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Abstract
Purpose of Review—Peripheral Blood Stem Cells (PBSC) have been widely adopted as a
source of stem cells for allogeneic transplantation although controversy remains regarding their
role compared to the use of bone marrow (BM).

Recent Findings—Ten year follow-up has been reported from several large randomized trials
and a recently completed trial using unrelated donor stem cells have been reported. In addition,
two meta-analyses have been reported from the findings of a number of randomized studies.
Several studies indicate that PBSC confer survival advantages over BM with matched sibling
donors for most disease categories except where the risks of disease recurrence within the first
year are low, but with the extra risk of more chronic GVHD. Using PBSC from unrelated donors
does not appear to be more beneficial than BM, but with early follow-up. New strategies for rapid
mobilization of PBSC from normal donors using plerixafor have been reported. Early studies
suggest that filgrastim stimulated BM may confer some of the advantages of PBSC without the
risks of chronic GVHD.

Summary—PBSC are a preferred source of stem cells for many types of allogeneic transplant
where matched related donors are available. Whether the same benefits accrue from unrelated
donors will require further follow-up.
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Introduction
It has been 18 years since the initial report of allogeneic transplant utilizing peripheral blood
stem cells (PBSC) collected after filgrastim from a donor considered high risk for
anesthesia, precluding marrow (BM) harvest [1]. The recipient had acute lymphocytic
leukemia in second remission and was treated with cyclophosphamide and total body
irradiation followed by unmodified PBSC and GVHD prophylaxis with cyclosporine and
methotrexate. He engrafted promptly and did not develop acute or chronic GVHD. These
initial observations led to the rapid application of this technology [2–16].

Results of allogeneic PBSC transplantation suggest that this technique can produce
substantially more rapid engraftment than observed with unmodified BM. Rates of acute
GVHD have been similar to or greater than BM, depending on the particular trial, but
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chronic GVHD in most trials has been greater than BM. The European Group for Blood and
Bone Marrow Transplantation (EBMT) survey of transplant centers in 1996 found that out
of 4400 allogeneic transplants, PBSC's were used in 30% [17]. By 2009, using a similar
survey the number of allogeneic transplant had increased to 11,500, of which 71% utilized
PBSC [18]. This large increase in the absolute numbers of allogeneic transplants using
PBSC was due in part to the increased use of non-ablative regimens which constituted 39%
of the transplants, but also is indicative of the popularity of PBSC.

This review will deal exclusively with patients undergoing myeloablative allografts since
BM does not appear to be an option for patients who receive non-myeloablative
conditioning. This is due to the unacceptably high rates of graft rejection or failure when
BM has been used for nonmyeloablative allografts.

Prospective Randomized Comparisons of PBSC and BM
Results of eight randomized studies comparing mobilized PBSC and unstimulated BM for
allogeneic transplantation have been reported; with several updated to 10 year follow-up
(Table 1). These studies enrolled 30–329 patients each and in total contain over 1000
patients. All studies utilized the combination of cyclosporine and methotrexate for GVHD
prevention [30], however, in 3 studies the day 11 methotrexate dose was omitted. Post-
transplant myeloid growth factors were not used with the exception of the 329 patient
European Group for Blood and Bone Marrow Transplantation (EBMT) study [24,25].
Neutrophil engraftment occurred significantly earlier with PBSC in 7 studies and all studies
showed significantly earlier platelet recovery with PBSC. The risks of acute GVHD, grades
II–IV were similar in all studies except for the multicenter EBMT which noted a 13%
greater incidence of grade II–IV GVHD and a 12% greater incidence of grade III–IV GVHD
in the PBSC group and a Nordic trial which reported 15% more acute GVHD with PBSC.
An important difference in the design of the EBMT study compared to the others, was the
omission of day 11 methotrexate from GVHD prophylaxis. In prior studies of BM transplant
recipients, omission of day 11 methotrexate increased the risks of GVHD [31]. Although
these were randomized studies, this omission may have further predisposed recipients of
PBSC to develop GVHD due to the 10 fold greater number of T cells.

All studies showed a trend toward more chronic GVHD with PBSC, and in 3 studies the
trend became statistically significant. It is interesting that the day 11 dose of methotrexate
was omitted in the three studies that reported a statistically higher incidence of chronic
GVHD with PBSC. While this observation does not directly explain a higher incidence of
chronic GVHD, patients who have acute GVHD are more likely to develop chronic GVHD.

Two large studies of 172 and 228 patients had statistically better survival or disease free
survival among patients who were randomized to receive PBSC. In the U.S. study, disease-
free survival was better but overall survival was not. The survival differences were greatest
among patients with more advanced hematologic malignancies, and this was due to both
reduced transplant-related mortality and relapse [28,29]. These observations continue to
hold up with 10 year follow-up. In comparison to the other published, randomized clinical
trials, the U.S. study enrolled a larger number of patients with more advanced hematological
malignancies, the patients in whom the benefit of PBSC was most apparent. The study was
not large enough to determine whether the use of peripheral blood cells improved survival
for patients with less advanced hematologic malignancies. The Canadian intergroup trial
was mainly composed of patients with less advanced leukemias but due to larger patient
numbers the survival differences were significant [27]. This trial, interestingly, showed that
overall survival was better with PBSC primarily due to reduced non-relapse mortality
without significant differences in relapse. In contrast the larger EBMT trial which was also
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composed almost exclusively of less advanced patients showed no differences in disease-
free survival or overall survival [24,25]. This trial had important differences from the
Canadian study including omission of the day 11 methotrexate and the use of post transplant
filgrastim. In a large meta-analysis of all the randomized trials, survival was improved in
recipients of PBSC who received 4 doses of methotrexate compared to recipients of BM and
4 doses of methotrexate, due primarily to lower rates of relapse [32]. It was hypothesized
that the extra dose of methotrexate suppressed antileukemic effects of the BM graft but did
not affect the PBSC graft.

Ten year follow-up has been reported for both the EBMT and US trials [25,29]. Ten year
follow-up in the US trial showed continued protection against relapse; 22% with PBSC v.
32% with BM, p=0.01. Transplant mortality was similar between PBSC and BM as well as
chronic GVHD, 48% with PBSC v. 37% with BM, p=0.55. Overall survival was similar
between PBSC and BM in the US trial, but in the subgroup analysis patients with more
advanced hematologic malignancies had superior survival with PBSC. Ten year follow-up
of the EBMT trial continue to show similar overall survival and leukemia free survival with
both PBSC and BM. There is more chronic GVHD with PBSC but this does not impact
overall outcomes, including survival.

Two meta-analyses have been reported, 1 using individual patient data supplied by the
original authors [33] and another more recent paper using time-to-event data reported from
the original manuscripts [34]. The individual patient analyses reported faster engraftment
with PBSC but more acute GVHD grades 2–4, and chronic GVHD. Nonrelapse mortality
was similar but rates of relapse were lower in both early and late stage disease. Overall
survival and relapse free survival were only improved with PBSC in patients with late stage
disease. In the more recent publication findings were similar to the prior meta-analysis with
the exception of a greater risk of severe (grades 3–4) acute GVHD.

Experience with Unrelated Donors
Due in part to concerns about exposure of normal volunteer donors to filgrastim during the
mobilization process, allogeneic transplants performed using unrelated donor PBSC have
been more slowly adopted. In a limited study of the experience from 4 European centers, 45
patients received unmanipulated, filgrastim mobilized PBSC from volunteer unrelated
donors, and the results retrospectively compared to those who received BM [35].
Engraftment with neutrophils and platelets was more rapid with PBSC, with similar
incidences of acute and chronic GVHD transplant-related mortality and overall survival. A
large, recently completed trial conducted by the US Clinical Trials Network has been
reported with 551 patients from the US and Canada randomized to allogeneic PBSC or BM
from matched unrelated donors [36]. By intent to treat analysis there were no differences in
2 year overall survival; 51% with PBSC, 46% with BM, p=0.25. Disease free survival,
relapse, non-relapse mortality, neutrophil engraftment, and acute GVHD, grades 2–4 and 3–
4 were similar. Chronic GVHD, however, was higher with PBSC 53% v. 40% with BM,
p=0.02. Two year survival is a relatively early outcome and further follow-up is needed to
assure equivalence. In addition only 28% of patients in this trial had high risk disease; the
group that seems to derive greatest benefit from PBSC.

T- Cell Depletion Studies
As in BM, investigators have been interested in T-cell depletion approaches as a means of
reducing GVHD. The main advantage of T depletion in PBSC is that larger numbers of stem
and progenitor cells can be harvested to offset their inevitable losses when cells are
manipulated. One multicenter study enrolled 62 patients who had allogeneic PBSC from
HLA matched sibling donors, which were CD34 enriched using immunomagnetic beads or
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avidin-biotin [37]. In that study engraftment was rapid and GVHD was virtually eliminated
with cyclosporine prophylaxis. Only short-term outcomes were available making the
questions of relapse and chronic GVHD in further follow-up important. One theoretical
advantage of CD34+ cell enrichment over complement lysis techniques is that a second
stage selection technique could be utilized to select other cell populations such as CD56+ or
CD8+ cells that could be added back to the graft. This engineering technique would
potentially allow the selective infusion of cells able to enhance immune reconstitution
against infectious agents or anti-leukemic effects without the development of GVHD. Two
more recent studies reported outcomes of small numbers of patients with hematologoic
malignancies receiving T depleted PBSC after myeloablative conditioning with TBI. In one
study patients with AML in remission received sibling grafts that were CD34 selected
without additional GVHD prophylaxis [38]. Acute GVHD grades 2–4 was seen in 23% with
chronic GVHD in 7%. Relapse rates were 17% with 58% surviving disease free at 36
months. In the second trial 35 patients with mostly acute leukemia received PBSC from
unrelated donors after CD34 selected/E-rosetting with additional ATG post transplant. The
four year disease free survival was 57% with acute GVHD grades 2–4 of 9% and chronic
GVHD of 29%. Rates of relapse were low at 6% [39]. The outcomes of these 2 studies are
similar to T replete transplants but with lower rates of chronic GVHD making this a
potentially attractive strategy. A randomized trial of T cell depletion by means of CD34
selection was performed comparing selected PBSC vs. selected BM and the results were
strikingly different [40]. In this trial PBSC recipients were given 50% higher numbers of
residual T cells than BM recipients, 3.0 × 105/kg vs. 2.0 × 105/kg, but 4 times the number of
CD34 cells. Engraftment of both neutrophils and platelets was significantly faster but acute
GVHD was significantly higher with PBSC and correlated with the number of residual T
cells. Transplant mortality was strongly linked to GVHD. Survival at 3 years was
significantly better for BM than PBSC, 60% v. 45%, p=0.04. Higher mortality in the PBSC
group was linked to more acute GVHD among recipients of >2.0 × 105 residual T cells/kg.
This trial had a majority of good risk patients but found a threshold effect of the dose of T
cells on the development of GVHD which suggests that CD34 selection results in too many
residual T cells to be a stand alone method for T depletion of PBSC.

Filgrastim Stimulated Marrow
Based on the hypothesis that filgrastim may improve yield of BM from normal donors,
several small studies have examined engraftment and GVHD for patients receiving
allogeneic BM from donors who received 3–4 days of filgrastim immediately prior to
harvest [41–43]. When compared to filgrastim mobilized PBSC, recipients of filgrastim
stimulated allogeneic BM experienced similar neutrophil engraftment, but slower platelet
recovery, significantly lower incidences of acute and chronic GVHD and similar survival
[42]. Two studies, which compared filgrastim stimulated BM to historical BM patients
showed earlier neutrophil and platelet recovery in patients given stimulated BM with similar
rates of GVHD, relapse and survival [41,43]. A small prospective randomized trial
comparing filgrastim stimulated BM to PBSC found similar rates of neutrophil and platelet
engraftment but greater rates of acute and chronic GVHD with PBSC, without differences in
short term survival [44]. A review of this topic which included a meta-analysis of studies
comparing filgrastim BM to PBSC found similar rates of engraftment, acute GVHD, relapse
and OS but a greater risk of chronic GVHD with PBSC [45]. These preliminary studies
provide data suggesting that filgrastim stimulated allogeneic BM may confer early
engraftment similar to mobilized PBSC but possibly without the increased risk of GVHD. A
large prospective randomized trial sponsored by the Canadian Blood and Marrow transplant
group is currently open with the aim of comparing filgrastim mobilized PBSC with
filgrastim stimulated BM. The study is designed to detect a 30% difference in the rates of
chronic GVHD.
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New PBSC Mobilization Strategies for Allogeneic Transplantation
A novel cytokine, plerixafor, blocks chemokine receptor-4 binding by stem cells and is
approved for autologous transplant to augment mobilization with filgrastim [46,47]. This
drug has the potential, however, to revolutionize PBSC harvests from normal donors as it
has been shown that plerixafor alone can be used to rapidly mobilize PBSC from normal
donors within 1–3 days and that these cells are capable of rapid engraftment in allogeneic
recipients [48]. This would allow donors to mobilize and collect PBSC within a 24–48 hour
period, a huge savings of time and effort; making PBSC donation more attractive for
unrelated donors.

Conclusion
The rapid application of allogeneic PBSC for transplantation in the past 18 years has raised
legitimate concerns about the relative benefits of this source of stem cells compared to BM.
It is clear that engraftment is more rapid with PBSC than BM and that this can be associated
with a reduced transplant related mortality. Most legitimate comparison trials using the
optimum GVHD prophylaxis regimen of a calcineurin inhibitor and methotrexate have
demonstrated equivalent rates of acute GVHD. Chronic GVHD can be expected to be 15–
20% higher with PBSC than BM. This chronic GVHD, however, is associated with
significant anti-leukemic effects which in turn confers a major survival benefit to patients
with more advanced hematologic malignancies. Patients with less advanced hematologic
malignancies probably do not benefit from the use of PBSC. Small studies indicate that
pretreatment of BM donors with filgrastim may confer some of the benefits of mobilized
PBSC. Larger, randomized comparisons are underway and will be required to be certain of
this. Early phase III data using allogeneic PBSC from phenotypically matched unrelated
donors indicates more rapid engraftment than BM with similar rates of acute GVHD, but
more chronic GVHD and no early survival benefit. Longer follow-up will be needed to
define the value of allogeneic PBSC from unrelated donors compared to BM. A recent study
used decision analysis modeling to determine the best source of stem cells [49]. Using
individual patient data from randomized trial they determined that PBSC was superior to
BM in overall and quality adjusted life expectancy. The only situation in which BM may be
preferred is when the 1 year probability of relapse is <5%.

The very large quantities of stem and progenitor cells made available from mobilized PBSC
will allow future trials of graft engineering in which highly purified stem and progenitor
cells will be transplanted along with purified or manipulated T cell subset capable of
ensuring engraftment, immune reconstitution, and anti-leukemic effects without GVHD.
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Key Points

• PBSC result in faster engraftment than unstimulated BM, and reduce rates of
relapse, especially in patients with more advanced hematologic malignancies,
but with more chronic GVHD.

• In randomized trials compared with BM, progression free survival is superior
with PBSC but overall survival is superior in only 1 trial.

• Filgrastim stimulated BM may provide similar rates of engraftment to PBSC but
without the greater risk of chronic GVHD and likely without the benefits of
lower rates of relapse, due to fewer T cells.
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