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Mobilization and Collection of HSC

Kai Hubel

15.1 Introduction

The intravenous infusion of patient’s own HSC to
restore BM damage is the basic principle of high-
dose chemotherapy, since otherwise the patient
would expect long-lasting aplasia with life-
threatening infections. Therefore, a sufficient
collection of HSC before application of high-
dose therapy is mandatory. Since HSC expresses
CD34 on their surface, the number of CD34+
cells in the transplant material is considered as an
indicator of the HSC content.

In principle, there are two ways how to collect
stem cell: by repeated aspiration of BM from the
pelvic crest or by leukapheresis after mobiliza-
tion of HSC into the PB. The latter one is favored
and considered as standard because it is less
stressful for the patient and leads to faster engraft-
ment and hematologic reconstitution which may
improve patient outcomes (Gertz 2010).

Usually, HSC circulates in a very small num-
ber in the PB. Therefore, mobilization of HSC
from the BM to the PB is an essential part of
auto-HSCT programs. Following sufficient
mobilization, patient will need leukapheresis
which is often performed by central lines to facil-
itate the procedure. Finally, HSC will be cryopre-
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served using dimethyl sulfoxide (DMSO) until
transfusion.

15.2 Strategies of Mobilization

There are two different strategies to mobilize
HSC from the BM to the PB: the so-called
“steady-state” mobilization and the mobilization
by chemotherapy.

15.2.1 Mobilization Without
Chemotherapy
(“Steady State”)

Using this approach, HSC will be mobilized by
the use of cytokines only. The only recommended
cytokine for mobilization is G-CSF, since
GM-CSF is no longer available in many coun-
tries after commercial failure and withdrawal.
G-CSF induces myeloid hyperplasia and the
release of CD34+ cells into the -circulation
through proteolytic cleavage of adhesion mole-
cules (Lapidot and Petit 2002). Currently, the
G-CSF cytokines filgrastim and lenograstim have
market approval for mobilization of HSC in
Europe.

The recommended doses are filgrastim 10 pg/
kg/day SC for 5-7 consecutive days and leno-
grastim 10 pg/kg/day SC for 4-6 consecutive
days. The use of biosimilar G-CSF has equivalent
efficacy (Schmitt et al. 2016).
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Leukapheresis usually is performed on day 5
independent whether filgrastim or lenograstim
was used for mobilization. The measurement of
CD34+ cells in the PB before leukapheresis is not
mandatory but could help to estimate the expected
collection yield and the duration of leukapheresis.
If the number of cells collected is inadequate,
mobilization with G-CSF may be continued for
1-2 days. However, if the collection goal is not
reached after the third leukapheresis, a successful
mobilization is unlikely.

The major advantages of steady-state mobiliza-
tion are the relatively low toxicity, the predictable
time of leukapheresis, the outpatient administration,
and the reduced costs compared to chemo-mobiliza-
tion. The major disadvantages are variable mobiliza-
tion failure rates and the lower CD34+ cell yields
compared to chemo-mobilization. Mobilization
with G-CSF only may be used in patients without
further need of chemotherapy, e.g., in patients with a
stable remission of the underlying disease.

15.2.2 Mobilization
with Chemotherapy

The use of chemotherapy in combination with
G-CSF is the preferred way of mobilization for
all patients who will need further decrease of
tumor burden and/or who have to collect a high
number of HSC.

CY in a dose of 2-4 g/m? is widely used for
HSC mobilization. It is also possible to mobilize
HSC not by a separate chemotherapy but as part
of the disease-specific chemotherapy, e.g., to
mobilize HSC following salvage treatment with
R-DHAP or R-ICE in lymphoma patients. The
choice of a specific chemo-mobilization approach
is based on patient’s disease characteristics and
local clinical practice guidelines.

Approved doses of G-CSF for HSC mobiliza-
tion after myelosuppressive therapy are filgrastim
5 pg/kg/day SC and lenograstim 150 pg/m?/day

SC. There are reports of the use of higher doses
of G-CSF (Romeo et al. 2010), but there are no
randomized trials and additional side effects are
possible. Mobilization with G-CSF should start
after completion of chemotherapy at the earliest
and at the leukocyte nadir at the latest and should
continue until the last leukapheresis. Most proto-
cols recommend the initiation of G-CSF within
1-5 days after the end of chemotherapy.

The major advantage of adding chemother-
apy to cytokines, besides the effect on the tumor,
is the expected improvement of the collection
yield with fewer apheresis sessions (Sung et al.
2013). The major disadvantages of chemo-
mobilization are the therapy-related toxicity, the
requirement of in-hospital treatment in most
cases, the bone marrow damage by the chemo-
therapy which may impair future mobilizations,
and higher mobilization costs. Furthermore, an
exact prognosis of the CD34+ cell peak in the
PB and the optimal start of leukapheresis are
difficult and require daily monitoring of CD34+
cells in the PB. Table 15.1 summarizes a recom-
mendation of timing of G-CSF following most
used chemotherapy regimens and start of moni-
toring of CD34+ cells in the PB.

In several clinical trials, it was documented
that relapse rate after auto-HSCT following
mobilization with and without chemotherapy is
comparable (Tuchman et al. 2015).

Table 15.1 Recommended start of G-CSF and start of
CD34+ monitoring for most used mobilization chemo-
therapy regimens

Start CD34+
Chemotherapy Start G-CSF ~ monitoring
CY 2 g/m? Day 5 Day 10
CAD Day 9 Day 13
(R)CHOP/CHOEP Day 6 Day 11
(R)DHAP Day 9 Day 14
(R)ICE Day 6 Day 12
(R)AraC/TT Day 5 Day 10

Day 1: first day of chemotherapy application (without
rituximab). Adapted from (Kriegsmann et al. 2018)
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15.3 CD34+ Cell Count and Timing
of Leukapheresis

Up to date, CD34+ cell count in mobilized periph-
eral blood product is the most important parame-
ter of graft quality, as it is the only recognized
predictor of stable hematopoietic engraftment
after auto-HSCT (Saraceni et al. 2015).
Monitoring of CD34+ cells in the PB is optional
in steady-state mobilization but an essential part
of chemo-mobilization. Following chemotherapy,
the daily measurement of leukocytes and throm-
bocytes is recommended. If not otherwise speci-
fied by the protocol, CD34 monitoring should be
initiated at the latest if leukocytes increase up to
1000/pL during recovering from aplasia. This
increase of leukocytes is mostly accompanied
with an increase of thrombocytes. A prompt start
of leukapheresis is required of CD34+ cell count
of >20/puL. (Mohty et al. 2014); for more details,
please see Sect. 15.6.

15.4 Target HSC Collection Count

The target quantity of HSC to be collected is
dependent on the underlying disease. Most
patients with NHL or HL (expect for rare case of
patients with HL. who require double auto-HSCT)
will need one autograft. The generally accepted
minimum CD34+ cell yield to proceed to trans-
plantation is 2 x 10° cells/kg (Mohty et al. 2014);
however, higher yields of 4-5 x 10° CD34+ cells/
kg are aimed for at many centers since they have
been associated with faster neutrophil and plate-
let recovery, reduced hospitalization, blood trans-
fusions, and antibiotic therapy (Stiff et al. 2011;
Giralt et al. 2014). Patients mobilizing
>8-10 x 10° cells/kg are called “super mobi-
lizer”’; however, the reported positive effect after
infusion of such a high number of HSC on the
outcome and prognosis of the patient is highly
speculative. For patients with a chance of two or

even more transplantations (mainly patients with
MM), it is essential to collect the required num-
ber of HSC before the first high-dose therapy
since mobilization after high-dose therapy has an
increased risk of failure. For tandem transplanta-
tion, the required cell dose for one transplanta-
tion is also at least 2 x 10° CD34+ cells/kg.

15.5 Leukapheresis

Collection of peripheral HSC for auto-HSCT is a
well-established process. The duration of one
leukapheresis session should not exceed 5 h, and
the total number of leukapheresis session should
not exceed four procedures since more sessions
are useless in most cases and will stress the
patient. CD34+ cell collection has been shown to
be more effective with larger apheresis volume
(4.0-5.3 times the patient’s total blood volume),
and no difference in CD34+ cell viability was
observed compared with normal-volume aphere-
sis (2.7-3.5 times the patient’s total blood vol-
ume) (Abrahamsen et al. 2005). Enhanced
volumes are especially recommended for patients
with a high risk of mobilization failure or for
patients with a high individual CD34+ cell col-
lection goal. However, not all patients are eligible
for enhanced volume strategies. Larger transfu-
sion volumes and related higher DMSO contents
have been associated with increased risk of car-
diac side effects (Donmez et al. 2007).

15.6 Poor Mobilizer

Despite widespread and established practice, cur-
rent mobilization strategies vary between centers
and differ in terms of feasibility and outcome.
Although the majority of patients are able to
mobilize sufficient CD34+ cells for at least a sin-
gle auto-HSCT, approximately 15% fail to do so
(Wuchter et al. 2010).
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Poor mobilizers are usually defined as patients
with less than 2 x 10° CD34+ cells/kg collected
or patients mobilizing less than 10-20 CD34+
cells/pl into the PB. In general, there are two
groups of poor mobilizers: predicted poor mobi-
lizers and proven poor mobilizers (Olivieri et al.
2012). Proven poor mobilizers have low CD34+
peripheral counts circulating or do not achieve
adequate HSC on day 1 of apheresis. Based on
CD34+ cells, it is possible to identify the follow-
ing subgroups: “borderline poor mobilizer” (11—
19 CD34+ cells/pL), “relative poor mobilizer”
(6-10 CD34+ cells/pL), and “absolute poor
mobilizer” (0-5 CD34+ cells/pL) (Wuchter et al.
2010). If a patient has >20 CD34+ cells/pL at
time of apheresis, the collection process should
start. Between 15 and 20 CD34+ cells/pL, collec-
tion might be sufficient if not more than two

transplantations are planned and the patient has
no risk factors for poor mobilization (see below).
Otherwise, the use of plerixafor (recommended
dose 0.24 mg/kg/day SC) should be considered. If
a patient has 10-15 CD34+ cells/pL, plerixafor
application should be discussed. Below 10 CD34+
cells/pl, the use of plerixafor is clearly indicated to
avoid mobilization failure. That means that there is
a “gray area” between 10 and 20 CD34+ cells/pL,
and the decision to use plerixafor in this situation
is based on disease characteristics and treatment
history (Fig. 15.1). Furthermore, if it is not possi-
ble to collect at least one third of the collection
goal with the first apheresis, plerixafor should be
applied because of high risk of mobilization fail-
ure (Mohty et al. 2014; Cheng et al. 2015).
Predicted poor mobilizers are defined by base-
line patient or disease characteristics which are

CD34" cell count prior to apheresis

>20 cells/pL*

10-20 cells/pL

<10 cells/pL

Dynamic approach
based on the
patient’s disease
characteristics and
treatment history

Preemptive plerixafor

Apheresis (target cell count = 2.0 Mio CD34* cells/kg BW)

Fig. 15.1 Proactive intervention to rescue mobilization failure (Adapted from Mohty et al. 2014). *No active interven-

tion required
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Table 15.2 Factors described as predictive of poor mobi-
lization or mobilization failure

Risk factors for poor mobilization

Age >60 years

Advanced stage of underlying disease

High number of prior treatment lines

Therapy with fludarabine, melphalan, and lenalidomide

(controversial)

Low CD34+ cell count before apheresis

Low platelet count before mobilization (controversial)

Adapted from (Mohty et al. 2014)

associated with poor mobilization. These factors
are listed in Table 15.2. In patients with one or
more of these risk factors, the preemptive use of
plerixafor should be considered. It is generally
accepted that the most robust predictive factor for
poor mobilization is the CD34+ cell count in PB
before apheresis.

The use of plerixafor is not only valuable to
avoid a failed mobilization in the described risk
groups, bit it has also a documented effect on the
resources of the centers. With the use of plerixa-
for, patients spend less time on apheresis with
less blood volume processed and collect more
CD34+ cells with the first apheresis, leading to a
decreased number of apheresis sessions needed
(Mohty et al. 2018). This has a direct effect on
reducing mobilization costs. In case of a failed
first mobilization attempt, the use of plerixafor
for remobilization is clearly indicated (Hubel
etal. 2011).

15.7 Future Directions

At this time, the number of CD34+ cells in the
graft is the major and most important indicator
for graft quality. A sufficient number of CD34+
cells are essential to overcome the toxicity of
high-dose chemotherapy and to facilitate hema-
topoietic recovery. However, there is an increas-
ing understanding that other graft subsets, e.g.,
CD34+ subpopulations or immune cell subsets
(B cells, T cells, NK cells, dendritic cells), influ-
ence immune recovery. There are also reports
that the mobilization regimen has a major impact
on graft immune composition and patient’s out-
come (Saraceni et al. 2015). Therefore, stem cell

mobilization could not only be an important part
of high-dose therapies but could also be part of an
effective immunotherapy. The delineation of this
approach has just been started.

Key Points

* Mobilization with chemotherapy plus
G-CSF is the preferred method for
patients who will need decrease of
tumor burden or who have to collect a
high number of HSC.

e Up to date, CD34+ cell count in the PB
is the most important parameter of graft
quality.

e The required HSC dose for one trans-
plantation is at least 2 x 10° CD34+
cells/kg.

e The indication for the use of plerixafor
depends on the CD34+ cell count in the
PB, the collection goal, the collection
yield with the first apheresis, and/or the
presence of risk factors.
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