CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Autologous transplantation of granulocyte colony-stimulating factor—primed bone
marrow is effective in supporting myeloablative chemotherapy in patients with
hematologic malignancies and poor peripheral blood stem cell mobilization

Roberto M. Lemoli, Antonio de Vivo, Daniela Damiani, Alessandro Isidori, Monica Tani, Alessandro Bonini, Claudia Cellini, Antonio Curti,
Luigi Gugliotta, Giuseppe Visani, Renato Fanin, and Michele Baccarani

We assessed the hematopoietic recovery patients collected lessthan1  x 106CD34*  13-53), 52 (range, 40-120), and 90 (range,

and transplantation-related mortality
(TRM) of patients who had failed periph-
eral blood stem cell mobilization and sub-
sequently received high-dose chemo-
therapy supported by granulocyte colony-
stimulating factor (G-CSF)—primed bone
marrow (BM). Studied were 86 heavily
pretreated consecutive patients with acute
leukemia (n = 21), refractory/relapsed
non-Hodgkin lymphoma (n = 41) and
Hodgkin disease (n = 17), and multiple
myeloma (n = 7). There were 78 patients
who showed insufficient mobilization of
CD34* cells (< 10 cells/ pL), whereas 8

cells/kg. BM was primed in vivo for 3 days
with 15 to 16 pg/kg of subcutaneous
G-CSF. Median numbers of nucleated
cells, colony-forming unit cells (CFU-Cs),
and CD34* cells per kilogram harvested
were 3.5 x 108,3.72 x 104 and 0.82 x 106,
respectively. Following myeloablative che-
motherapy, median times to achieve a
granulocyte count higher than 0.5 x
10%L and an unsupported platelet count
higher than 20 and 50 x 10°L were 13
(range, 8-24), 15 (range, 12-75), and 22
(range, 12-180) days, respectively, for lym-
phoma/myeloma patients and 23 (range,

46-207) days, respectively, for leukemia
patients. Median times to hospital dis-
charge after transplantation were 17
(range, 12-40) and 27 (range, 14-39) days
for lymphoma/myeloma and acute leuke-
mia patients, respectively. TRM was 4.6%,
whereas 15 patients died of disease. G-
CSF—primed BM induces effective multi-
lineage hematopoietic recovery after high-
dose chemotherapy and can be safely
used in patients with poor stem cell mobi-
lization. (Blood. 2003;102:1595-1600)
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Introduction

Transplantation of autologous mobilized peripheral blood steprevious chemoradiotherapy and the interval between chemo-
cells (PBSCs) has largely replaced conventional, unprimed botierapy and mobilization, marrow fibrosis, or marrow involvement
marrow (BM) transplantation because of a faster hematopoieti€the disease; addition of hematopoietic cytokines; and the number
reconstitution, earlier hospital discharge, and more financial ref premobilization circulating progenitor cefid3 However, not all
source savings? Prospective studies have also demonstrateadasons for poor mobilization are known, since some heavily
accelerated engraftment when PBSCs are transplanted in allogeetreated patients or patients with marrow metastases or fibrosis
neic recipients:;> Administration of granulocyte colony-stimulat- mobilize well, whereas some healthy donors mobilize potrly.

ing factor (G-CSF), alone or in combination with cytotoxic drugs, Patients with absent or poor PBSC mobilization undergoing
is widely considered the most effective treatment to increase thigh-dose therapy supported by BM cells do show delayed
number of circulating CD34 stem cells. However, despite thehematopoietic recovery and increased procedure-related morbidity
superiority of mobilized blood, PBSC transplantation has son@nd mortality? Thus, there are major concerns regarding the safety
limitations. In particular, there is a general consensus that tbé autologous transplantation in such patients. Recently, several
number of CD34 cells infused correlates with the rate ofreportst®?3 including randomized studi€!® have shown that
hematopoietic reconstitution.Therefore, below the minimum transplantation of G-CSF—primed BM induces a comparable engraft-
threshold level of 1x 10° CD34" cells/kg reinfused, the risk of ment with that of PBSCs in both autologous and allogeneic
delayed hematopoietic recovery and increased transplantatisettings. Moreover, allogeneic recipients experienced reduced
related mortality (TRM) is higls.Conversely, patients receiving atseverity of acute graft-versus-host disease (GVHD) and less
least 2x 10° CD34" cells/kg show a rapid granulocyte recoverychronic GVHD16

and patients infused with 5 10° CD34" cells/kg or more have Based on these findings, we conducted a multicenter prospec-
fast multilineage engraftmentThus, the number of CD34cells tive study to assess the hematopoietic recovery and TRM of
collected and transplanted is crucial to ensure a safe procedyratients with hematologic malignancies who had previously failed
Moreover, 10% to 30% of patients do not mobilize sufficienPBSC mobilization and received high-dose chemotherapy sup-
PBSCs to proceed to transplantation, depending on the amounpofted by G-CSF-primed BM. Patients were defined as poor
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Table 1. Study patients
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Prior lines of CHT

Disease status at transplantation

Characteristics No. of patients Median Range Patients receiving prior RT CR Presence of disease
Hodgkin disease 17 3 1-4 12 7 10
Non-Hodgkin lymphoma* 41 3 1-5 20 23 18
Multiple myelomat 7 3 0-5 4 0 7
Acute leukemiat 21 2 1-3 0 - —

AML 18 — — — 17 1
ALL 3 — — — 2 1

CHT indicates chemotherapy; RT, radiotherapy; CR, complete remission; and —, not applicable.

*Indolent lymphoma (n = 10); aggressive lymphoma (n = 31).
TAll patients had stage Il A disease according to Durie and Salmon classification.
FIn first CR were 14 AML patients. For further details, see “Results.”

mobilizers if the peak value of CD34" cells during mobilization
was lower than 10 cells/p.L or in the case of stem cell collection, if
less than 1 X 10% CD34" cellskg was harvested.® The minimum
threshold of circulating CD34* cells was chosen upon our and
others'?* experience, indicating the minimum peak number of
CD34" cells predictive of a successful collection (ie, = 2 X 10°
CD34" cellg/kg body weight) as 10 cellg/pL. In patients with less
than that value, itisunlikely that the collection of the target CD34*
cell dose can be accomplished with few aphereses.2> Poor mobiliz-
ers were studied because the lack of autologous stem cells poses
important questions for the clinical management of patients for
whom autologous transplantation has proved to be clinically
beneficial. Our resultsindicate that activated BM induces effective
multilineage hematopoietic recovery and low TRM after high-dose
chemotherapy and can be safely used in patients submitted to
autol ogous transplantation programs.

Patients and methods
Patients

Studied were 86 heavily pretreated consecutive patients undergoing autol o-
gous G-CSF—primed BM transplantation between February 1995 and
December 2002 at 3 transplantation centers: Bologna (40 patients), Udine
(33 patients), and Reggio Emilia (13 patients). The patients’ diagnoses, sex,
median age, median number of lines of prior chemotherapy, and disease
status at transplantation, and the percentage who received prior radio-
therapy are listed in Tables 1-2. Patients were enrolled in the study if they
were eligible for autologous stem cell transplantation according to our
ingtitutional guidelines and if PBSCs were not available (see “Mobilization
regimens’). Exclusion criteria were as follows: contraindication to BM
harvest by general anesthesia, major organ dysfunction, myelosuppressive
chemotherapy within 4 weeks of BM harvest, administration of any
hematopoietic cytokine within 2 weeks before BM collection, and pelvic

Table 2. Patient characteristics

Characteristic

Sex, n
Male 46
Female 40
Age,y
Median 48
Range 16-67
Mobilization regimen failed, n
G-CSF alone 66
CHT + G-CSF 20
Causes of failure, n
Insufficient mobilization 78
Insufficient collection 8

radiation before stem cell collection. Patients with a positive test for human
immunodeficiency virus or any form of active hepatitis were also excluded.
Notably, no exclusion criteria were set on the basis of the CD34+ stem cell
content of BM harvest. All individuals gave written informed consent and
the protocol was approved by the hospital ethics committees of all
participating centers.

Mobilization regimens

Of the patients, 66 (lymphoma/myeloma[n = 63]; acute leukemia[n = 3])
attempted PBSC mobilization by administration of 7.5 wg/kg body weight
twice a day of G-CSF (filgrastim, Granulokine [Roche, Milan, Italy] or
Neupogen [Dompe-Biotec, Milan, Italy]) for 5 to 6 days, whereas 20 (acute
leukemia[n = 18]; lymphoma/myeloma[n = 2]) received priming chemo-
therapy followed by daily injection of 5 pglkg G-CSF (filgrastim,
Roche/Dompe-Biotec). Patients with lymphoproliferative disorders were
treated with 7 g/m? cyclophosphamide, while acute myeloblastic leukemia
(AML) patients were mobilized during the second consolidation course,
which generally included fludarabine, mitoxantrone, and cytarabine. Study
patients were defined as poor mobilizers (n = 78) if the peak value of
circulating CD34" cells was lower than 10 cellg/p.L. There were 8 patients
who showed a peak value of CD34* cells slightly higher than 10 cells/pL;
however, the minimum CD34+ cell dose of 1 X 10%kg was not reached
with 2 or 3 aphereses, and the clinical investigator thought it would be
unlikely to reach that cell dose with few additiona collections (Table 2).
Regardless of the mobilization strategy, PBSC collection was attempted
after aminimum of 4 weeks from the last chemotherapy cycle (median, 48
days, range, 35-56 days).

BM priming, collection, and cell processing

BM priming was performed with G-CSF (filgrastim; Roche/Dompe Biotec)
at the dose of 7.5t0 8 wg/kg twice aday for 3 days. BM cellswere harvested
on day +4 using standard procedures (15-20 mL BM/kg body weight) and
frozen in 10% dimethyl sulfoxide using controlled-rate liquid nitrogen
freezing.28 The minimum number of BM cells required to proceed to
autotransplantation was 1 X 10% nucleated cells/kg actua patient body
weight. All patients submitted to BM harvest did achieve this threshold. At
thetime of reinfusion, BM cellswere rapidly thawed at 37°C at bedside and
reinfused viaa central line.26

Progenitor cell assays

Total nucleated cells, day-14 colony-forming unit cells (CFU-Cs), and
CD34+ cellswere assayed on BM collections as previously reported.?6-28 In
brief, CFU-Cs were scored by plating in duplicate 1 X 10° light density
cellsin atotal volume of 1 mL Iscoves modified Dulbecco medium (Gibco,
Grand Island, NY) added with 20% fetal calf serum (Stem Cell Technolo-
gies, Vancouver, BC, Canada) and 1.1% (final concentration) methylcellu-
lose. Colony-stimulating activity was provided by 10% (vol/val) of a
selected | ot of phytohemagglutinin-lymphocyte—conditioned medium. Colo-
nies were counted after 14 days of incubation at 37°C in a humidified 5%
CO, atmosphere. CD34" cell count was determined by flow cytometry.26.27
BM cells were incubated at 4°C for 30 minutes with the anti-CD34
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phycoerythrin-conjugated monoclona antibody HPCA2 or an irrelevant
isotype-matched control antibody (Becton Dickinson, Milan, Italy). Immu-
nofluorescence analysis was performed using FACScan equipment (Becton
Dickinson). A minimum of 10 000 events was collected in list mode on
FACScan software.

Conditioning regimens, supportive care, and
clinical monitoring

Used in this study were 4 different disease-specific preparative regimens.
Carmusting, cytarabine, etoposide, and cyclophosphamide (BAV C)% were
administered to non-Hodgkin lymphoma (NHL) patients. Hodgkin disease
(HD) patients received myeloablative therapy that included carmustine,
cytarabine, etoposide, and melphaan (BEAM).% Acute leukemia and
multiple myeloma (MM) patients were prepared with busulphan and
cyclophosphamide?®® and high-dose melphalan,® respectively. After
completion of the conditioning regimen, patients were reinfused with
autologous cryopreserved marrow cells (day 0).

All lymphoma/myeloma patients received 5 ng/kg per day of G-CSF
starting day +6 after autograft. G-CSF was also used at 5 p.g/kg per day in
18 of 21 acute leukemia patients upon clinica indication. Uniform
supportive care measures were used for al patients on the study. Patients
were nursed in single or double rooms in reverse isolation and received
antimicrobial prophylaxis that consisted of oral nystatin and ciprofloxacin.
Packed red blood cells and platelet transfusions were administed to
maintain ahemoglobin level higher than 80 g/L (8 g/dL) and aplatelet count
higher than 10 X 10%/L. Patients were treated with broad-spectrum antibiot-
icswhen fever developed and the absol ute neutrophil count (ANC) was less
than 0.5 X 10%L. Amphotericin B (1 mg/kg per day) was added if patients
had persistent fever after 4 to 7 days of intravenous antimicrobial therapy.

Patients underwent daily assessment of symptoms and physical exami-
nation during hospitalization and weekly after discharge. As previously
reported, laboratory studies were obtained before transplantation, daily
whilein the hospital, and weekly after discharge.

Hematopoietic recovery and clinical end points

The primary end point of the study was time to hematopoietic reconstitu-
tion, which was defined as the number of days to achieve an absolute
neutrophil count (ANC) higher than 0.5 X 10%L (first of 3 consecutive
days) and an unsupported platelet count higher than 20 and 50 X 109/L.
Secondary end points were incidence of documented infections, use of
intravenous antibiotics, days to hospital discharge after transplantation, and
TRM. Assessment of tumor response to autologous transplantation was
generally performed 30 days after reinfusion and was planned every 2 to 4
months thereafter.

Statistical analysis

The results are presented as median values and ranges where applicable.
The probabilities of neutrophil and platelet recovery and overall survival of
the different series of patients were compared by means of the Kaplan-
Meier method. Differences with P values less than .05 were considered
statistically significant. The association between the number of CD34" cells
infused and the time to hematopoietic recovery was assessed by the Pearson
correlation test.

Results
Study patients

Between February 1995 and December 2002, 86 heavily pretreated
consecutive patients were enrolled in this study. All together,
patients for whom PBSCs were not available represented 12.5% of
all individuals submitted to PBSC mobilization in the 3 participat-
ing ingtitutions during the study period. In particular, mobilization
failure, according to our stringent criteria, was observed in 58
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(10.1%) of 573 lymphoma, 7 (7.3%) of 80 multiple myeloma, and
21 (60%) of 35 acute leukemia patients.

Tables 1 and 2 report patient demographics and some of the
most important clinical parameters widely considered to affect BM
function, such as diagnosis (ie, acute leukemia vs lymphomas and
MM), burden of previous chemotherapy, and radiotherapy.

Of the patients, 66 (lymphoma/myeloma[n = 63]; acute leuke-
mia[n = 3]) had failed PBSC mobilization with high-dose G-CSF
alone, whereas 20 (acute leukemia [n = 18]; lymphoma/myeloma
[n=2]) received priming chemotherapy followed by G-CSF.
Defined as poor/nonmobilizers because the peak value of circulat-
ing CD34" cells was less than 10 cells/pL were 78 patients. An
additional 8 patients did not collect the minimum CD34+ cell dose
of 1 X 109/kg (Table 2).

BM harvest

Stem cell collection was performed after a minimum of 4 weeks
from PBSC mobilization failure (median, 43 days; range, 32-95
days). G-CSF treatment was well tolerated and no patient required
the reduction or suspension of the cytokine administration. Table 3
shows the number of nucleated cells, CFU-Cs, and CD34+ cells
collected after 3 days of priming of G-CSF and those recovered and
reinfused after cryopreservation. No differences were noted be-
tween lymphoma/myeloma patients and leukemia patients for
nucleated cells and CFU-Cs collected. Conversely, lymphomal
myeloma patients showed a trend toward a higher number of
CD34" cellsin BM grafts (P = .07) (data not shown). Of note, the
median number of CD34+ cells reinfused was 0.70 X 10%/kg with
one patient receiving aslittle as0.12 X 108 CD34"/kg.

Because G-CSF is a hematopoaietic cytokine that has been shown to
induce proliferation of tumor cells, epecidly myeloid leukemic cells,
the effect of G-CSF on BM tumor cell contamination was aso
evduated. Of 7 myedoma patients, 6 had a plasmacdl infiltration lower
than 30% before BM harvest, which was not modified by the cytokine
treatment, whereas no lymphoma patients showed BM infiltration at the
time of stem cdll collection (data not shown). There were 3 leukemic
patients who had both molecular and cytogenetic markers at diagnosis
that could be traced: inv(16), t(8;21) in acute myeloblagtic leukemia
(AML) patients and ber-abl rearrangement in one case of Philadelphia
chromosome—positive acute lymphoblastic leukemia (ALL). AML
patients were in molecular complete remisson (CR) after induction/
consolidation therapy and had tumor-free autografts, whereas the ALL
patient who remained ber-abl (p190) postive after chemotherapy
showed molecularly detecteble diseasein BM harvest, athough quanti-
tative anadyds did not demongtrate a higher number of copies of the
transcript (datanot shown).

Engraftment results

All patients submitted to BM harvest proceeded to autologous
transplantation at a median of 2 months (range, 1-6 months) from
stem cell collection. None of the 8 patients with inadequate PBSC

Table 3. BM harvest and stem cell reinfusion

Collected Reinfused
Median Range Median Range
Nucleated cells, x 108 35 1.2-13 2.0 0.43-6.4
CFU-C,* x 104 3.72 0-72.9 13 0-12.7
CD 34" cells,t x 108 0.82 0.12-8.3 0.7 0.12-8

CFU-C indicates colony-forming unit cells.
*Data are available for 23 patients.
tData are available for 52 patients.
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Table 4. Engraftment data
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AML/ALL Lymphoma/myeloma

Median Range Median Range
Day to ANC higher than 0.5 x 109/L* 23% 13-53 13 8-24
Day to PLT higher than 20 x 10%L 52% 40-120 15 12-75
Day to PLT higher than 50 x 10%L 90% 46-207 22 12-180
Parenteral antibiotics, d 11 7-25 7 4-32
Days on G-CSF after ABMTTt 11 2-40 11 5-35
Days to hospital discharge 27% 14-39 17 12-40

In the AML/ALL group, 57.1% of patients had documented infections, and 87.5% of patients received parenteral antibiotics. In the lymphoma/myeloma group, 23.1% of
patients had documented infections, and 59.4% of patients received parenteral antibiotics (P < .05 for both comparisons).

ANC indicates absolute neutrophil count; PLT, platelet count; and ABMT, autologous bone marrow transplantation.

*Of the patients, 6 are not evaluable for hematopoietic reconstitution and 2 are still platelet-transfusion dependent. For further details, see the “Results.”

TAIll lymphoma/myeloma patients received 5 pg/kg per day of G-CSF starting at day +6 after autograft. Of 21 acute leukemia patients, 18 received G-CSF upon

clinical indication.
P < .05.

collection (ie, < 1 X 105 CD34" cells’kg) was reinfused with
peripheral blood (PB) cells adong with G-CSF—primed BM.
Engraftment data after high-dose chemotherapy are shown in Table
4 and Figure 1. Patients are categorized according to diagnosis
since the hematopoietic recovery of leukemic patients was signifi-
cantly slower than that of patients with lymphoproliferative
disorders. Excluded from analysis were 6 patients who died in the
peritransplantation period. The median times to neutrophil engraft-
ment were 23 and 13 days (P < .00001) for leukemia and
lymphoma/myeloma patients, respectively (Figure 1A). According
to the faster neutrophil recovery, the percentage of lymphoma/
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Figure 1. Hematopoietic recovery after myeloablative chemotherapy and
reinfusion of G-CSF-primed BM. Kaplan-Meier plot of probability of recovery of
neutrophils to 0.5 X 10%L (A) and recovery to an unsupported platelet count of
20 X 109%L (B) in lymphoma/myeloma (LY/MM) and acute leukemia (AL) patients. As
expected, BM reconstitution was significantly slower in leukemia patients.

myeloma patients with documented infections and submitted to
intravenous antibiotic treatment was significantly lower (both P
values < .05) than that of leukemia patients.

The median times to an unsupported platelet count of 20 and
50 X 10%L were 52 and 90 days and 15 and 22 days for leukemia
and lymphoma/myeloma patients, respectively (both P values
< .000 01) (Figure 1B). At the time of the last follow-up, 2 AML
patients did not achieve platelet-transfusion independence (day
+90 from transplantation). No correlation was found between the
number of CD34" cells reinfused and time to neutrophil and
platelet engraftment. This finding was also confirmed when we
analyzed separately the 2 groups of patients (data not shown).
Furthermore, no difference of engraftment was observed between
patients receiving more or less than 0.7 X 10% CD34" cellgkg (ie,
the median number of progenitors infused in our patient popula-
tion). Median times of hospitalization after autograft were 27 and
17 days for leukemia and lymphoma/myelomaindividuals, respec-
tively (P < .01). No patients were readmitted into the hospital after
discharge because of late infections.

TRM and overall survival after autologous transplantation

So far, 19 patients (22.1%) have died. Within 40 days from autologous
transplantation, 6 patients (acute leukemia [n = 3]; lymphoma/
myeloma [n = 3]; 7%) died: 4 experienced procedure-related deaths
(pulmonary edema[n = 1], theday of BM reinfusion; sepsis[n = 3], &
days +12, +14, and +31 from autograft) (4.65%), wheress 2 leukemic
patients died following early relapse (n = 1, a day +35) or progression
(n =1, day +25) of the diseese. During follow-up, 13 additiona desths
occurred due to recurrence/progression of the disease. With a median
follow-up for the study population of 24.5 months, theoveral surviva a
36 months of lymphoma/myeloma and leukemic patients is 77% and
62%, respectively (Figure 2).

Discussion

Randomized studies have demonstrated that G-CSF—primed BM
supports hematopoietic recovery after high-dose chemotherapy
recovery as rapidly as G-CSF—mobilized PBSCs!>1¢ and is more
effective than unprimed BM.!> Fast BM reconstitution after
transplantation occurs despite the slight increase, if any, of the
stem/progenitor cell content of cell harvests compared with steady-
state collections.’> To explain this apparent discrepancy, we
previously demonstrated that G-CSF exerts a “priming effect” on
BM cells by enhancing the cycling of hematopoietic progenitors
and by increasing the response of BM cells to subsequent
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Figure 2. Overall survival of patients submitted to autologous BM transplanta-
tion. Probability of survival for ymphoma/myeloma (LY/MM) and acute leukemia (AL)
patients undergoing reinfusion of autologous primed BM to support high-dose
chemotherapy. N.S. indicates not significant.

treatments (in vitro and in vivo) with cytokines.3! Despite similar
engraftment data, PB is, by far, the most used source of autologous
stem cellsto support BM function after myel oablative chemoradio-
therapy. However, there is a significative proportion of cancer
patients, ranging from 10% to 30%,* who are either poor mobilizers
or nonmobilizers. For these patients, there is as yet no standard
procedure for stem cell collection. Unprimed back-up marrow
frequently resultsin delayed platel et recovery?*32 and is associated
with ahigh TRM,8 whereas a second mohilization course has been
successful in only 48% of patients who did not collect more than
2.5 X 106 CD34+ cells/kg with the first attempt.33 A more promis-
ing approach relies on the use of high doses of G-CSF, or the
combination of G-CSF and granulocyte macrophage (GM)-CSF,
which successfully mobilized, in small series, the majority of
patients who had an insufficient cell yield during the first mobiliza-
tion strategy.3*3 On the other hand, the mobilization potential of
newer agents such as stem cell factor, FLT3-ligand, thrombopoi-
etin, interleukin-8 (IL-8), and their combinations remains to be
fully clarified in the clinical setting.

The number of circulating CD34" cells during PBSC mobiliza-
tion is the conventional criteria for starting leukaphereses. How-
ever, no generally agreed upon threshold existsto commence PBSC
collection. The minimum peak concentration of CD34* cells that
many transplantation centers have established to start leukaphere-
sesis 20 cellg/pL.! In addition, 1 to 2 X 106 CD34" cellgkg isthe
minimum number of PBSCsto reinfuse to obtain arapid neutrophil
recovery.167 In this study we considered poor mobilizers as
patients with less than 10 CD34" cells/ulL?*?> and they were
submitted to G-CSF—primed BM harvest. Similarly, BM harvest
was offered to patients whose PBSC collection contained |ess than
1 X 10° CD34" cellgkg. By considering that autologous stem cell
transplantation has proved to be the best therapeutic option for
relapsed/refractory lymphoma®”38 and multiple myeloma pa-
tients,® it appears to be crucial to develop strategies to bring
transplantation to as many individual s as possible.

In our inditutions, from February 1995 to December 2002, 86
consecutive patients with hematologic malignancies met these criteria
and were enrolled in a progpective nonrandomized study. The study was
designed to assess the hematopoietic recovery, the TRM, and dl the
clinical parameters correlated with effective BM recongtitution after
reinfusion of G-CSFprimed BM to support high-dose chemotherapy. It
should be noted that all patients who entered in our study and submitted
to BM harvest subsequently underwent transplantation.
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Our results demonstrated the feasibility of BM harvest in cancer
patients nonmobilizing PBSCs who had been primed for 3 days
with G-CSF. The content of CFU-Cs and CD34* cells was
superimposable to that of previously reported lymphoma patients
who were not tested for their capacity to mobilize PBSCs.'> When
reinfused, these cells engrafted rather rapidly and the results
compare favorably with those observed with unprimed BM. Infact,
our previous experience of autologous transplantation for AML
patientsin first CR conditioned with busul phan and cyclophospha-
mide showed a median of 25 and 36 days to neutrophil recovery
and 87.4 and 150 days to platelet-transfusion independence for
patients reinfused with both BM and PBSC® or BM aone?
respectively. However, it should be noted that in earlier studies,?%
posttransplantation hematopoietic growth factors were adminis-
tered, upon clinical indication, in only 45% of the patients.
Similarly, relapsed or refractory lymphoma patients who received
transplants of BM cells after BAVC or BEAM preparative regi-
mens recovered an ANC higher than 0.5 X 10%L in amedian of 14
and 11 days and a PLT higher than 20 X 10%L in 20 and 15 days
according to whether they received G-CSF or G-CSF/IL-3 combi-
nation, respectively, after stem cell reinfusion.?8 Notably, reinfu-
sion of primed BM did not result in delayed PLT recovery
compared with our historical controls. Thisisan important finding
since transplantation of low numbers of PB-mobilized CD34" cells
(ie, < 2 X 108/kg) has been associated with slow PLT reconstitu-
tion. Moreover, after transplantation almost all patients enrolled in
this study (including leukemia patients) were given G-CSF, which
may negatively impact on PLT recovery. However, the PLT
recovery of study patients appears to be slower than that of
leukemia?® and lymphoma/myeloma (Lemoli et al?8; and data not
shown) patients reinfused with PBSCs in the same period of time.

Interestingly, we did not find a correlation between the number
of CD34" cells reinfused and hematopoietic engraftment, and we
could not set a threshold value predictive of a rapid engraftment.
This was also true when the 2 groups of study patients were
analyzed separately. Thus, the speed of recovery of BM function
may be due mainly to the underlying disease and the conditioning
regimen. However, previous studies have demonstrated that spe-
cific CD34" cell subsets, which were not evaluated in the present
study, are more reliable predictors of fast engraftment than total
CD34" cells*4 The TRM rate in our series (which includes
24.4% of leukemic patients) was 4.65%, which is in the range of
what is commonly observed after autologous stem cell transplanta-
tion for heavily pretreated patients. No late deaths (beyond day
+40) due to infection were observed in the follow-up. As a result, the
overall survival of study patients (Figure 2) was comparable with that of
our higtorical controls?62°30 and gppears to be better than that of poor
mobilizerswho received transplants of unprimed BM .6

The successful engraftment in our patients rescued with primed BM
indicates that failure of PBSC mobilization is not dways due to poor
marrow quality. Conversdly, a specific impairment of mobilization, in
the presence of adequate marrow, may occur. In this regard, the better
understanding of the mechanisms of mobilization may contribute to the
development of more effective protocols for true “nonmobilizers” An
interesting approach for such patients may include the combination of
G-CSF and the growth hormone.*®

In conclusion, we demonstrate that G-CSF—primed BM induces
sustained and multilineage hematopoietic recovery after myeloab-
lative chemotherapy and represents an effective source of stem
cellsfor cancer patients eligible for autologous transplantation.
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