CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Ex vivo expanded peripheral blood progenitor cells provide rapid neutrophil
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recovery after high-dose chemotherapy in patients with breast cancer
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Ex vivo expanded peripheral blood pro-
genitor cells (PBPCs) have been pro-
posed as a source of hematopoietic sup-
port to decrease or eliminate the period of
neutropenia after high-dose chemo-
therapy. CD34 cells were selected from
rhG-CSF mobilized PBPCs from patients
with breast cancer and were cultured for
10 days in defined media containing 100
ng/mL each of rhSCF, rhG-CSF, and PEG-
rh(MGDF in 1 L Teflon bags at 20 000
cells/mL. After culture the cells were
washed and reinfused on day 0 of trans-

CD34-selected PBPC product. These pa-
tients engrafted neutrophils (absolute
neutrophil count, >500/pL) in a median of
6 (range, 5-14) days. Cohort 2 patients
(n = 11), who received expanded PBPCs
only, engrafted neutrophils in a median of

8 (range, 4-16) days. In comparison, the
median time to neutrophil engraftment in

a historical control group of patients
(n = 100) was 9 days (range, 7-30 days).
All surviving patients are now past the
15-month posttransplantation stage with
no evidence of late graft failure. The total

best predictor of time to neutrophil en-
graftment, with all patients receiving more
than 4 x 107 cells/kg, engrafting neutro-
phils by day 8. No significant effect on
platelet recovery was observed in any
patient. These data demonstrate that PB-
PCs expanded under the conditions de-
fined can shorten the time to engraftment
of neutrophils compared with historical
controls and that the rate of engraftment
is related to the dose of expanded cells
transplanted. (Blood. 2000;96:3001-3007)

number of nucleated cells harvested after
expansion culture was shown to be the

plantation. On day +1, cohort 1 patients

(n =10) also received an unexpanded © 2000 by The American Society of Hematology

Introduction
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Transplantation of mobilized peripheral blood progenitor celleukemia’ and non-Hodgkin lymphom&Because it is extremelys
(PBPCs) after high-dose chemotherapy has resulted in decreadiéficult to demonstrate the clonogenic growth of primary bre%t
time to neutrophil and platelet engraftment, compared to tleancer cells in liquid culturgye postulated that ex vivo expansior%’.
engraftment resulting from bone marrow transplantatidhlow- might be an effective way to eradicate or reduce breast cancer %Ils
ever, clinically significant periods of neutropenia and thrombocytgontained in PBPC autografts. Numerous clinical stufiighave g
penia after transplantation of mobilized PBPCs still exist. Recebeen reported using ex vivo expanded cells generated under a r@nge
studies in normal baboons demonstrated that the use of ex vivoculture conditions that differ with respect to the growth factér
expanded PBPCs could greatly reduce, and in some animéggimens, the culture media, and, in some studies, the additiog of
e|iminate, neutropenia after lethal total body irradiatidn.these fetal calf serum. The results of these studies have confirmed ghe
animal studieg* CD34* PBPCs were cultured in defined medissafety of infusion of ex vivo expanded cells but have shown little 3f
(Amgen, Thousand Oaks, CA) containing recombinant huma®y: clinical benefit with respect to improved rates of engraftmeg:nt
stem cell factor (hSCF), recombinant human granulocyte colon§t Purging of tumor cells. The aim of the current study was
stimulating factor (rhG-CSF), and recombinant human megakarﬁvaluate, in patients with breast cancer receiving high-dose chefo-
cyte growth and development factor (PEG-rhMGDF) for 10 days therapy, the culture conditions that were effective in reducing %e
Teflon (American Fluoroseal, Gaithersburg, MD) bags. Animaleriod of neutropenia in_IethaIIy irradiated baboéme,_determineg
that received expanded PBPCs and posttransplantation groWfether they would provide a product capable of rapid engfaftmgm
factor support engrafted neutrophils by day 3, whereas contf@jid Purged of tumor cells.
animals engrafted neutrophils on day 13. Animals transplanted
with ex vivo expanded cells that did not receive growth factors
after transplantation had engraftment equivalent to that of anim@gtients, materials, and methods
transplanted with unexpanded cells. No effect was observed on
platelet engraftment with the expanded célls. Patients

Ex vivo expansion has also been shown to be an effectivgdy patients.The study protocol was approved by the Combined
strategy for purging bone marrow harvests or PBPC autografts f@ultiple Institutional Review Board at the University of Colorado Health
patients with chronic myelogenous leukerifacute myelogenous Sciences Center, and all patients gave written informed consent before
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study enroliment. Patients with stage Il or Ill breast cancer involving 4 or A

more axillary lymph nodes or with stage 1V disease were eligible for this ’ Mobilizai kmlL Kanheresi ‘:>| iah Dose - ’ Infusion .
study. Normal vital organ function and a Karnofsky performance status of e

80% or more were enroliment requirements, as previously desciibed. l l l l \

Control patients. The control group included 100 breast cancer patients )
treated within 2 years of the study patients, matched for stage of disease,

prior therapy, phase of trial (I vs Il), and high-dose regimen. The l l Freeze

comparability of study and control patients is summarized in Table 1. All

control patients were mobilized with rhG-CSF and received systemic
rhG-CSF after transplantation until engraftment (absolute neutrophil count

[ANC] > 500/uL). Mobilization and posttransplant doses of hG-CSFwere B

identical to those used in the study patients, described below. [

Ex Vivo
Expansion

High Dose

—_—
Chemotherapy

‘ ‘T |

Collection phase.Eligible patients received rhG-CSF 1@/kg per day by l l
subcutaneous injection for 9 consecutive days (Figure 1A,B). Leukaphere- CD34 Sclection
sis began on day 5 of growth factor administration and was performed daily l ’—\
for 5 consecutive days. Each leukapheresis processed 2.8 to 4 times the freeze
Ex Vivo

patient’s blood volume (approximately 12 to 18 L) using a Cobe Spectra Expansion
apheresis device (Cobe Laboratories, Lakewood, CO). The first 4 leukaphere-

sis products were CD34-selected using the Isolex-300i device (Nexdilgure 1. Schemas for patients. (A) Ex vivo expansion, cohort 1. (B) Ex vivo
Irvine, CA), following the manufacturer’s recommended procedures, afgPnsion. conort2.

the selected cells were cryopreserved. The CD34 selection and cryopreser-

vation procedures were performed on the day of collection for all products.

=
Five leukapheresis products were collected for each patient. The firstaqlmm'Stered according to institutional protocols. Complete blood coufits

apheresis products were CD34-selected, and the fifth was cryopreserve a¢ obtained daily until the ANC was 509/ or greater and the plateletsg
a backup. unsupported) were 20 0QOL or greater, and 3 times per week thereafte

until the platelet count was 50 0QQL or greater on 2 determinations%
Transplantation and follow-up. Within 2 to 10 days of completion of the separated by a minimum of 48 hours. All patients were eligible f&r
leukapheresis procedures, patients were admitted to the hospital and tregtesharge from the hospital if they were afebrile and able to maintén
with high-dose chemotherapy. Study and control patients enrolled on phagquate oral intake. Control patients received unexpanded PBPCs on%lays
Il chemotherapy protocols received cyclophosphamide, 1875 fngén 0, +1, and—if they had more than 3 pheresis products—gayBeginning >
day, given intravenously over 1 hour on each of 3 days (dayghrough on day 0, control patients received rhG-CSF idYkg per day either by g
—3); cisplatin, 55 mg/mper day, given by continuous intravenous infusionsubcutaneous injection or intravenous infusion. The time to neutrophil @d
for 3 days (days—5 through—3); and carmustine, 600 mgfnper day, platelet engraftment was measured from the day the first infusion s
given intravenously over 2 hours on day (cyclophosphamide-cisplatin- administered (day 0) for study patients and control patients. 2
BCNU [CCB]), or taxol 725 mg/rhas a continuous intravenous infusion ] )

for 24 hours on day-7, followed by cyclophosphamide and cisplatin in theEX Vivo expansion

doses and scheQuIe l,JSEd for the previous regimen (dSthroughfi%). On day—10 of treatment, 2 apheresis products were thawed and placed ﬁ]to
(cyclophosphamide-cisplatin-taxol [CCT]). Stud_y and control patlentgx vivo expansion culture. The cells were diluted to 20 000 cells/mL in 8@0
enrolled_on phase | chemotherapy protocols received taxotere at 250 or ﬁﬁp in defined media (Amgen) supplemented with 100 ng/mL each §f
mg/m? given intravenously over 2 hours on day, melphalan 50 mg/ rhSCF, PEG-rhMGDF, and rhG-CSF (all growth factors were supplied_ﬁy
intravenously over 1 hour on each of 3 days (days through—3), and Amgen) and then transferred to Teflon bags (American Fluoroseal). ‘Ehe
ayﬁags were incubated at 37°C for 10 days in a 5% @@ubator. On day 0 of E

=5 IVHOUQh*?é) r(]taxotere-carbpﬂatin [;CMD'_ ved th _high-dose therapy administration (day 10 of ex vivo culture), the culturgd
After a 48-hour rest period, 5“_1 y patients received the ex VNCells were harvested using a cell washer (Cobe), and the media and gréwth
expanded cells on day 0. Patients in cohort 1 also received uncultu =

CD34" PBP davi1 (Fi 1A). Beginni d Il vati tors were removed with washing. @
ived rh (S chn ayr Ik ( |gur§ )', hegltr)mlngbon ay 0, a_ .pat!ents Immediately before transplantation, an aliquot of each day 10 PBPC culgjre
received rhG-CSF 1Q.g/kg per day, either by subcutaneous injection Ofvas removed for the following analyses: complete blood count and differengigl,

intravenous infusion. RhG-CSF therapy was continued until the ANC W&b34 cell count, breast cancer cell immunohistochemistry, and microl3al
50004.L or greater for 3 consecutive days or 10 QO0/or greater on one culture (aerobic and anaerobic bacteria, fungi,Mgdoplasmp
determination. Antibiotics, blood products, and intravenous fluids were

N ! nfision

Study design

—
—

il
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Table 1. Comparability of study and control patients Megakaryocytic cell analysis

Study (N = 21) Control (N = 100) Cytospins of the day 10 cultures were prepared and stained with anti CD41
N % N o  fOr immunohistoc_:hemistry, an_d the megakaryocyte content was enumerated
by the collaborating pathologists.

Phase II-CCB or T*

Stage Il 4-9+ node 3 14 14 14
Stage Il 10+ node 7 32 32 32 Progenitor cell assays
Stage Ill, inflammatory 2 10 10* 10 Myeloid progenitor cells were evaluated on apheresis products, CD34-
Stage IV, measurable 2 10 10 10 selected products, and ex vivo expanded cells by flow analysis of CD34
Stage IV, NED l* 23 24 24 expression using the ISHAGE analysis procedére.

Phase |, TCM
Stage IV, measurable 2 10 10 10

Breast cancer cell assays
NED, no evidence of disease; TCM, taxotere-carboplatin. . .
*Received CCT (cyclophosphamide-cisplatin-taxol; N = 3). Remaining phase Il A sample from every unmanipulated, CD34and cultured PBPC fraction

patients received CCB (cyclophosphamide-cisplatin-BCNU). was evaluated for breast cancer. For the CD34-selected fractions, the
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limited number of cells available precluded extensive evaluation. Mon®able 3. Total nucleated cell yields after selection and expansion

nuclear cells from the unmanipulated fraction and the CD&dd day 10 Total nucleated cell yields (X 105)

cultured cells were washed with phosphate-buffered saline containing 10%)atiem Fold

fetal bovine serum and adjusted to a concentration of&1@° cells/mL. ho. Harvest Selection Expansion expansion

Two hundred microliters of the cell suspension were added to cytocentri=

fuge chambers, and the cells were centrifuged at 500 rpm for 5 minutes ofifgortt

silane-coated slides. Ten slides (with a total of Q0P cells) prepared 165000 361 5560 16

with cells from the apheresis products and the ex vivo expanded cells were? 75000 102 1140 1

stained with a panel of monoclonal antibodies previously shown to be 8 114 000 337 4930 15

effective for identifying breast tumor cells among hematopoietic ¥ells * 121600 220 6640 30

(Bre-3; donated by Dr Roberto Ceriani) using a previously described 5 69000 190 4300 23

APAAP techniqué’ Immunostained slides were counterstained with 74500 151 5300 35

hematoxylin and microscopically examined in a blinded fashion. The 7 77000 122 4460 87

stained cells were systematically scanned with a conventional light 8 82100 110 1450 11

microscope using a low-power (20) objective. Immunoreactive cells 140000 316 7240 23

identified at scanning magnification were scrutinized at high-power magni-° 69000 173 1200 7

fication to confirm the presence of malignant histologic features. Thesdedian 80000 181 4695 20

features included large cell size, high nuclear/cytoplasmic ratio, activi ohort 2 9

appearing nuclear chromatin, prominent nucleoli, and cell clustering. 84300 196 2680 14 H
2 50 000 308 4410 14 g

Study end points and statistical analyses 3 107:600 218 4300 2 %
4 129 800 335 5620 17 S

Primary efficacy end points for this study included the number of days from 5 265 500 449 7340 16 =

the first day of infusion of cells (day 0) to neutrophil engraftment (pQ0/ 6 87 600 336 6400 19 %

or more) and the number of days until platelet engraftment (20,006f 7 143 600 424 4800 11 E

more), independent of platelet transfusions. Statistical analysis of the time8 122 600 125 1110 9 5

to neutrophil and platelet engraftment of cohorts 1 and 2 compared to the® 117 600 186 1300 7 8

historical group was performed using the Kruskal-Wallis nonparametric10 161 300 456 600 13 §

analysis of variance from SAS PROC NPAR1WAY. The secondary end1l 121 800 346 5000 14 i

points included the magnitude of breast cancer cell depletion and myeloid/edian 121 800 335 4410 14 ‘8—’

progenitor cell expansion. %

o

Results

high-dose chemotherapy regimens for patients enrolled in cohoﬁét 1
or 2 are summarized in Table 2. The first 10 patients enrolled i@to
the study were assigned to cohort 1 and received both exparfoﬁied

Twenty-one patients with breast cancer were enrolled in this stu@yd uncultured CD34PBPCs. Six of these 10 patients receivet
The demographic data and the high-dose chemotherapy regimé#&B, 2 patients received CCT, and 2 patients received TCM. Ehe
the patients received are summarized in Table 1. Twelve patieftfsequent 11 patients were assigned to cohort 2 and received §CB

were enrolled on phase Il chemotherapy protocols in the adjuvdft= 10) or CCT (n= 1), followed by the expanded CD34
setting with either 4 to 9 (= 3) or 10 or more (n= 7) positive PBPCs as their sole hematopoietic support.

axillary lymph nodes or inflammatory cancer£n2). The remain-
ing patients with metastatic disease were enrolled on phase
chemotherapy trials with no evidence of disease:(8) or disease qr cohort 1, the median total number of CD32ells collected in 4
responding to induction therapy ¢a2), or they were enrolled on ,nheresis products was 8.4 (range, 2.5 to 28.99F CD34" cells/kg.
phase | chemotherapy trials for refractory disease=@). The The median number of CD34cellskg in the 2 expanded apheresis

Table 2. Patient demographic data

Cohort 1 Cohort 2

(N = 10) (N =11)
N N
No. patients with ER/PR+ tumors 4 4
No. patients with ER/PR— tumors 6 7
No. patients with prior radiation Rx 2 2
Mean no. prior ChemRx cycles 5 4
Phase Il, CCT* or CCB 8 11
Stage Il 4-9+ nodes 1 2
Stage Il 10+ nodes 4 3
Stage Ill, inflammatory 1* 1*
Stage IV, measurable 0 2
Stage IV, NED 2 (1% 3
Phase 1, TCM 2 0
Stage IV, measurable 2 0

Sﬁlection and ex vivo culture

1senb Aq 4pd°100£000 1 Z8Y/

products was 4.4 (range, 1.1 to 13:8LC° CD34" cells/kg. The 2 §
apheresis products used for expansion in cohort 2 contained a medign of
4.6 (range, 1.8to 7.6 10° CD34" cells/kg. 8
After leukapheresis the number of cells available for selection dhd
expansion were a median o810 total nucleated cells (TNC) and
1.2 X 10" TNC for cohorts 1 and 2, respectively (TabjeBhe median
total CD34" cells, available for selection, was 301 (range, 1 to
9Xx 1% and 3.4x 1( (range, 1 to 6< 1(F) for cohorts 1 and 2,
respectively (Table 4). Overall the median recovery of CD3lls after
selection was 57% with a median purity of 83% CD3lls. The
CD34" cell products were cultured in Teflon (American Fluoroseal)
bags at a cell density of 20 000 cells/mL to a maximum of 10 bags.
Cultured cells formed a monolayer of cells on the lower surface of the
bags, as shown in a typical day 10 culture presented in Figure 2. The
median TNC harvested after ex vivo expansion was 4.4 (range, 0.6 to
7) X 1@ cells (Table 3). There was a median 15-fold (range, 1.3 to 37)
expansion of TNC. The median number of CD3#lls harvested from

ER, estrogen receptor; PR, progesterone receptor; Rx, therapy; NED, no the expansion cultures was 39108 CD34 cells (Table 4)’ with a

evidence of disease; TCM, taxotere-carboplatin.
*Received CCT (cyclophosphamide-cisplatin-taxol; N = 3). Remaining phase I
patients received CCB (cyclophosphamide-cisplatin-BCNU).

median expansion of CD34sells of 1.8-fold (range, 0.7 to 4.5).
Bags were inspected for visible microbial contamination before
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Table 4. Total CD34 * cell yields after selection and expansion ﬂ“ - T?W W
CD34* cell (x 106) - :’ y - o g
Patient Fold ' Q : ﬂ ‘
no. Harvest Selection Expansion expansion y ’ J o L ]
Cohort 1 " , - ' A ’
1 905 289 514 18 ' . ’ ot 5
2 98 85 84 1 1 S o ¢ :
3 567 201 804 2.8 - Kl | O
4 379 163 292 1.8 | .
5 281 172 262 15 .
6 243 138 318 2.3 .
7 169 110 208 1.9 F }
8 168 81 145 1.8 » :
9 537 289 771 27 w 2,
10 326 162 113 0.7 i 5 . ‘ - ‘
Median 304 163 277 18 Figure 3. Ex vivo expanded cells.  Cells were stained with CD41b and APAAP to
Cohort 2 identify mature megakaryocytes. A typical expanded product is shown. o
1 263 137 450 33 g
2 432 281 630 2.2 . . o
3 340 143 240 17 nodetection assay. No tumor cells were detectable in the ex \avo
i o
4 612 256 188 15 expanded products, where adequate cell numbers were assayegd for
5 727 384 1090 28 tumor cells, which was consistent with a lack of clonogenic grongh
6 287 258 1160 45 of breast cancer cells in in vitro cultu?&here might have been i
7 476 437 715 1.6 reduction in tumor cells during the culture period; however, oglr
8 113 79 94 1.2 inability to analyze sufficient cells from the CD34-selected frag-
9 141 119 140 1.2 tions precluded any evaluation of this issue. 8
10 572 ND 83 ND e
u 308 284 670 24 Clinical results g
Median 340 257 582 2.0 g
4. - The median number of expanded TNC reinfused into patients was72
ND indicates not determined. El
(range, 12t0 91X 1C® TNC/kg and 52 (range, 7t0 12%) 1° TNC/kg =
for cohorts 1 and 2, respectively. The median number of expan§ d

harvest by microscopy, and no contamination was observed in adbp34+ cells infused for cohort 1 was 3.8 (range, 0.9 to 13a)®
cultures. Microbial analyses were negative for bacteria, fungus, agths4+ cells/kg, and the total CD34cells infused (expanded plu
Mycoplasmafor all patlents The average V|ab|I|ty of the CU|tUredJnexpanded products) was a median of 8.5 (range, 2.3 t0>24]_63
cells, as measured by trypan blue dye exclusion, was 98% (rang®34- cellslkg. Cohort 2 patients received a median of 6.6, witga
97%-100%). range of 1.5 to 22.% 10F, CD34" cells/kg. There was no toxicity$
Immunohistochemistry for CD41 was performed on expandegsociated with the infusion of expanded PBPCs. Engraftment datgfor
cells from a subset of patients, and the median percentage pafients in both cohorts are presented in Table 5. The median t|m§ to
CD41-expressing cells was 40%. A typical immunohistochemicgkutrophil engraftment, defined as the time to achieve an ANCgof
stain for CD41 is shown in Figure 3. 500/uL or greater for 3 consecutive days, was 6 days and 8 days-f,for
cohorts 1 and 2, respectively. The time to achieve a platelet courg of
20 000{1L or greater was 18.5 days and 15 days, respectively, @o
Seven of the unmanipulated PBPC products from 5 patients hgj1orts 1 and 2 and was not significantly different from the time %o

detectable breast cancer cells. After CD34 selection a limitéftelet engraftment of the control patients (15 days). There Waino
number of cells were available for culture inoculation: thydifference in the requirements for red blood cell and platelettransfu5|gns

Looé’/blgeu

Breast cancer cell detection

insufficient cells remained for adequate performance of the immggtween the 2 cohorts. %
Engraftments for the historical group of patientsrL00) are R

presented for comparison in Figure 3. The median time to an ANC
greater than 50QL was 9 days, with a range of 7 to 30 days.
Neutrophil recovery resulting from the transplantation of the
expanded cells resulted in a 3- to 4-day earlier engraftment for a
number of the study patients compared with this historical control
group (Figure 3), in which the earliest engraftment occurred at day
7. Statistical analysis demonstrated a significant difference in the
time to neutrophil engraftment between cohortPL={ .02) and
cohort 2 P = .02) and the historical group. No significant differ-
ence resulted between cohorts 1 ané 2(.55).

Long-term follow-up

Adjuvant/inflammatory and stage IV patients with no evidence of
4 o disease remain in remission at 4 to 10 months of follow-up. Most
Figure 2. Typical day 10 culture of ex vivo expanded PBPCs. Culture photo- h_ave__ received chest Wa!l radiation _ther?'py without cllnl_cally
graphed (400 x) in Teflon bags before harvesting for reinfusion. significant myelosuppression. One patient in cohort 2 experienced
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Table 5. Engraftment of neutrophils and platelets CD34" cells per kilogram transplanted. Several stutfiesusing
Time to engraftment (d) nonexpanded products have demonstrated that there is a correlation

patient no. ANC (> 500/pL) Platelets (> 20 000/pL) ~ between the time to engraftment and the number of CD34 cells per
Cohort 1 kilogram infused up to a threshold level, above which even a

1 5 13 10-fold higher dose of CD34 cells does not result in faster

2 12 23 recovery. For neutrophil recovery, doses of CD3dells per

3 6 11 kilogram from 2 to 2.5 10° up to 20X 10° CD34" cells/kg result

4 6 19 in recovery of neutrophils at day 7 at the earligstt We therefore

5 5 18 evaluated the numbers of CDB4cell per kilogram from the

6 5 19 expanded products reinfused in this study, and a median of

7 7 13 3.8X 106 CD34 cells/kg and 6.6 10° CD34" cells/kg were

8 14 % transplanted for cohorts 1 and 2, respectively. The total CD34

9 6 9 .

10 13 - cells infused (expanded plus unexpanded products) for cohort 1

Median 6 185 was a median of 8.% 10° CD34" cells/kg. No significant
Cohort 2 correlation was obtained between the time to ANC greater than

1 10 30 500.L and the dose of total CD34cell per kilogram infused o

2 5 25 (r2 = 0.24; Figure ). Similarly, the dose of expanded CD34 £

3 6 16 cells per kilogram infused showed little correlation to the time go

4 8 14 neutrophil engraftmentr{ = 0.24). However, comparison of thez

5 7 12 total expanded nucleated cells per kilogram to the time to ANC

6 4 6 recovery resulted in a highly significant correlatiof € 0.79; 2

; 3 ;i Figure 5B). In our study, the correlation of the number of CD3ZE;

5 10 13 cells to time to recovery of ANC was poa®(= 0.24); however, all E

10 16 15 patients who received a minimum of 4010° TNC per kilogram g

1 7 13 engrafted neutrophils in 8 days or less. Patients who received fss

Median 8 15 than 40x 10° TNC per kilogram all had slower neutrophig

. . =9
o bood amed dal untl ; p recovery (9 to 16 days). This level of TNC is lower than thg
i i 1 = . . H 2
Complete blood counts were obtained daily until the ANC was = S000/uL and  yyinia) cell numbers recommended for unmanipulated boge
platelets (unsupported) were = 20 000/pL. They were obtained 3 times per week i g
thereafter until the platelet count was = 50 000/uL on 2 determinations, separated by ~ Marrow transplantation (& 108 MNC/kg) and suggests that theg
aminimum of 48 hours. expanded cell products contain a higher frequency of cells capable
of providing rapid neutrophil engraftment. Alternatively, ex vivg

delayed platelet recovery. She had a platelet count of 30 000 on 4fure regenerates these cells, which are killed during the freezing

>
+40, when the posttransplantation radiation therapy to the ch@5tPone marrow or PBPCs used for autologous transplantatien.

wall was scheduled to begin. None of the other cohort 2 patient&eSe cells may be committed mature neutrophil precursors, wigch
be killed during freezing along with mature neutrophils. It w@

experienced delayed platelet engraftment. Patients with responsivey

metastatic disease remain in remission, whereas 1 of the 2 patigtftsOf interest to evaluate the engraftment potential of ex vigo
with refractory disease had a relapse after a short-lived partfdfPanded allogeneic PBPC products where a direct comparigon

response to high-dose therapy. Patients in cohort 2 have continG@4!d be made to bone marrow or PBPCs that has not bgen

o
to maintain peripheral blood counts, and all patients are past tH¥Preserved. _ _ R
12-month posttransplantation stage and have maintained durapje! "€ effect of tumor cell depletion was evaluated in all patiengs.

engraftment. No unusual opportunistic infections were document&f€ré were 7 phereses (5 patients) with tumor cells in the
in any of the study patients. unmanipulated PBPC fractions. No tumor cells were detected inhe

expanded products, but the assay did not have the sensitivité to
determine whether the CD34reculture fraction contained tumokg

Discussion

202 @

40
These studies have demonstrated that PBPC products from patients
with breast cancer can be cultured ex vivo using these culture * B Control patients
conditions and can be safely transplanted after high-dose chemg =
therapy. Expanded PBPC autografts resulted in more rapid medid@ »
time to engraftment of neutrophil$ (= .02 for cohorts 1 and 2 i
versus the historical group), with a number of patients engraftingd *
between days 4 and 6, compared to the earliest time of engraftmeft .
of day 7 in our historical controls (# 100, Figure 4). Analysis of E “
the engraftment data of study and control patients by chemothera[?
regimen demonstrated that the conditioning regimen did not s

B Study Patients

influence the time to neutrophil engraftment. Similarly improved LR £ L I B

0

rates of neutrophil engraftment have been reported by Reiffers et ' 2 2 4 56 7 & 91011121 141516 17 16 10 20 21 22 23 24 26 20 27 28 26 30
al 8 with the same conditions used in this study to culture the DAYS TO ANC> 500
autologous PBPC fractions of patients with mye|01ma Figure 4. Engraftment of study patients compared to control patients. Times to

. . . neutrophil engraftment greater than 500/puL of historical control patients (n = 100)
To date the major predlctor of the time to engraftment fO5nd study patients (n = 21) treated with identical high-dose chemotherapy regimens,

patients receiving nonexpanded PBPCs has been the numbesgs@éscribed in “Patients, materials, and methods.”
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cohort 2 are now past the 12-month posttransplantation stage and
continue to experience durable engraftment. The potential of
residual stem cells in the patients (endogenous autologous recov-
ery) to provide the long-term hematopoiesis will confound the
issue of the effect of expansion on stem cells, and this may only be
answered in a definitive manner by gene marking of the expanded
cells and showing marked cells long-term in these patients. At a
practical level, whether the long-term hematopoiesis comes from
the expanded cells that were infused or from residual stem cells in
the patient is less important than the ability of the patients to
maintain long-term blood cell production with the high-dose
chemotherapy regimens used. Expanded cells from the patients in
cohort 2 have also been simultaneously transplanted into NOD/
SCID miceé* to assay for human SCID repopulating cells (SRC).
These studies have demonstrated the presence of SRC in the
expanded products and should provide some insight into thg
primitive nature of the expanded cell population. g

No significant difference in platelet recovery was observed v@h
expanded celldmmunohistochemical analysis of CD41 expression &f
the expanded cells demonstrates the presence of a large numb®r of
mature megakaryocytes in the expanded cell fraction; however, th% is
not reflected in the time to platelet recovery. There are several posghble
explanations for the lack of effect obtained on platelet recovery—fhe
megakaryocytes generated in vitro may not have the capacity% to
generate platelets, or, more likely, the expanded cells require pharmZﬁco-
logic levels of thrombopoietin or other platelet growth factors aftgr
transplantation to drive platelet development. s

Is it possible to eliminate neutropenia in these patients®e
results presented in this study demonstrate the effect of exparg:ied
cells on improving neutrophil engraftment; however, it is possikde
that if more CD34 cells are available for expansion, even mo%
rapid engraftment may occur. Alternatively, daily reinfusion @
expanded cells on days 0 through 7 may provide mature neutropfiils

M

8/poo|q

Figure 5. Correlation of time to dose in neutrophil engraftment. (A) Correlation
between total CD34/kg and time to ANC greater than 500/p.L. (B) Total number of
nucleated cells from the expansion cultures per kilogram transplanted.

such that patients never have neutrophil counts lower thamnb00/3
Another possibility is the infusion of expanded cells at dal or §
—2 to prevent a patient from becoming neutropenic at any stageg
cells. Additionally, because the expansion cultures result in expan- 1€ potential application of expanded cells for cord blogl
sion of total cells there may be a dilution effect of tumor cells, an@l09€neic transplantation is also being explored at this institutign.
more extensive analysis is needed to determine the exact effectd¥fal data suggest that cord blood progenitors, expanded underthe
ex vivo culture on purging of breast cancer cells. Previous§AMe culture conditions used in the current study, enable enggaft-
reported studiéd have been unable to eradicate breast cancBient of adults with fewer total nucleated cell per kilogram &f
cells completely with the CD34 selection of bone marrow opatient weight than reported with unexpanded cord bRGd. 5

PBPC autografts. Preliminary results of this study suggest that N Summary, this study demonstrates the potential of ex vigo
expansion may result in important elimination of tumor cellg@xPanded PBPCs to provide more rapid engraftment than historécal

Because many purging procedures used to date result icqntrols transplanted_ with unm_anipulated _PBPCs a_lfte_r high-dgse
significant loss of normal CD34progenitor cells, the expansion che_mqtherapy. Ongoing analysis may_prowde more insight |_nt0 the
procedure may compensate for these losses by expanding §énitive cell types capable of providing rapid neutrophil and
committed progenitors while potentially providing additionaP!atelet engraftment and the growth factor requirements of these
tumor depletion benefit. cells. Further studies are warranted to define the optimal timing for
Recent data from Holmberg e&have suggested that selectioff €infusion ap_d possible further improvements in the expansion
and infusion of CD34 cells from autologous PBPC grafts result inculture conditions.
an increased incidence of cytomegalovirus disease. The patients
reported in this study did not experience cytomegalovirus or other
opportunistic infections after transplantation. Acknowledgments
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