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Educational Overview
TARGET AUDIENCE

The target audience for Stem Cell Mobilization: Implications of Current Advances on
Quality Nursing Management, includes registered nurses caring for patients undergoing
stem cell transplantation.

LEARNING OBJECTIVES

Upon completion of this educational activity, participants should be better able to:

« Describe limitations of current stem cell mobilization techniques

+ Analyze novel stem cell mobilization strategies

« Discuss ongoing clinical trial designs for incorporating stem cell mobilization agents

« ldentify patients at risk for poor stem cell mobilization

«  Develop treatment plans to maximize stem cells collected during apheresis

« Discuss implications of current stem cell mobilization techniques on quality nursing care

STATEMENT OF NEED

The first successful hematopoietic stem cell transplant (HSCT) attempt was reported more than
50 years ago. Today more than 50,000 autologous (auto-SCT) and allogeneic (allo-SCT) stem
cell transplants are performed annually for both malignant and non-malignant hematological
diseases. In the decades since that first report, advances in scientific understanding and process
improvements in the transplant maneuver have resulted in increased numbers of long-term
survivors and decreased adverse events. Modifications of the graft composition and advances
in how the product is obtained are among the many changes that have taken place. Current
sources for HSCT grafts include bone marrow, peripheral blood stem cells (PBSC), and cord
blood. Today, more than 90% of auto-SCT and 70% of allo-SCT in adults utilize a mobilized PBSC
product. The quality of the mobilized stem cell product, currently measured by the quantity of
CD34+ cells collected, remains a critical factor for engraftment. Further optimization of the PBSC
mobilization process may further improve patient outcomes.

In the autologous setting, optimal methods for obtaining the targeted dose of stem cells in
the most efficient manner for transplant represents a significant medical need. Furthermore,
continuing clinical investigation in the allogeneic setting may demonstrate improved
convenience for normal donors, and pharmacoeconomic analysis may indicate health-system
cost savings. Healthcare professionals caring for HSCT patients and donors need to understand
the basis for emerging therapeutic options, and the preclinical and clinical data supporting
the development and integration of novel mobilization regimens into clinical practice. This
educational program will address optimal integration of emerging therapeutic strategies
regarding stem cell mobilization, describe the means of optimizing stem cell mobilization while
minimizing adverse events, and provide expert perspective of future directions in stem cell
mobilization.

MEDIA: MONOGRAPH

Estimated time to complete activity: 1.0 hour
Release Date: May 26, 2010

Expiration Date: May 31,2011

This activity may also be accessed at www.educationalconcepts.net
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Accreditation Information

NURSING CONTINUING EDUCATION
Postgraduate Institute for Medicine (PIM) is accredited as a provider of continuing nursing
education by the American Nurses Credentialing Center’s Commission on Accreditation.

This educational activity for 1.0 contact hour is provided by PIM.

FACULTY DISCLOSURE STATEMENT

Postgraduate Institute for Medicine (PIM) assesses conflict of interest with its instructors,
planners, managers and other individuals who are in a position to control the content of
CME activities. All relevant conflicts of interest that are identified are thoroughly vetted by
PIM for fair balance, scientific objectivity of studies utilized in this activity, and patient care
recommendations. PIM is committed to providing its learners with high quality CME activities
and related materials that promote improvements or quality in healthcare and not a specific
proprietary business interest of a commercial interest.

The faculty reported the following financial relationships or relationships to products or devices
they or their spouse/life partner have with commercial interests related to the content of this
CME activity:

THE FOLLOWING FACULTY MEMBERS HAVE DECLARED RELEVANT
FINANCIAL RELATIONSHIPS
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Spouse — Honorarium Nothing to disclose
Millennium Pharmaceuticals
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Kimberly A. Schmit-Pokorny, RN, MSN, OCN® Nothing to disclose

Consultant Fees/Honorarium

Genzyme Corporation Theresa S. Miceli, RN, BSN, 0CN®
Honorarium

D. Kathryn Tierney, RN, PhD Genzyme Corporation, Millennium Pharmaceuticals

Honorarium
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The planners and managers reported the following financial relationships or relationships to
products or devices they or their spouse/life partner have with commercial interests related to
the content of this CME activity:

The following PIM planners and managers, Jan Hixon, RN, BSN, MA, Trace Hutchison, PharmD,
Julia Kimball, RN, BSN, Samantha Mattiucci, PharmD, Jan Schultz, RN, MSN, CCMEP, and Patricia
Staples, MSN, NP-C, CCRN hereby state that they or their spouse/life partner do not have any
financial relationships or relationships to products or devices with any commercial interest
related to the content of this activity of any amount during the past 12 months.
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ECG receives educational grants from pharmaceutical industry and other commercial sources.
Planners, managers, and other staff members at ECG have no relevant financial relationships to
disclose.
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The editors wish to thank Sara Fagerlie, PhD, a paid employee of ECG, for assistance in writing
this document.
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METHOD OF PARTICIPATION

There are no fees for participating and receiving CME credit for this activity. During the period
May 26, 2010 through May 31, 2011, participants must 1) read the learning objectives and faculty
disclosures; 2) study the educational activity; 3) complete the activity and post-test by recording
the best answer to each question.

A statement of credit will be issued only upon successful completion of the evaluation and
post-test with a score of 70% or better. Your statement of credit will be made available online.

DISCLAIMER

Participants have an implied responsibility to use the newly acquired information to enhance
patient outcomes and their own professional development. The information presented in

this activity is not meant to serve as a guideline for patient management. Any procedures,
medications, or other courses of diagnosis or treatment discussed or suggested in this

activity should not be used by clinicians without evaluation of their patient’s conditions and
possible contraindications on dangers in use, review of any applicable manufacturer’s product
information, and comparison with recommendations of other authorities.

Please refer to the official prescribing information for each product or consult the Physicians’
Desk Reference for discussion of approved indications, contraindications, and warnings.
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DISCLOSURE OF OFF-LABEL USE

This educational activity may contain discussion of published and/or investigational uses

of agents that are not indicated by the FDA. ECG, PIM, and Genzyme Corporation do not
recommend the use of any agent outside of the labeled indications. The opinions expressed
in the educational activity do not necessarily represent the views of ECG, PIM, and Genzyme
Corporation. Please refer to the official prescribing information for each product for discussion
of approved indications, contraindications, and warnings.

CME/CE INQUIRIES

For further information, please contact:
Educational Concepts Group, LLC

1300 Parkwood Circle SE

Suite 325

Atlanta, Georgia 30339

Phone: 1.770.933.1681

Fax: 1.770.933.1692
www.educationalconcepts.net

None of the contents may be reproduced in any form without prior written permission from the
publisher. This activity may be accessed at www.educationalconcepts.net.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a complicated and challenging multi-step
process that requires highly specialized healthcare professionals. Nurses play a major role in the
care of patients undergoing HSCT. They administer complicated therapeutic regimens, provide
supportive care measures, balance patient psychosocial and spiritual needs, coordinate multiple
processes, and stay abreast of current clinical procedures. Since it was developed over 50 years
ago, the HSCT process has undergone numerous changes.' Today, the majority of HSCT use
mobilized peripheral blood stem cells (PBSC) instead of bone marrow as a source of the HSCT
graft.2 The quality of the mobilized stem cell product is a critical factor for engraftment, and
mobilization strategies continue to be refined. Therefore, a group of 15 HSCT nursing specialists
led by chair Hollie Devine, RN, MSN, CNP and co-chairs Kimberly A. Schmit-Pokorny, RN, MSN,
OCNP®and D. Kathryn Tierney, RN, PhD joined together to discuss the implications of stem cell
mobilization on quality nursing care.

Rationale for Mobilization Regimens

Hematopoietic stem cells (HSC) reside in the bone marrow supported by a complex mixture of
cells (stromal cells) and proteins (extracellular matrix).** (Figure 1) Hematopoietic stem cells
can self-renew and give rise to all blood cell lineages. The stem cell graft for transplant comes
from either a human leukocyte antigen (HLA)-matched donor (allogeneic stem cell transplant
[allo-SCT]) or from the patient after induction of complete or partial remission (autologous stem
cell transplant [auto-SCT]). The most common HCST indications in North America are multiple
myeloma (MM) and non-hodgkin lymphoma (NHL).? (Figure 2)

—

Extracellular

Matrix
Bone
Marrow
Stroma
Stromal
Cells

Figure 1: Depiction of the hematopoietic stem cell (HSC) anchored to the bone marrow stroma. Adapted from a figure
kindly provided by Beverly Torok-Storb, PhD.
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Figure 2: Indications for hematopoietic stem cell transplantation in North America in 2006. Pasquini M, Wang Z.
C(IBMTR Newsletter. 2009;15(1):7-11.

Hematopoietic stem cells can be harvested directly from bone marrow and umbilical cord blood.
Additionally, HSC can be procured from peripheral blood (PB) after stem cells are stimulated

to move from the bone marrow into the PB.® Each stem cell source has advantages and
disadvantages. (Table 1)

Table 1: Advantages and disadvantages of hematopoietic stem cell (HSC) source.

Source Advantages Disadvantages
Bone Marrow (BM) * Single collection * Surgical procedure
* No growth factors required * Anesthesia

* Post-operative pain
Engraftment ~ day 21

Peripheral Blood (PB) Ease of collection Medication required to induce

* Engraftment ~ day 10-14 movement of HSC from BM to PB
* Decreased risk of tumor * Side effects
contamination * Multiple collections often required
Cord Blood * Ease of collection * Multiple units needed
(Allogeneic SCT) * No risk to donor * Delayed engraftment
* Reduced GVHD
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Bone marrow is collected through a single surgical procedure. No additional treatment is needed
to collect HSC from bone marrow. Disadvantages of collecting HSC from bone marrow include the

risks of anesthesia, post-operative pain, and a longer time, approximately 21 days on average, to
achieve engraftment.”®

Collection of umbilical cord blood is simple with no risk to the donor, and the incidence of graft
versus host disease (GVHD) is lower with umbilical cord transplants. However, multiple cord blood

units are generally required and the time to engraftment tends to be longer when compared to
other sources.’

Mobilized PBSC are obtained from the PB by the process of apheresis. Mobilized PBSC grafts tend
to have higher HSC content as measured by expression of the surrogate marker CD34 (CD34+),
engraft within 10-14 days, and result in shorter hospital stays. Some reports have also suggested
that the risk of tumor contamination in PBSC grafts is decreased compared to bone marrow.'"
Disadvantages of mobilized PBSC include medication-related side effects from the mobilizing
agent, apheresis-related complications, and the frequent need for multiple collections.

Currently, more than 90% of auto-SCT and 70% of allo-SCT in adults are conducted using
mobilized PBSC.? (Figure 3) Agents that induce HSC mobilization include various hematopoietic
growth factors, cytotoxic chemotherapeutics, and some chemokine inhibitors. (Table 2)

® Bone Marrow (BM) m Peripheral Blood (PB) ®mCord Clood (CB) mBM + PB
100

90

O =~ o
o O o

Transplants, %
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o

40
30
20
10
0
1998-2002 2003-2007 . 1998-2002 2002-2006
Autologous SCT Allogeneic SCT

Figure 3: Stem cell source for autologous and allogeneic stem cell transplant (SCT) in adult patients over 20 years of
age. Pasquini M, Wang Z. CIBMTR Newsletter. 2009;15(1):7-11.
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Table 2: Advantages and disadvantages of commonly used mobilization regimens.

Regimen Advantages Disadvantages
G-CSF * Self administered * Bone pain

e SQinjection * HA

 Ambulatory setting * Injection site reactions
Chemotherapy + G-CSF * High stem cell yield * Risk of infection

* Ambulatory e Chemotherapy side effects

* (oncurrent cytoreduction and * Hospitalizations may be needed

mobilization * Less predictable apheresis timing

Plerixafor + * High stem cell yield * (ost
G-CSF * Predictable apheresis timing * Nausea, diarrhea, vomiting

e Fewer apheresis days * Injection site reactions

Granulocyte-colony stimulating factor (G-CSF, filgrastim), granulocyte macrophage-colony
stimulating factor (GM-CSF, sargramostim), pedfilgrastim, erythropoietin, and stem cell factor are
examples of hematopoietic growth factors known to induce stem cell mobilization. G-CSF and
GM-CSF are both FDA approved specifically for HSC mobilization. Compared to no mobilization
G-CSF and GM-CSF increase the number of HSC collected from PB and shorten the length of time
to engraftment and platelet transfusion independence.'*" In a prospective randomized study of
58 lymphoma patients undergoing auto-SCT G-CSF, mobilized PBSC yielded more CD34+ cells
than bone marrow.' G-CSF, the most widely used mobilizing agent, is a more potent mobilizing
agent compared to GM-CSF. When G-CSF and GM-CSF were directly compared, G-CSF mobilization
resulted in more CD34+ cells, fewer aphereses, and shorter time to neutrophil and platelet
recovery.'*'> However, GM-CSF and G-CSF act synergistically, and this combination may be an
alternative approach for salvage mobilization.'

G-CSF is generally well-tolerated. Approximately one third of patients experience bone pain. Other
side effects include flu-like symptomes, arthralgias, and headaches. Splenic rupture, including

fatal cases, are rare but have been reported. G-CSF is generally administered daily for at least 4
days prior to collection and continued throughout the apheresis collection. Several studies have
suggested that insufficient collection is common.” Micallef et al reported a failure rate of 35% in
52 lymphoma patients.'® In another study of 44 MM patients, Desikan et al reported that 23% did
not collect enough cells to proceed to tandem auto-SCT."

Cytotoxic chemotherapeutic agents such as cyclophosphamide, paclitaxel, and etoposide can also
induce mobilization of HSC. Additionally, chemotherapy combined with G-CSF, commonly referred
to as chemomobilization, has been shown to increase the CD34+ yield over G-CSF alone.’”?' Some
disease-specific chemotherapeutic regimens such as ifosfamide, carboplatin, and etoposide (ICE) or
ifosfamide, etoposide, and epirubicin (IVE) also mobilize HSC and allow concurrent cytoreduction.?
Side effects of chemomobilization include many of those associated with myelosuppresive
chemotherapies such as infection and febrile neutropenia, which may require hospitalization. In
addition, the timing of HSC collection after chemomobilization is often unpredictable.
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In December 2008, the chemokine antagonist, plerixafor, was added to the HSC mobilization
armamentarium. Chemokines are a family of small secreted proteins that stimulate movement of
white blood cells in a specific direction through a concentration gradient. Stromal derived factor-1
(SDF-1) is a chemokine important for homing and retention of HSC to the bone marrow. Plerixafor
disrupts bone marrow retention of HSC by inhibiting CXCR4, a receptor for SDF-1. Plerixafor in
combination with G-CSF is FDA approved for HSC mobilization for auto-SCT patients with NHL and
MM. Approval was based upon 2 randomized clinical trials, one in patients with NHL and the other
in patients with MM. The studies compared 10 ug/kg/day G-CSF with 240 pg/kg plerixafor to

10 pg/kg/day G-CSF alone. More NHL patients yielded at least 5 x 10° CD34+ cells/kg with plerixafor
and G-CSF than G-CSF alone. The time required to achieve 5 x 10°CD34+ cells/kg was shorter and
more patients proceeded to transplant with the plerixafor and G-CSF combination.? In MM patients,
plerixafor plus G-CSF resulted in more people reaching 6 x 106 CD34+ cells/kg within 2 days, was
associated with few apheresis days, and enabled more people to proceed to transplant.?* Diarrhea,
nausea, and vomiting were the most common side effects associated with plerixafor.

When the panel was asked to discuss current mobilization methodology, it was evident that
mobilization for auto-SCT is in a state of evolution. Mobilization regimens varied between
institutions and included chemomobilization, G-CSF alone, and newer strategies such as plerixafor
with G-CSF. Some transplant centers have developed treatment algorithms that add plerixafor
when patients do not yield a pre-defined threshold of PB CD34+ cells.>>?” Theo V. Fouts, RN,

BSN, CPON discussed the recent changes at the Medical University of South Carolina where

they have incorporated a new treatment algorithm. They now use G-CSF alone rather than
chemomobilization. On day 4 of G-CSF a PB CD34+ cell
count is done, and patients must meet a threshold of 17
CD34+ cells/uL for NHL patients and 24 CD34+ cells/uL for
myeloma patients in order to begin apheresis. If the patient
does not meet their pre-defined threshold, the patient
receives plerixafor that evening and begins apheresis

the next morning without a CD34+ cell count. This new
treatment algorithm has been very successful and has shortened the length of time to get to
transplant.? “Once those patients are collected, because they haven't had chemotherapy, there

is no waiting ... so this time from referral to collection to transplant is condensed,” she said.
Many others agreed stating their programs were moving in a similar direction.

“We changed our model ... and it really
has worked well with our patients.”

—Theo V. Fouts, RN, BSN, CPON,
Medical University of South Carolina

Vicki Snider, RN, BSN, OCN® of the Rocky Mountain Blood and Marrow Transplant Program discussed
a different approach at her institution. Chemomobilization is still used most often, and plerixafor
is now incorporated around day 11 or 12, as needed. They do not check CD34+ PB counts until
day 10. If, on day 10, the threshold of 15 CD34+ cells/pL is not reached then the dose of G-CSF

is increased. If there is no response with adjusted G-CSF, they will consider plerixafor. Kristen
Donadio, RN, BSN of Hackensack University Medical Center and Patricia Van Strien, RN, OCN®,
CHTC of Cedars-Sinai Medical Center said that they will also adjust the G-CSF dose before adding
additional agents, including plerixafor. “We play with [G-CSF] a lot more than anything else,’

said Ms Donadio. Ms Van Strien added that they would also add alternative mobilizers such as
pedfilgrastim and GM-CSF, but most of the other programs were not utilizing these alternatives.
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Although some transplant programs still collect

HSC directly from bone marrow in certain " .. . .
o S It really is interesting to watch the evolution
situations, most institutions appeared to be

moving away from bone marrow harvests. with the physicians getting more comfortable

L . . with plerixafor and really trying to move
“It really is interesting to watch the evolution P ytrying

with the physicians getting more comfortable
with plerixafor and really trying to move
everybody in that direction, instead of taking
them to the [operating room] for a harvest,” said
Catherine M. Tierney, RN, BSN, OCN®,

everybody in that direction, instead of taking
them to the [operating room] for a harvest.”
— Catherine M. Tierney, RN, BSN, OCN®,
Jewish Hospital Blood and Marrow Transplant Center

What Constitutes Mobilization “Success”?

Suboptimal mobilization can result in additional apheresis collections, repeated mobilization
attempts or bone marrow harvest, and increased resource utilization.'”? Failure to collect
sufficient HSC can prevent patients from proceeding to auto-SCT. If a suboptimal apheresis
product is used, the patient is at risk for delayed or failed stem cell engraftment and increased
infections, bleeding, and transfusion requirements.?*3' Age, previous treatment history, and choice
of mobilization regimen impact HSC mobilization, and procedural-related items such as central
access devices and cell separation devices can impact HSC collection.

There is currently no consensus on how to predict the optimal timing of initial HSC collection.
Methodologies often employed to predict the start of HSC collection include measuring the
number of PB CD34+ cells one day prior to planned collection alone or in combination with a total
white blood cell count and monitoring changes in white blood cell and platelet counts.

Many of the represented programs were using a pre-defined threshold number of PB CD34+ cells
on the day of or 1 day prior to the planned collection to estimate HSC mobilization. Most of the
transplant centers set a threshold between 8 and 15 PB CD34+ cells/uL, but the number ranged
from 4-24 CD34+ cells/pL. In order to collect for 2 transplants, the number of PB CD34+ required
to begin apheresis was often higher for patients with MM.“Once their CD34 count is 10, then
we put them on the machine,” said Michelle Johnson, RN, BSN. A few programs were using a

white blood cell count or neutrophil count to estimate mobilization.“We don’t do CD34, we don’t
have the capability to get accurate peripheral CD34s, so we just go based on the white count,’

said Lise Hernandez, RN, BSN, MPH, CCRC, CHTC of Roswell Park Cancer Institute. Ms Donadio said
initiation of collection at her institution is based on a white cell count and platelet count, generally
initiating collection for MM patients with a platelet count over 100 x 10%/L.“We do a white count,
platelet count, and an ANC on the morning of ... we've had no problems with collection,” she said.

The quantity and quality of the HSC collected is critical to the success of the HSCT. Currently, HSC
content is measured by the quantity of cells expressing CD34 (CD34+). The goal of mobilization
is to produce a sufficient number of cells to yield rapid and durable reconstitution of all
hematopoietic lineages with minimal toxicity. Adequate engraftment is generally defined as an
absolute neutrophil count (ANC) over 500 cells/uL within 10 to 12 days and a platelet count of
more than 20,000 platelets/pL within 15 to 30 days. The dose of CD34+ cells infused significantly
impacts engraftment and recovery of hematopoietic lineages.?® (Figure 4)

/A\ Table of Contents @



Stem Cell Mobilization: Implications of Current Advances on Quality Nursing Management

1.0
0.9-
0.8 - ;
0.7 i
> 0.6
2 054 I
] H
S 04- :
M : CD34+ Cells x 106/kg
0.3 - ——1.0
: —A-2.0
0.2 : —
0.1 -9-10.0
0 : ; :
7 14 21 28

Days

Figure 4: The effect of stem cell dose on platelet engraftment. Cox proportional hazards analysis demonstrating the
effect of (D34+ cell dose on probability of platelet engraftment to 20 x 10° platelets/L (n = 212). Glaspy EJ, et al. Blood.
1997;90(8):2939-2951.

For the represented programs, the minimum cell number ranged from 1.5 x 10° CD34+ cells/kg

to 2.5 x 10° CD34+ cells/ kg. The target or optimal goal for MM patients ranged between 4 and 15

x 108 CD34+ cells/kg. For MM patients, many programs incorporated enough cells in their goal

for 2 transplants. The optimal target for lymphomas was lower and ranged between 2 and 5 x 10°

CD34+ cells/kg. Some said their target depended on a number of factors including age, disease

status, and insurance coverage. At the Mayo Clinic, Teresa S. Miceli, RN, BSN, OCN®said that 5 x 10°

CD34+ cells/kg are required for lymphoma patients and 8 x 10° CD34+ cells/kg are required for MM

enough for 2 transplants of 4 x 106 cells/kg).Their minimum to proceed to transplant is 2 x 10°

D34+ cells/kg. Jennifer Tornatta, RN, MSN, ANP-BC of Rush University Medical Center said that
pince incorporating plerixafor they have actually lowered their CD34+ goals in order to reduce

the number of apheresis days and cost. “What our primary goals are with our MM patients is, we go

for 8 million [CD34+ cells/kg] on the first day and plan to hopefully use 4 and 4 for each transplant.

Then for our lymphomas, our goal is 4 million [CD34+ cells/kg] because that’s our optimal goal.

If they reach the optimal goal on day one, then they are done with collection, but, on day 2 with

plerixafor, if they have reached their minimum goal, which is 2 million [CD34+ cells/kg] for the

lymphomas or 4 million [CD34+ cells/kg] for the myelomas, then they are done. We've significantly

reduced our apheresis days and costs and our engraftment data have stayed the same,” she said.

Decreasing the number of collections reduces the total volume of HSCs re-infused at the time of
HSCT. A smaller volume may reduce the cardiovascular and respiratory side effects associated with
the cryoprotectant, dimethylsulfoxide (DMSO), which is added to the apheresis product to prevent
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cell death during cryopreservation.“When we are re-infusing [a large volume] to the patient, and
you have the DMSO to deal with, you are looking at a very high risk of reactions and some of these
reactions can be quite serious ... before [plerixafor] we were seeing patients get say 9 syringes,

60 mL syringes, in the morning, 9 again in the afternoon, maybe repeat 9 or 10 the next day ...
that's a tremendous amount of volume to give back. They had significant side effects from that
and their engraftment was longer,” said Susan E. Hemphill, RN, OCN®.

For obese patients, it is challenging to collect enough cells for actual body weight, so there was
some discussion if cell collection goals were based on actual, ideal, or adjusted body weight. The
majority were basing their target cell yield on actual body weight, but some were using ideal
weight, adjusted weight or somewhere in between. “We will use a weight in between what'’s

ideal and what's actual, if they are quite obese,” said Ms Schmit-Pokorny. Although the faculty felt
engraftment does not appear to be different, there is little published information available for this
patient population.

The number of apheresis days also varied between programs. Several institutions did not collect
HSC from patients for more than 4 days. Ms Miceli said they will run patients until their optimal

goal or failure to produce. “If they are not already on plerixafor, we add it. If they are on plerixafor,

they get 2 days of poor mobilization before we will stop,” she said. Some institutions collect a

minimum of 2 days. Ms Van Strien said that the number of apheresis days is physician driven, but

is generally at least 2.”It’s always important

to have a backup and so we're leaning more “It’s always important to have a backup and so we're
towards 2 days harvest, split all of the bags leaning more towards 2 days harvest, split all of the
from each day, so you have some selection, bags from each day, so you have some selection.”
she said.” For processing volumes, the faculty — Patricia Van Strien, RN, OCN®, CHTC,

reported processing between 15 and 20 liters Cedars-Sinai Medical Center
in a collection.

Good mobilizers are often defined
as those who collect more than

2 x 10° CD34+ cells/kg within 1-2
days. Patients who take longer or
are unable to collect 2 x 10° CD34+
cells/kg are generally considered

“One of the things that we did notice is that the people,
who collect more rapidly, engraft more rapidly. The
people that staggered and staggered for days, also

did not recover their counts quite as robustly and their

platelets always seemed to linger longer.”

—Teresa S. Miceli, RN, BSN, OCN®, Mayo Medical Center poor mobilizers. Ina retrospective
analysis of more than 1,000 patients

mobilized with cytokine alone

or cytokine plus chemotherapy, almost 20% were unable to collect a sufficient cell number to
proceed to HSCT." (Figure 5) While it is unclear why some patients mobilize poorly, several factors
have been identified that negatively impact stem cell collection including increased age, prior
pelvic radiation, prior chemotherapy exposure, and disease specific factors. For example, prior
exposure to melphalan or lenalidomide may negatively impact cell collection in patients with MM,
and mobilization in patients with NHL is generally more challenging.??
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Figure 5: First mobilization failure rates (< 2 x 10° CD34-+/kg after 5 days of apheresis) for multiple myeloma (MM),
non-hodgkin lymphoma (NHL), and hodgkin’s disease (HD) after mobilization with G-CSF (A) or chemotherapy with
G-CSF (B). Pusic |, et al. Biol Blood Marrow Transplant. 2008;14(9):1045-56.

Some institutions are trying to predict which patients will be poor mobilizers and use plerixafor
upfront with these patients. “We actually have an algorithm in place that is based on treatment
prior to mobilization,” said Ms Johnson. Ms Hernandez said that her institution has moved from
chemomobilization to G-CSF alone, and they are now beginning to identify those patents
suspected to be poor mobilizers and incorporate plerixafor up front for those patients. Catherine
Tierney said that they have started an algorithm that includes months of prior treatment. The risk
criteria and how it was incorporated varied. Predicting patients who will be poor HSC mobilizers
is an area in development, and will continue to evolve as identification and treatment of potential
poor HSC mobilizers is further defined.

Mobilization Advances: Implications on Quality Nursing Care

Nurses are integral members of the multi-disciplinary team approach often utilized for HSCT.
By understanding the concepts of HSCT, patient variables, as well as the details of each phase
of HSCT, the nurse can enhance the quality of patient care. Future efforts to refine mobilization
regimens will need to compare current strategies such as chemomobilization and G-CSF alone
with newer strategies like plerixafor.

Given the recent addition of plerixafor to mobilization, when to use it, how to use it, and precisely
which patients to use it on is still being defined. Clinical trials optimizing plerixafor use for HSC
mobilization are ongoing. Plerixafor is currently administered subcutaneously following 4 days

of G-CSF. Elevation of peripheral blood CD34+ cells is between 4 and 18 hours.* (Figure 6)
Collection is recommended 11 hours after plerixafor injection. Most of the faculty were following
the general guidelines of giving it after 4 days of G-CSF, one night prior to apheresis between
9:00 pm and 11:30 pm and collecting the next morning after G-CSF injection. However, there was
some variation. Some give plerixafor earlier, between 5:00 pm and 6:00 pm on the fourth day of
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Figure 6: CD34+ cell levels in the peripheral blood after plerixafor injection in 3 healthy volunteers. CD34+ counts
determined after 4 days of G-CSF (10 mg/kg) therapy followed by G-CSF (10 mg/kg) and plerixafor injection
(0.24 mg/kg) on day 5. Liles W, et al. Transfusion. 2005;45(3):295-300.

G-CSF administration. Patients then come in the next morning, get a dose of G-CSF and start on
the apheresis machine between 7:00 PM and 7:30 PM. Ms Donadio said that they have recently
started doing 2 collections off of a single dose of plerixafor. “Monday morning they come into us,
they get the fourth dose of G-CSF. We give them [plerixafor] at 7:30 in the morning. They collect
that day at 12:30 off that dose, and they collect again the next morning at 7:30 off that same dose
... it works really, really well,” she said. The methodology has not been validated, however, and the
cell products from the 2 collections have not been characterized.

Some programs were giving plerixafor in the clinic and others were having it administered at
home, either by the patient or with home care. For those letting their patients administer their
own plerixafor, there were no reported concerns, and many nurses said it was similar to what the

patient was already doing with G-CSF. However, if going through a specialty pharmacy, most

were ordering only a single plerixafor dose for outpatients.“We only order one dose, because

we don't want to spend the money and then we set them up if we need that second ... maybe
20% really need the second dose and we will set it up at the hospital, if we need to do that," said
Ms Snider. However, bringing them in may affect their insurance transplant maximum, “What | just
found out last week with one of my patients is that when we bring them in the clinic and do that, it
goes against their lifetime transplant max ... if you have somebody who has a $250,000 transplant
max, then you have just taken that part of it out of it by giving it in the clinic and trying to save
healthcare dollars,” said Ms Fouts. She added that they submit prescriptions for both plerixafor and
G-CSF at the outset. Overall, insurance coverage did not seem to be an issue, and some nurses
were no longer checking insurance ahead of time. However, one insurance company did
require one failed collection before covering the cost of plerixafor.
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Plerixafor comes in 1.2 mL vials and is approved for adults only. Dosing is recommended at

0.24 mg/kg by actual body weight for patients with normal renal function with a maximum of

40 mg/day and 0.16 mg/kg in patients with creatinine clearance less than or equal to 50 mL per
minute with a maximum dose for those is 27 mg/day.* There is little published information on obese
patients. Ms Schmit-Pokorny said they would adjust the dose slightly if it meant not opening up
another vial of plerixafor. Others said they only use one vial no matter how large the person.

The most common side effects with plerixafor are gastrointestinal issues such as diarrhea, nausea,
vomiting, flatulence, and abdominal pain.?* The onset can be very rapid. In addition, there are
injection site reactions, and less commonly are anaphylactic-type of reactions. Most of the

nurses reported nausea or diarrhea as the main side effects seen. For nausea, Ms Donadio uses a
granisetron patch one day prior to plerixafor injection. | started that probably a couple of months
ago just because there were so many [nausea] problems ... it has been beautiful for maintenance
and a lifesaver for the nausea,” she said. Ms Snider and Ms Tornatta both recommend putting
patients on loperamide. Ms Tornatta administers loperamide 30 minutes before plerixafor injection

for all of her patients.

Table 3: The Ohio State University James Cancer Hospital experience.

The Ohio State University James Cancer Hospital transplant program traditionally used chemomobilization for the majority
of mobilizations. They conducted a retrospective cost analysis in MM and NHL patients to determine the costs associated
with G-CSF alone compared to chemomobilization.

Direct Costs Analyzed * Home healthcare * Antibiotics

* G-CSF * Apheresis e Qutpatient visits

e Chemotherapy e Stem cell laboratory processing * Inpatient hospitalizations
* Lab work e (entral venous catheter placement ~ * Pre-transplant evaluations
* Blood transfusions and removal

Results**3

* (Costs of G-CSF alone were approximately 50% of the cost of chemotherapy plus G-CSF

* Higher costs were generally due to transfusions, admissions, antibiotics, line removal and re-insertion, home care, number
of G-CSF doses, and a second work-up

* Infection rates were significantly lower with G-CSF (9% vs 25%)

* 20 patients were hospitalized and all 20 were mobilized with chemotherapy

0f 25 patients who had their line removed, only 2/25 were mobilized with G-CSF alone

%ZCCI:SS':?;eneﬁt ratio resulted in a practice change to standard G-CSF only mobilization with an algorithm to incorporate
plerixafor.
Follow-Up¥
G-CSF + chemotherapy G-CSF + plerixafor
Median days of apheresis 2.24 2.2 2.12
Days to collection goal 6.24 9.2 6.12
Costs of labs and medications $17,562 $23,915 $29,787
Mean total healthcare cost §27,778 $38,832 $38,951
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Cost-effectiveness is another important area to assess when incorporating a novel agent such as

plerixafor into practice. There are many costs associated with mobilization, especially for those

patients who do not readily mobilize. These include tangible expenses such as costs for additional

mobilization agents, operating room expenses for patients that proceed to bone marrow

harvest or additional apheresis collections, and resource utilization of the cyropreservation

laboratory. If the patient does not receive a sufficient number of HSC for HSCT, additional costs

such as pharmacological and transfusion medicine costs may accrue due to prolonged time to

engraftment and recovery. Other costs that are rarely addressed include patient and caregiver

out-of-pocket expenses such as days out of work, childcare, lodging, transportation, and meals.

Evaluation of costs can often stimulate practice change. Ms Devine discussed The Ohio State

University James Cancer Hospital transplant program experience. They conducted a retrospective

cost analysis in MM and NHL patients comparing G-CSF alone to chemomobilization and found

lower costs and fewer complications associated with G-CSF alone. (Table 3) The cost-benefit

ratio resulted in a practice change to G-CSF only mobilization and they now have an algorithm

to incorporate plerixafor.>>*¢ Follow-up analysis of the mean total healthcare cost was discussed
by Ms Johnson.*” “G-CSF alone was the least expensive method for collecting cells and

@ [chemotherapy with G-CSF] and [plerixafor with G-CSF] were about the same,” she said.

Several abstracts presented at the 2010
BMT Tandem Meetings also focused on the
cost effectiveness of plerixafor. In 2 studies,
plerixafor with G-CSF was associated

ever hits the door and that seems to help them.” with lower cost and more posit.ive cIi.nicaI
—Theo V. Fouts. RN. BSN. CPON outcome than cyclophosphamide with
e : G-CSF.2#4 Another study found similar

cell yields, cost, and outcomes between
upfront plerixafor with G-CSF and
chemotherapy plus G-CSF. Plerixafor with G-CSF mobilization resulted in more predictable days of
collection, no weekend apheresis procedures, and no unscheduled hospital admissions.*' Another
preliminary analysis suggested that when adjusted for failed mobilization, the incremental cost of
the addition of plerixafor with G-CSF over G-CSF alone was $1,998.% These studies are ongoing and
need to be further validated. The roundtable faculty agreed with many of the findings. They also
reported increased staff satisfaction with coordination of care during the mobilization phase of the
HSCT process, and felt improvements in

“There is much more staff satisfaction when there
is an algorithm in place ... the entire team knows
what the plan is going to be before the patient

Medical University of South Carolina

the mobilization process may have resulted “We have successfully collected a couple of people
in more patients proceeding to HSCT."We that we don’t think would ever have collected.”
have successfully collected a couple of — Michelle Johnson, RN, BSN,

people that we don't think would ever have The Ohio State University Comprehensive Cancer Center

collected,” said Ms Johnson.

The HSCT process can be stressful and anxiety-provoking for the patient, their caregivers,

and family members. In addition to cost effectiveness and staff satisfaction, the psychosocial

implications of practice change is difficult to assess, but plays an important role in the HSCT
process.“It's very emotionally draining for these patients when mobilization fails,” said

@ Catherine Lucid, APRN-BC, ACNP, RN-BC. The active phase of stem cell procurement is not a
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minor procedure. When patients are undergoing mobilization, there are many uncertainties. For
example, post chemomobilization, the timing of apheresis is unpredictable. Additionally, once

a patient is actively undergoing apheresis, there is a “waiting period” to determine if sufficient
CD34+ cells were collected or additional collections are needed. Regimen changes that allow more
predictability in the timing of PB HSC collection as well as improved HSC procurement will likely
reduce anxiety and may improve the patient’s HSCT experience.

Summary

The goal of HSCT is to maximize the curative potential while minimizing toxicity. A number of
significant advances have been made refining the mobilization step and the HSC mobilization
process continues to be optimized in clinical trials (please see www.clinicaltrials.gov for a complete
list). Clinical opportunities exist to expand on the current strategies and, thus improve HSC

yields, increase the number of patients proceeding to transplant, and enhance the efficiency of
the collection process for both patients and staff. Nurses play a key role in implementing and
managing practice changes, and quality nursing care will likely maximize the outcomes and
quality of life for patients.

Please visit http://web.educationalconcepts.net/Webcast/MTH041AE1/index.html to view the
educational roundtable, Stem Cell Mobilization: Implications of Current Advances on Quality Nursing
Management, in its entirety.
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