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NEEDS ASSESSMENT

Autologous hematopoietic stem cell transplantation (@HSCT) is
a well-established treatment for hematologic malignancies such
as multiple myeloma (MM) and non-Hodgkin lymphoma (NHL).
[1,2] Various changes in the field over the past decade, includ-
ing the frequent use of tandem aHSCT in MM, the advent of
novel therapies for the treatment of MM and NHL, plus the addi-
tion of new stem cell mobilization techniques, have led to the
need to reassess current stem cell mobilization strategies.

Mobilization failures with traditional strategies are com-
mon and result in delays in treatment and increased cost and
resource utilization. The mobilization of hematopoietic stem
cells fails in approximately 10-20% of patients with MM and
up to 20-30% of patients with NHL.[3,4] Poor mobilization
can lead to poor engraftment, increased morbidity, greater
resource utilization, and increased costs.[4,5] The cause of
poor mobilization can be partially explained by clinical vari-
ables (i.e., age, underlying disease, prior therapies, underly-
ing marrow function) and cannot be predicted.[0]

Methods to increase the circulating concentrations of he-
matopoietic stem cells (HSCs) have been found to be neces-
sary to ensure adequate and successful collections. Novel
mobilization regimens have changed the climate of stem cell
transplantation such that aHSCT may now be performed in
more than 90% of those patients in whom the procedure is
indicated, with a minimal need for remobilization strategies.

The precise regimen that is most effective remains to be de-
termined, however, and may vary depending on patient popu-
lation and the specific goal of stem cell collection. [7,8]

1. The NCCN Clinical Practice Guidelines in Oncology for Non-
Hodgkin’s Lymphomas. V.1.2015 Accessed May 1, 2015.

2. The NCCN Clinical Practice Guidelines in Oncology for Multiple
Myeloma. V.2.2015. Accessed May 1, 2015.

3. DiPersio JF, Micallef IN, Stiff PJ, et al. Phase Il prospective
randomized double-blind placebo-controlled trial of plerixafor plus
granulocyte colony-stimulating factor compared with placebo plus
granulocyte colony-stimulating factor for autologous stem-cell
mobilization and transplantation for patients with non-Hodgkin's
lymphoma. J Clin Oncol. 2009;27(28):4767-4773.

4. Pusic I, Jiang SY, Landua S, et al. Impact of mobilization and
remobilization strategies on achieving sufficient stem cell yields for
autologous transplantation. Biol Blood Marrow Transplant.
2008;14(9):1045-1056.

5. Gertz MA, Wolf RC, Micallef IN, Gastineau DA. Clinical impact and
resource utilization after stem cell mobilization failure in patients with
multiple myeloma and lymphoma. Bone Marrow Transplant.
2010;45(9):1396-1403.

6. Costa LJ, Nista EJ, Buadi FK, et al. Prediction of poor mobilization
of autologous CD34+ cells with growth factor in multiple myeloma
patients: implications for risk-stratification. Biol Blood Marrow
Transplant. 2014;20(2):222- 228.

7. Duong HK, Savani BN, Copelan E, et al. Peripheral blood
progenitor cell mobilization for autologous and allogeneic
hematopoietic cell transplantation: guidelines from the American




Society for Blood and Marrow Transplantation. Biol Blood Marrow
Transplant. 2014;20(9):1262-1273.

8. Giralt S, Costa L, Schriber J, et al. Optimizing autologous stem cell
mobilization strategies to improve patient outcomes: consensus
guidelines and recommendations. Biol Blood Marrow Transplant.
2014;20(3):295-308.

LEARNING OBJECTIVES
Upon completion of the program, participants should
be able to:

1. Demonstrate improved knowledge of stem cell
mobilization strategies in autologous hematopoietic
stem cell transplant

2. l[dentify patients at risk of poor stem cell mobilization

3. Devise and evaluate strategies to increase mobilization
success in autologous hematopoietic stem cell transplant

4. Assess the value of pharmaco-economics and
resource utilization associated with stem cell
mobilization strategies

TARGET AUDIENCE

This program has been designed for a targeted audience of
hematologists, hematologists/oncologists, blood and mar-
row transplant specialists, and all healthcare professionals in
the blood and marrow transplant community involved in the
care and treatment of hematologic malignancies.

FACULTY DISCLOSURES

Luciano J. Costa, MD, PhD has received honorarium as

a speaker for Sanofi.

John F. DiPersio, MD, PhD has no relevant financial
relationships to disclose.
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for Sanofi. Johnson & Johnson, and Celgene.

Edmund K. Waller, MD, PhD has received honorarium as a
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CJP DISCLOSURES
The employees of CJP Medical Communications have no fi-
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COMMERCIAL SUPPORT
This activity is supported by an educational grant from Sanofi.

ACCREDITATION STATEMENT

This activity has been planned and implemented in accor-
dance with the accreditation requirements and policies of the
Accreditation Council for Continuing Medical Education
through the joint providership of the Medical College of Wis-
consin and CJP Medical Communications. The Medical Col-
lege of Wisconsin is accredited by the ACCME to provide
continuing medical education for physicians.




CREDIT DESIGNATION EVALUATION & POST-TEST

The Medical College of Wisconsin is accredited by the Ac- Learners are to complete an evaluation and post-test in or-
creditation Council for Continuing Medical Education to pro- der to claim CME credit. Please click here to proceed to the
vide continuing medical education for physicians. The Medi- online evaluation and post-test, and to submit your request
cal College of Wisconsin designates this enduring material for CME credit.

for a maximum of 3.0 AMA PRA Category 1 Credits™. Physi-
cians should claim only credit commensurate with the extent

of their participation in this program. * BEFORE MOVING FORWARD,

PLEASE TAKE THIS PRE-TEST
OFF-LABEL/INVESTIGATIONAL USE

This educational activity may contain discussion of published
and/or investigational uses of agents that are not indicated
by the FDA. The opinions expressed in the educational activ-
ity are those of the faculty and do not necessarily represent
the views of the Medical College of Wisconsin, Carden Jen-
nings Publishing or Sanofi.

Before prescribing any medication, physicians should
consult primary references and full prescribing information.
Please refer to the official prescribing information for each
product for discussion of approved indications, contraindica-
tions, and warnings. Further, participants should appraise the
information presented critically and are encouraged to con-
sult appropriate resources for any product or device men-
tioned in this program.

PRE-TEST

Before moving forward, please take this pre-test.
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Dr. John F. DiPersio, Deputy Director, Alvin J. Siteman Cancer Center and Chief of the Divi-
sion of Oncology at Washington University School of Medicine in St. Louis and the Virginia
E. and Samuel J. Golman Professor of Medicine.

Dr. DiPersio’s research focuses on fundamental and translational aspects of leukemia and
stem cell biology. These studies include identification of genetic abnormalities in human leu-
kemias, understanding processes involving stem cell and leukemia cell trafficking, and clini-
cal and translational programs in both leukemia/myelodysplastic syndrome and stem cell
transplantation.

Dr. DiPersio is Chair of ASH Scientific Committee on Hematopoiesis, a member of the

John F. DiPersio MD, PhD Board of Scientific Counselors (Clinical Science and Epidemiology) of the National Cancer
Chief, Division of Oncology Institute, and the 2013 recipient of the Daniel P. Schuster Distinguished Translational Inves-
Deputy Director, Siteman Cancer Center . _ . _

Washington University School of Medicine tigator Award from Washington University, the 19th Annual AACR Joseph H. Burchenal Me-
St. Louis, Missour morial Award for Outstanding Achievement in Clinical Cancer Research in 2014 and the

2014 recipient of the American Society of Hematology Mentor Award for Clinical Investiga-
tions. He has authored or co-authored more than 275 publications and over 60 invited re-
views and book chapters.

Dr. DiPersio received his M.D. and Ph.D. from the University of Rochester and his B.A. in Bi-
ology from Williams College. He completed an internship and residency at Parkland Memo-
rial Hospital and The University of Texas Southwestern Medical Center in Dallas. After serv-
ing as chief resident at Parkland Memorial Hospital, Dr. DiPersio completed a fellowship in
the Division of Hematology/Oncology at the University of California, Los Angeles (UCLA).




Movie 1.1 Interactive 1.1

Introduction
John F. DiPersio MD, PhD

Good afternoon, my name is John DiPersio and I we get into the lectures I would like to give you a
am Chief of the Division of Oncology and Deputy Di-  short introduction to some of the strategies and
rector of the Siteman Cancer Center at Washington keys for stem cell mobilization as applied to both
University School of Medicine. It is a pleasure to autologous and allogeneic stem cell transplanta-
have this opportunity to introduce a topic of great tion. (Interactive 1.1)

importance to you, stem cell mobilization. Before
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The principles of autologous transplantation are
illustrated here. A patient who has a malignant dis-
ease such as non-Hodgkin lymphoma or multiple
myeloma comes into transplant with a fair amount
of disease. The object of an autologous stem -cell
transplant is to give high doses of chemotherapy or
chemotherapy and radiation therapy to dramatically
reduce the burden of disease so that the patient’s
own immune system can maintain it or eliminate it
after transplant. For some diseases like Hodgkin dis-
ease and non-Hodgkin lymphoma, this treatment
can be curative in a fair percentage of patients. This
treatment can put patients with multiple myeloma
into remission for a long period of time but it is
thought not to be curative in the vast majority of pa-
tients. In any event it can provide significant benefit
for patients with hematologic malignancies such as
non-Hodgkin lymphoma, Hodgkin disease, and mul-
tiple myeloma. (Interactive 1.2)

Before the high doses of chemotherapy and radia-
tion therapy are given one must obtain stem cells,

since performing this procedure in the absence of

Interactive 1.2

stem cell rescue of the patient would result in pro-
longed neutropenia and thrombocytopenia, and
most adults would not survive this prolonged period
of neutropenia.

Stem cells are collected either from the bone mar-

row or more frequently from mobilized peripheral
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blood. The stem cells are infused at the time of trans-
plant immediately after chemotherapy where they
home to the bone marrow, expand to the bone mar-
row, reproduce, give rise to differentiated progeni-
tors such as myeloid, erythroid, lymphoid and mega-
karyocytic progenitors, and reconstitute the entire
hematopoietic system of the recipient. Hopefully in
that time the numbers of leukemic, lymphoma, and
myeloma cells, etc. are so low that they can be main-
tained in that state for a long period of time, or they
are completely gone and the patient’s own immune
system can fight them coming back.

The principles of allogeneic stem cell transplanta-
tion are slightly different. Chemotherapy is given to
try and reduce the burden of disease in the recipient.
However, the major reason to give chemotherapy or
radiation therapy is to immune-suppress the recipi-
ent so that they can accept the peripheral stem cells.
(Interactive 1.3)

The presence of T-cells in these products are im-
portant, not only to promote engraftment but also
to eliminate the residual T-cells of the host so that

Interactive 1.3

the graft is not rejected. For the most part periph-
eral blood stem cells are used for this process, al-
though in patients with non-malignant diseases, es-
pecially in children, the bone marrow is a frequent
source of stem cells to reduce the risk of graft-
versus-host disease (GvHD). These T-cells, which
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mediate the graft versus tumor effect can cause

GvHD, which can be mild, moderate, or life threat-
ening. Patients usually require some type of GvHD

prophylaxis or treatment to allow for the graft to be

accepted by the recipient and also to reduce the risk

of GVHD by these passively transferred, mature, na-
ive T-cells from the donor.

Here we review the basic steps. You have to
have stem cells, the more stem cells the better. The
large number of T-cells in peripheral blood cell
products are problematic in that they may cause in-
creased rates of acute, and more frequently chronic,
GvHD. However, stem cells must be procured, ei-
ther from the bone marrow or from the peripheral
blood. If they come from the peripheral blood of al-
logeneic donors it is primarily done in the outpa-
tient stem cell setting using G-CSF, G-CSF in combi-
nation with chemotherapy, a chemokine receptor
antagonist alone, or G-CSF plus a chemokine recep-
ter antagonist. Conditioning must be given to the re-
cipient to eliminate the residual tumor and to pro-

mote engraftment. (Interactive 1.4)

Interactive 1.4

Engraftment occurs when the stem cells home to
the bone marrow and expand and result in multi-

lineage engraftment. There are many factors in the

micro-environment that are key here, including solu
ble growth factors which promote reconstitution of

all lineages. Again, there are issues relating to GVHD
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and graft-versus-leukemia which must be considered
with any transplant.

This is a scanning electron micrograph done in
our lab looking at the interaction of highly purified
human hematopoietic stem cells with a bone marrow
stromal microenvironment which we constructed in
vitro. You can see that the projections from the stem
cells are the tethers that bind the stem cells to the mi-
croenvironment. To get these cells mobilized those
tethers must be modified and the cells released into
the microenvironment where they go into the vascu-
lar sinuses and out into the blood and then are col-
lected by pheresis. (Interactive 1.5)

The biology of this has been elucidated over
the past ten or twenty years by a number of investi-
gators. This is a very simplistic representation of
what might be happening. First of all, G-CSF is the
most frequently used mobilizing agent. It directly
downregulates the expression of SDF-1, which is
one of those important tethers which binds to a re-
ceptor on the hematopoietic stem cell, CXCR4, a
chemokine receptor. The downregulation of SDF-

Interactive 1.5

1, which occurs coincidentally with the elimination
of osteoblasts, occurs over four to five days, which
is exactly the temporal time frame that it takes for
a stem cell to be released into the peripheral
blood. So one can assume that the primary role of

G-CSF is to down regulate SDF-1 over four to five
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days. When it is low enough these cells will actu-
ally leave and go into the peripheral blood. (Inter-
active 1.6)

It is actually much more complicated than that
and the exact mechanism of how this occurs is not
clearly worked out. But a number of groups have
shown that since the bone marrow microenviron-
ment osteoblasts and stromal cells do not have recep-
tors for G-CSF there must be some intermediate cell
that induces these changes. Many groups have hy-
pothesized that this intermediate cell is a monocyte
and that G-CSF binds to a monocyte, which does sev-
eral things - it releases factors which downregulate
SDF-1 in the microenvironment but it also releases
proteases. There I should note that none of these are
known or unidentified yet. The proteases can clip the
tethers and induce rapid release from the bone mar-
row. So that is our current understanding of mobili-
zation. There are many other nuances that we don't
have time to discuss today.

This is an example of bone marrow which shows

the bone marrow osteoblast layer, the bone marrow

Interactive 1.6

itself, and the vascular sinusoids. The stem cells that
are in this environment have to be released from the
bone marrow osteoblasts and the mesenchymal cells
and the nestin-positive cells into the vascular si-
nuses. You can see that G-CSF has a profound effect.
After five days of G-CSF the osteoblastic layer is al-
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Interactive 1.7

most gone. This is a time when SDF-1 levels are very
low and the cells are then released into the periph-
eral blood. (Interactive 1.7)

Is there a problem with mobilization for patients
undergoing autologous transplant? This is a study
that we published in 2010 in BBMT and you can see

that patients with non-Hodgkin lymphoma and
Hodgkin disease failed to mobilize adequate num-
bers of stem cells for transplant approximately 25%
of the time, while this occurs in only 6% of multiple
myeloma patients. Interestingly, G-CSF plus chemo-
therapy resulted in the same failure to reach this
minimum number of stem cells for transplant. Pa-
tients that did not reach this minimum number had
to be re-collected and some of those patients that
needed to be re-collected actually relapsed and never
got the transplant or had to undergo an allogeneic
transplant with much higher morbidity and mortal-
ity. (Interactive 1.8) [1]

We were interested in what this looked like in
our patients. You can see graphics representing the
total number of patients, the G-CSF mobilized pa-
tients, and the G-CSF plus chemotherapy mobilized
patients. The failure rate for all groups - myeloma,
Hodgkin disease, and non-Hodgkin lymphoma -
reaching the magic number of 2 X 10% CD34/kg was
18%. In patients that reached 2-5 X 10°, you can see

that there were higher failure rates in patients get-
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Interactive 1.8

ting G-CSF. The best mobilization, >5, occurred pri-
marily in patients getting G-CSF plus chemother-
apy. So our conclusion, from this retrospective
study, was that failure rates are independent of the
type of mobilization. However, with good mobiliz-

ers you want to get many cells and the best way to

Interactive 1.9

do this is with G-CSF and chemotherapy, keeping
in mind that chemotherapy has its own set of risks.
(Interactive 1.9) [1]

This was especially true when we did the first
randomized study comparing plerixafor, a CXCR4
inhibitor, plus G-CSF versus G-CSF alone in pa-
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tients with non-Hodgkin lymphoma. We looked at

the number of patients who reached the optimal

goal of > 5 x 10° CD34+ cells/kg in four or fewer

collections. You can see that the accumulated inci-
dence of reaching that goal over 4 days in patients

that received G-CSF alone was only 24%. The opti-
mal number was reached in 65% of patients that

received plerixafor and G-CSF. So this combina-
tion had a profound effect on increasing yields.

(Interactive 1.10) [2]

This study was actually the study (in multiple
myeloma patients along with a parallel study pub-
lished in Blood in myeloma), which got plerixafor
with G-CSF approved for the treatment of non-
Hodgkin lymphoma and multiple myeloma for mobi-
lization of stem cells in the oncology setting.

But what was more interesting in this study was
not the number of patients who reached the optimal
number, but the number of patients who improved
from their minimum number, because patients that
don't reach the minimum number are in trouble and

need to be remobilized. So patients that received

Interactive 1.10

plerixafor plus G-CSF had an 86.7% chance of reach-
ing the minimum number necessary for a transplant
(2 x 10° CD34/kg) in four or fewer collections, while
the placebo group had only a 47% chance of reaching
this important milestone. Therefore, the addition of

plerixafor to G-CSF for the first time showed im-
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Interactive 1.11

proved failure rates, unlike with chemotherapy and
G-CSF. This finding has been incorporated in pa-
tients mobilized with G-CSF, both multiple myeloma
and non-Hodgkin lymphoma. Its use has been highly
regulated due to cost. The way it is being given and

how it should be given in patients is a subject of an-
other talk in this series. (Interactive 1.11) [2]

In conclusion, I would like to emphasize that
this entire session is focused on understanding the
clinical and basic science aspects of stem cell mobili-
zation and the role of different approaches to opti-
mize stem cell collection. In the first talk, Dr. Wal-
ler from Emory University will be discussing how
he predicts those patients who will be poor stem
cell mobilizers and what he does with these pa-
tients. Dr. Giralt will discuss mobilization strate-
gies for both myeloma and lymphoma. Dr. Costa
will discuss a number of important pharmaco-
economic and predictive algorithms for stem cell
mobilization that he has developed and strategies
for optimizing stem cell mobilization using an ap-
proach which minimizes costs and toxicity to the pa-
tient. I will finish with two talks, one focused on the
role of mobilized stem cells in allogeneic stem cell
transplantation and the second on future and novel
approaches for stem cell mobilization, which are

both in preclinical development and are being



figure:27E8F585-ED4A-4E9D-B3B6-7AAB7B47331C
figure:27E8F585-ED4A-4E9D-B3B6-7AAB7B47331C

Interactive 1.12

tested in early phase clinical trials in the clinic. I
want to thank you for your attention and I hope you
enjoy the other lectures. (Interactive 1.12)
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Movie 2.1 Interactive 2.1

Identifying Patients at Risk:
Predicting Poor Stem Cell Mobilization
Edmund K. ‘Ned’ Waller, MD, PhD, FACP

To understand the problem of poor stem cell mo-
I'm Ned Waller and I direct the Bone Marrow and

Stem Cell Transplant Program at Emory University
in Atlanta. Today I'll speak about identifying pa-

bilization, it is useful to take a step back and look at
the normal physiology of stem cells in the bone mar-

row. (Interactive 2.2)
tients at risk for poor stem cell mobilization. (Inter- What regulates the retention of hematopoietic

active 2.1) stem cells in the bone marrow, and how are they re-
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Interactive 2.2

leased during mobilization procedures? The bone
marrow contains hematopoietic stem cells which
can differentiate to form all the formed cellular ele-
ments of the blood. (Interactive 2.3) Stem cells
can be identified by the expression of the CD34 anti-
gen. And CD34 positive cells constitute about 1% of

Interactive 2.3

the nucleated cells in adult bone marrow. These
CD34 positive stem cells normally circulate into the
blood where they constitute a small fraction of leu-
cocytes, generally about 0.02%, such that the abso-
lute number of CD34 positive cells in the blood is
usually one or two cells per microliter.
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Interactive 2.4

Stem cells are retained within the bone marrow
microenvironment because of adhesion molecules
and chemokine receptors that tether them to stromal
cells. In particular, the chemokine receptor CXCR4
binds to a ligand expressed on bone marrow stromal
cells called CXCL12 or SDFi1. In addition, the che-

mokine receptor CXCR2 binds to a ligand on stromal
cells called GroB. These and other protein-protein in-
teractions keep stem cells in close apposition to bone
marrow stromal cells. (Interactive 2.4)

Decades ago it was noted that G-CSF mobilizes
stem cells from the bone marrow into blood. The proc-
ess usually takes four or five days of G-CSF mobiliza-
tion and is accompanied by a significant rise of the
white cell content of the blood. The mechanism for
this process wasn't clear because stem cells do not ex-
press receptors for G-CSF. (Interactive 2.5) [1]

Work by Christopher and Link and others have
shown that there is a complex interplay between bone
marrow macrophages and osteoclasts that express the
G-CSF receptor and osteoblasts that express the
ligand for CXCL12; the tether that helps keep stem
cells in the bone marrow microenvironment.

When G-CSF is administered to patients, it stimu-
lates bone marrow macrophages through the G-CSF
receptor such that they interact with the osteoblasts
to downregulate levels of CXCL12 expression,
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Interactive 2.5

thereby releasing stem cells from their contact with
the bone marrow stromal cell compartment.
Administration of G-CSF also causes release of
proteases into the bone marrow microenvironment,
both from neutrophils which express the G-CSF re-

ceptor as well as osteoclasts themselves. The genera-

Interactive 2.6

tion of proteases in the bone marrow microenviron-
ment degrade other adhesion molecules that help re-
tain stem cells in the bone marrow space, including
fibronectin and VCAM1. (Interactive 2.6) [2,3,4]
Fifteen years ago it was discovered that a small mole-
cule antagonist to the binding of CXCL12 to the CXCR4
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chemokine receptor can mobilize stem cells from the
bone marrow into the blood. (Interactive 2.7) [5,6]
This slide shows the activity of plerixafor and
competitive binding to the CXCR4 receptor displac-
ing CXCL12, thereby releasing stem cells from their

attachment to bone marrow stromal cells and mobi-

lizing them into the bloodstream. In contrast to the
affected G-CSF, which usually takes four or five days
to result in stem cell mobilization, plerixafor works
faster, inducing a maximum number of bone marrow
stem cells mobilized into the blood 8 to 10 hours af-
ter its administration.

The net result of stem cell mobilization is to in-
crease the number of hematopoietic stem cells in the
blood compartment, such that the absolute percentage
of CD34 positive cells rises 20 to 100 times so that they
constitute half or even one percent of the nucleated
cells in the blood. With successful mobilization, the ab-
solute number of CD34 positive cells in the blood rises
above 20 cells per microliter. (Interactive 2.8)

So we have reviewed the physiologic process of

stem cell mobilization, noting the activities of G-CSF

in stem cell mobilization as well as competitive an
tagonists to the protein-protein interaction between
CXCR4 and its ligand, CXCL12. With these drugs we
can successfully mobilize stem cells. But how many
stem cells do we need for a successful autologous

stem cell transplant? A number of studies have ad-
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Interactive 2.8

dressed the question of the optimal CD34 cell dose
for patients undergoing hematopoietic stem cell
transplantation. (Interactive 2.9)

This slide shows a figure from a paper published
20 years ago by Bill Bensinger and his team at the
Fred Hutchinson Cancer Research Center. They exam-

Interactive 2.9

ined patients undergoing autologous stem cell trans-
plantation with G-CSF mobilized stem cell products
and correlated the content of CD34 positive cells in
the stem cell graft with the kinetics of platelet recov-
ery. Patients were stratified into three groups: those

that had received a small number of stem cells (less
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than 2.5 million CD34 positive cells/kg), those pa-
tients who received an intermediate number of stem
cells (between 2.5 and 5 million CD34 positive cells/
kg) and those patients who received a large number of
stem cells (greater than 5 million CD34 positive cells/
kg). (Interactive 2.10) [7]

This graph shows the probability that patients
will have platelet engraftment, defined as a platelet
count of greater than 20,000 cells per microliter
without platelet transfusion over time after trans-
plant. The top curve shows the fraction of patients
who engrafted after receiving a large dose of CD34
positive cells, greater than 5 million/kg, and you can
see that the median time to platelet engraftment was
slightly less than 10 days and nearly all patients ulti-
mately had successful platelet engraftment. In con-
trast, the lower curve shows those patients who re-
ceived a low number of CD34 positive cells/kg. Here,
the median time to platelet engraftment was nearly
30 days and even after two months only 80% of pa-

tients had had successful engraftment.

Interactive 2.10

These data suggest that a stem cell dose of at
least 2.5 million cells/kg is necessary to achieve
rapid and durable platelet engraftment, hallmarks of
a successful autologous stem cell transplant.

In the same study Bensinger and his colleagues

performed multivariate analysis to determine which
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factors were associated with more rapid myeloid and
platelet engraftment. (Interactive 2.11) [7]

In this table we see the covariates associated with
the time to achieving absolute neutrophil cell count
of greater than 1,000 per microliter, and a covariate
associated with the time post-transplant to achieve a
platelet count of greater than 20,000 per microliter.
Neutrophil engraftment was associated with a CD34
positive stem cell dose of greater than 2.5 million
cells/kg. It was also associated with the administra-
tion of growth factors post-transplant and the use of
a TBI-based conditioning regimen. The time to plate-
let engraftment was associated with a stem cell dose
of greater than 2.5 million cells/kg, a stem cell dose
of greater than 5 million cells/kg as well as the use of
post transplant cytokines and prior irradiation as
part of the conditioning regimen.

Similar data have been presented by John Glaspy
in this 1997 publication, Blood. Here again he looked
at the kinetics of platelet engraftment in patients un-
dergoing autologous stem cell transplant and corre-

lated the probability of successful platelet engraft-

Interactive 2.11

ment with the dose of CD34 positive cells in the
blood. (Interactive 2.12) [8]

In the blue curve we see those patients who re-
ceived the lowest stem cell dose, containing only 1
million CD34 positive cells/kg. The median time to

platelet engraftment was slightly greater than two
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20,000 within the first month post-transplant. The op-
Interactive 2.12 timal dose of stem cells from the study appeared to be
5 million CD34 positive cells or greater.

Finally, Pat Stiff analyzed the correlation be-
tween the stem cell dose in the autograft and durable
hematopoietic engraftment measured 12 months
post-transplant. In this study, he examined patients
undergoing autologous stem cell transplant who had
non Hodgkin lymphoma or multiple myeloma. He
categorized patients according to whether the re-
ceived stem cell dose was low (between 2 million and
4 million CD34 positive cells/kg), intermediate (be-
tween 4 and 6 million cells/kg), or high (greater than

6 million cells/kg). (Interactive 2.13)

Patients who received at least 4 million CD34

positive cells/kg had a greater than 80% probability

weeks, and only 80% of those patients achieved a of achieving durable platelet engraftment, with a
platelet count independent of transfusions of at least platelet count in the normal range of >150,000/uL
20,000 by one month post-transplant. at 12 months post transplant. In contrast, patients

With increasing doses of stem cells there was an in-  who had received a lower number of stem cells, be-
creased rapidity of platelet engraftment and a higher tween 2 million and 4 million cells/kg, had only a 56

proportion of patients who achieved a platelet count of
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to 74% probability of achieving durable normal plate-
let counts 12 months post transplant.

From these data we would conclude that the opti-
mal number of stem cells is at least 4 million CD34
positive cells/kg to achieve durable and normal he-
matopoiesis 12 months after transplant.

From Emory we have examined this question as
well as in this publication with Mary Ninan, where
we looked at thrombopoiesis as a covariate for long
term survival after auto transplant. We examined a
large number of patients undergoing autologous
transplant mainly for lymphoma or multiple mye-
loma and asked which clinical factors are associated
with long term survival. (Interactive 2.14) [9]

We found in a multivariable analysis that failure to
achieve a normal platelet count after auto transplant,
defined again as 150,000 cells per microliter, was asso-
ciated with an increased risk of death. Another signifi-
cant covariate associated with post-transplant death
was a fluctuating platelet count that initially rose after
engraftment and then fell, a phenomenon we called
ISPT, or idiopathic secondary post-transplant thrombo-
cytopenia. Patients who had evidence of initial platelet
engraftment but then had declining platelet counts also
had an increased risk of death post-transplant. Other
significant clinical covariates associated with post-
transplant death were the extent of prior chemother-

apy as well as the disease status at transplant.
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From the data we have looked at so far we can
Interactive 2.14 conclude that the optimal number of autologous

CD34 positive cells in the graft are at least 4 million

cells/kg. Patients that receive greater than 4 million

CD34 positive cells/kg typically have rapid and dura-
ble platelet engraftment. We have also seen that fail-
ure to achieve normal platelet counts is associated

with an increased risk of death post-transplant.

So we turn to the question of what clinical and
laboratory factors can predict poor mobilization and
identify the subset of patients who are unlikely to col-
lect the optimal number of CD34 positive stem cells.
(Interactive 2.15)

One problem in collecting the optimal number of

stem cells is timing, or when to start apheresis. For

patients receiving G-CSF the answer is simple — start

From these data we conclude that durable hema-  apheresis on the fifth day of G-CSF administration.
topoietic engraftment, particularly durable platelet For patients receiving the combination of G-CSF and
engraftment, is a significant covariate for the long plerixafor the answer again is simple — start aphere-
term success and disease control of the autologous sis the morning after plerixafor administration.
transplant maneuver. Among patients who receive chemotherapy based

mobilization it is a bit trickier. Patients who receive
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In order to collect the optimal number of stem
Interactive 2.15 cells, we need to be able to predict when that will oc-
cur. In this paper by Michelle Hicks using Emory
data, we looked at the distribution of patients classi-
fied by the chemotherapy mobilization regimen on
the x-axis according to the number of days of growth
factor needed prior to the initiation of apheresis, as
shown here on the y-axis. (Interactive 2.16) [10]
Growth factors began the second day after the
last dose of chemotherapy. For patients receiving cy-
toxan mobilization, there was a tight clustering
around 10 days of G-CSF administration, such that
hematopoietic recovery after cytoxan was highly pre-

dictable and most patients required between 9 and

11 days of G-CSF before apheresis could be initiated.

For patients receiving more complex regimens in-

chemotherapy prior to stem cell mobilization have volving multiple drugs, the time to begin apheresis
prolonged periods of low white blood cell counts. Mo-  was still around 9 to 10 days of growth factor, the
bilization is best initiated when the white blood cell ICE and Hyper CVAD, but there was greater varia-
count starts to recover after the effects of myelotoxic tion in the number of days of growth factor needed
chemotherapy. prior to hematopoietic recovery.
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Interactive 2.16

Some patients mobilized more quickly after 8
days of G-CSF. Some patients required up to 14 days
of G-CSF administration, making it difficult to sched-
ule patients for apheresis. For patients receiving sal-
vaged DT PACE or other salvage chemotherapy regi-
mens, there was even a greater delay between the

last dose of chemotherapy and initiation of apheresis
with a wide range of times, such that it became al-
most impossible to accurately predict when patients
would be ready to start apheresis.

The same question of mobilization after chemo-
therapy has been examined in a recent paper by Xia.
He looked at mobilization with G-CSF in non Hodg-
kin lymphoma patients after recovery from prior
treatment with ICE or rituximab ICE chemotherapy.
Eighty-eight patients received one-to-four cycles of
chemotherapy, and G-CSF was started five days after
chemotherapy at a standard dose of 5mcg/kg twice a
day. (Interactive 2.17) [11]

Nearly three quarters of patients mobilized at
least 15 CD34 positive cells/uL and collected greater
than 2 million CD34 positive cells/kg in the aphere-
sis product. Nearly a quarter of patients were poor
mobilizers, with a stem cell content in the blood of
less than 15 cells/uL, and 16% of patients were non-
mobilizers with a stem cell dose so low they could

not proceed to apheresis.
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Interactive 2.17

These data suggest that even with chemotherapy
mobilization a significant proportion of patients are
non-mobilizers and are not able to undergo aphere-
sis following G-CSF administration.

Xia looked at the covariates associated with mobili-
zation failure and found in a multivariable analysis that

Interactive 2.18

older age, bone marrow involvement by lymphoma,
and prior radiation therapy were all associated with mo-
bilization failure. (Interactive 2.18) [11]

We looked at our Emory data with this question
and examined patients receiving rituximab ICE mobi-
lization or cytoxan mobilization and found that 8%
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Interactive 2.19

of lymphoma patients receiving rituximab and ICE
were never able to undergo apheresis, and 6% of
myeloma patients receiving cytoxan mobilization
were never able to undergo apheresis. In both
groups about half the patients could be successfully
collected in a single day of apheresis, with a median

number between 6 and 12 million CD34 positive
cell/kg. (Interactive 2.19) [12]

The fact that lymphoma patients are more diffi-
cult to mobilize has been confirmed in this recent
publication by Russel. The study examined the frac-
tion of patients who collected the optimal stem cell
dose following mobilization with plerixafor and G-
CSF and compared myeloma patients to lymphoma
patients. (Interactive 2.20) [13]

For myeloma patients, 58% of patients collected
the optimal stem cell dose after a single day of aphere-
sis and 89% of patients collected the optimal stem cell
dose after as many as four days of apheresis.

Lymphoma patients were more difficult to mobi-
lize; only a third collected the optimal number of
stem cells after a single day of apheresis and less
than half were able to collect the optimal number of
stem cells after four days of apheresis.

These data indicate that there is certainly a subset
of patients who are difficult to mobilize either with G-
CSF alone, G-CSF after chemotherapy, or after the
combination of G-CSF and plerixafor. The target popu-
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Interactive 2.20

lation of difficult to mobilize patients includes older
patients, those with lymphoma, those with prior mar-
row involvement by their cancer and those with prior
radiation. However, it has been impossible to com-
pletely predict which patients will fail to mobilize and
alternative clinical strategies are needed to indicate

Interactive 2.21

those patients for whom apheresis will fail to yield an
adequate number of stem cells.

The practical approach that we and others have taken
is simply to measure the content of the CD34 positive
cells in the blood and correlate that with the number of

stem cells collected by apheresis. (Interactive 2.21) [14]



figure:C51F5193-29A0-47F9-B3E5-F0139834DEB7
figure:C51F5193-29A0-47F9-B3E5-F0139834DEB7

In this paper by Jie Li from our institution we
measured the association between blood, stem cell
content and the content of stem cells in the aphere-
sis product in those patients undergoing large vol-
ume 24 liter apheresis procedures.

On the left we see the association between those
patients who received plerixafor and G-CSF, and
found that a stem cell content of 20 cells/uL. was asso-
ciated with a stem cell product containing at least 2
million CD34 positive cells/kg. Looking on the right
at those patients who received G-CSF alone without
plerixafor we found exactly the same association, such
that a stem cell content of 20 cells/uL. predicted mobi-
lizing greater than 2 million CD34 positive cells/kg.
Thus we can predict that those patients with a lower
stem cell content in the blood are likely to fail to mobi-
lize the minimum number of stem cells necessary for
a successful autologous transplant.

The same question has been more recently ad-
dressed by Villa in a 2012 publication in BBMT. Here
the authors looked at the association of blood CD34

cell counts with the content of stem cells in the aphere-

Interactive 2.22

sis product after an 18 to 24 liter apheresis procedure.
They looked at those patients with myeloma or lym-
phoma that received the combination of plerixafor
with G-CSF or G-CSF alone. (Interactive 2.22) [15]
The data indicate that a stem cell content in the

blood of greater than 10 cells/uL was typically associ-
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ated with an apheresis product containing at least 2
million CD34 positive cells/kg. However there were
a number of exceptions, with some patients having
as many as 20 CD34 positive cells/uL in their blood
but failed to collect the minimum number of stem
cells following a single apheresis procedure.

To identify the threshold number of blood CD34
positive cells that could be used to predict successful
apheresis, Villa and colleagues performed receiver oper-
ating curve analyses on the relationship between the
content of stem cells in the blood and the content of
stem cells in the apheresis product for patients under-
going stem cell mobilization. (Interactive 2.23) [15]

This slide shows the sensitivity curve in the solid
line and the specificity curve in the dashed line, corre-
lating the stem cell content in the blood on the abscissa
or x-axis labeled here as HPC with the proportion of pa-
tients who achieved an apheresis product of at least 2.5
million CD34 positive cells/kg, shown on the y-axis.

The sensitivity analysis, the solid curve, shows
that a threshold number of 15 CD34 positive cells/uL
in the blood identified 75% of patients who collected

Interactive 2.23

at least the minimum number of 2.5 million CD34
positive cells/kg. The specificity analysis, shown as
the dashed curve, shows that a blood CD34 cell con-
tent of less than 15 cells/uL identified 75% of pa-
tients who failed to collect at least 2.5 million CD34
positive cells/kg.
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Thus, a target number of blood CD34 positive
cells between 15 and 20 appears to be highly predic- Interactive 2.24
tive in identifying those patients who will success-
fully collect at least the minimum number of CD34
positive cells.

Based upon this type of analysis, a number of inves-
tigators have put forth simple algorithms to predict suc-
cessful mobilization and to identify those patients who
might benefit from the addition of plerixafor to a G-
CSF mobilization regimen. (Interactive 2.24) [16]

In this paper by Chen, patients receive G-CSF for
four days. On the fourth day of G-CSF administration,
a blood sample is obtained for enumeration of the

CD34 cell content. Those patients who have very low

numbers of CD34 positive cells, less than 3 cells/uL

on the left, continue G-CSF for an additional day with

a repeat evaluation on day 5 of growth factor admini-  identified as benefitting from the addition of plerixa-
stration. Patients with a high number of CD34 posi-  for. Plerixafor is administered and they begin aphere-
tive cells per microliter, greater than 15, begin aphere- sis on the following day.

sis immediately. The intermediate group in the mid- The same question of predicting successful stem
dle column are those patients with a day 4 CD34 cell cell mobilization has been applied to allogeneic do-
count between 3 and 15 cells/ulL. These patients are nors — those volunteer donors who are donating G-
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CSF mobilized stem cells for a brother or sister or an
unrelated recipient. (Interactive 2.25) [17]

In this paper by Bertani, 360 sibling and unre-
lated donors were analyzed. All patients received G-
CSF administration daily for five days. The median
peak number of CD34 positive cells in the blood

was quite high — 54 cells/uL, with a range between
5 cells/ul. and nearly 300 cells/ulL. By multivari-
able analysis, poor mobilization was associated
with female sex, older age, a lower baseline white
blood cell count before beginning apheresis and
lower G-CSF dosage.

We have taken these data into the clinical prac-
tice at Emory and developed the idea of “just-in-
time” plerixafor administration. (Interactive 2.26)

This figure from a paper published four years ago
by Jie Li and myself in Transfusion looked at two
groups of patients, those patients who underwent
apheresis before the FDA approval of plerixafor, and
those patients who were collected after plerixafor
was FDA-approved. (Interactive 2.27) [14]

The former group was divided between poor mobi-
lizers who had a low CD34 cell content on the first day
of apheresis, and good mobilizers, those patients who
had a high CD34 cell content and didn't require plerixa-
for. Poor mobilizers typically had a CD34 cell count in
their blood of less than 10 cells/ul. with a white blood
cell count between 10 and 30,000 cells/ul. Giving
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Interactive 2.26 Interactive 2.27

these patients an additional day of G-CSF raised their In contrast, the good mobilizers on the right had
white cell count but did very little to mobilize stem cells a high CD34 cell content in their blood, a high white
in their blood and typically we had a very hard time col- count, and could be collected in a single day without
lecting an adequate number of stem cells from this the need for plerixafor.

group of patients. In the top left corner, we see our experience with

poor mobilizers who received just-in-time plerixafor.




When we studied these patients who were potential
candidates for apheresis, we noted that they had low
CD34 cell counts, but a white count that was between
10,000 and 20,000 cells/ul.. Waiting an additional
day after treating them with plerixafor increased the
CD34 cell count to greater than 30 cells/uL, with the
white count rising to between 30,000 and 50,000 per
microliter, allowing successful collection of stem cells
by apheresis.

We also identified a group of high risk patients
who were deemed likely to have problems with collec-
tion of adequate numbers of stem cells based upon
prior radiation or treatment with lenalidomide.
These patients had a CD34 cell count of an average
of 10 cells/ul. before plerixafor mobilization. The
day after plerixafor, their CD34 cell count had risen
to nearly 100 cells/uL, allowing them to be success-
fully collected with apheresis.

Here we see the cumulative proportion of patients
who collected at least 2 million CD34 cells/kg based
upon whether they were good mobilizers who did not

need plerixafor treatment (shown in the black line on

Interactive 2.28

top), patients at high risk for mobilization failure
(shown in the dashed red line) or patients who were
poor mobilizers (shown in the heavy dashed red line
in the middle). (Interactive 2.28) [14]

The group that were poor mobilizers prior to the
availability of plerixafor had only a 39% probability
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of collecting at least 2 million cells/kg after one day

of apheresis, and only a 72% probability of collecting

the minimal stem cell dose after four days of aphere-
sis, as shown in the blue line on the bottom.

In contrast, the poor mobilizers treated with
plerixafor had a 61% probability of collecting at
least 2 million cells/kg on the first day of apheresis
and an 85% probability of collecting at least 2 mil-
lion cells/kg after four days of apheresis.

Does just-in-time plerixafor administration in-
crease the probability of successfully collecting at
least the minimum number of stem cells from pa-
tients who otherwise would be at very high risk for
mobilization failure? (Interactive 2.29) [12]

The data I have reviewed so far looks at the ques-
tion of stem cell collection after G-CSF alone or G-CSF
with just-in-time administration of plerixafor. What
about those patients who undergo chemotherapy mobi-
lization? Can just-in-time plerixafor increase the effi-
ciency of stem cell mobilization in this group as well?

This paper from our Emory experience, recently
published in Transfusion, prospectively addresses

Interactive 2.29

that question in patients with multiple myeloma or
lymphoma. All patients received mobilization chemo-
therapy, usually cytoxan for patients with myeloma
or ICE for patients with lymphoma, and then began
post-chemotherapy G-CSF mobilization. At the time

the white blood cell count began to rise they were eli-
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gible to receive plerixafor if the CD34 cell count was
less than 30 cells/uL.

A quarter of patients mobilized with G-CSF alone
and successfully collected stem cells without needing
just-in-time plerixafor. The remaining 33 patients re-
ceived plerixafor per protocol on the first day they
had evidence for white cell recovery. One hundred
percent of these patients collected at 3 million CD34
positive cells/kg, sufficient for one transplant.

The total number of stem cells collected was an
average of 20 million cells/kg for myeloma patients
and 7 million CD34 positive cells for lymphoma pa-
tients. Myeloma patients collected the target number
of stem cells with the median of one day of aphere-
sis. Lymphoma patients required a median number
of two days of apheresis. And both groups of patients
engrafted rapidly after transplantation.

So we have seen that the patients who are poor
mobilizers can be predicted to some degree based
upon their clinical history - older age, lymphoma-
tous involvement of the marrow and extensive prior

chemotherapy or radiation; and that the blood con-

tent of CD34 positive cells can more accurately pre-
dict those patients who will fail to mobilize the mini-
mum number of CD34 positive cells with a large vol-
ume apheresis.

What to do then about those patients for whom
mobilization has failed? Are there successful remobi-
lization strategies that can still allow us to collect an
adequate number of stem cells for their autologous
transplant maneuver? (Interactive 2.30)

These data published by Gary Calandra were de-
rived from the registration trials of plerixafor. In
these studies, patients were randomized to receive
G-CSF alone or G-CSF plus plerixafor. A substantial
proportion of patients randomized to receive G-CSF
alone failed to mobilize an adequate number of stem
cells for transplantation. Those patients were eligible
for a second trial with an attempt at remobilization
using the combination of plerixafor and G-CSF.
These data summarize the clinical experience of 115
patients distributed between myeloma, non Hodgkin
lymphoma and Hodgkin lymphoma groups. (Inter-
active 2.31) [18]
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Interactive 2.30

The mean number of CD34 positive stem cells col-
lected from the second attempt at apheresis was be-
tween 3 and 5 million cells/kg, with 60 to 80% of pa-
tients collecting at least 2 million CD34 positive
cells/kg and 70 to 100% of patients proceed to
autologous transplant. Those patients who were

Interactive 2.31

transplanted typically engrafted rapidly, with a me-

dian day of neutrophil engraftment of 11 and a me-

dian day of platelet engraftment between 15 and 21.
So salvage plerixafor administration with G-CSF

after initial failure to mobilize with G-CSF alone can




be a successful strategy to collect sufficient stem
cells for an autologous transplant.

What to do then for those patients who failed to
mobilize with a combination of G-CSF and plerixa-
for? This paper, recently published by Veeraputhi-
ran in the Journal of Clinical Apheresis, looked at
144 patients who received plerixafor between 2009
and 2012. (Interactive 2.32) [19]

Most of those patients, 106, collected the mini-
mum number of stem cells, greater than 2 million
CD34 positive cells/kg and went on to an autolo-
gous transplant. There were 38 patients who failed
to collect the minimum number of stem cells and
24 of those underwent a second attempt at stem
cell collection.

Mobilizing these patients at a median time of
three to four weeks after the first attempt at mobiliza-
tion yielded a median number of 0.8 million CD34
positive cells/kg when the combination of GM-CSF
and G-CSF was used, and yielded 1.8 million CD34
positive cells/kg when the combination of G-CSF
plus plerixafor was used. (Interactive 2.33) [19]

Interactive 2.32

Some patients underwent a third attempt at mo-
bilization with bone marrow harvest, yielding a
very disappointing number of stem cells. These
data indicate that a second or even third attempt at
mobilization can be successful in a subset of pa-
tients who failed to mobilize with G-CSF and
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Interactive 2.33

plerixafor. The addition of GM-CSF to G-CSF can
be considered in this setting.

Thank you for your attention in this overview of
predicting those patients who are at risk for poor mo-
bilization. Please address any questions regarding
the content of this material to the link in this iBook.
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Movie 3.1

Stem Cell Mobilization Strategies for Myeloma
and Non Hodgkin Lymphoma
Sergio A. Giralt, MD, FACP

This is Sergio Giralt, Chief of the Adult BMT Service
and Memorial Sloan-Kettering Cancer Center. I will
be speaking about current stem cell mobilization
strategies in autologous hematopoietic stem cell
transplants for multiple myeloma (MM) and non-
Hodgkin lymphoma (NHL). (Interactive 3.1)

Interactive 3.1

Let's think about a case. This is a 64-year-old
woman with stage 2A myeloma who received 6 cy-
cles of lenalidomide, bortezomib and dexametha-
sone. She achieved a very good partial response
(VGPR), with less than 5% clonal plasma cells. Prior
to mobilization, her white count was 4,300 and her
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the peripheral blood during homeostasis — was made
Interactive 3.2 by Goodman and Hodgson in the early 1960s. This
was also later confirmed by Dr. McCready and other
investigators. In 1980, the finding of an increased
number of stem cells in the peripheral blood of pa-
tients after chemotherapy led to the idea that these
could be collected in sufficient enough amounts to
be used for stem cell transplantation. Dr. Korbling
and other collaborators showed that patients with
chronic myelogenous leukemia could have sufficient
autologous stem cells collected from the peripheral
blood using apheresis techniques. (Interactive 3.3)

It wasn't until the early 1990s that chemomobilized

peripheral blood stem cells (PBSCs) were first utilized

in autologous hematopoietic stem cell transplantation

(auto-HSCT), which was pioneered by Dr. Gianni, et al.

platelet count 158,000. The question is: what would The use of two colony stimulating factors, filgrastim, or
the ideal stem cell source be and what would the opti- granulocyte-colony stimulating factor (G-CSF), and sar-
mal collection strategy be? (Interactive 3.2) gramostim, or granulocyte-macrophage colony stimu-

If we look at the history of hematopoietic stem lating factor (GM-CSF), allowed mobilization of high
cell mobilization, the first observation — that small numbers of PBSCs into the blood and, using apheresis,
numbers of hematopoietic stem cells are found in these could be used to support high-dose therapy after
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Interactive 3.3

autologous stem cell transplants, and later after alloge-
neic stem cell transplants.

These observations, together with the fact that du-
rable hematopoiesis was confirmed after autologous
peripheral blood stem cell transplants in the early pa-
tients, led the field to replace bone marrow harvest

with autologous peripheral blood stem cell mobiliza-
tion and collection, which is now the preferential
source for more than 99% of all autologous trans-
plants performed globally. After the year 2000, mobili-
zation with growth factor alone or growth factor plus
chemotherapy has become the standard of care.

Recently a new product, the CXCR4 antagonist
plerixafor, has become commercially available. As
we will see in this chapter, plerixafor has been
shown to be more effective than filgrastim alone in
collecting an adequate number of PBSCs.

In prior chapters we reviewed how different adhe-
sion molecules maintain the hematopoietic stem cell
(HSC) adhered to the extracellular matrix in the bone
marrow. A variety of cytokines and chemokines have
been shown to rupture these adhesion molecules from
their ligands, allowing the stem cells to freeze them-
selves into the intramarrow space and eventually go
out into the peripheral blood. This is actually a nor-
mal process that is regulated by the nervous system,
by stress cytokines, and by other cellular-cellular inter-

actions. The idea is to allow normal stem cells to be




Interactive 3.4

liberated and go to areas of tissue damage where they
may be needed. (Interactive 3.4) [1,2,3,4,5,6,7,8]
Chemotherapy, and chemotherapy plus filgras-
tim or sargramostim, have been shown to increase
the liberation of stem cells from their extracellular
matrix and therefore enhance the number of cells

available in the peripheral blood that can be col-
lected using apheresis.

What is the ideal mobilization regimen? It is one
that is reliable (with a high likelihood of collecting a suffi-
cient number of progenitors) and predictable (one we
can use to predict the day of collection with precision). It
is also one that is associated with a low failure rate, lim-
ited toxicity, and a limited number of days of apheresis
required to get the appropriate cell count. In addition, it
is preferably associated with low tumor contamination
and low resource utilization. (Interactive 3.5) [9]

What defines successful stem cell collection? It
allows for collection of a sufficient number of cells ca-
pable of prompt and durable hematopoietic reconsti-
tution after a high-dose chemotherapy conditioning
regimen. Such a mobilization regimen would be asso-
ciated with minimal time of apheresis, optimal collec-
tion of CD34 positive cells, and minimal toxicity. Cur-
rently, we want enough stem cells to ensure a rapid
neutrophil engraftment, which is an absolute neutro-
phil count of 500 for 3 consecutive days; and rapid

platelet engraftment, in which the platelet count is
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20,000 without transfusion support for the previous trophil engraftment by day 18. (Interactive 3.7)

7 days. (Interactive 3.6) [10,11,12,13,14,15]

The generally defined target for a stem cell collec- Data from breast cancer patients who underwent
tion is a minimum of > 2 x 10% CD34+ cells/kg to en- autologous transplants suggest that patients who re-
sure a threshold effect for a rapid hematopoietic ceive more than five million CD34+ cells/kg have
engraftment. Ninety-five percent of patients receiv- rapid and sustained platelet engraftment, more so
ing > 2.5 x 10° CD34+ cells/kg will have durable neu-  than patients who receive less than five million

Interactive 3.5 Interactive 3.6
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Interactive 3.7

CD34+ cells/kg. It is unclear if greater than five mil-
lion CD34+ cells/kg will result in any better engraft-
ment or will be associated with improved outcome.
It is clear, however, in data we will show later on,

that less than two million CD34+ cells is associated

with worse outcome, higher resource utilization, and
poor platelet recovery post-transplant.

Current mobilization strategies include cytokine
mobilization agents, such as G-CSF or GM-CSF.
There are also chemotherapeutic and cytokine strate-
gies, either after single agent chemotherapy with cyclo-
phosphamide or etoposide (the most common), or
disease-specific regimens, in which patients get high
doses of filgrastim at the recovery period of standard
chemotherapy for the disease, such as Rituxan ICE or
Rituxan DHAP, among others. More recently, the com-
bination of G-CSF plus CXCR4 antagonist plerixafor
has also been utilized for stem cell collection, and in
some centers patients have been getting chemother-
apy plus G-CSF plus plerixafor, although this has not
been studied in Phase III randomized trials. (Interac-
tive 3.8) [16,17,18,19,20]

In chemo-based mobilization the advantage is
that not only does the chemotherapy allow for stem
cell collection, it also allows for further control of the
underlying malignancy. This is particularly impor-
tant for patients with NHL who may have kinetic fail-
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Interactive 3.8

ure or who could progress if the chemotherapy was
not being given on time. (Interactive 3.9)

The commonly used regimens are relatively pre-
dictable. They include cyclophosphamide at 2-4
grams/m?, or standard lymphoma regimens such as
RICE, ICE, or RDHAP, with or without Rituxan. Un-

Interactive 3.9

fortunately, although relatively predictable, it is not
an exact science, and the timing of leukapheresis has
to be predetermined and prescheduled. Many cen-
ters are monitoring CD34 positive cell counts in the
peripheral blood to predict the most likely time to

put patients on apheresis and have an optimal collec-
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tion. Various retrospective studies have shown that
chemotherapy-based mobilization is more likely
than G-CSF alone to result in high CD34 solid yields
after each apheresis.

The disadvantages of chemotherapy-based mobi-
lization include risk of infection. In addition, the
time elapsed between chemo mobilization and the
CD34 cell peak is not always predictable, and there-
fore spaces in apheresis units are sometimes left un-
derutilized or patients are put on the machine who
have a very poor apheresis yield. There is also a need
for hospitalization, either to deliver the chemother-
apy or due to neutropenic fevers that happen as a re-
sult of the chemotherapy. Many patients also require
transfusion support, which is associated with in-
creased costs. (Interactive 3.10)

What are the advantages of cytokine-only mobili-
zation? There are generally very predictable kinetics
of mobilization. It requires less resource utilization
and is less toxic than chemotherapy mobilization. In
addition, the need for hospitalization and transfu-

sions are avoided, making tracking easier for the

Interactive 3.10

pheresis and transplant units. (Interactive 3.11)
[21,22,23,24,25,26]

The limitation of cytokine-only mobilization is that
it requires daily injections at least four days before
apheresis and continued injections until the end of

apheresis. That may present a problem for patients
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Interactive 3.11 Interactive 3.12

who do not want to self-inject, but instead require daily G-CSF alone. Very few patients are receiving GM-CSF

hospital visits or home healthcare agency involvement. as mobilization and this is generally viewed as being
Thirty-five percent of patients with NHL cannot mobi- less effective than G-CSF. (Interactive 3.12)

lize enough stem cells with G-CSF alone, and even in The most common adverse event reported for
myeloma patients, 20-23% may not collect sufficient cytokine-only mobilization is bone pain, which can be
cells to support tandem transplants if mobilized with severe in 33% of the patients. On rare occasions splenic
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rupture has been seen and it is important to remember
that patients with underlying autoimmune disorders
should not get filgrastim mobilization. Patients with
sickle cell disease have to be carefully monitored, and
the risks and benefits of cytokine mobilization versus

bone marrow harvest needs to be carefully explained.

These are various studies comparing various cy
tokine mobilization strategies between G-CSF and
a combination of chemotherapy and growth factor,
either G-CSF or GM-CSF. All studies showed that

chemo mobilization was associated with better

stem cell collection than G-CSF alone, and that pa
tients who received cytokine-only required more

apheresis than those that received chemo mobiliza

tion. There was no difference in outcomes of the

primary disease, whether the cells infused were ob
tained through chemotherapy or through
cytokine-only mobilization. Please note that with
exception of the study of Pusic et al., the number
of patients analyzed was very small and none of
these studies had a randomized design. (Interac-
tive 3.13) [27,28,29,30,31,32]

Interactive 3.13

In general, cytokine mobilization is associated
with less CD34 collection than chemo mobilization,
but it is also associated with less toxicity. There are
more mobilization failures in patients who receive cy-
tokine mobilization alone versus those that receive
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chemotherapy, and there are no differences in trans-
plant outcomes. (Interactive 3.14) [33,34,35,36,37]
In 2007, Dr. John DiPersio reported, for the first
time, the results of two randomized trials looking at
the new CXCR4 antagonist, plerixafor, as a way of lo-
calizing stem cells for patients with multiple mye-
loma and NHL. The study design was the same for
both diseases. Patients received 4 days of G-CSF at
10 mcg/kg/day and on the fifth day they received
plerixafor 240 mcg/kg/day SQ, versus placebo. This
was given in the evening of the day prior to each
pheresis at 10 p.m. The primary endpoint for pa-
tients with multiple myeloma was collection of 6 mil-
lion CD34+ cells/kg in 2 days. The primary endpoint
for patients with NHL was collection of 5 million
CD34 + cells/kg in 4 days. Patients were eligible to
be rescued with plerixafor if they failed to collect
0.8 x 10° CD34+ cells/kg after 2 days or 2 x 10° CD34+
cells/kg after 4 days of apheresis. (Interactive 3.15)
This presentation resulted in two randomized tri-
als that were published, one in the Journal of Clini-
cal Oncology and the other one in Blood. The paper

Interactive 3.14

in 2009 in the Journal of Clinical Oncology de-
scribes 298 patients with NHL that were randomly
assigned to receive plerixafor G as the mobilization
strategy, versus G or placebo. In the plerixafor group
a total of 112 patients completed the study. In the G-
CSF and placebo group only 68 patients completed
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the study. This difference was due to a significantly cebo group only 82 of the 148 randomized patients
increased risk of mobilization failure in patients who underwent transplantation. (Interactive 3.16) [38]

received the placebo, with 52 patients requiring a res- As you can see, the probability of achieving the tar-
cue procedure versus only 10 patients in the plerixa- get goal of > 5x10% CD34+ cells/kg within 4 days of
for group. In the plerixafor group 135 of the 150 pa- apheresis was 65% for the plerixafor group versus

tients actually went on to transplantation. In the pla-  only 24% for the placebo group. The possibility of
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reaching the minimum dose required for at least one
transplant was 90.9% in the plerixafor group versus
59.8% in the placebo group. (Interactive 3.17) [39]
Similar results were seen with the myeloma ran-
domized study published in Blood in 2009. Three
hundred and two patients were randomized to re-

Interactive 3.18

ceive either G-CSF plus plerixafor or G-CSF plus pla-
cebo. As in the lymphoma trial, the yields were much
better for patients that were randomized to the
plerixafor. (Interactive 3.18) [39]

The probability of achieving the target goal of 6 mil-

lion cells in 2 days or less of apheresis was 71% for the
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The kinetics of CD34 collection were also much
Interactive 3.19 quicker, with better yields on the first, second and
third day for the plerixafor arm versus the placebo
arm. In conclusion, plerixafor plus G-CSF is associ-
ated with a higher probability of achieving a target
dose with a lower utilization of resources. In another
chapter in this iBook Dr. Luciano Costa will talk
about the pharmacoeconomic indications of ade-
quate mobilization. (Interactive 3.20) [40]

I want to spend some time talking about poor
mobilization. Approximately 10-20% of patients do
not collect an adequate number of CD34 positive
cells to proceed to high-dose chemotherapy and

ASCT using filgrastim alone. Even with chemother-

apy, the failure rates can approach 10-20%. (Inter-

active 3.21) [40]

plerixafor arm versus 34% for the placebo arm. The What do we do with a poor mobilizer? Various
probability of achieving at least 6 million in 4 or less strategies have been used for poor mobilization: one
days of apheresis was 75% for the plerixafor arm and is to remobilize and the other is to harvest bone mar-
51.3% in the placebo arm. All these differences were sta- row. What if we were to proceed to a transplant with
tistically significant, as were the differences in the non- a less than optimal stem cell dose? First, there would
Hodgkin's lymphoma trial. (Interactive 3.19) [40] be delayed, partial or failed stem cell engraftment,
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an increased need for transfusions, and increased
mortality rates. (Interactive 3.22) [41,42]

What do we do with a patient who did not collect
enough cells? We can do more apheresis, we can recol-
lect, we can do a bone marrow harvest, or we can de-
cide not to transplant these patients. All of these add

Interactive 3.21

a significant burden on the patient and significantly
increase use of resources. (Interactive 3.23) [42]

Of the remobilization strategies, plerixafor and
G-CSF has emerged as the most effective strategy for
patients who fail to mobilize with either chemo mobi-

lization or G-CSF mobilization alone. As you can see
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in this slide, G-CSF plus plerixafor was associated
with an almost 75% success rate for remobilization
and the ability to collect at least 2 million cells and
take a patient to transplant. This compared favora-
bly in this retrospective analysis to second mobiliza-
tion with more cytokines or chemotherapy plus cyto-

Interactive 3.23

kines — the failure was almost 70% for patients get-
ting chemotherapy plus cytokines versus 80 plus per-
cent for patients getting cytokines alone. Thus,
plerixafor is emerging as the best salvage strategy for

patients who fail to mobilize to an initial strategy




Interactive 3.24

that includes growth factor alone or growth factor
with chemotherapy. (Interactive 3.24) [43,44]

In summary, there are few randomized trials ex-
ploring optimal mobilization strategies for myeloma
and non-Hodgkin's lymphoma. Of the randomized tri-
als that have been published, plerixafor plus G has

Interactive 3.25

emerged as a superior strategy to G alone. There
seems to be no clinical benefit with regard to trans-
plant outcomes for patients who received cells that
were mobilized with plerixafor versus those that were
mobilized with G-CSF alone. Current mobilization

strategies are all acceptable but result in different
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CD34 yields and different cost benefit ratios. The ad-
vent of plerixafor, as well as other novel mobilization
strategies that will be discussed later, opens the door
to a series of interesting questions that should be ex-

plored in prospective trials. (Interactive 3.25)
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Movie 4.1

Allogeneic Stem Cell Mobilization
John F. DiPersio MD, PhD

Hello, my name is John DiPersio and I am Chief of the
Division of Oncology and Deputy Director of the Site-
man Cancer Center at Washington University School of
Medicine. I'd like to spend a few minutes this after-
noon discussing allogeneic stem cell mobilization and
its implications for patients undergoing complicated al-

logeneic stem cell transplants. (Interactive 4.1)

Interactive 4.1

The basic biology of stem cell mobilization is com-
plex and still under a great deal of examination and
scrutiny by many scientists in the field. The hemato-
poietic stem cells live in both a vascular and osteo-
blastic niche, and these stem cells have tethers.

These are primary chemokine receptors, integrins
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and growth factor receptors, such as C-KIT, VLA-4
and CXCR4, which are the primary interactive teth-
ers that bind these stem cells to supporting cells
within the bone marrow microenvironment to the os-
teoblasts and promote stem cell homing and reten-
tion within the marrow space. They are also critical
in the mobility of these stem cells from the bone
marrow environment into the blood, where they can
be collected by apheresis. (Interactive 4.2) [1]

As was previously discussed, G-CSF represents the
primary way for which allogeneic donors are mobi-
lized. Two cytokines are approved for the mobiliza-
tion of allogeneic donors, G-CSF and GM-CSF. GM-
CSF, as I will show you later, is a relatively inferior
mobilizing agent, while G-CSF is a very efficient mobi-
lizing agent. I'll provide you with some additional
data where we have tested CXCR4 inhibitors by them-
selves for the first time for the mobilization of stem
cells from allogeneic donors. (Interactive 4.3) [2]

One of the largest reports using G-CSF and
healthy allogeneic stem cell donors is outlined in

this report by Kristina Holig, who oversees the col-

Interactive 4.2

lections for the DKMS, the Deutschland Marrow Do-
nor Registry. Her report, published in 2013, gives a
good thumbnail overview of the impact of G-CSF on
mobilization from normal allogeneic donors. But be-
fore I talk to you about G-CSF in general, I want to

remind you that there are a number of biosimilars
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Interactive 4.3

that have been tested both in the autologous and al-
logeneic setting.

When I refer to G-CSF, I'd like to have you con-
sider G-CSF as not only Neupogen, for which most
of these studies have been done, but also extend it
to all the biosimilars, since there is no report of bio-

similars being significantly different than G-CSF in
their ability to mobilize stem cells, either in the
autologous or allogeneic setting. This is one over-
view from 2014 by Schmitt et al. which will confirm
what I've just said. I suggest that you look over this
paper and determine for yourself if you agree. (In-
teractive 4.4) [3]

Dr. Holig’s data, which looked at DKMS and the
European Bone Marrow Transplant Registry,
showed that mobilization of hematopoietic stem
cells from normal donors conforms to this distribu-
tion, which is quite commonly seen in normal alloge-
neic donors. There is a wide range of productive mo-
bilization, from a few donors in the 1-3% range who
failed to mobilize sufficient numbers of stem cells, to
5% of donors who mobilized enormous numbers of
stem cells after a single week of G-CSF mobilization.
The median number stem cells mobilized from all of
these unrelated donors (n=3,994) was 5.88 x 108, ap-
proximately 5-7 x 10% CD34/kg after a single aphere-
sis from an average 70-80 kg normal allogeneic do-
nor. (Interactive 4.5) [2]
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Interactive 4.4

When Dr. Holig looked at the side effects of G-CSF
mobilization, she found that the most frequent side ef-
fects were headache and bone pain, with flu-like symp-
toms extremely uncommon. More severe complica-
tions were also relatively uncommon. As you know,

some patients have been reported to have had splenic

Interactive 4.5

ruptures but this is exceedingly rare. And for the most
part, with the exception of patients with multiple sclero-
sis and sickle cell anemia patients, high-dose G-CSF for
mobilization is extremely safe, associated with limited
or negligible long-term or short-term severe reactions.
For the most part G-CSF is associated with headache




and bone pain, where 20-30% of patients may require
transient use of narcotics. (Interactive 4.6) [2]

What predicts outcome for patients or for normal al-
logeneic donors collected with G-CSF? This is data from
our center, looking at almost 1,000 normal allogeneic do-
nors who were both female and male. Overall, there was
no obvious difference in the collection of male and fe-
males and also no dramatic difference in the collection
of stem cells with age, although statistically there ap-
peared to be a slight decrease in the collection of hemato-
poietic stem cells over the age of 60 that obviously does
not pass the eyeball test. For the most part, expectations
for collection from male and females is relatively similar,
although some have shown slightly inferior results from
females. Our data suggest that females and males are
quite similar and that age does not have a general im-
pact on mobilization. (Interactive 4.7)

The only other comorbidity that we and others
have determined to be predictive of outcome for nor-
mal allogeneic donors is diabetes. There are four
separate reports, one of which was published this

year by Fandini and our group, which suggest that

Interactive 4.6

diabetes, due to progressive autonomic sympathetic
denervation, results in decreased mobilization of
stem cells into the vascular sinuses after G-CSF mobi-
lization. (Interactive 4.8) [4,5,6]

The exact mechanisms of this are unclear. How-

ever, the beautiful work by Ferraro et al. in Science
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Interactive 4.7

and Translational Medicine in 2011 and our review
of this paper in The New England Journal of Medi-
cine in 2012 suggest that the progressive autonomic
sympathetic denervation seen in diabetes contrib-
utes to this decrease in mobilization. Several groups
have validated these results in their own data sets.

Interactive 4.8

Now the question also emerges whether peripheral
blood versus bone marrow is better for the outcome
of patients transplanted with malignant diseases.
(Interactive 4.9) [7]

Allogeneic stem cell transplants can be lumped

into sib transplants or unrelated donor transplants.
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Interactive 4.9

In a large prospective randomized study published
in The New England Journal of Medicine in 2012,
the authors demonstrated clearly and unequivocally
that there was no significant survival difference be-
tween transplant recipients who received periph-
eral blood stem cells and those who received bone

Interactive 4.10

marrow from unrelated donors. In this study unre-
lated donors were collected in the operating room
and bone marrow was collected or mobilized with
G-CSF. Recipients of those transplants had similar
long-term overall survival and disease-free sur-
vival. (Interactive 4.10) [7]
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The data shown here is a summary of some of
the major endpoints that were looked at in the
study. First is neutrophil recovery. As expected, due

to the large number of stem cells and the strong cor
relation between stem cell numbers and neutrophil

and placebo recovery, there was a more rapid and

more reproducible early recovery of both neutro
phils and platelets in patients receiving peripheral
blood as a source of stem cells for unrelated donor
transplant.

However, the cumulative incidence of acute

GVHD was identical in both groups and the cumula

tive incidence of chronic GVHD was statistically in
creased in the group of patients receiving peripheral
blood stem cells mobilized with G-CSF. So although
the overall and disease-free survival of these groups
were the same, as well as acute GVHD, neutrophil
and platelet recovery, the cumulative incidence of
chronic GVHD was different in that peripheral blood
allogeneic stem cell transplant recipients recovered
their counts quicker and had an increased incidence
of chronic GVHD.

This has led some centers to rethink their choice
of peripheral blood versus bone marrow for recipi-
ents of unrelated transplants. I should also say that
in the context of marrow failure, especially in pa-
tients with aplastic anemia and in younger patients
and children, the preferred source of unrelated do-
nor stem cells is bone marrow and not peripheral
blood for the patients that have non-malignant dis-
eases due to the excessive rates of chronic GVHD.

In addition to the use of allogeneic stem cell
transplants from either matched sibs or unrelated do-
nors, there has been an explosion of centers using
haploidentical stem cell transplants for malignant he-
matologic diseases. This is a diagram from the Hop-
kins group showing some of the biology behind us-
ing post-transplant high-dose cytoxan to eliminate
alloreactivity. In a typical stem cell graft or bone mar-
row graft, there are a number of non-alloreactive T
cells, so-called memory T cells, which have already
rearranged their TCRs for specific antigens that they
have seen. The cells waiting to see those antigens are
largely quiescent, and exposure of those cells to




high-dose cytoxan after transplant results in no ma-
jor diminution of these cells, since they are quiescent
and relatively resistant to cytoxan, unlike alloreac-
tive cells. When they see allo APC they explode and
proliferate rapidly from the moment those cells are
infused into recipients, and those rapidly expanding
T cells, which originated from the naive population
of T cells, are now very sensitive to high-dose cy-
toxan and are eliminated. In this way, the alloreac-
tive T cells are preferentially eliminated by high-
dose cytoxan. (Interactive 4.11)

Recent studies by the Hopkins group have clearly
shown that the other explanation of this beneficial ef-
fect is that cytoxan has a preferential impact on ex-
panding alloreactive T cells while it has no effect on
expanding regulatory T cells, and thus, results in an
increased ratio of T regulatory cells-to-T effector
cells after transplant, mitigating GVHD, both acute
and chronic. (Interactive 4.12) [8]

In addition to the non-myeloablative regimens
pioneered by the Hopkins group using a combina-
tion of fludarabine and low-dose TBI followed by in-

Interactive 4.11

fusion of bone marrow stem cells, with high-dose cy-
clophosphamide being given on days three and four
after transplant, other groups including our own and
others around the world have used this same ap-
proach in fully ablative transplants.
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Interactive 4.12

Of note is that acute and chronic GVHD using
these reduced intensity regimens pioneered by Hop-
kins shows that the rates of acute and chronic GVHD
are extremely low in patients receiving post-

transplant Cytoxan. (Interactive 4.13)

Interactive 4.13

The overall survival of patients is reasonable,
with low-risk disease patients doing relatively well
and patients with high risk disease doing, as ex-
pected, relatively poorly. The explanation for this
poor outcome has to do with relapse-free survival.
Relapse in those patients who come in with high
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Interactive 4.14

risk disease and get reduced intensity haploidenti-
cal transplant with post transplant Cytoxan have a
significantly reduced relapse-free survival. There-
fore the antileukemic effect of this approach in the
context of bone marrow stem cells, a reduced inten-
sity conditioning regimen by giving high-dose Cy-

Interactive 4.15

toxan after transplant, may be markedly dimin-
ished. (Interactive 4.14)

As I mentioned, other groups have used more aggres-
sive ablative transplant regimens with post-transplant
Cy and used mobilized peripheral blood or bone marrow
infusions with similar outcomes. (Interactive 4.15)
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Here are some preliminary data using a retrospec-
tive analysis of the CIBMTR database. Approximately
300 patients underwent haploidentical transplants
for malignant hematologic disease with bone marrow
as a source of stem cells. You can see that for haploi-
dentical donors the cumulative index of non-relapse
mortality is similar to unrelated donor transplants
from matched donors. The cumulative incidence of
non-relapse mortality by donor type after reduced in-
tensity conditioning regimens is even lower in the hap-
loidentical setting compared to unrelated donors. (In-
teractive 4.16) [9]

What is also interesting is that when using bone
marrow as a source of stem cells there was a slightly
increased risk of relapse (as was noted in the Hop-
kins series) which is inconsistent with this large reg-
istry retrospective analysis by the CIBMTR showing
that haploidentical transplants have an increased re-
lapse risk. (Interactive 4.17) [9]

However, the overall survivals were essentially the
same when comparing unrelated donor transplants

versus haploidentical transplants. So these data, al-

Interactive 4.16

though they are from retrospective analyses, suggest
that haploidentical stem cell transplants using bone
marrow as a source of stem cells result in similar out-
comes to unrelated donor transplants. However, re-
cent data needs to be generated using G-CSF mobi-

lized peripheral blood to ensure that we can also say
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Interactive 4.17

the same about mobilized peripheral blood in the
haplo setting; that that source of stem cells results in
the same overall and disease-free survival as unre-
lated donor peripheral blood stem cell transplants.
That has not yet been examined in a large retrospec-
tive analysis. (Interactive 4.18) [9]

Interactive 4.18

What we were interested in doing some time ago
was substituting G-CSF, (which as you know takes 5-6
days to mobilize enough stem cells in both normal sib
donors and unrelated donors) and try to apply some
of the basic science and preclinical studies we had
done in the mouse with CXCR4 inhibitors and exploit
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stem cells 4 hours after a single injection, and use this
Interactive 4.19 pheresis product for stem cell transplantation. The
FDA made us collect a G-CSF backup for the first eight
patients, but since there were no problems with engraft-
ment from these cells the FDA dropped the require-
ment for backup and let us proceed and finish our
small phase 2 study.

We gave 240 mcg/kg of plerixafor to normal do-
nors and the stem cell products that were collected
were interestingly quite different than a G-CSF mobi-
lized product. First of all, there were less CD34 cells
per kilogram compared to a G-mobilized product.
And there were far more T cells in this product than

in a G-CSF mobilized product. This was published in

2008 by Steve Devine. The other interesting aspect

is that the T cell numbers were increased for both

some of the preliminary normal volunteer data done CD4 and CDS8 T cells, while NK cells were not differ-
by David Dale at Seattle, using plerixafor as a mobiliz- ent between a G mobilized product and the plerixa-
ing agent in normal donors. (Interactive 4.19) [10] for mobilized product. (Interactive 4.20) [10]

What we did was to give AMD3100 (as it was called We then did several other studies using subcutane-
in the old days and is now called plerixafor) to normal ous and intravenous plerixafor in normal sibling donors.
allo donors which were matched sibs, and collect their This is unpublished data and you can see that SC plerixa-
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Interactive 4.20

for at 240 mcg/kg versus IV plerixafor at 320 mcg/kg re-
sults in significant failure to collect a minimum number
of stem cells of 2 X 10° CD34 cells per kilogram during
the first apheresis. Even after two collections, 7% of pa-
tients receiving SC plerixafor and 10% of patients receiv-
ing IV plerixafor did not collect the minimum number of

Interactive 4.21

stem cells. One would have to assume that this is prob-
lematic as an efficient, robust, rapid mobilizing agent for

normal donors, and that there will be significant donors

that will have to undergo two collections, unlike with

G-CSF, and some donors that don’t collect sufficient

numbers even after two collections. (Interactive 4.21)
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These data look quite a bit different than with
normal donors, as is always the case, since normal
donors are selected to be usually young males that
are non-obese, do not have comorbid conditions like
diabetes, etc., and normal allogeneic sibling donors

are often the same age as their transplanted siblings.

These ages range up in the 70s and they are more
evenly distributed between male and female. Some
are obese and some have diabetes. The overall sur-
vival of these groups, which were high-risk patients,
looks relatively comparable with very long follow up.
This is encouraging in that, even though we are mobi-
lizing limited numbers of stem cells and most pa-
tients received approximately 2-2.5 X 10° CD34/kg,
long term outcomes look very respectable for both
groups. (Interactive 4.22)

What was of interest (and this is unpublished but
presented at several ASH meetings in the past), is
that the incidence of acute II-IV and III-IV GVHD ap-
peared to be extremely low in both of these studies.
Now obviously this has to be validated in larger tri-
als, and perhaps ultimately in randomized trials if
this were ever to be approved as a single agent to mo-
bilize stem cells from normal donors. The incidence
of chronic GVHD for both of these studies was also
relatively low. And so perplexingly, even though

there was significantly more T cells, there appeared
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Interactive 4.23 Interactive 4.24

to be a relatively low incidence of both acute and flow cytometry on CD34 selected cells for CD45RA on

chronic GVHD. (Interactive 4.23) the X axis and CD123 on the Y axis that they are very
What is even more interesting is that when one ac- different from G-CSF. (Interactive 4.24)
tually looks at the phenotype of the kind of stem cells In the G-CSF population there is only a tiny popu-

mobilized by IV plerixafor, SC plerixafor, or G-CSF lation of these cells that are CD123 positive and
from normal allogeneic donors, one can see, using bright and CD45RA positive and bright, and these
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Interactive 4.25

cells are abundant in plerixafor mobilized allogeneic
donors. The pictures on the bottom recapitulate
what is shown on the top.

So the question is, what are these cells and what

are they doing? Interestingly enough, when we looked

at these cells we found that they were actually plasma-
cytoid dendritic precursor cells. (Interactive 4.25)

We figured this out by looking at all transcrip-
tion factors involved in the development of these
cells which were known to have that immunologic
phenotype, and looked for the expression of those
key transcription factors in the stem cells purified
from G-CSF mobilized CD34-positive cells and
plerixafor mobilized CD34 cells from normal allo
donors. You can see that in every case, the expres-
sion of these plasmacytoid dendritic transcription
factors was markedly elevated in patients that re-
ceived plerixafor for mobilization in their hemato-
poietic stem cells. (Interactive 4.26)

When we examined these cells for biologic activ-
ity, we looked at the production of IFN-alpha, which
is known to be expressed by these plasmacytoid den-
dritic cells and is very important for antiviral immu-
nity. We found that there was a huge increase in the
production of IFN-alpha in a plerixafor-mobilized
stem cell compared to a G-CSF-mobilized stem cell

when incubated in vitro for 24 hours.
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When we looked at the incidence of CMV viremia
in patients mobilized with G-CSF versus plerixafor we
found that, for patients at risk of developing CMV vire-
mia, about 60% receiving G-mobilized product devel-
oped viremia at some point after transplant while only
15% of our patients receiving plerixafor-mobilized prod-

ucts developed CMV viremia. There was an approxi-
mately equal incidence of CMV disease in the two
groups. So there is reason to believe that in this stem
cell subset it is not only progenitors that give rise to
hematopoietic reconstitution but also plasmacytoid
dendritic precursors that when infused into recipi-
ents, may have a protective effect against CMV vire-
mia through the production of IFN-alpha. The most
common growth factor that has been used for mobili-
zation has been G-CSF, and there are very few papers
looking at the role of GM-CSF by itself for mobiliza-
tion. (Interactive 4.27) [11]

In this report by Devine et al., we looked at retro-
spective data from Washington University and
showed that patients who received GM-CSF alone,
again had a relatively low risk of grades 2-4 GVHD
and no patients developed grades 3-4 GVHD com-
pared to G-mobilized plus GM-mobilized products.
This was suggestive that GM-CSF might be an effec-
tive mobilizing agent if you were primarily interested
in reducing GVHD. (Interactive 4.28) [12]
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But when we compared the ability to mobilize
stem cells with AMD3100 (plerixafor) versus G-CSF
plus GM-CSF in 176 normal donors, versus G-CSF in
419 normal donors, versus GM-CSF alone in 40 do-
nors, you can see that the failure rate to achieve the

minimum number of stem cells needed for transplan-

Interactive 4.28

tation after a single apheresis was 38% in the

plerixafor-mobilized group and 32% in the GM-

mobilized group and the other two groups had very

low failure rates. (Interactive 4.29)

So even though GM-CSF results in the low inci-

dence of acute and chronic GVHD, like plerixafor-
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Interactive 4.29

mobilized graphs, it is actually a relatively poor mobi-
lizing agent, and probably cannot be used by itself in
normal donors if one wants to collect an adequate
number in a single collection. You can see as you
look at higher numbers of stem cells mobilized, the

failure rate gets higher and higher for the AMD
groups and the GM groups.

In conclusion, G-CSF-mobilized peripheral blood
stem cells are effective at reconstituting multi-

lineage engraftment in autologous and allogeneic

stem cell recipients. Most products today are mobi
lized with G-CSF; G-CSF plus chemotherapy for auto
transplants and G-CSF by itself for allogeneic stem
cell transplant patients. Successful mobilization of
normal donors in a single collection occurs between
75 and 94% of the time with G-CSF after a single
apheresis. (Interactive 4.30)

Biosimilars are as effective as Neupogen for both

auto and especially for allogeneic blood stem cell mo

bilization. I did not show the data but I can summa

rize the studies that have been published. Recom
mended CD34/kg for MUD and Haplo transplant is
greater than 5 X 10° CD34/kg, and in many centers
the number of stem cells infused is limited to 7-8 as
a maximum. Plerixafor, the CXCR4 antagonist, when
given either subcutaneously or intravenously alone,

is similar to GM-CSF alone and results in failure to
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Interactive 4.30

mobilize an adequate number of stem cells in 30-
40% of normal donors after a single apheresis, and
so is probably not suitable for ongoing clinical use.
Plerixafor mobilization of allogeneic donors is as-
sociated with rapid and stable engraftment and lim-
ited acute and chronic GVHD. Any agents that we

could add to plerixafor that would enhance its ability
to quantitatively mobilize more stem cells in a rapid
period of time would fulfill our goal of achieving the
holy grail of robust and rapid mobilization within
hours after administration of stem cell mobilizing
agents. In the next talk we will discuss some of these
potential approaches experimentally using preclini-
cal models. Thank you very much.

1. Hopman RK, DiPersio JF. Advances in stem cell mobilization.
Blood Rev. 2014 Jan;28(1):31-40. http://www.ncbi.nim.nih.gov/
pubmed/24476957



http://www.ncbi.nlm.nih.gov/pubmed/24476957
http://www.ncbi.nlm.nih.gov/pubmed/24476957
http://www.ncbi.nlm.nih.gov/pubmed/24476957
http://www.ncbi.nlm.nih.gov/pubmed/24476957

REFERENCES

2. Mozaheb Z, Khayami M, Sayadpoor
Dlron Balance in Regular Blood Donors.
Transfus Med Hemother. 2011;38(3):
190-194. http://www.ncbi.nlm.nih.gov/
pubmed/21760763

3. Ferraro F, Lymperi S, Méndez-Ferrer
S, et al. Diabetes impairs hematopoietic
stem cell mobilization by altering niche
function. Sci Transl Med. 2011 Oct
12;3(104):104ra101. http://
www.ncbi.nim.nih.gov/pubmed/
21998408

4. Fadini GP, Albiero M, Vigili de
Kreutzenberg S, et al. Diabetes impairs
stem cell and proangiogenic cell
mobilization in humans. Diabetes

Care. 2013 Apr;36(4):943-9. http://
www.ncbi.nim.nih.gov/pubmed/
23111057

5. Fadini GP, Fiala M, Cappellari R, et al.
Diabetes Limits Stem Cell Mobilization
Following G-CSF but Not Plerixafor.
Diabetes. 2015 Aug;64(8):2969-77. http://
www.ncbi.nim.nih.gov/pubmed/25804941

6.  Anasetti C, Logan BR, Lee SJ, et al.
Peripheral-blood stem cells versus bone
marrow from unrelated donors. N Engl J
Med. 2012 Oct 18;367(16):1487-96. http://
www.ncbi.nim.nih.gov/pubmed/23075175

7. Luznik L, O'Donnell PV, Symons HJ, et
al. HLA-haploidentical

bone marrow transplantation for hematologic
malignancies using nonmyeloablative
conditioning and high-dose,
posttransplantation cyclophosphamide. Biol
Blood Marrow Transplant. 2008 Jun;14(6):
641-50. http://www.ncbi.nim.nih.gov/
pubmed/18489989

8. Ciurea SO, Zhang MJ, Bacigalupo

AA, et al. Haploidentical transplant with
posttransplant cyclophosphamide vs
matched unrelated donor transplant for acute
myeloid leukemia. Blood. 2015 Aug
20;126(8):1033-40. http://
www.ncbi.nim.nih.gov/pubmed/26130705

Q. Devine SM, Vij R, Rettig M, et al.
Rapid mobilization of functional donor
hematopoietic cells without G-CSF using

AMD3100, an antagonist of the CXCR4/
SDF-1 interaction. Blood. 2008 Aug
15;112(4):990-8. http://
www.ncbi.nim.nih.gov/pubmed/
18426988

10.  Verkruyse LA, Storch GA, Devine

SM, et al. Once daily ganciclovir as initial pre-
emptive therapy delayed until threshold CMV
load > or =10000 copies/ml: a safe and
effective strategy for allogeneic stem cell
transplant patients. Bone Marrow

Transplant. 2006 Jan;37(1):51-6. http://
www.ncbi.nim.nih.gov/pubmed/18426988

11.  Devine SM, Brown RA, Mathews V, et
al. Reduced risk of acute GVHD following
mobilization of HLA-identical sibling donors
with GM-CSF alone. Bone Marrow
Transplant. 2005 Sep;36(6):531-8. http://
www.ncbi.nim.nih.gov/pubmed/16025152



http://www.ncbi.nlm.nih.gov/pubmed/21760763
http://www.ncbi.nlm.nih.gov/pubmed/21760763
http://www.ncbi.nlm.nih.gov/pubmed/21760763
http://www.ncbi.nlm.nih.gov/pubmed/21760763
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/21998408
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/23111057
http://www.ncbi.nlm.nih.gov/pubmed/25804941
http://www.ncbi.nlm.nih.gov/pubmed/25804941
http://www.ncbi.nlm.nih.gov/pubmed/25804941
http://www.ncbi.nlm.nih.gov/pubmed/25804941
http://www.ncbi.nlm.nih.gov/pubmed/23075175
http://www.ncbi.nlm.nih.gov/pubmed/23075175
http://www.ncbi.nlm.nih.gov/pubmed/23075175
http://www.ncbi.nlm.nih.gov/pubmed/23075175
http://www.ncbi.nlm.nih.gov/pubmed/18489989
http://www.ncbi.nlm.nih.gov/pubmed/18489989
http://www.ncbi.nlm.nih.gov/pubmed/18489989
http://www.ncbi.nlm.nih.gov/pubmed/18489989
http://www.ncbi.nlm.nih.gov/pubmed/26130705
http://www.ncbi.nlm.nih.gov/pubmed/26130705
http://www.ncbi.nlm.nih.gov/pubmed/26130705
http://www.ncbi.nlm.nih.gov/pubmed/26130705
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/18426988
http://www.ncbi.nlm.nih.gov/pubmed/16025152
http://www.ncbi.nlm.nih.gov/pubmed/16025152
http://www.ncbi.nlm.nih.gov/pubmed/16025152
http://www.ncbi.nlm.nih.gov/pubmed/16025152

Chapter 5

Mobilization Algorithms to

Optimize Patient Outcomes
Luciano J. Costa, MD, PhD



Luciano J. Costa obtained an MD and PhD at Universidade de Sao Paulo in Brazil where he
also trained in Internal Medicine and Hematology. He subsequently completed fellowship in He-
matology and Oncology (University of Colorado) and Blood and Marrow Transplantation (Mayo
Clinic, Rochester).

Dr. Costa is currently an Associate Professor of Medicine and medical director of ambulatory
care and the cell therapy collection facility for the UAB Blood and Marrow Transplant Program.
His clinical research includes transplant and non-transplant management of lymphoproliferative
and plasma cell disorders. He has also been deeply engaged in strategies for optimization of
hematopoietic progenitor cell mobilization and in population outcomes of blood cancers.

Luciano J. Costa, MD, PhD
Associate Professor of Medicine
University of Alabama at Birmingham
Birmingham, Alabama




Movie 5.1

Mobilization Algorithms to Optimize Patient Outcomes
Luciano J. Costa, MD, PhD

My name is Luciano Costa, and I'm an Associate Pro-
fessor of Medicine at the University of Alabama at
Birmingham, where I also serve as Medical Director
for the apheresis collection facility. Today I will dis-
cuss mobilization algorithms to optimize patient out-
comes. (Interactive 5.1)

Interactive 5.1

Mobilization algorithms can be defined as a bun-

dle of practices and procedures governing the uni-

form use of mobilization agents and the collection of

hematopoietic progenitor cells in a transplant cen-

ter. (Interactive 5.2)



figure:DCB60BC3-E732-441B-8255-5EB397BC788A
figure:DCB60BC3-E732-441B-8255-5EB397BC788A
figure:C193795F-20DD-459A-9467-E9BD1A80E8AA
figure:C193795F-20DD-459A-9467-E9BD1A80E8AA

Interactive 5.2

I like to make the analogy between mobilization and
cutting grass. At a transplant center, you can have a uni-
form, coded practice that you call an algorithm, so you
have uniform results. (Interactive 5.3)

If you don’t do that, you’ll end up with a case-
by-case approach that might work for patient care,

Interactive 5.3

but which will result in a nonuniform scenarios
where the efficacy and outcomes are difficult to
evaluate. (Interactive 5.4)

Why use mobilization algorithms? They in-
crease the quality of the process. They improve com-
munication in a setting where there is often involve-
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Interactive 5.4

ment of the clinician, the advanced practice pro-
vider, the apheresis staff, and the cell processing
staff. It’s very helpful when you have a process that
is simple and well known by all of those involved,
so communication can occur effectively, which re-
duces the likelihood of processes or individual pa-

Interactive 5.5

tient care practices that diverge from the intended
plan of care. (Interactive 5.5)

As in many other fields, standardization often
results in the reduction of resource utilization, so
there is a good financial argument for standardiza-
tion of mobilization. More importantly, it has been
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shown that the adoption of algorithms in a practice
reduces the need for remobilization, which is a big
problem for both the transplant center as well as

for the patient, as it increases costs and delays

transplant, the ultimate goal of therapeutic inter
vention. So, when taken together, we can say that
the adoption of mobilization algorithms are likely
to improve patient outcomes.

When setting up an algorithm for a particular
center there are concepts or priorities that are often

conflicting. So the transplant center has to decide on

its priorities and how to balance conflicting con
cepts. (Interactive 5.6)

One good example of this is the conflict between
cost and resources vs. high target. There is variation

among transplant centers in the target number of

CD34 cells that are intended for collection and even

tually, for transplantation. We all agree on the mini
mal number, or there’s at least more agreement on
the minimal number, which is 2 x 10 CD34 cells per
kg of recipient. However, how that information is

used in terms of stopping apheresis varies from

Interactive 5.6

center-to-center. Some centers aim at collecting 3 x
10°, 4 x 109, or even 5 x 10° CD34 cells per trans-
plant. Evidently, as you aim for a higher target, you
are more likely to use multiple doses of expensive
mobilizing agents, put the patient through more ses-
sions of apheresis, and increase the cost.



figure:8C689325-13B9-43E8-BF9C-5FC64034EA24
figure:8C689325-13B9-43E8-BF9C-5FC64034EA24

Other conflicting concepts are uniformity versus
adaptability. If you have a process, an algorithm that
is extremely simple, it is likely to be well received by
the staff. You are likely to have greater consistency;
however, it also makes it difficult to adapt to differ-
ent patient situations, such as age, type of disease, or
the individual capacity to mobilize cells.

Along the same lines, you have the concept of com-
plexity versus consistency. The more complex the algo-
rithm, the more likely it is that there will be devia-
tions from that algorithm within your transplant cen-
ter, because it increases the odds that individual mem-
bers of the team might overlook or might choose not
to adopt a particular aspect of the algorithm.

Other conflicting concepts are those of control ver-
sus time commitment. The physician is one of many in-
dividuals involved in the mobilization process. If the
physician chooses, for instance, to personally monitor
and make adaptations during the mobilization process
for each individual patient, that takes a lot of time. If
the physician chooses to surrender that control, and in-

stead benefit from having uniformity and a common

process, then less time would be committed to the day-
to-day management of their patients.

Ultimately, there is a conflict between belief and
practicality. For instance, if a transplant center has a
firm belief that chemomobilization is the better
method of mobilization, either because of greater
yields or better disease control, that is the belief that
will prevail when it comes to designing an algorithm,
which can result in an algorithm that is not always
practical.

I would like to review a few of the contemporary
approaches to algorithms that have been published.
Some institutions have an algorithm that is simple.
It is one-size-fits-all, so essentially that institution
chooses to adopt one method of mobilization for es-
sentially all patients. (Interactive 5.7)

The most commonly seen of those approaches are
with the use of filgrastim and plerixafor, essentially repli-
cating the process described in the two Phase III clinical
trials that led to the approval of plerixafor in the United
States. That consists of four days of daily administration
of filgrastim with the administration of plerixafor start-
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Interactive 5.7

ing on the evening of the fourth day, and apheresis start-
ing on the fifth day. Continued daily is the plerixafor ad-
ministration and apheresis until the target is met, or un-
til there are four consecutive days of apheresis. Another
approach, also used by many sites, is the chemotherapy
plus filgrastim as a universal method of mobilization.

107

Other algorithms, some of which we will review,
use the concept of a “just in time” use of plerixafor.
That consists of the use of either growth factor or, as
published more recently, chemotherapy plus growth
factor with the addition of plerixafor, based on the pa-
tient’s actual capacity of mobilized cells, which is as-
sessed by measuring the CD34 count in the peripheral
blood at a given time point. If that count is lower than a
certain threshold, then plerixafor is added. If it is above
a certain threshold and the patient is a good mobilizer,
collection is started without the use of plerixafor.

There are also risk-based approaches, which are in-
tended to stratify patients based on the perceived risk of
mobilization failure and assign them to different mobili-
zation strategies. This is sometimes summarized in a
document that we can call an algorithm, but many trans-
plant centers and physicians do that in a less formal way
by assigning patients with certain characteristics to spe-
cific mobilization practices. A common one is to use
growth factor-based mobilization with most patients,
but use chemomobilization in patients who have a high

burden of multiple myeloma cells in the bone marrow or




in patients who have received a certain number of cycles

of drugs that impair mobilization, such as lenalidomide.
The first algorithm that I want to show as an example

of “one size fits all” is the University of North Carolina al

gorithm in multiple myeloma that is chemotherapy-

based, consistent with the administration of etoposide on
days one and two, followed by filgrastim as growth factor,
and starting apheresis when the CD34 count in peripheral
blood is higher than 7. (Interactive 5.8) [1]

In this publication from 2011, 152 patients had 100%
mobilization success, with 94% of the patients collecting
all the necessary cells in one session. The median CD34
cells per kilo collected was 12, which is excellent; 20% of
the patients, however, required transfusion, and 17% were
hospitalized for fever and neutropenia, a number that is
not very high compared to the literature in chemomobili-
zation, but that is certainly much higher than what you
would expect with growth factor alone. Nevertheless, this
is an example of a “one size fits all” algorithm that is very
successful, as all patients were able to collect.

The same authors published their experience

with exactly the same algorithm, but this time in pa-

Interactive 5.8

tients with lymphoma who are notoriously harder to
mobilize than patients with multiple myeloma for
various reasons. In this study with 159 patients, the
median total CD34 cells per kilogram was 6.2. The
median number of apheresis days was 2, as opposed

to 1 in multiple myeloma. There were very few mobi-
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Interactive 5.9

lization failures, with 94% of the patients collecting
more than 2 x 10 CD34 cells per kilo, which is con-
sidered the minimal necessary for a transplant.
Thirty-two percent of the patients required transfu-
sion and 6% required hospitalization due to fever
and neutropenia. (Interactive 5.9) [2]

We will now discuss an algorithm with a “just in
time” approach, which is an algorithm we devel-
oped while at the Medical University of South Caro-
lina. Simply put, it consists of four days of filgras-
tim administration, very similar to how it was done
in the Phase III trials for plerixafor, but instead of
administering plerixafor on day four, what is done
is the enumeration of peripheral blood CD34. If the
patient is below a certain threshold then no aphere-
sis is started, the patient receives plerixafor and
starts collection on the subsequent day. However, if
the CD34 in the peripheral blood is above a certain
threshold, then apheresis is started on the same
day. (Interactive 5.10)

The biggest challenge with that approach was
where to set the threshold. Many centers opted to ar

bitrarily set the threshold at 10 or 20 CD34/ul in
similar outcomes. What we did was to integrate a
few concepts into that decision, particularly the dif-
ferences between mobilization targets for different
patients, and importantly, the costs implicated in

one approach versus the other. (Interactive 5.11)
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Interactive 5.10

The concept here is simple. Patients who have ex-
tremely low CD34 counts are destined to fail with
growth factor-only mobilization and plerixafor is
then necessary. There is little reluctance about giv-
ing plerixafor in a patient that, for example, has a
CD34 count of 6 or 5 on day four of growth factor.

Interactive 5.11

On the other side, patients with an extremely
high CD34 count, for example, a patient with a CD34
count of 50, are going to collect well without any ad-
dition of plerixafor, so plerixafor is unnecessary. The
challenge is with patients with more intermediate

CD34 counts, and essentially the question is where




to set the bar. What is the number that will decide
who gets plerixafor and who does not?

We acknowledge that that decision was to some ex-
tent one of economics, as different approaches might
have different cost implications. So we constructed a deci-
sion model with certain elements. One of the elements is
understanding how many cells we can collect on a patient
given a certain CD34 count in the peripheral blood. We
did that by retrospectively reviewing 50 cases on our site
which showed a sharp correlation between peripheral
blood CD34 and yield of collection on that given day. I call
this the B-to-B relation — the relationship between what is
in the blood and what is going to be in the bag. So by us-
ing this formula, the extraction from a linear regression,
one can predict what the yield is going to be based on pe-
ripheral blood CD34 count. (Interactive 5.12) [3]

If that patient, instead of going through collec-
tion, receives plerixafor and goes to collection the
next day, how many cells will we be able to collect?
Here we are able to extrapolate from the literature,
essentially going through the Phase III trials where a

large pool of patients that had similar characteristics

Interactive 5.12

underwent collection on the first day. On the first
day of apheresis patients who received plerixafor
had a three-to-five fold increment in the yield of
CD34 cells collected than patients who continued on
growth factor only. (Interactive 5.13) [4]
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with a target of 6 x 10° per kilo has a CD34 count of 14
Interactive 5.13 on day four. We know if that patient were to undergo
collection, we would probably have a yield of 1.45,
which means it would take five consecutive days of col-
lection to meet our target. The total cost, when you add
growth factor continuation, apheresis and cryopreserva-
tion, will be over $40,000. However, if that patient re-
ceives plerixafor and collects the next day, it is pro-
jected that he will collect approximately 4.37, which
means it will take two days of collection to reach the tar-
get of 6 x 10°. In that scenario, the extra cost of two
days of plerixafor is more than overshadowed by the
cost of three additional days of collection on the other

approach, and the total projected cost is $34,000, mak-

ing the use of plerixafor in this case, cost effective and

making this the winning approach. (Interactive 5.14)

Based on those two pieces of information, we can
project how much the patient would collect if he or she
went straight to apheresis, versus how much he would
collect if he received plerixafor and apheresis the next
day. We can also project the cost of each approach. In
this theoretical example, a multiple myeloma patient

This is another example: a patient with the same
target, but with 30 cells in the peripheral blood on day
four. If the patient does not receive plerixafor, it takes
two days of collection with over $17,000 in projected
cost. If the patient does receive plerixafor, it takes one
day of collection with a total cost of $18,000, so in this
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Interactive 5.14

case, the winning and most cost-effective approach is
to not use plerixafor. (Interactive 5.15)

Evidently there is a lot of calculation that goes
into this and it would be totally impractical to do
this on a patient-by-patient basis at the bedside. For-
tunately, through a series of simulations, one can de-

Interactive 5.15

termine the cutoff or threshold for each individual
collection target, above which continuation of
growth factor only and immediate apheresis is fa-
vored, and below which the addition of plerixafor
and starting apheresis on the subsequent day is fa-
vored. (Interactive 5.16) [3]
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Interactive 5.16

For instance, for 6 x 10% a very common target
for patients with multiple myeloma, the threshold is
25 CD34/ul. If you are collecting 3 x 10° CD34/kg
for a lymphoma transplant, that threshold becomes
14 CD34/ul. So this information is ready to use. It

does not require any personal information or metrics.

The background can be a bit complicated, but the
day-by-day use is extremely simple.

When we started this algorithm with slightly over
30 patients we learned that we had a plerixafor use of
68%. Another way to put this is that we spared 32% of
the patients from the unnecessary use of plerixafor.
The correlation was proven to be very accurate, as well
as the calculation of the projected number of apheresis
— 94% of the patients met the target and only 1 out of
those 37 patients required remobilization, so we were
able to proceed to transplant in a short period of time,
with a median interval for mobilization to transplant of
14 days. (Interactive 5.17) [3]

Other studies have used a similar approach. One
well-known approach is that published by the Mayo
group with Dr. Micalleff as the first author. Their ini-
tial approach was very similar to ours, but they used
10 as an arbitrary threshold. Patients who did not
meet 10 after four or five days of growth factor were
started on plerixafor and got apheresis the next day.
Patients that exceeded 10 started immediate aphere-

sis. In addition, patients who did not receive plerixa-
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Interactive 5.17

for initially but had a low apheresis yield on the first
day had plerixafor added to their regimen and col-
lected the subsequent day. (Interactive 5.18)

Later they realized that they would collect with
many of those patients who had above 10, for exam-
ple 12-15, but it would still take several days of collec-

Interactive 5.18

tion, making collection more expensive, particularly
with a higher target. So they adapted their protocol
in a subsequent study and set the threshold to 20 for
patients who are collecting for multiple transplanta-
tions, with multiple myeloma patients being the

most typical scenario. (Interactive 5.19) [5]
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Interactive 5.19

This is the comparison of the two approaches
called plerixafor-1 and plerixafor-2. Essentially there
is greater success, a 1% versus 5% mobilization fail-
ure, with more liberal use of plerixafor. The conse-
quence of that is that plerixafor use does increase,
and in this case, from 38% to 58%, and so does the

number of CD34 cells collected; here, from 6.1 to 7.8
x 10° per kilogram. (Interactive 5.20) [5]

More recently, a few chemotherapy plus “just in
time” plerixafor algorithms have been published. I
chose to show one of them which was published by an
Italian group in the British Journal of Haematology.
That consisted of administration of cyclophosphamide,
which is broadly the most common mobilizing chemo-
therapy agent used, followed by growth factor, in this
case filgrastim. If the patient obtains 20 CD34 per mi-
croliter in peripheral blood at any point between days
nine and twelve, the patient starts apheresis. If not, if
the patient is greater than 10, but less than 20, the pa-
tient is rechecked daily until 20 is obtained and aphere-
sis is started. If the patient does not obtain 20 by day
sixteen, then the patient starts plerixafor for subse-
quent collection. If the patient is not on the plerixafor
path, but the yield of collection is low, then plerixafor is
added. (Interactive 5.21) [6]

In this same study they compared the outcomes
of that approach to historical data on patients collect-
ing with cyclophosphamide in growth factor mobili-
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Interactive 5.20

zation only. What was seen is that the on-demand ap-
proach was associated with a very low rate of mobili-
zation failure, about 4%, being lower in myeloma
and higher in lymphoma, compared to 15% and
26.5% in a historical group that was bias adjusted.
Most importantly, 14.4% of patients required plerixa-

Interactive 5.21
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for (21.6% of lymphoma patients and 10.6% of multi-
ple myeloma patients). (Interactive 5.22) [6]
Moving on from “just in time” plerixafor to risk-
adapted plerixafor. One example of this is from the
Moffitt group, where instead of going exclusively on

the mobilization capacity, they chose an algorithm
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Interactive 5.22 Interactive 5.23

that plans for plerixafor if the patient has a perceived hypocellular bone marrow. Other remaining patients
high risk of mobilization failure. (Interactive 5.23) receive straight mobilization with a growth factor,

The criteria used are: three or more lines of but if the patients have a lower yield, then plerixafor
therapy; two lines of therapy with radioimmunocon-  is added. The results of such an approach have not
jugate or extensive radiation; four or more cycles of been compared with “just in time” use or with

hyperCVAD, four or more cycles of lenalidomide; or straight use of growth factor.
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But the real question here is, can we clinically
predict which patients will be poor mobilizers?
There are multiple risk factors for poor mobiliza-
tion, but the question remains, can clinical charac-
teristics be effectively used for risk-stratification
and predict who is going to be a poor mobilizer?
(Interactive 5.24) [7]

A few years back we asked this question by com-
bining 477 multiple myeloma patients undergoing
growth factor mobilization from two institutions, the
Mayo Clinic and the Medical University of South
Carolina. We performed a multivariate linear regres-
sion analysis to indicate which factors are associated
with poor mobilization using the CD34 on day four
of growth factor as the readout for mobilization. In-
terestingly enough, the factors that were associated
with mobilization were age; the duration of lenalido-
mide therapy; the platelet count prior to mobiliza-
tion, likely a surrogate of bone marrow reserve; and
the type of growth factor. Some of the patients re-
ceived pegfilgrastim for mobilization, instead of fil-

grastim, and that affected the mobilization. Some

Interactive 5.24

other factors that are often used by clinicians to strat-
ify patients according to perceived risk of mobiliza-
tion failure did not prevail in the multivariate analy-
sis, particularly the percentage of plasma cells in the

bone marrow.
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Using the results of the multivariate analysis,
we built a score to predict which patients would fail
to reach 20 cells or which patients would fail to
reach 10 CD34 cells after four days of growth fac-
tor. Essentially what you have is two receiver oper-
ating characteristic curves with a very low AUC of
0.71 and 0.74. The message here is that even if you
use the best available model to factor in all the
meaningful clinical characteristics and try to pre-
dict who is not going to collect properly, that predic-
tion is still imperfect. (Interactive 5.25) [7]

So, any criteria you choose to say who gets one
mobilization approach versus another would have
either very low specificity or very low sensitivity,
which translates into overtreatment of patients who
are predicted to be poor mobilizers but would actu-
ally mobilize well, or mobilization failures on pa-
tients predicted to be good mobilizers, but who end
up not mobilizing accurately. Essentially, we are
making a point for the use of actual mobilization ca-

pacity with, for example, “just in time” use of

Interactive 5.25

plerixafor, versus risk-stratification based on clini-
cal characteristics.

In summary, some advice for developing and
adopting mobilization algorithms. It is important to
understand your site’s peculiarities: what resources

are available, what are the characteristics of your
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Interactive 5.26

patients, and what is the payment structure, as
these might influence what mobilization technique
is used. (Interactive 5.26)

In addition, define priorities and be fact-driven,
particularly the facts that can be learned from your
own site’s experience, and educate the staff. It is im-

portant that everyone involved in mobilization under-
stands and embraces the process. Enforce by educa-
tion and by performing audits. Understand how your
process is actually performing. Lastly, amend if you
notice that the performance is not what you expect.
Amend your process and reanalyze, so you can get a
mobilization algorithm that is more appropriate for
your site, more appropriate for your patients, and fi-

nally one that is the most cost effective.
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Movie 6.1

Pharmacoeconomics of Stem Cell Mobilization Strategies
Luciano J. Costa, MD, PhD

My name is Luciano Costa, and I am an Associate
Professor of Medicine at the University of Alabama
at Birmingham, where I also serve as medical direc-
tor for the apheresis collection facility. Today I will
discuss the pharmacoeconomics of stem cell mobili-
zation strategies. (Interactive 6.1)

Interactive 6.1

The cost of mobilization is a substantial fraction of
transplant costs, and in some series, it accounts for up
to $52,000 in costs. Multiple options exist for mobili-
zation, particularly of autologous donors, making
pharmacoeconomics even more relevant. Essentially,

if you have multiple strategies that provide similar
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clinical outcomes, the relative cost of each strategy
might become the defining factor when choosing how
to mobilize patients. (Interactive 6.2)

As we analyze pharmacoeconomics, it is impor-
tant to keep in mind that remobilization sharply in-
creases mobilization costs and it is often not ac-
counted for in a pharmacoeconomic analysis compar-
ing different mobilization strategies. We also need to
keep in mind the burden of mobilization failure. And
I like to say that the least cost-effective transplant is
the one that never happens.

As we analyze cost effectiveness in healthcare
we often use the concept of incremental cost-
effectiveness ratio, which is the difference in cost be-
tween two strategies vs. the difference in quality ad-
justed life-years. The goal of mobilization is to obtain
cells for transplant. The transplant itself is intended
to be a curative strategy or to improve survival of the
patient. If we have mobilization failure, there is no
transplant, and therefore no gain in quality adjusted
life-years. Therefore, the denominator of this equa-

tion is zero, making all the cost spent in mobilization

Interactive 6.2

wasted cost from a societal standpoint. For transplant
centers, most of the financial income comes from actu-
ally performing transplants. Therefore, it is not in the
best interest of anyone to have mobilization failures.
There are several components of pharma-

coeconomics in mobilization. The one that gets the
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most attention is the one that is easiest to identify —
the cost of mobilization agents, simply because there
is a clear price tag attached. It is easy to find out how
much a vial of a certain drug costs. (Interactive 6.3)
However, there are other less discussed costs that
are also important, such as the costs of supportive care
which include the cost of transfusions and antimicrobi-
als. There is also the cost of monitoring, including asso-
ciated multiple hospital visits and the necessity for mul-
tiple blood tests. There is the cost of hospitalizations
for complications, which is particularly important in
the case of chemomobilization, where patients often de-
velop fever and neutropenia requiring IV antibiotics.
Then there is the cost of apheresis itself, which is

often hard to identify in the hospital setting, but
which is certainly not free. Included in that service is
the cost of the personnel operating the machine, the
cost of the machine and the kit that goes into the ma-
chine and the cost of maintaining the apheresis facil-
ity. There is also the cost of cryopreservation, so a
strategy that takes multiple days of collection will

have multiple days of apheresis and cryopreservation.

127

Interactive 6.3

We will now review the limitations of pharma-
coeconomic studies. Often charge is used as a surro-
gate for cost as cost may be difficult to estimate.
Cost and payment structure are highly variable
among centers or patients in the same center, de-

pending on what payer is associated with that pa-
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Here we will review pharmacoeconomic compari-
Interactive 6.4 sons of different mobilization strategies. These in-
clude chemomobilization with filgrastim plus plerixa-
for; chemomobilization vs. filgrastim plus “just in
time” plerixafor; upfront filgrastim plus plerixafor
vs. filgrastim plus “just in time” plerixafor; filgrastim
vs. pegfilgrastim; and lastly TBO-filgrastim versus fil-
grastim. (Interactive 6.5)

An excellent and complete pharmacoeconomic
analysis is one published by Paul Shaughnessy and
colleagues. They performed a retrospective study of
33 patients who participated in the expanded access
program (EAP) of plerixafor and G-CSF for initial

mobilization of CD34" cells, and compared outcomes

to 33 matched controls mobilized with cyclophospha

mide and G-CSF at 2 centers that participated in the

tient. Also, cost can be seen from multiple points of EAP. The study analyzed outcomes of mobilization
view, that of society at large, the payer, the trans- and costs. (Interactive 6.6) [1]

plant center, and the patient. A strategy that might In this series, 100% of the patients were able to
be more cost beneficial to the payer might not be collect 2 X 10% CD34* cells and proceed to trans-
the most cost effective for the transplant center, or plant. Therefore there were no mobilization failures.
vice versa. (Interactive 6.4) The number of patients who collected 5 million cells,
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Interactive 6.5 Interactive 6.6

however, was higher in the plerixafor group, and in 12% of the patients on chemomobilization not start-
that group there were no patients who required ing apheresis on the intended day.

apheresis on the weekend. Sixteen (48%) control pa- Not surprisingly, there was a higher use of
tients required weekend apheresis. There was also growth factor in the chemotherapy plus growth fac-
variation on what day apheresis was started, with tor group, ten vs. five doses. More importantly, over

half of patients on chemomobilization required hos-




pitalization. Twelve percent of chemotherapy plus
growth factor group required transfusions vs. 0% in
the plerixafor plus growth factor group.

In this study, cost was divided into two catego-
ries, pre-apheresis, which is the cost of mobilization,
and peri-apheresis, which is the cost of collection.
The pre-apheresis cost was similar between the two
groups. Some differences were seen in the peri-
apheresis costs, with higher cost associated with the
chemo/growth factor, probably reflecting the need
for additional days of apheresis. Overall, the costs
were very comparable — the mean cost of $20,000
for plerixafor plus growth factor vs. $19,000 for
chemo plus growth factor. (Interactive 6.7) [1]

The pane on the right shows that the cost rela-
tionship is different depending on how many days of
apheresis the patient requires. For patients who re-
quire only one day, the plerixafor approach seems
more efficient, but as the patient requires additional
days of apheresis, the relationships tend to invert as
the cost of plerixafor escalates. In summary, there is

similar cost and efficacy between the two regimens,

Interactive 6.7

but the filgrastim plus plerixafor regimen was more
predictable, convenient, and less toxic.

While at University of South Carolina we per-
formed a retrospective comparison between our mo-
bilization algorithm with filgrastim and “just in

time” plerixafor in 50 patients vs. a historical series



figure:4E84F21F-D9C7-47F9-9AF4-FE2B6FE88B24
figure:4E84F21F-D9C7-47F9-9AF4-FE2B6FE88B24

Interactive 6.8 Interactive 6.9

in our center of 81 patients undergoing chemomobi- What was seen was that there was a higher pro-
lization with 2 g/m? of cyclophosphamide. Popula- portion of patients completing collection in one and
tions were comparable, with the important differ-  two days in filgrastim plus “just in time” plerixafor.
ence being a higher proportion of multiple mye- But most importantly, 22% of the patients were un-
loma patients in the mobilization algorithm cohort. able to collect and did not undergo any apheresis in
(Interactive 6.8) [2] the cyclophosphamide group. (Interactive 6.9) [2]
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Interactive 6.10

When you look at time, from the beginning of mo-
bilization to day zero of transplant, you see a remark-
able difference. It took a median of 14 days with fil-
grastim plus “just in time” plerixafor vs. 43 days
when patients underwent chemomobilization with
filgrastim. (Interactive 6.10) [2]

All but one patient with filgrastim and “just in
time” plerixafor successfully completed mobilization
in the sense of collection vs. only 77.8% with cyclo-
phosphamide. Only one patient required hospitaliza-
tion with filgrastim and “just in time” plerixafor vs.
30% of patients receiving chemomobilization. The esti-
mated cost per patient that successfully completed mo-
bilization was higher with chemomobilization, even
without including the costs associated with subse-
quent mobilization attempts. (Interactive 6.11) [2]

To date, there is only one publication that I'm
aware of that compares upfront filgrastim plus
plerixafor, just as utilized on the Phase III trials that
led to the approval of plerixafor vs. a “just in time”
approach, where filgrastim is given for 4 days and
plerixafor is added according to CD34* mobilization
into peripheral blood. (Interactive 6.12) [3]

In this series from University of West Virginia,
upfront plerixafor was used for all patients up to a
certain point. After which a transition was made to
“just in time” plerixafor, with plerixafor being util-
ized only for patients who had a CD34* count of less
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Interactive 6.11

than 10. This table shows that the two cohorts were
comparable, without any major differences in dis-
ease characteristics or demographics.

Not surprisingly, the cohort that had plerixafor for
all patients reached a higher median peak of CD34".
There were more cells collected on the first day of

Interactive 6.12

apheresis, and there were more cells collected in how
the apheresis performed. However, the portion of pa-
tients with mobilization failure was very similar, 5.3%
with routine up-front G+B vs. 3.3% with “just in time”

plerixafor. (Interactive 6.13) [3]
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come the difference in cost of plerixafor, which was
Interactive 6.13 over $13,000 for routine use vs. over $8,000 for

“just in time”. Overall, the average total mobilization

cost was $27,000 for routine use versus $23,000

with “just in time”, illustrating that the “just in time”

approach is likely more cost-effective.

Also while at the Medical University of South
Carolina, we experienced a transition in growth fac-
tor, going from filgrastim with the dose of 10 mcg/
kg/day, to an approach where we used a one-time
flat dose of peg-filgrastim of 12 mg and utilized the
same criteria of day four CD34* count to add or not
add plerixafor prior to collection on the subsequent

day. (Interactive 6.14) [4]

We retrospectively compared our experience with

both agents and found that the two cohorts were es-

The cost analysis showed slightly higher costs for sentially very similar. A comparison of the two growth
“just in time” plerixafor in terms of the cost of factors, the day four peripheral blood CD34*, which
apheresis, which likely reflected a few patients who should be a direct readout of the growth factor mobili-
required additional apheresis they would not have zation capacity since this count happens before any
otherwise required had they received plerixafor. plerixafor is given, was higher with pegfilgrastim at
However, that difference was not enough to over- 28.7 than it was with filgrastim at 18.1. That resulted
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Interactive 6.14 Interactive 6.15

in lower use of plerixafor in the pegfilgrastim cohort 2% in both groups. As one would expect, patients re-

than in the filgrastim cohort. (Interactive 6.15) [4] quired fewer injections when they received pegfil-
All other variables were similar in terms of the grastim than when they received filgrastim.

number of days of apheresis, number of patients not When we compared cost, the findings were quite

meeting mobilization targets, and number of pa- interesting in that the cost of apheresis and labora-

tients with mobilization failure, which was less than tory utilization did not change, as these patients re-
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quired a similar number of apheresis. However, the
increase in cost of growth factor by going from fil-
grastim to pegfilgrastim is almost exactly matched
by the decrease in cost with plerixafor, as fewer pa-
tients required plerixafor with the pegfilgrastim mo-
bilization, leading to near identical costs per effec-
tive mobilization. It is important to keep in mind
that in this comparison we used 12 mg of pegfilgras-
tim. We have unpublished data that suggest that
similar results can be obtained with the use of 6 mg
of pegfilgrastim in a way that would favor that ap-
proach over filgrastim. (Interactive 6.16) [4]

Also of great interest is the recent availability of
TBO-filgrastim, which is another variation of G-CSF
with a different manufacturing process that does not
follow the path of bioequivalence and does not, there-
fore, share the same label indications with filgrastim.
(Interactive 6.17) [5]

In this retrospective series, Dr. Elyan and col-
leagues followed the outcomes of their mobilizations
wherein they transitioned from filgrastim to TBO-

filgrastim at exactly the same dose, same schedule

Interactive 6.16

and same intended use of plerixafor on a “just in
time” basis. The cohorts were very similar, with pre-
dominantly a mix of plasma cell disorders and lym-
phomas. (Interactive 6.18) [5]

The results of the mobilization were nearly identi-

cal, with both groups reaching 12.5 median CD34"
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Interactive 6.17

cells/kg on day four. The plerixafor utilization was
also nearly identical, with roughly two-thirds of the
patients in each group requiring plerixafor. The
same happened with the number of plerixafor doses.
The apheresis resulted in near identical yields, and a
similar proportion of patients in both groups

Interactive 6.18

137

reached 5 X 106 CD34* cells/kg. About 40% of the
patients in both groups met their target after only
one day of collection.

This can be summarized by saying that TBO-
filgrastim has very similar or near identical mobiliza-

tion capacity to filgrastim when given at the same




Interactive 6.19

doses. However, in this series, utilizing average
wholesale prices, the use of TBO-filgrastim would
have led to a savings of about $960 per patient.

In conclusion, there are no prospective trials com-
paring two mobilization strategies with a pharma-

coeconomic endpoint, so we are essentially limited

to a retrospective analysis. Growth factor plus
plerixafor is less toxic but not less cost-effective than
chemomobilization. A “just in time” plerixafor ap-
proach is likely more cost-effective than planned
plerixafor for all patients. (Interactive 6.19)

I'll close by saying that alternative growth factors
such as pegfilgrastim and TBO-filgrastim might be
more cost-effective than filgrastim, and future re-

search is necessary to bear this out.
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Future Novel Approaches for Stem Cell Mobilization
John F. DiPersio MD, PhD

Good afternoon, my name is John DiPersio and I am
the Chief of the Division of Oncology and Deputy Di-
rector of the Siteman Cancer Center at Washington
University School of Medicine. (Interactive 7.1)

I'd like to review some future novel approaches
for stem cell mobilization. As a reminder, the bone

Interactive 7.1

marrow microenvironment is a complicated struc-
ture with many types of cells. The major issue with
stem cells is the tethering of these stem cells to the
marrow microenvironment. We know that there are
a number of important tethers that are key for both

retention of stem cells in their marrow and also for
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mobilization of those cells to the periphery. Those in-
clude primarily CXCR4 and VLA-4 but also other
tethers such as CD62 and CD44. (Interactive 7.2)

There are a number of reagents that have been
tested to interrupt these important niche tethers.
They include G-CSF which downregulates SDF-1 in
the marrow microenvironment and also directly in-
jures and eliminates osteoblasts. There are also
small molecular inhibitors of VLA-4. One, as noted
on this slide, is Bio5192. There are a number of E-
selectin inhibitors that target E-selectins expressed
on the surface of stem cells. These may have an im-
portant role in the rolling and adhesion of stem cells
into the marrow microenvironment.

I'd like to discuss some novel reagents that are
under development in several laboratories, including
some pharmaceutical companies. The first class of
reagents is the VLA-4 antagonists. VLA-4 is ex-
pressed on hematopoietic stem cells and binds to its
ligands in the marrow microenvironment. Its pri-
mary ligand is VCAM-1 and its secondary ligands in-
clude fibrinogen. These ligands bind to the activated

Interactive 7.2

state of VLA-4 which is activated through inside out
signaling. That interaction creates an important
bond by which the stem cells and other malignant
cells use the marrow microenvironment as a shelter
to protect them against the insults such as chemo-

therapy and other agents. This also is an important
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retention pathway for stem cells. Interruption of this
tether will release stem cells in the peripheral blood.
(Interactive 7.3) [1]

There are two primary chemical scaffolds which
have been pursued. One is the N-acylphenylalanine
derivative scaffold which has primarily been devel-
oped by GSK, and the drug is called Firategrast. This
1s a small molecular inhibitor of VLA-4. The second
group of chemicals is based on the LDV mimetic
pathway or scaffold. The prototypic drug is Bio5192,
which was initially developed by Biogen.

Unfortunately neither of these drugs is being cur-
rently clinically developed. They were both tested in
inflammatory disorders including rheumatoid arthri-
tis and multiple sclerosis with negative clinical re-
sults. However, they both appeared to be safe. They
have limited solubility and have been used primarily
as oral agents.

Here’s an example of what we had previously pub-
lished looking at the role of one of these VLLA-4 inhibi-
tors, Bio5192, to rapidly and directly mobilize stem

cells in the mouse. For comparison we used plerixa-

Interactive 7.3

for, which is the small molecule CXCR4 inhibitor cur-
rently approved for the treatment of patients being
mobilized with myeloma and non Hodgkin lym-
phoma. In the mouse a subcutaneous injection of
plerixafor induces peak mobilization in approximately

two to three hours. Interestingly, this particular inhibi-
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Interactive 7.4 Interactive 7.5

tor of VLA-4, Bio5192, does almost quantitatively the VLA-4 mobilization and the green line is the two

same, but in 15 to 30 minutes. (Interactive 7.4) drugs given simultaneously, which results in a syner-
When we combined the VLA-4 inhibitor with the gistic effect. (Interactive 7.5)

CXCR4 inhibitor we got additive or synergistic mobi- When you combine VLA-4 inhibitors with

lization, as shown in the green line. The red line is CXCR4 inhibitors with G-CSF you have, at least in

CXCR4 inhibition in the mouse, the yellow line is the the mouse, massive mobilization where the CFUs
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Interactive 7.6

and the progenitor cells increase from 50 per ml,
which is the normal circulating level in most strains
of mice, to almost 40,000 per ml when you give all
three drugs together, suggesting a dramatic synergis-
tic mobilization and pathways for clinical develop-

ment. (Interactive 7.6)

The interesting part of these experiments had to
do with the removal of spleens to see if the spleen was
contributing to the mobilization of stem cells, because
the spleen is a hematopoietic organ in the mouse.
When we removed the spleen, we found an interesting
effect (the colors are reversed on this slide). The red
bar is splenectomized mice and the yellow bar is wild
type mice. You can see that mobilization with G-CSF
is markedly enhanced when the spleen is removed be-
cause the spleen is a sieving organ. Although the col-
ors are reversed, I want to remind you that the mobili-
zation is dramatically increased when the spleen is re-
moved when G-CSF is the mobilizing agent. Again, we
think this is due to the inherent sieving activity, so
any mobilized stem cells get trapped by the spleen.
When you take the spleen out, it enhances mobiliza-
tion. (Interactive 7.7) [2]

Looking at the same splenectomized and non-
splenectomized mice mobilized with CXCR4 inhibi-
tors or VLA-4 inhibitors we get a completely different
effect. The first is that, in spite of the sieving action of

the spleen, the mobilization of hematopoietic stem
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Interactive 7.7

cells in the mouse drops when the spleen is removed,
suggesting that most of the progenitors must come
from peripheral or vascular stores. This is a so-called
vascular niche. We assume that AMD3100 or plerixa-
for is mobilizing rapidly from these peripheral non-
osteoblastic niches. One can see that when you do the

147

same experiment with the VLA-4 inhibitors you get
the same mobilization whether you have the spleen or
not, suggesting that most of these mobilized stem
cells come from the osteoblastic niche in the bone
marrow. When you combine the two, again, you see a
significant drop off in mobilization, suggesting that a
lot of the progenitors that are mobilized when CXCR4
is given subcutaneously come from these peripheral
vascular stores. (Interactive 7.8) [2]

One of the interesting aspects of VLA-4 that has
been known for some time is that the ligand for VLA-4
(VCAM-1), which is expressed in the microenvironment,
has an important promoter binding site which binds
NFkB which as you know is inhibited by proteasome in-
hibitors. The thought that we had was that if NFKB tran-
scription factors bind to the VCAM-1 promoter and
drive the expression of VCAM-1, then inhibition of that
binding through the use of Bortezomid or other protea-
some inhibitors would reduce the expression of VCAM-1
on human endothelial cells or bone marrow stromal
cells. In fact that is the case, as we and others have

shown that in previous studies that have been published.
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Interactive 7.8

Our hypothesis was that, like SDF-1 being downregu-
lated by G-CSF, can we downregulate VCAM-1 with pro-
teasome inhibitors, and if so would that result in mobili-
zation of stem cells. (Interactive 7.9) [3,4,5]

In fact, that is exactly what we saw. When we
gave a single dose of Bortezomid to a mouse, we could

Interactive 7.9

see that there was a robust and reproducible mobili-
zation, but with odd and different kinetics than
with CXCR4 inhibitors, which mobilized primarily
within the first two to three hours in mice com-
pared to G-CSF, which mobilized optimally be-
tween four and six days after treatment. You can
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see in this setting that peak mobilization occurred
between 12 and 18 hours after a single dose of Vel-
cade. When we added AMD3100 or CXCR4 inhibi-
tors to Velcade we saw that this effect was accentu-
ated and that this was an additive effect. So there is
reason to believe adding a CXCR4 inhibitor to Vel-
cade would have an important, improved effect on
mobilization. (Interactive 7.10) [5]

When we did the same experiment with G-CSF
we again saw this additive effect of adding G-CSF
with Velcade. The interesting part of these experi-
ments was when we knocked out, or deleted, the
VLA-4 locus in mouse bone marrow resulted in stem
cells with no VLA-4 on their surface. These mice,
compared to the wild type mice, have high resting
levels of progenitors, as one might expect, because
you're deleting that tether. You can see that there
were few circulating cells at baseline in wild type
mice, maybe 20 to 50 per milliliter. That increases to
nearly 600 in mice that have the VLA-4 gene
knocked out in their stem cells. When one gives Vel-

cade to those mice (the red line) they do not mobi-

Interactive 7.10

lize, suggesting to us that Velcade, as predicted, is
primarily working through the VCAM-1, VLA-4 axis
to mobilize stem cells.

We took the spleens out of these animals, and as
expected, since we knew from previous experiments

that VLA-4 inhibitors primarily mobilize from the
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bone marrow, we saw identical mobilization with Vel-
cade whether the animals had spleens or not. These
data were suggestive that a blockade of VLA-4 and
the pathway involving VLA-4 and VCAM-1 is impor-
tant for stem cell mobilization and retention. Block-
ade with small molecule inhibitors rapidly induces
mobilization of stem cells, primarily from bone mar-
row osteoblastic niches. With administration of Vel-
cade, downregulation of VCAM-1 over 12-18 hours re-
sults in the intermediate kinetics for mobilization of
stem cells from the bone marrow into the peripheral
blood. Most importantly, either VLA-4 inhibitors or
Velcade can be used additively or synergistically with
CXCR4 inhibitors or G-CSF to enhance mobilization.
(Interactive 7.11) [5]

One of the other interesting observations we and

others have made, is if you give subcutaneous plerixa
for or CXCR4 blocking agents to a mouse daily you
get the same modest mobilization from about 50 to
600 progenitors per ml over two to three hours,
which returns to baseline by seven to eight hours. In-
creasing the doses of the CXCR4 inhibitors does not

Interactive 7.11

seem to further enhance mobilization and repeating
the dose on a daily basis results in the same incre-
mental increase in progenitors from 60 to 600 a day
with no improvement in the peak of mobilization in
the number of mobilized progenitors.
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We gave the same dose of both AMDS3100
(plerixafor) and an alternative active and small mole-
cule inhibitor of CXCR4 which we were working with

called ALT1188 to mice by continuous infusion via

an Alzet pump. These pumps are inserted subcutane
ously in mice and they deliver a daily dose of drug,

the same dose that would be given by a single subcu
taneous injection continuously over 24 hours. The
pumps can work for 7 to 14 days depending on the
type of pump used. (Interactive 7.12)

In this experiment we gave the drug for 7 days.
You can see the usual small peak in mobilization,
which is exactly what you see with the optimal dose of
SC plerixafor or any other CXCR4 inhibitor. When
this same daily dose is given over 7 days between days
2 and 3 there seems to be this monumental increase
in progenitors which peaks at day 4 or 5. The pump is
becoming less productive by day 5 and you can see the
progenitors start to fall again. This represents at least
a tenfold amount of mobilization compared to either
plerixafor or ALT1188 alone or a five-to-ten fold bet-

ter than optimal mobilization with G-CSF alone. So

Interactive 7.12

just giving these drugs by continuous infusion dra-
matically and profoundly increases mobilization.

We did some experiments to find out what was going
on. We injected Alzet pumps into a series of mice, contin-
ued the infusions for 14 days instead of 7 days, and then

looked at the mice at various times after the Alzet pumps



figure:DA1F42BF-5F46-43F1-A464-01622D1882B8
figure:DA1F42BF-5F46-43F1-A464-01622D1882B8

Interactive 7.13

had been eliminated, for progenitors in the bone marrow
and in the peripheral blood. (Interactive 7.13)

If you look at the progenitors, shown in the left
panel, and “Isk”, which is the flow cytometry metric
equivalent of progenitors on the right panel, you can
see that after 14 days the number of progenitors in the

Interactive 7.14

peripheral blood increases from approximately 60 to

80,000 and that when you take these pumps out they

go back to the bone marrow relatively rapidly. The

same thing is shown on the right except there is a dif-
ferent correlation between the flow cytometry and the

colony forming units. (Interactive 7.14)



figure:C5D9CF54-1A34-4B8A-B24C-F7C0B5BFCC74
figure:C5D9CF54-1A34-4B8A-B24C-F7C0B5BFCC74
figure:FDC9167B-9DBF-413F-BF1F-4D65BBD1D75B
figure:FDC9167B-9DBF-413F-BF1F-4D65BBD1D75B

To find out what was going on we looked at the
cycling kinetics in the bone marrow of these mice.
We found that when we gave CXCR4 inhibitors con-
tinuously the percentage of cells that were in G1 and
S phases dramatically increased after 14 days and
these cells continued to cycle in the bone marrow for
two or three days after the pump was removed until
it returned to baseline. (Interactive 7.15)

Based on these results we think that continuous
infusion of plerixafor, not higher doses, has a pro-
found effect in the bone marrow, which is complete
remodeling of the bone marrow resulting in rapid
and massive proliferation and expansion of the bone
marrow stem cells. These are then released into the
peripheral blood and there is probably a component
of rehoming to the bone marrow, which is blocked
by continuous infusion of CXCR4 inhibitors. This is
a potentially new way to give single agent CXCR4 in-
hibitors that could have profound effects on mobiliza-
tion. These numbers, if they were repeated in hu-
mans, would represent a 10-100 fold increase in pro-

genitors compared to G-CSF alone.

Interactive 7.15

The quest for rapid and robust mobilization de-
signs is ongoing in many laboratories and compa-
nies. Several compounds in clinical development at
this time are plerixafor, which has been approved;
polyphor, a large peptide-based compound currently
in development in Europe and the US for mobiliza-
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tion and chemo sensitization; and the BiolineRX

compound which is a high affinity CXCR4 inhibitor

with a slow off-rate that is being developed for mobi-
lization and chemo-sensitization. Cantex is a heparin

derivative with no anti-coagulation properties that

binds with high affinity to SDF-1. It induces dimeri-
zation of SDF-1 and prevents it from binding to

CXCR4. It is used by continuous infusion to enhance

mobilization and also as chemo-sensitization AML.

Alteris is an effective small molecule inhibitor that

I'll show you in the next slide; BMS makes an anti-
body to CXCR4; and Lilly also has an active CXCR4

small molecule inhibitor. (Interactive 7.16)

VLA-4 inhibitors are unfortunately not being
clinically developed currently, but the previous ones
were developed by Biogen and GSK for multiple scle-
rosis and other inflammatory diseases. Hopefully
these can be taken to the clinic in the future in light
of the data I've just shown you.

GroB and truncated GroB are made by GSK. They
are the ligands for CXCR2, which is interestingly a re-

ceptor on monocytes and neutrophils and neutrophils,

Interactive 7.16

not on stem cells. GroB itself is a mobilizing agent and
GSK has decided not to develop it in the future.
Bortezomib, is a direct, rapid mobilizing agent in
mice and is now being tested in humans. There have
been several papers written about the role of Borte-

zomib to enhance the mobilization of G-CSF which
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have been descriptive reports in small numbers of pa-
tients and the authors have not understood the biol-
ogy behind this. The previous data I've shown you
suggest some potential biology behind the role of Vel-
cade as a mobilizing agent.

FltsL is the ligand for a tyrosine kinase, ex-
pressed on stem cells. CellDex is the truncated Flt3
ligand and it mobilizes stems cells and also mobi-
lizes and activates plasmacytoid dendritic cells.

Finally, I've suggested that giving CXCR4 inhibi-
tors by a completely different mechanism and
method robustly enhances mobilization.

This is an example of a small molecule inhibitor con-
tinuous IV infusion being developed that has similar
properties to AMD3100 or plerixafor, except that it
causes less toxicity in mice and can be given in higher
doses. But even at equivalent doses you can see on the
right panel that plerixafor mobilization with the same
dose of ALT1188 is more potent than plerixaflor and also
works for longer periods of time. (Interactive 7.17)

The only other mobilizing agent that has not

gained wide acceptance and not many people use it or

Interactive 7.17

are aware of it is granulocyte-macrophage colony-
stimulating factor, GM-CSF. There is retrospective data
from our center that was published some time ago.
Looking at patients who had transplants with GM-CSF
and only mobilized peripheral blood stem cells, when
we compared GVHD grade II-IV and III-IV in patients
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Interactive 7.18 Interactive 7.19

receiving G-CSF, G plus GM-CSF and GM-CSF alone, it may not have that much of a decrease effect on
the rates of II-IV and III-IV acute GVHD were lower in GVHD. (Interactive 7.19)

patients receiving GM-CSF. (Interactive 77.18) [6] In the G-CSF group the failure rate to collect at

In a follow-up clinical trial which has not yet least 2 x 10° CD34+ cells/kg after a single collection
been published it does not show the same encourag-  was only between 4 and 6% in these two groups.
ing results. I think it is a weak mobilizing agent and However the failure rate to collect at least 2 x 10°
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Interactive 7.20

CD34+ cells/kg is 38% in all plerixafor patients in all
trials we’ve done and 32.5% in the GM-CSF mobi-
lized group. Although we have shown in both these
groups that there may be slightly less acute and
chronic GVHD when patients are transplanted with

these mobilizing agents, they are relatively ineffec-

157

Interactive 7.21

tive and will probably not move forward in any set-
ting as single agents to mobilize allogeneic stem cell
donors. (Interactive 7.20)

Flt3 ligand is also an effective agent. This is a paper
from Ohio State University looking at a FIt3 ligand to

mobilize stem cells in a mouse. (Interactive 7.21) [7]
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They combined Flt3 ligand with G-CSF and
plerixafor. On the top are the stem cells mobilized by
each group: PBS, plerixafor alone, FIt3 ligand alone,
Flt3 ligand plus plerixafor, G-CSF plus plerixafor,
and G-CSF. The combination of FIt3 ligand and
plerixafor was particularly effective in mobilizing he-
matopoietic stem cells and mobilizing plasmacytoid
dendritic cells which have been shown by several
groups to be associated with tolerance or inhibition
of alloreactivity. (Interactive 7.22) [7]

These same authors did a transplant study in mice
(shown in the right panel) which showed that mice that
received FIt3 ligand plus plerixafor mobilized stem
cells or Flt3 mobilized stem cells alone had much lower
rates of GVHD and mortality than mice getting stem
cells, T-cells, and splenocytes from mice receiving ei-
ther PBS or G-CSF. (Interactive 7.23) [7]

The final way to use mobilizing agents is to think out-
side the box about the interaction between the microen-
vironment and the hematopoietic niche. There have
been many papers published focused on diseases look-

ing at the interaction of both the collagen matrix and the

Interactive 7.22

microenvironment, the microenvironment cells them-
selves, and the malignant cells. (Interactive 7.24)

This shows some of the pathways in a hematopoietic
cell or a malignant leukemic cell that are activated when
these cells interact with the microenvironment. We

think that these interactions are mediated by the tethers
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Interactive 7.23

that I mentioned in the first slide. That includes SDF-1,
CXCR4, VCAM-1, VLA-4, E-Selectin, and E-Selectin
ligands, etc. Although one could inhibit one of these
pathways that are inducing the following signals seen in
all cells that bind to the microenvironment - anti-
apoptosis, anti-proliferation and anti-differentiation -

Interactive 7.24

one could also just interrupt this interaction so that
these cells now become more sensitive to other geno-
toxic stresses like chemotherapy.

There are many studies looking at the role of
CXCR4 inhibitors to sensitize leukemic and other

cells to chemotherapy. This is one example in which




Interactive 7.25 Interactive 7.26

we gave plerixafor immediately before MEC, which have CR rates in the 25-30% range had CR and CRi

is salvage chemotherapy for AML, and looked at the rates in the 50% range. These results are somewhat
rates of second remission in patients who had re- encouraging, but need to be taken with a grain of
lapsed AML. (Interactive 7.25) salt until proven in a prospective randomized trial.

What we were able to show was that CR and CRi (Interactive 7.26) [8]
rates for patients that we would normally expect to
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The other interesting observation we made was
that when we gave a CXCR4 inhibitor to leukemic pa-
tients and looked at the CXCR4 expression on the
leukemic cells we found something that we never ex-
pected. (Interactive 7.27)

First early on as expected there is a drop (the
white line) of the binding of an antibody that binds
to the plerixafor binding site on CXCR4. So giving
plerixafor and the antibody which binds to that site
on CXCR4 will not be able to bind; it stays low for a
period of time. However, if you use a different anti-
body which identifies the CXCR4 but binds to a sepa-
rate site on CXCR4 that the plerixafor does not bind
to, the receptor goes up over time. This paradoxical
increase in receptor expression, shown on the blue
curve, is quite dramatic. These cells have between
two and ten times more CXCR4 on the surface after
administration of a CXCR4 inhibitor.

We are currently trying to understand the mecha-
nisms of this, but this would work against any effec-
tive chemo-sensitization regimen and suggests that
continuous blockade of CXCR4 is the preferred

Interactive 7.27

method to sensitize a cell to chemotherapy since sub-
cutaneous dosing does block it temporarily but the

receptor expression goes up rapidly. So these cells

are more able to find their way back to the bone mar-
row and to be protected from chemotherapy.
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Interactive 7.28

In conclusion, CXCR4 antagonists are rapid but
weak stem cell mobilizers. They result in upregulation
of the CXCR4 receptor after treatment. VLA-4 antago-
nists are rapid and weak mobilizers but synergize
with CXCR4 antagonists and G-CSF. Continuous infu-
sion of CXCR4 inhibitors results in monumental HSC

or stem cell expansion and robust mobilization. The
use of niche disrupting agents like CXCR4 inhibitors
and VLA-4 inhibitors may provide a way to overcome
chemo-resistance in AML, but this must be proven in
prospective randomized studies. Finally, Bortezomid
and other proteasome inhibitors mobilize stem cells
in mice with unique kinetics primarily from the bone
marrow and synergize with G-CSF and CXCR4 inhibi-
tors and mediate their effects by the VCAM-1/VLA-4
axis. (Interactive 7.28)

I want to thank you for attention and I hope you

have enjoyed this session.
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Chapter 8

Evaluation and Post-Test
Completing CME Evaluations and Claiming Credit



COMPLETING CME EVALUATIONS AND CLAIMING CREDIT
Learners are to complete an evaluation and post-test in order to claim CME credit.

BEFORE EXITING, PLEASE TAKE THIS POST-TEST

. PRE-TEST

Before moving forward, please take this pre-test.
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