi o
dence intervals for median differences indicated that there was 2

Number of CD34* Cells Infused (x 106/kg)

25

atmost, a 1-da3_/ difference in median time to ANC recovery and s RJ> 14 Days
no difference in PLT recovery between the two treatmentg o] | N> 28 Days

groups. The median number of days to engraftment of ANCE
=0.5 X 1(P/L for patients mobilized with SCF plus Filgrastim & 15—

and for patients mobilized with Filgrastim alone was 10 days"\o Y N N

(range, 8 to 13 days) and 9 days (range, 8 to 15 days) 1017

respectively. Both treatment groups required 11 days (range, sl | § o

to 100+ days and 8 to 88 days, respectively) to reach PLT

=20 X 10°/L. There was no difference in the requirements for ol - AN
red blood cell and platelet transfusions between the twc P Sl vee S Ay Tt VRS
treatment groups. Similar results were observed for the efficacy 1102 2t05 >5
evaluable population. Number of CD34* Cells Infused (x 106/kg)

Delayed platelet engraftment.Figure 4 shows the propor- Fiaa P tion of batients from both cailing fre
. . . s ig4. Proportion of patients from both groups failing to engraft to
tion of patients _(Overa” in the top panel, ?‘nd within each PLT =20 x 10%/L within 14 or 28 days after transplant with respect to
treatment group in the bottom panel) that failed to engraft tOthe number of CD34+ cells infused, overall (top panel) and by
PLT =20 X 1(°/L by day 14 or day 28 as a function of number treatment group (bottom panel).
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treatment group (bottom panel); the differences in delayedrable 4. Adverse Events of All Severities and Treatment Relationship

engraftment between the two treatment groups are not statisti- With a Difference of =5% in Incidence Between
cally significant. the Treatment Groups
Safety. As expected, peripheral white blood cell (WBC) Filgrastim  SCF + Filgrastim

counts increased in both treatment groups during the collection (n = 108) (n = 100) PValuex

phase, plateauing at about 40 to 3010%L. There was no Injection site reactions 10% 92% <.0001

difference between the treatment groups in this regard. Only one Dizziness 6% 12% 142

patient (combination group) had a WBC greater than ¥00  Tachycardia 0% 8% NA

10P/L. This patient’s baseline WBC was 4 10°L, increased Dyspnea 2% 8% 055
Hypocalcemia 3% 8% 129

to 110X 10°/L on day 7 of the collection phase, and returned to

. . . . Pruritus 1% 6% .061
baseline after the cytokines were discontinued. There were no . ) )
. X X . Paresthesia 35% 29% 453
clinical sgquelae associated Wlth any level of leukocytosis. Nausea 23% 16% 921
Small increases from baseline were noted for several serum peagache 23% 13% o071

chemistry values in both treatment groups (Table 3). At the end
of the collection phase, the increases in median values for
alkaline phosphatase, lactic dehydrogenase, and uric acid were
greater for the SCF plus Filgrastim group than for the Filgrastim
alone group. These increases probably resulted from increased

neutrophil production and turnover, as reported previously fora|| were reported as mild in severity; no patients were treated for
Filgrastim?” and may be further increased with the addition of these symptomsl The h|ghest heart rate recorded was 145
SCF. None of the increases in serum chemistries was consideregats/min in a patient who had a baseline heart rate of 100
clinically significant, because no adverse clinical symptomspeats/min. Paresthesia, headache, and nausea were reported
were associated with these transient elevations. more frequently in the Filgrastim alone group (Table 4).
Generally, adverse events reported in the collection phase Fjye patients (5%) who received SCF plus Filgrastim and no
were mild to moderate in severity for both treatment groups. Nopatients who received Filgrastim alone experienced serious
fatal or life-threatening events were reported. Severe eventgdverse events that were considered at least possibly related to
were reported for 17% (17/100) of patients in the SCF plusthe cytokine. Three of these 5 patients experienced systemic
Filgrastim group and for 12% (12/103) of patients in the g|lergic-like reactions attributed to SCF: 1 experienced dyspnea
Filgrastim alone group. Consistent with the known side eﬁects(plus Cough with angiodema); 1 experienced throat tightness;
of Filgrastim, mild to moderate musculoskeletal symptomsand 1 developed generalized urticaria and pruritus. All symp-
were reported at least possibly related to cytokine for 39% ofioms resolved completely in these patients after SCF was
patients in both treatment groups. discontinued and antihistamine and/or steroid was adminis-
Overall incidence of adverse events, including all severitiesiered. The 2 additional patients experienced events that were
and relationships that were reported more frequert%  reported as possibly related to SCF: 1 (who received multiple
difference) in the SCF plus Filgrastim group than in the respiratory depressive medications) developed hypoxia and
Filgrastim alone group are provided in Table 4. These includectonfusion; the other developed a dermatologic reaction mani-
injection site reactions, dizziness, tachycardia, dyspnea, hypQested by edema and erythema of the hands, which culminated
calcemia, and pruritus. The increased incidence of dizziness ang skin exfoliation 10 days after the cessation of SCF. In both
tachycardia (heart rate, 90 to 145 beats/min) in the SCF plupatients, the symptoms/clinical findings resolved completely.
Filgrastim group may be due to one or more of the premedica- No toxicities reported as related to SCF were observed upon
tions that these patients received. In 1 patient, mild tachycardignfusion of PBPCs mobilized with SCF plus Filgrastim. In
was reported as related to SCF. None of the other events Qfddition, through 100 days, no difference was noted in the
dizziness or tachycardia was reported as related to cytokine, andcidence of disease progression or death between the two
groups (data not shown).
Table 3. Median Serum Chemistry Values in the Collection Phase for QOL study. Ninety-three percent of the patients enrolled in
Each Treatment Group this clinical trial participated in the QOL study and patients in
both groups completed 91% of the scheduled assessments.
Table 5 summarizes the QOL study results. Although the study
was not powered to show a statistically significant difference in

Abbreviation: NA, Pvalue could not be computed.
*Pvalue from Fisher Exact test.

Filgrastim SCF + Filgrastim

n* Pre Post n* Pre Post PValuet

25:((3/’1‘)) Zj; Z iz gj 2‘5‘ ;i i?; QOL end-points, patients receiving SCF plus Filgrastim had
Alkaline phosphatase (U/L) 77 81 131 66 86 150 .504 S“ghtly hlgher QOL scores on all nine scales.

LDH (U/L) 56 184 210 49 199 358  .002 DISCUSSION

Uric acid (umol/L) 76 238 268 61 274 309 .083

The efficiency of PBPC mobilization may be quite variable,
nase: LDH, lactic dehydrogenase. |nf_luenced by the patient’s u_nder_lymg disease, by the ar_r}our_n of
*Represents those patients for whom both pre and post values were prior chemotherapy and/or irradiation, and by the mobilization

available. regimen used*® Correlations have been between particular
tP value for comparison from baseline between treatment groups, PBPC graft parameters and rate of hematopoietic engraftment;
based on Wilcoxon rank sum test. the number of CD34 cells in the PBPC harvest has emerged as

Abbreviations: AST, aspartate transaminase; ALT, alanine transami-
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Table 5. Summary of Daily QOL Results Over the Study Duration cells/lkg as an optimal target. There were significantly fewer
Filgrastim  SCF + Filgrastim % patients failing to engraft to platelets20 x 10°/L by day 14 or
Assessment (= 85) (n =76) Difference* P Valuet day 28 overall for patients receiving greater thanx510°
VAS 207 CD34" cells/kg compared with those receiving 2 tox610°
Mean 70.72 72.86 +3.0 CD34" cells/kg P < .05).
Median 74.14 76.44 +3.1 The proficiency of mobilization dictates the number of
SF36-GH 991 leukaphereses required to achieve the desired PBPC yields. The
Mean 61.25 60.78 -0.8

use of Filgrastim alone for mobilization often requires multiple

Median 61.12 64.04 +4.8 leukapheresis procedurgslowever, it is difficult to determine

FACT-PW 220 . .

Mean 1712 1786 a3 prec_lsely from the Ilteratun_e how many Ieukaphereses are
Median 17.37 19.97 410.9 routinely performed. As mentioned, the PBPC yield and number
FACT-SW 790 of leukaphereses required to achieve the yield are influenced by
Mean 19.60 19.69 +05 mobilization regimen (eg, cytokine with or without chemother-
Median 19.97 20.70 +3.7 apy), tumor type, extent of prior therapy, and variability in
FACT-FW 719 CD34" cell measurement and leukapheresis procedures. How-
Mean 15.11 15.49 +2.5 ever, in general, it would appear that 1 to 3 leukaphereses are

Median 15.22 15.99 +5.1 routinely used for chemotherapy plus cytokine mobilization and

FACT-EW 269 2 to 8 for cytokine-alone mobilization. The CDB4ell yields
Mean 14.98 15.40 +2.8 . . . . .

Median 1548 16.22 va8 fqr patlents receiving Fllgr_astlm a_llc_)ne in the present study are

FACT-MD 107 similar to those in a previous clinical study in breast cancer
Mean 6.71 7.07 154 patientsi® and as we demonstrated, are less than the optimal
Median 7.16 7.48 145 target of 5x 108/kg in more than half the patients.

FACT-G 251 Clinicians are interested in reducing the number of leukapher-
Mean 73.41 75.44 +2.8 eses required for reasons of associated morbidity (hypocalce-
Median 74.62 78.46 +5.1 mia, paresthesia, thrombocytopenia, and catheter-related com-

FACT-BMT -809 plications), convenience (hospital visits and time undergoing
Mean 25.28 2565 1.5 leukaphereses), and cost, but not at the risk of delayed
Median 25.75 25.82 +0.3

engraftment. The cost of a single leukapheresis has been
Abbreviations: VAS, Euroquol-Visual Analog Scale; SF36-GH, SF-36 estimated as $2,266 (U%).

general health perceptions domain; FACT-PW, functional assessment In the present study, in comparison with Filgrastim alone, the
of cancer treatment: physical well-bel_ng domalr_u FACT-SW, functional combination of SCF plus Filgrastim for PBPC mobilization
assessment of cancer treatment: social well-being domain; FACT-FW, . N . .

. : . ) resulted in significant reductions in the number of leukapher-
functional assessment of cancer treatment: functional well-being . . . .
domain; FACT-EW, functional assessment of cancer treatment: emo- eses requwed'to achleve Cmde” yields optimal for SUCC?SS- .
tional well-being domain; FACT-MD, functional assessment of cancer ful transplant in patients with breast cancer. The reductions in

treatment: relationship with doctors; FACT-G, functional assessment leukaphereses occurred because patients receiving SCF plus

of cancer treatment: total summary score; FACT-BMT, functional Filgrastim had higher median yields of CD3dells on each day

assessment of cancer treatment: bone marrow transplant scale. of leukapheresis, such that the cumulative proportion of patients
*Defined as: [(Daily QOL of SCF + Filgrastim) — (Daily QOL of reaching the CD34cell target over 5 days of leukapheresis was

Filgrastim Alone)/(Daily QOL of Filgrastim Alone)] x 100. higher in this group for both the intent-to-treat and efficacy-
TWilcoxon rank sum test. evaluable data sets. Patients in the SCF plus Filgrastim group

also had CD34 cell yields that were more sustained over the

the most reliable predictor of engraftment kinetics (ANC and leukapheresis period than the yields for patients in the Filgras-
PLT recovery)*10 tim alone group. The CD34cell data suggested that patients

To avoid the risks of delayed or impaired hematopoieticwho required more than 2 leukaphereses benefited most from
engraftment, clinicians generally will not initiate high-dose the use of SCF along with Filgrastim.
chemotherapy unless a minimum number of CD3zells, These findings of increased and sustained leukapheresis
ranging from 1 to 2.5< 1(F cells/kg, are available for infusion. CD34" cell yields with SCF plus Filgrastim are consistent with
Patients yielding less than> 10° CD34" cells/kg usually are the preclinical biology of SCH-23and with a previous clinical
considered mobilization failures and will typically not receive study in breast cancer patients in which the increases in PBPCs
high-dose chemotherapy until and unless more cells aravere sustained when the cytokine combination was adminis-
collected. Conversely, the infusion of 3 to>8 10° CD34" tered for 7, 10, or 13 days.Similar results showing increased
cells/kg has been reported to be necessary for rapid platelé€D34" cell yields with SCF plus Filgrastim have been obtained
recovery?:#7-9.38,39 in patients with lymphoma, myeloma, and ovarian can-

In the present study, & 10° CD34" cells/kg was chosen as cerl4154L42The addition of SCF to regimens using chemother-
an optimal target yield for rapid engraftment, based on studiespy and Filgrastim for mobilization is also associated with
by a number of investigatof$-813 A central laboratory was substantial increases in the number of PBPCs harvésted.
used to standardize the determination of CD84Il numbers, The overall results show that approximately 20% more
and the analysis of engraftment kinetics as a function of CD34 patients reached the optimal target of8.0° CD34" cells/kg in
cell numbers infused supports the choice ok510° CD34" 5 leukaphereses for the SCF plus Filgrastim group than for the
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Filgrastim alone group. However, it is also clear that for patientsfrom higher starting cell numbers include ex vivo expansion of

who did not reach the optimal target, those in the SCF plusCD34" cells, which has the potential to further decrease the
Filgrastim group nevertheless yielded more CD3#lls than  duration and severity of myelosuppression after transplantation,
those in the Filgrastim alone group, ie, median yields of CD34 and ex vivo manipulations to increase the number of effector
cells were higher on each day of leukapheresis for the SCF plusells and cycling stem cells, thereby facilitating immunotherapy

Filgrastim group. Thus, the use of SCF along with Filgrastim and gene therapy, respectively.

can be expected to have a range of clinical benefits for patients,

depending on their underlying mobilization potential. For poor ACKNOWLEDGMENT
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adopted in transplant centers, the combination of SCF plus

Filgrastim will have the added advantage, over Filgrastim REFERENCES
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y. P P Randomized trial of filgrastim-mobilized peripheral blood progenitor
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tion of PBPC harvests. Anumber of procedures invariably resuligaars 3w, van der Wall E, Slaper-Cortenbach IC, Pinedo HM, Von dem
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