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A freeway to stem cells?
----------------------------------------------------------------------------------------------------------------

Alois Gratwohl and Aleksandra Wodnar-Filipowicz UNIVERSITY HOSPITAL BASEL CENTER FOR STEM

CELL TRANSPLANTATION

In this issue of Blood, Devine and colleagues give evidence that AMD3100 (Plerix-
afor), the direct antagonist of CXCR4/SDF-1, can induce mobilization of CD34�

hematopoietic stem cells with rapidity and in quantities sufficient for an allogeneic
transplant. Twenty patients with hematologic malignancies showed prompt en-
graftment after myeloablative conditioning and infusion of AMD3100-mobilized
donor cells, with no unexpected adverse events. A single-day stem-cell collection
procedure has become reality.

Peripheral blood stem cells (PBSCs) have
become the stem-cell source of choice for

autologous hematopoietic stem cell transplants
(HSCTs) and for two-thirds of allogeneic
HSCTs.1 Their more rapid engraftment and

ease of collection, compared with cumbersome
bone marrow (BM) harvest procedures, have
been the key elements for this change. Still, the
collection process is complex and time-
consuming, and requires logistical adjustments.

Stem cells need to be mobilized from
their hematopoietic niche. Currently,
mobilization is induced by chemo-
therapy (in the autologous setting)
alone or in combination with granulo-
cyte colony–stimulating factor
(G-CSF) or by G-CSF alone (in the
allogeneic setting). The mobilization
process is indirect. G-CSF induces a
release of metalloproteinases, which
disrupt the CXCR4/SDF-1 axis and
thus provoke the exit of stem cells (see
top panel of figure).2 Donors have to
inject the drug over a 4- to 6-day pe-
riod. Timing and coordination be-
tween many departments, clinicians,
and other participants is required.

A direct antagonist of the
CXCR4/SDF-1 axis (see bottom
panel of figure) has been developed as
an alternative mobilization option.2

Animal models and preliminary data
have shown promise. Plerixafor
(AMD3100) alone has induced rapid
mobilization of CD34� cells within a
few hours. Numbers of circulating

CD34� cells in G-CSF–primed patients in-
creased significantly when AMD3100 was added
on the last day of mobilization. Transplants with
these cells showed rapid engraftment after au-
tologous HSC transplantation.3

In a convincing study, Devine and coauthors
show that this novel approach can be used suc-
cessfully in allogeneic HSCTs as well. For allo-
geneic HSCTs, 25 donors were treated with a
single dose of 240 �g/kg AMD3100 and under-
went apheresis as soon as 4 hours later, with col-
lection of enough cells for a transplant (a suffi-
cient cell dose was defined as � 2 � 106 CD34�

cells/kg) in two-thirds of the donors with a
single dose and collection. Twenty stem-cell
products were transplanted into patients with
hematologic malignancies. All had received my-
eloablative conditioning. Engraftment was rapid
and complete. Acute graft-versus-host disease
(GVHD) occurred in 35% of patients. No unex-
pected adverse events were observed. Pain at the
injection site was noted. Lightheadedness, nau-
sea, bloating, flatulence, perioral paresthesias,
loose stools, diapheresis, and headache were
seen during mobilization. All toxicities were
mild and resolved within a few hours without
intervention.

These data are convincing. Will Plerixafor
replace mobilization with G-CSF from now on?
The ease of the collection procedure is an argu-
ment toward the affirmative. Harvesting teams
will be excited. Donors can come in early in the
morning, receive mobilization under supervi-
sion, and be free to go home by evening.

There are some caveats; it is unlikely that
everything will change. Graft products show
significant differences. CD34� cell content is
lower, and CD3� cell content significantly
higher, after AMD3100 than after G-CSF
mobilization. More recipients of AMD3100-
mobilized cells need to be followed for a longer
period of time to ascertain safety. Even with G-
CSF, too little information is yet available to
compare BM and PBSC grafts in allogeneic re-
cipients. There is an advantage to the use of
PBSC transplants early on, what with more
rapid engraftment and lower mortality in high-
risk patients. On the other hand, there is a higher

Mechanisms of HSC mobilization with G-CSF (top panel) and
AMD3100 (bottom panel).
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incidence of GVHD and higher transplant-
related mortality during follow-up. For patients
with aplastic anemia and for patients with low-
risk disease, such as chronic myeloid leukemia in
first chronic phase, survival is significantly worse
with PBSC than with BM transplants.4 The
higher T-cell count after AMD3100 collection
might increase the risk of GVHD even further.

Lastly, little is known about the impact of
AMD3100 on the donors at median or long-term
follow-up. No information is yet available on
toxicities with higher donor numbers. In a recent
report, 1 donor death was reported to occur per
roughly 10 000; severe adverse events, in 1 of
about 1000 donors.5 The potential risk of hema-
tological malignancies after G-CSF mobilization
still remains a matter of debate. Experience with
AMD3100 is far too limited to exclude potential
toxicity. The supplier of AMD3100 and the
transplant community will both face challenges
in collecting appropriate long-term data.

Despite thesereservations, there isproofof
principlenowthatstem-cellcollectioninsufficient
numberscanbecomefeasiblewithin1day.Agreat

relief fordonorsandharvestcenters is insight.
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Comment on Tam et al, page 975

Further progress in CLL therapy
----------------------------------------------------------------------------------------------------------------

Emili Montserrat UNIVERSITY OF BARCELONA

Inthis issueofBlood,Tamandcoworkers, ledbyM.Keating,reportmatureresultswith
FCRinpreviouslyuntreatedpatientswithCLL.Theoverall responseratewas95%,with
animpressiveCRrateof72%.Six-yearoverall andfailure-freesurvivalswere77%and
51%,respectively,andmediantimetoprogressionwas80months.Patientswhoachieved
responsehadamuchbetteroutlookthanthosewhodidnotrespond.

What are the central
messages from this

study? In short, fludara-
bine, cyclophosphamide,
and rituximab (FCR) com-
bination therapy produces
the largest proportion of
complete responses (CRs)
ever reported in CLL and,
even more importantly,
patients treated with this
regimen have better out-
comes, based on historical
comparisons, than similar
patients treated with flu-
darabine or fludarabine and
cyclophosphamide or mi-
toxantrone (see figure). In

addition, the relationship between the qual-
ity of the response and clinical outcome is
confirmed. Furthermore, patients achieving
CR with no detectable minimal residual dis-
ease (MRD)—albeit not studied by the tech-
nique currently considered preferable1— do
much better than the rest, thus confirming
that, whenever possible, obtaining MRD-
negative status is a desirable treatment end-
point in CLL.2 Notably, FCR abrogates the
poor prognostic significance of classic vari-
ables, which indicates that it actually
changes the natural history of CLL, the best
that can be said for any new therapy for neo-
plastic disorders. On the downside, there are
manageable toxicities, the poor response of
patients with chromosome 17 abnormalities,
the risk of secondary myelodysplasia, and
the fact that all patients are eventually pro-
jected to relapse.

Based on this report, should FCR be con-
sidered the new gold standard for CLL
therapy? It could be reasonably argued that
the remarkable results of this study are not
derived from a randomized phase 3 trial and
that, consequently, the relative superiority
of the FCR regimen needs validation in
other series and, above all, in randomized
studies. If this is the concern, we need only
await the shortly due and eagerly expected
results of the German CLL Group clinical
trial comparing FCR to FC, recently closed
because the main end-point of the study has
been reached.

As happens with all good studies, the
work of Tam et al not only offers important
answers, but also raises important questions
and inspires future research. Among these:
Is FCR necessary for all patients? Should
FCR be given as up-front therapy or could it
be part of a more conservative, sequential
therapy? Can FCR toxicity be reduced?
What is a patient’s fate once progression
occurs? Is retreatment safe? Given that all
patients eventually relapse, should some
kind of maintenance therapy be considered?
How should lessons from this study be ap-
plied to the predominantly elderly or physi-
cally unfit population of patients
with CLL?

All in all, however, it is easy to predict that
FCR will become an important new gold stan-
dard for CLL therapy. Treatment of patients
with CLL is rapidly evolving, and we can
surely expect dramatic improvements in the
management of this common form of leukemiaCLL: Patient survival according to treatment modality.
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