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Blood Stem Cell Autotransplantation

Recent data from the International Bone Marrow Transplant Registry (IBMTR)
and the European Blood and Marrow Transplant Group (EBMT) show that the number of
autologous transplants since 1990 has exceeded that of allogeneic transplants. According
to EBMT data, the number of autologous transplants to treat lymphoma and breast cancer
in Europe has increased fivefold between 1990 and 1994, with the percentage of
autologous transplants using blood cells rising from 15% to 75%. Although the use of
blood cells for transplant began in the mid-1980s (with the exception of sporadic case
reports), it is now the predominant source of cells for hemopoietic rescue.

Early murine hemopoietic transplantation studies were mostly performed with
bone marrow (BM) rather than blood cells for two reasons: there are inherent
methodological limitations of adequate and repeated samplings of blood cellsin mice,
and Micklem et al® showed that steady-state blood cells were inferior to bone marrow as
a source of marrow repopulating cells. The failure of engraftment in early case reports of
steady-state blood cell transplants in humans??® also reinforced the emphasis on BM as
the source of hemopoietic rescue. These data overshadowed the more encouraging reports
in larger animal models.®

Preference for BM over blood cells was reinforced by the clinical results of
autologous transplantation using steady-state blood cells that showed that their
hemopoietic recongtitutive capacity is no better than BM.®® Hence, the use of mobilised
blood cells for transplantation was initially viewed with a healthy skepticism. It was not
until successive reports of clinical studies had demonstrated the phenomenon of blood
cell mobilisation and the hemopoietic reconstitution advantage of mobilised blood cells®
11 that systematic experimental studies commenced. Since then, these studies have
demonstrated beyond doubt the equivalence if not superiority of mobilised blood cellsto
BM for hemopoietic reconstitution.

Blood Cell Mobilisation

Progenitor cells are present in low quantities in blood during steady state
hemopoiesis postnatally with the exception of myeloproliferative states.

Myelosuppressive Chemotherapy

Myelosuppressive chemotherapy was the first clinically useful blood cell
mobilization protocol. During the recovery phase following myelosuppressive
chemotherapy, 50-fold or greater increasesin PB CFU-GM occur. High-dose
cyclophosphamide is the most commonly reported protocol 81112 because it is active
against most tumours and can be given justifiably even in diseases when conventional
treatment is not sufficiently myelosuppressive.



The main limitations of chemotherapy mobilisation are neutropenic sepsis,
bleeding diathesis and the unpredictability of the timing of apheresis.(*® With the advent
of hemopoietic growth factors, it is no longer necessary to use myelosuppressive
chemotherapy aone for mobilisation.

Myelosuppressive Chemotherapy Plus Hemopoietic Growth Factors

The largest series studying the effect of G-CSF in enhancing chemotherapy
mobilisation was reported by Schwartzberg.(*¥ Both dose escalation and addition of G-
CSF were associated with higher CD34+ cell yield. In an earlier study the same authors
reported a shortening of neutropenia and areduction of hospitalisation. The dose of G-
CSF used with chemotherapy is in the range of 3-6 mg/kg/day. It has become an
increasingly common practise to use a 300 mg ampoule of G-CSF per day instead of
adhering to a strict per kg formula.™® A recent report described patients who received G-
CSF from day +5(19 with still adequate CD34+ cell yield. Hence, a delayed start of G-
CSF post mobilisation may reduce cost without loss of efficacy.

GM-CSF, IL-3 and PIXY 321 have also been used to enhance mobilisation with
chemotherapy. Gianni et a has shown that starting GM-CSF five days after chemotherapy
was just as effective as starting on day 1, but starting on 7 or 10 days may be less
effective.(1?

Many different myel osuppressive chemotherapy protocols have been used in
conjunction with cytokines for mobilisation. The results of the protocols do not differ
significantly; therefore, the use of blood cell mobilisation as part of therapy is more
important than which protocol is used. An additional impression is that adequate
mobilisation may occur even with chemotherapy regimen that are only mildly myelotoxic,
such as cyclophosphamide 1-2 gm/m?.

Hemopoietic Growth Factors Alone

G-CSF has been shown to increase the level of PB progenitor cellsin cancer
patients.(”) Dose escalation beyond 10-16 mg/kg/day does not appear to further enhance
mobilisation. In human G-CSF-mobilised PB CD34+ cells, subsets of CD38-, HLA-DR-
and CD33- cells can be readily identified that are capable of generating CFU-GM in
liquid culture for three weeks or more.(1®

Sheridan et a reported on 14 patients with poor prognosis non-myeloid
malignancy who were transplanted with both the cryopreserved G-CSF mobilised blood
cells and autologous BM cryopreserved prior to mobilisation.*®) They all received G-CSF
post transplant. Compared to two historical groups transplanted with autologous BM with
and without posttransplant G-CSF, there was a more rapid platel et reconstitution with a
resultant reduction in platelet transfusion requirement. Reports from many centres have
confirmed that G-CSF mobilised blood cells produced more rapid neutrophil and platel et
reconstitution.

Basser et a® described G-CSF mobilisation in patients who had not received any
prior chemotherapy. Three leukaphereses yielded 115 x 10* CFU-GM/kg BW, range 23-
274 x 10*kg BW. Hence, the progenitor yield appeared to be higher in patients whose
BM has not been damaged by chemotherapy.



The mobilisation effect of SCF on humans when used alone has not been
published. The use of SCF/G-CSF for mobilisation followed the demonstration of
synergy of such acombination in experimental animals. In patients with breast cancer,
concomitant SCF enhances blood cell mobilisation of G-CSF.(?)

Socinski et a described an 18-fold increase in PB CFU-GM after GM-CSF
(Lancet 1988).(%2 A |ater report described a more modest 4- to 9-fold increasein PB
CFU-GM. Peters et a @ also suggested that GM-CSF is | ess efficacious than G-CSF in
mobilisation. IL3 has little activity in mobilisation.?¥ Vadhan-Raj et a®® reported only
modest mobilisation activity of PIXY 321 in 24 patients with sarcoma prior to
chemotherapy.

Brasel et al(?® reported preliminary data from a murine study comparing the
progenitor cell mobilisation effect of FIt3 ligand. FIt3 ligand produced an 83-fold increase
of PB CFU-GM, but FIt3 ligand + G-CSF gave a 2193 fold increase. Synergism with
GM-CSF was minimal.

Erythropoi etin, macrophage inflammatory protein-1a and IL-6 have been shown to
have very modest activity in progenitor cell mobilisation.?”-29 | L-1 mobilises CFU-GM
and CFU-S12 after 4-8 hours and these PB cells have long-term hemopoietic
reconstitutive capacity.% The same group also demonstrated similar activity with IL-
8.(31)

The mobilisation potential of thrombopoietin has not been reported.

Factors Affecting Yield

In progenitor cell mobilisation following myel osuppressive chemotherapy, the
dose of chemotherapy, the severity of myelosuppression and the rate of recovery of
leukocyte count all correlate positively with progenitor cell yield following
chemotherapy.(11:13.14)

The addition of G-CSF or GM-CSF to myel osuppressive chemotherapy appears to
enhance progenitor cell yield.™ The amount of previous chemoradiotherapy and the
degree of bone marrow involvement are significant determinants of progenitor cell
yield.(1532) Experimental data suggest that chemoradiotherapy damages stem cells.

The importance of hemopoietic reserve in progenitor cell mobilisation
underscores how critical it is to incorporate mobilisation as part of planned treatment
rather than as part of salvage for resistant disease.(3?

Timing of Collection

In chemotherapy, mobilisation aphereses are usually performed when the
leukocyte count starts to rise above 1 x 10%L.MD In G-CSF, mobilisation aphereses are
usually performed on days 5, 6 and 7 of G-CSF administration.® In chemotherapy + G-
CSF/GM-CSF mobilisation, most groups start apheresis when the leukocyte count is 2-5
x 10°%L and some groups recommend not starting until the leukocyte count is greater than
10 x 10%L .19 Nowadays CD34+ cell levels should be used because it is amore direct
measure of progenitor cells. Most groups use 20-40 x 10%/L as the minimum starting
level. Theyield should also be defined as CD34+ cells.



There has been considerable interest in collecting sufficient progenitor cells for
rescue from a single apheresis. Several groups are now using large volume apheresisto
maximise progenitor cell yield,® although the patient’ s tolerance can be a problem.

Target and Thresholds

A target progenitor cell yield from leukapheresis is important because the number
of progenitor cells re-infused correlates with the rate of hemopoietic reconstitution, which
influences the safety and costs of transplants. The target yield then determines when and
how many leukaphereses will be performed. A highly significant correlation between
CFU-GM and CD34+ cells has been confirmed by numerous reports so data based on
either assay arevalid.

A CFU-GM cell dose effect was first suggested in 1986( when analysis of the
limited data available then suggested that a minimum of 30-50 x 10%/kg BW is required
for rapid hemopoietic reconstitution. In G-CSF mobilised blood cell transplants, Sheridan
et a reported that patients receiving > 30 x 104 CFU-GM/kg BW recovered faster than
those receiving less.(®) With more data now available, 15-20 x 10* CFU-GM/kg or 1-2 x
106 CD34+ cellgkg is generally agreed as the minimum threshold below which rapid
hemopoietic reconstitution may not occur.(19:39)

A progenitor cell dose above the minimum threshold is generally associated with
increasingly rapid hemopoietic reconstitution.™® However there seems to be an upper
threshold effect at 50 x 10* CFU-GM/kg or 5-8x 106 CD34+ cellg’kg above which further
increasesin cell dose may not substantially further hasten recovery. ()

Tumour Control

Since the benefit of mobilised blood cell transplants liesin shorter
hospitalisations, fewer blood products, less antibiotic usage and probably lower
procedure-related mortality, these do not by themselves lead to a different tumour control
outcome than bone marrow transplants. However, the increased safety allows older
patients and more diseases to be treated with high dose therapy. An even more important
development is the use of multiple cycles of high dose therapy and blood cell rescue to
deliver a higher total dose and dose rate.(2037)

Malignant Contamination

We know little about the possible significance of cells or molecular markers that
are indicative of the target neoplasm in hemopoietic cells used for autologous
transplantation. Whether they represent tumour stem cell or effete end cellsis not easy to
determine. The notable exception isin acute myeloid leukemia and neuroblastoma, where
gene marking studies have shown that the autol ogous cells infused contributed to
relapse.®® Nonetheless, not all acute myeloid leukemia patients receiving autologous
transplants relapse; thus, whether leukemic contamination occursin al patientsis not yet
known. In acute lymphoid leukemia, persistence of the leukemia-associated molecular
marker indicates a higher risk of relapse.®? The presence of molecular markers of



lymphoma and myeloma has al so been described.%*3) The detection of epithelial cellsin
BM and mobilised blood cells of patients with breast and ovarian cancer has been
reported by several groups.+4 Malignant contamination in mobilised blood cells
appears to be less frequent than BM.(4446)

What remains unanswered is whether the tumour stem cell exhibits the same
phenotype as cells identified by these methods. Furthermore, whether all viable cells that
bear the same immuno- and molecular phenotype are capable of metastasisis yet to be
determined.

Paediatric Patients

The most comprehensive series of reports of paediatric blood cell harvesting and
transplants comes from Takaue et al.*”) The main areas distinguishing this paediatric
population are special requirements for vascular access and leukapheresis, high
progenitor yields and risks of ‘stem cell exhaustion’.(“®) The authors suggest that the
mobilisable pool isamajor component of the total body pool in small children during
hemopoietic recovery.

Applications in Non-Malignant Diseases

Multiple sclerosis, auto-immune diseases and paroxysmal nocturnal
hemoglobinuria have al been targeted for autotransplantation using mobilised blood
cells.#50) Mobilised blood cells have also been proposed as the source of CD34+ cells
for gene therapy.®V Specific diseases or therapeutic indications that have been targeted
include methotrexate resistance,®? chronic granulomatous disease®®® and Gaucher
disease.*¥

Summary

Mobilised blood cells are now used not only for single hemopoietic rescue
following high dose therapy, but also to provide sufficient progenitor cells for multiple
rescues, ex vivo processing and gene therapy. G-CSF alone or a combination of
chemotherapy and hemopoietic growth factors such as G-CSF and GM-CSF are the two
mobilisation protocols most commonly used. Hemopoietic reserve affects progenitor cell
yield, so mobilisation protocols should incorporate mobilisation early in the treatment
process. Adequate standardisation of stem cell measurement should allow reliable
guantitation of hemopoietic reconstitutive capacity. Whenever possible, data on
malignant contamination should be collected and collated with treatment outcome.
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