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Introduction and Acknowledgments

Hematopoietic stem cell transplantation has experienced a dramatic increase of
activity over the past decade with a continued marked escalation of procedures
projected over the next 10—15 years. This expansion is not only a reflection of an
ever-changing field with increasing demand but also the pursuit of innovation that
contributes to continued improved outcomes with less risk of adverse events or
deleterious long-term consequences for the transplant patient population. Cellular
therapy is a dynamic field. It requires multispecialty input for the management of
these complex patients. In the past, transplantation was the sole responsibility of a
few academic centers and information resided within the hands of a few individu-
als. However, with the dissemination of technology and the ongoing proliferation of
these procedures, there has been an obligatory need for the development of tools to
provide standard guidelines and algorithms for the management of patients.

Most institutions have established their own set of guidelines and recommen-
dations designed for consensus management as patients are in constant need of
shared care. As new workforce demands have emerged, there have been changes in
the workplace with ongoing predictions of a marked shortage of transplant-trained
physicians, advanced practice providers, nurses, and pharmacists. Efforts to recruit
health care providers to this field are paramount to continue to provide day-to-day
care of the transplant patient. In light of these changes, it becomes imperative to
provide detailed and shared consensus guidelines to achieve the best outcomes for
our patients.

This guide to patient management is the product of 20 years of evolution of
patient care at our institution. Wherever possible, the information herein has been
altered to reflect the multiple options that exist for treatment of various conditions.
However, it is not meant to define the exact care pathway for all patients. Rather,
we have provided a practical set of guidelines that can be shared across institutions.
This effort is our contribution to the workforce shortage for transplant providers. By
providing an easy-to-use manual that covers the basics of care of the stem cell trans-
plant patient which can be utilized to educate junior faculty, physician assistants,
nurse practitioners, residents, fellows, and other providers that may be recruited to
the day-to-day care of the patient, we have achieved our goal. As this second edition
demonstrates, this pocket guide remains a work in progress, and we anticipate that
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as time passes, even potentially quite quickly, a new set of guidelines will need to
be generated.

We recognize that this manual is incomplete. We do not discuss graft engineering
or stem cell expansion approaches to any great degree. We are not addressing the
nuances of haploidentical transplantation or other therapies that remain in clinical
trial development and are only now emerging into the clinical arena. Nor are we
talking about regeneration medicine, its futures, and its overlap with hematopoietic
stem cell transplantation. Rather, we provide information about standards of care
and assimilate knowledge gained from others.

The work presented within this volume represents not the work of a few but the
work of many. A number of our authors were members of the team that helped to
create our institution-specific consensus guidelines. We have also recruited new
members to assist in generating these ever changing set of standards. We wish to
thank the many contributors, as well as our mentors and colleagues who have in-
spired us to pursue this field and who have provided us with the energy to make this
contribution. Their contributions to our program cannot be underestimated. In addi-
tion, we thank our team of dedicated nurses, social workers, CMAs, CNAs, physi-
cal therapists, nutrition specialists and all providers that are present at the patients’
bedside. We also thank our collaborating community partners: referring physicians,
advanced practice providers and nurse coordinators. Finally, we acknowledge the
national and international efforts focused on improving patient outcomes through
organizations such as ASBMT, EBMT, NMDP, BMT CTN, FACT, JACIE, ISCT,
AABB, CBMTG, APBMT, WBMT, SBTMO, and others. Through collaboration
and shared information, we hope to assure the best outcome of our patients as they
return to their communities across the country.

Richard T. Maziarz
Susan Schubach Slater
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Part 1

The Nuts and Bolts of Stem Cell
Transplantation



Chapter 1
Overview of Hematopoietic Stem Cell
Transplantation

Richard T. Maziarz

Hematopoietic stem cell transplantation (HSCT) is currently a standard-of-care
procedure for many disorders. Frequently, HSCT procedures are curative in
situations where no other curative treatment options exist. Specifically, the key
element in HSCT as a therapy is the replacement of the host (recipient) marrow
function by another source of hematopoietic stem cells (HSC). These sources could
include HSC collected from the patient (autologous) or from another individual
(allogeneic). Allogeneic sources include family-related or unrelated products,
collected either directly from healthy donors or cryopreserved stem cell products,
including umbilical cord blood. A few rare patients have a syngeneic (identical
twin) donor. In the setting of allogeneic HSCT, products are preferentially matched
at major histocompatibility complex (MHC) human leukocyte antigen (HLA)
class I and II molecules located on chromosome 6, which guide immunologic
recognition as self or nonself. Advances in immunogenetics and immunobiology,
conditioning regimens, disease characterization and risk stratification, immune
suppression, antimicrobials, and other types of supportive care have all contributed
to improvements in disease control and overall survival. These outcomes have
resulted in a marked increase in the number of procedures performed annually
worldwide. However, it is critical to always recognize that HSCT requires substantial
resources. Thus delivering this therapy requires large multidisciplinary teams of
nursing, pharmacists, physicians, social workers, nurse practitioners, physician
assistants, nutrition experts, and occupational and physical therapists, in addition to
specialized facility and technical resources.

HSCT has been developed over the past 50-60 years since the first human
clinical experimental transplants were performed in the 1950s. One of the earli-
est curative allogeneic bone marrow HSCT procedures transplant was performed
in a young child with immune deficiency syndrome in 1968. By the early 1980s,

R. T. Maziarz (<)

Center for Hematologic Malignancies, Adult Blood and Marrow Stem Cell Transplant Program,
Knight Cancer Institute, Oregon Health & Science University, 3181 SW Sam Jackson Park Road,
UHN 73C, Portland, OR 97239, USA

e-mail: maziarzr@ohsu.edu
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bone marrow transplantation was no longer considered experimental but as the
standard of care for a variety of disorders including acute and chronic leukemia,
aplastic anemia, lymphoma, multiple myeloma, and a number of inherited disor-
ders including severe combined immune deficiency, thalassemia, and other inborn
errors of metabolism. With this recognition, the utilization of this procedure rap-
idly increased to the current state where over 50,000 procedures are performed
worldwide each year as estimated by the Center for International Blood and Mar-
row Transplant Research (CIBMTR).

1.1 Key Principles

10.

I1.

. Bone marrow stem cells are capable of repopulating all hematopoietic and

lymphocytic populations while maintaining capacity for self-regeneration,
assuring long-term immunologic and hematopoietic viability.

Allogeneic HSCT achieves two goals: replacement of host HSC pools after
conditioning and establishment of the donor immune system, either by
expansion of naive immune progenitors or by adoptive transfer of mature donor
immune cells.

. Treatment of nonmalignant disorders is directed at stem cell or immune

system replacement while the treatment of malignant disorders requires both
replacement of an underlying stem cell or immune system and eradication of
malignancy.

. The decision to use high-dose myeloablative chemoradiotherapy is based upon

the identification of malignancies that (a) have a therapy sensitivity threshold
that can be overcome and/or (b) have a short enough doubling time to allow
the greatest number of malignant cells to be impacted by the conditioning
regimen.

. Conditioning agents whose dose-limiting toxicity is hematologic in nature are

primarily selected for myeloablative chemotherapy.

Organ-specific toxicities can be experienced and represent “collateral damage”
of myeloablative chemoradiotherapy, thus necessitating the need for evaluation
of organ function reserve prior to HSCT.

The benefits of autologous HSCT are dependent upon dose escalation of condi-
tioning regimens.

. Graft-versus-host disease (GVHD) after allogeneic HSCT may be a conse-

quence of the transfer of a competent donor immune system that recognizes
host target antigens.

. Prophylaxis for GVHD with immune suppressive medications is warranted in

nearly all standard allogeneic HSCT settings.

GVHD can be eliminated by depletion of mature T cells from the donor
allograft.

Depletion of mature T cells from an allograft is associated with an increased
risk of relapse of the underlying malignancy.
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12. In T cell replete allografts, the occurrence of GVHD has been associated with
immunologic-based graft versus leukemia (GVL) therapeutic benefit and can
be directly linked to improved survival. As populations of T cells are selectively
separated, the relationship may become less linked.

13. The emergence of reduced intensity and nonmyeloablative allogeneic HSCT
is the direct result of an effort to maximize the immunologic GVL effect while
minimizing risk of regimen-related morbidity and mortality.

14. Patient selection influences outcomes; patients with better overall functional
performance status, limited comorbidities and underlying organ damage, and
stronger support systems have superior outcomes.

The material included within the following chapters of this patient management
handbook provides details that substantiate these principles.

1.2 Research Efforts in HSCT

The success of HSCT has its origins in the research laboratories and clinical research
units of many worldwide institutions. The HSCT community has also had the fore-
sight to track outcomes of recipients in center-specific databases and in registry
databases, which have been instrumental in providing opportunities for ongoing
research. However, it is also recognized that HSCT patients still face significant
morbidity and mortality substantiating the continued need for ongoing research.
There have been measurable improvements in survival despite the growing number
procedures performed in older patients and patients with preexisting comorbidities.
However, there remains room for improvement.

Much of the material within this handbook reflects established standards of care
of management in the HSCT patient. However, the field demands more. There are
many areas of active research including new conditioning regimens, new immune
suppressive approaches, vaccines (both prior to and after HSCT) focused at infec-
tious pathogens as well as the primary malignancy, T regulatory cells, new indica-
tions for HSCT such as autoimmune disease or sickle cell disease, applications of
natural killer cells, novel stem cell mobilization agents, and continued improve-
ment in supportive care. Recently, the American Society for Blood and Marrow
Transplant (ASBMT) published a set of research priorities to assist in the focus of
attention to those fields that are most likely to lead to continued development of
hematopoietic cellular therapy.

These include:

1. Stem cell biology

. Cell manipulation

. Stem cell sources

. Inducible pluripotent stem cells
. Cancer stem cells

00 o e
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2. Tumor relapse

a. Prevention of and therapy for post-HSCT relapse
b. Immunotherapy with T cells and dendritic cells

3. GVHD

a. Separation of GVHD and graft-versus-tumor effects
b. Immune reconstitution and GVHD

c. Biomarkers predicting GVHD
d. Role of regulatory T cells

4. Applying new technology to HSCT

a. Genomics

b. Proteomics

c. Imaging

d. Markers of immunologic recovery
e. Phamacogenomics

5. Expanded indications for HSCT

a. Solid tumors

b. Regenerative medicine

c. Autoimmune disease

d. Response to bioterrorism in radiation accidents

6. Survivorship

a. Long-term complications
b. Longevity
c. Quality of life

7. Transplants in older patients

a. Biology of aging
b. Indications for transplant
c. Outcomes and quality of life

8. Improving current use of HSCT

a. Graft sources
b. Conditioning intensity
c. Cost effectiveness

1.3 Horizons/Challenges

HSCT remains an ever-changing field. As described briefly above, these technol-
ogies have been applied to thousands of people within dozens of countries. The
success of the varied research initiatives will extend these applications to a greater
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degree. Currently, the National Marrow Donor Program (NMDP) projects the
number of unrelated HSCT procedures to double over the next five years, from
current levels of nearly 6000 annually to over 10,000 by 2020. This growth has
been multifactorial and is impacted by broader indications, improved supportive
care, changing age demographics with increased incidence of cancers reported, and
improved survivorship of patients with cardiovascular disease.

With these predictions, one must also be aware that the development of molecular
therapeutics may lead to an alternate future. Much of cancer therapy research today
is focused on the “personalized” medicine approach in which small molecules that
target the multiple signaling pathways might convert life-threatening malignancies
to truly chronic diseases. The impact of imatinib mesylate (Gleevec®) on HSCT
for chronic myeloid leukemia (CML) is a prime example. Recognizing that the vast
majority of patients with CML do not proceed to early HSCT and the prevalence
of CML in the general population has increased, patients who now undergo HSCT
are those with advanced or resistant disease. Despite this observation, HSCT out-
comes for patients with CML remain excellent. Additionally, data are emerging that
aggressive pretreatment of Philadelphia chromosome-positive acute lymphoblastic
leukemia (ALL) with tyrosine kinase inhibitors (TKI) has actually led to improved
outcomes after allogeneic HSCT. Similar observations with autologous HSCT for
multiple myeloma have been made. The use of imides and proteasome inhibitors
pre-HSCT and as maintenance therapy post-HSCT has led to marked improvements
in progression-free survival and, in some studies, observations of improved overall
survival. Active studies addressing the role of TKI oral therapy as adjuncts to HSCT
for treatment of FLT3-ITD +acute myeloid leukemia (AML) and chronic lympho-
cytic leukemia (CLL) are planned and/or underway. As a result, comparative effec-
tiveness and outcomes research will remain essential as we compare HSCT thera-
pies to these new options. The availability of registry databases has been vital for
these analyses and will remain critical for the future.

It is not just small molecule therapy that has driven the personalized medicine
efforts. One cannot underestimate the potential impact that will emerge from graft
engineering efforts in immune mediated therapies. Both humoral and cellular
immune systems are being exploited. Bi-specific antibodies and genetically modi-
fied T cells are actively being studied, either as a bridge to HSCT or for relapse after
HSCT. The resounding success of small institutional investigator-initiated studies
of chimeric antigen receptor-modified T cells (CAR-T) used for relapsed/refrac-
tory ALL and CLL have launched large multicenter, industry sponsored, as well as
National Institutes of Health (NIH)-sponsored clinical trials to further explore these
treatments in hematologic malignancies and multiple other disease settings.

However, we must be aware that the increased numbers of patients undergo-
ing HSCT, as well as the observed improvement in survival, will lead to a greater
demand for specialists in the field of HSCT. Not only are the patients who undergo
HSCT in need of specialized providers, the rapidly expanding population of survi-
vors, particularly those with chronic GVHD, have difficulty finding a medical home
with their primary care providers or referring medical oncologists. One potential
future is that the comprehensive care delivery systems developed for HSCT patients
that resemble a medical home may become a model for other specialties. These
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care delivery systems have evolved from capitated-risk contracts for HSCT patients
and reflect the need for the mixed team of providers including HSCT physicians,
advanced practice providers, nurses, social workers, and cell-processing laboratory
technologists along with medical specialty assistance from infectious diseases, criti-
cal care, gastroenterology, etc. This evolution of care may become the model for
survivor management.

A recent analysis suggested that within the very near future, that there will be a
significant shortfall in physicians trained and focused on the care of HSCT patients.
Thus, new paradigms must be developed for the delivery of care to the HSCT survi-
vor, including expansion of the advanced practice provider workforce of physician
assistants and nurse practitioners, as well as active recruitment of new trainees in
the field of hematology and medical oncology. Most importantly, training programs
and generation of training tools must be established for a new specialty of primary
care providers focused on delivery of chronic care to the cancer survivor. Such
a training curriculum for HSCT providers has been developed by the American
Society of Blood and Marrow Transplantation (ASBMT) and is available through
the ASBMT website (ASBMT.org).

This handbook of blood and marrow HSCT provides the background for medi-
cal providers to manage the HSCT recipient. Guidelines are provided for evaluat-
ing and selecting the appropriate transplant candidate, recognizing that medical but
also socioeconomic factors influence outcomes. Detailed descriptions of appropri-
ate pre-HSCT conditioning as well as identification of key prophylaxis strategies
to avoid complications are provided. Supportive care efforts are critical, includ-
ing appropriate selection of blood products, maintaining nutritional and functional
abilities, as well as identifying the appropriate follow-up care for the recipient to
minimize complications. However, consequences of the immunologic and chemora-
diotherapeutic interventions are expected, and we have provided immediate hands-
on, what to do, treatment recommendations for the provider. Finally, information on
management of the long-term survivor as well as those that experienced post-HSCT
relapse is included.

Management of the HSCT patient has never been accomplished as the effort of a
sole individual. There is a saying that “It takes a village to raise a child,” allegedly
attributed to an old African proverb. Similarly, a very large and extensive profes-
sional community has developed to care for the individual patients. The ASBMT and
the European Group for Blood and Marrow Transplantation (EBMT) are two large
societies focused at providing the research and educational forums to further the field
and have sponsored the two principal professional journals of our field, Biology of
Blood and Marrow Transplantation and Bone Marrow Transplantation, respectively.
However, they are not alone. The American Society of Hematology, the NMDP (“Be
the Match”), and the Foundation for Accreditation of Cell Therapy (FACT) all have
instructional websites and literature that support the efforts. The National Heart,
Lung and Blood Institute (NHLBI) and National Cancer Institute-funded Blood and
Marrow Transplant Clinical Trial Network (BMT CTN) was created to facilitate the
generation of multicenter, transplant-focused trials for the advancement of the field.
These professional societies and groups represent our village.
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Chapter 2

The Business of Cellular Therapy
and Hematopoietic Stem Cell
Transplantation

Peggy Appel and Richard T. Maziarz

Hematopoietic stem cell transplantation (HSCT) is extremely complex and
expensive, requiring significant personnel, pharmaceutical, supportive, and patient/
family resources. Classically, after achieving primary disease control, the first step
in HSCT involves high doses of chemotherapy and/or radiation in an attempt to
eradicate residual disease. The subsequent infusion of the stem cell product leads
to hematopoietic and immunologic recovery, of which the latter may often require
months to years to achieve.

The first transplant procedures were successfully performed more than 40 years
ago. As indications multiplied and transplant-related mortality declined, HSCT
utilization expanded with a dramatic increase in the number of both autologous and
allogeneic procedures performed over the past decade (see Fig. 2.1).

HSCT has demonstrated efficacy for the treatment of selected malignancies
(e.g., multiple myeloma, acute and chronic leukemia, lymphoma), as well as for
immunodeficiency, bone marrow failure, and infiltrative disorders such as amyloi-
dosis. The development of reduced intensity-conditioning regimens has allowed
successful treatment of older patients and those with comorbidities that would deem
them ineligible for myeloablative therapy (see Fig. 2.2).

Finally, the expansion beyond human leukocyte antigen (HLA)-identical sibling
allogeneic HSCT to unrelated donor transplants as well as alternative donors,
including unrelated cord blood transplants and related haploidentical donors, has
resulted in donor availability for nearly all patients in need.
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Fig. 2.1  Estimated annual numbers of transplants in the USA were compiled according to the
number registered with CIBMTR. Estimates of how closely the numbers reported are representa-
tive of actual transplant activity vary according to the type of transplant and number of centers
reporting data per year. Prior to 2007, all except unrelated donor allogeneic transplant facilitated
by the NMDP were reported voluntarily. It was estimated that the CIBMTR captured 90 % of all
unrelated donor transplants performed in the USA, 60-90 % of related donor allogeneic transplants
and 65-75% of autologous transplants. These estimates were extrapolated from other databases
that capture transplant center activity, accreditation, or hospital discharges. After 2007, the Stem
Cell Transplant Outcomes Database (SCTOD) was initiated which changed reporting requirements
and data capture to an electronic format. The SCTOD requires that all allogeneic transplants per-
formed in the USA be registered with CIBMTR. Data reporting of autologous transplants remains
voluntary and the numbers in the CIBMTR database are estimated to be 80 %. US numbers of allo-
geneic transplants in the CIBMTR are representative of the actual transplant activity. The number
of autologous transplants in the USA has steadily increased since 2000, mainly for treatment of
plasma cell and lymphoproliferative disorders. The ongoing increase of autologous transplants
is likely related to a higher number of patients older than 60 years being performed nationwide.
Allogeneic transplants from unrelated donors surpassed the number of allogeneic transplants from
related donors after 2006 and the gap between these two types of approaches continues to widen
annually. The major contributing factors to this trend are the growth of unrelated donor databases,
improvements in unrelated donor transplant, and increase in numbers of allogeneic transplants for
patient older than 60 years with reduced intensity conditioning. (Pasquini MC, Wang Z. Current
use and outcome of hematopoietic stem cell transplantation: CIBMTR Summary Slides, 2013.
Available at: http://www.cibmtr.org)

2.1 Increase in Utilization and Impact of HSCT on
National Health-Care Costs

The amplification in numbers of HSCT procedures has been associated with a
dramatic increase in overall costs. Utilization of unrelated cord blood products
has further impacted expenditure, as those patients generally experience slower
hematopoietic and immunologic recovery, requiring increased resource utilization.
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Trends in Transplants
by Type and Recipient Age*
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Fig. 2.2 The number of autologous and allogeneic transplants for treatment of malignant diseases
in older patients continue to increase. Thirty-nine percent of autologous transplant recipients and
17% of allogeneic transplant recipients in 2007-2011 were older than 60. The majority of autolo-
gous transplant recipients (70 %) and 40 % of allogeneic transplant recipient were older than 50 in
this later period. Among allogeneic transplant recipients, the proportion of patients older than 60
years doubled from 8% to 17 % during the decade analyzed. (Pasquini MC, Wang Z. Current use
and outcome of hematopoietic stem cell transplantation: CIBMTR Summary Slides, 2013. Avail-
able at: http://www.cibmtr.org)

The improved survivorship of cancer patients has been confirmed as recently re-
ported by the National Cancer Institute (NCI). Annual expenditures on cancer have
also increased in the USA with cancer-care costs estimated at US $ 124.6 billion in
2010, of which, the transplantable malignancy of lymphoma was #3 and leukemia
was #6 in expenditure by disease sites. Costs are estimated to exceed US $ 160 bil-
lion by 2020. The increase in HSCT utilization was substantiated in a recent report
from the Agency for Healthcare Research and Quality (AHRQ) of an analysis per-
formed by the Healthcare Cost and Utilization Project (HCUP) of the Nationwide
Inpatient Sample, a database of hospitalization and inpatient stays, representative of
all short-term, nonfederal hospitals. For activity between January 2004 and Decem-
ber 2007, it was shown that the HSCT procedure was ranked highest in percentage
increase for commonly performed inpatient procedures for hospital costs (84.9 %)
and for total hospital stays (51.3 %) with approximate costs of US $ 1.28 billion in
2007 (Table 2.1). Recognizing that the HSCT procedure represented approximately
1% of total hospital stays, 4.4 % of the total costs were encumbered for HSCT.

This rapid increase in HSCT procedures took place in a 48-month interval within
the past decade. However, these numbers are a small fraction of what is currently
projected for the near future. Based on population demographics and surveillance,
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Table 2.1 AHRQ analysis of medical and surgical procedures with increased utilization in the
USA. Commonly performed procedures with the most rapidly increasing hospital inpatient costs,
2004-2007. (AHRQ, Center for Delivery, Organization, and Markets, Healthcare Cost and Utiliza-
tion Project, Nationwide Inpatient Sample, 2004 and 2007)

Principal procedure category | Total costs Total hospital | Percentage change
(2007) (US' $) | stays (2007)
Total costs Total
(2004-2007) | hospital stays
(%) (2004-2007)
(%)

Bone marrow transplant 1,282,645,000 | 15,100 84.9 51.3

Open prostatectomy 1,032,016,000 | 88,500 68.6 40.8

Aortic resection; replacement | 1,872,908,000 | 61,600 38.5 31.9

or anastomosis

Cancer chemotherapy 2,616,504,000 | 187,400 33.2 14.2

Spinal fusion 8,863,922,000 | 350,700 29.5 15.6

Lobectomy or 1,757,748,000 | 81,400 29.2 249

pneumonectomy

Incision and drainage, skin 1,108,187,000 | 158,600 28.6 31.5

and subcutaneous tissue

Arthroplasty knee 9,217,740,000 | 605,200 27.5 25.7

Nephrotomy and nephrostomy | 682,609,000 38,600 253 11.7

Mastectomy 660,173,000 70,100 23.8 3.6

Total for top 10 procedures® 29,094,452,000 | 1,657,100 32.3 22.2

22004 costs were adjusted to 2007 dollars using the overall consumer price index

epidemiology, and end results (SEER) data for the incidence and prevalence of
malignancies, the National Marrow Donor Program (NMDP) anticipates a doubling
of the current number of unrelated transplants performed (~5500 in 2011) as early
as 2015 (estimated as high as 12,500 procedures). They also predict a concomitant
30% increase in autologous HSCT.

These reports from the HCUP and the NMDP are supported by the Milliman
2011 US Organ and Tissue Transplant Cost Estimates and Discussion report. The
analysis suggests that there was a 110% increase in billed charges for alloge-
neic HSCT between 2003 and 2008. The estimates were based on billed charges
(recognizing that charges do not equate to cost of procedures nor do charges indicate
what percent of charges are paid by the governmental or private payer). Autologous
transplant charges increased from approximately US $ 205,000 to US $ 370,000,
and allogeneic transplant charges increased from approximately US $ 380,000 to US
$ 805,000 in this short period of time. Also, recognizing that approximately 20,000
procedures were performed, these individual numbers suggest that transplantation
may become a US § 10 billion industry.
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2.2 Complexity of Care Increases Costs

In the setting of increasing demand for HSCT and increasing cost of health care and
novel technologies, it remains critical for providers and health systems to assure that
adequate reimbursement is obtained to cover the costs of the individual procedures,
costs associated with the defined incident of care, and the potential associated with
medical complications and sequelae.

Reimbursement based on a fee-for-service indemnity approach no longer exists
for the vast majority of patients. Insurance carriers have developed case rate
contacts for HSCT with negotiated payments for pretransplant evaluation, HLA
typing, transplant product acquisition, and patient care. In contrast, government
payers (Medicaid and Medicare) have set reimbursement schedules:

1. Medicare coverage provides funding for a period of time surrounding the
actual transplant procedure, typically in a diagnosis-related group (DRG)-based
reimbursement structure.

2. It is important to recognize that DRG payments are provided with the presump-
tion of a predictable resource consumption encountered by the recipient.

3. In some instances, the payer does not differentiate between autologous,
allogeneic-related, and allogeneic-unrelated transplant in their rate-setting
process:

a. This approach ignores the greater complexity of workup, cell source selec-
tion, and post-treatment risk of complications for the allogeneic recipient.

4. Preexisting comorbidities as well as the disease state and donor type drive
resource consumption. These variables, seen across the spectrum of patients
for whom transplant services are provided, are not accounted for by the limited
DRG codes.

Contractual arrangements with private/commercial payers will often carve out
HSCT services from general medical services contracts:

1. Services related to HSCT will often have a bundled payment for all services
performed within a boundary of time around the transplant, usually covering the
first 30 days for an autologous and 100 days for an allogeneic HCST procedure.

2. These contracts should be designed to cover:

Recipient evaluation and assessment of transplant eligibility

. Donor search benefits

Harvest and acquisition of stem cell product

. The immediate peri-transplant period and the post-transplant phase

Special circumstances (preplanned second transplant procedure, donor
leukocyte infusion, retransplants, high-cost pharmaceuticals (e.g., plerixafor)

o po o
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2.3 Contracts and Reimbursement Strategies

If structured appropriately, contracts should reflect mutual exposure to financial
risk. Reimbursement methodologies vary in the degree to which financial risk is
shared.

One of the confounding issues that those involved in the care of the transplant
patient face is that the actual transplant procedure is generally an infusion that oc-
curs at a precise moment in the midst of a complicated medical treatment course.
The infusion defines the actual transplant. However, reimbursement usually is fo-
cused on providing coverage for that event and for a series of surrounding days,
which defines an episode of care. Various reimbursement methodologies have been
undertaken, including reimbursement of:

1. All charges generated by providers and health systems in care of an HSCT
patient

2. A discount of charges which actually represents a fixed rate percent, discounting
total billed charges

3. A case rate, which incorporates a fixed fee that covers all transplant-related hos-
pital or clinic services for a specified period of time, predating and following the
actual infusion event

4. A global case rate which represents a fixed fee that covers all hospital and physi-
cian charges for a specified period of time, typically involving post-transplant
care

Recognizing the unique needs of individual patients, many of the case rate and
global case rate methodologies will include provisions that protect the transplant
center as well as the payer from financial risk. These provisions vary in the degree
of financial protection they provide. Examples include:

1. Outlier days, which provide a per diem reimbursement for each inpatient day
beyond a well-defined post-infusion time period

2. An outlier threshold which reimburses the provider and institutions a defined
percentage of billed charges after a specified threshold beyond the case rate has
been reached

3. Afloor provision which assures that at no time will a hospital be reimbursed less
than a specific percent of billed charges

The setting in which the HSCT procedure is performed, i.e., inpatient or outpa-
tient, may influence reimbursement. Pharmaceuticals may be reimbursed at a higher
level per dollar of charge in the outpatient setting. The differences in reimbursement
based on setting can have a significant impact on the financial performance of the
HSCT program.
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2.4 Integrated Structure for Contract Management

The complexity of contracting for HSCT services is reinforced by the implementa-
tion of separate transplant specialty contracting personnel by hospitals and pay-
ers. Development of rate structures that support the center’s strategic initiatives,
monitoring of the center’s performance on each contract, and providing assistance
to patients in understanding their benefits as they relate to the contract require an
integrated team approach:

1. A typical team for contract management would include:

Managed care contracting

. HCST program medical director

HSCT program administrator

. Patient billing services

Financial counseling personnel

Program’s managed care clinical liaison/coordinator:

-0 Ao o

i.  Review of patient referral insurance information
ii. Review of patients’ benefits:

— Lifetime maximum
— Transplant maximum
— Prescription coverage

iii. Communication with patient regarding benefits
iv. Liaison with insurance company in communication of patients’ status in
the process

g. Medical social worker

2.5 Payer Types

Understanding reimbursement variability between governmental and private payers
is a necessity. Traditionally, since HSCT was performed in younger patients, private
payers dominated the health coverage. However, over the last half decade, there has
been a significant change in the payer mix with an increase in patients with govern-
mental insurance support (Medicare or Medicaid).

According to transplant center estimates, as many as 25-30% of their patients
were supported by governmental payers in 2012, an increase from previous estimates
of approximately 15 % in 2007. This shift in payer mix can have a dramatic impact
on transplant program financial viability, given the low average rates of reimburse-
ment by Medicare and state Medicaid programs.
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1. Affordable Care Act:

a.

The Patient Protection and Affordable Care Act (ACA) was signed into law
on March 23, 2010 and could add more than 30 million Americans to the
insured ranks by 2019.

. The intent of the law is to increase access while reducing the overall cost of

health care.

. Patients who have had or who will need an HSCT should benefit from

expanded access to affordable insurance options and the removal of long-
standing benefit and coverage restrictions as provided under the ACA.

. Prior to the enactment and implementation of the ACA, HSCT patients seek-

ing new insurance coverage faced the potential of a lack of insurers willing
to insure them, limited benefit insurance plans with high premiums, and/or
preexisting condition exclusions of HSCT-related costs.

The ACA assures access to health insurance for HSCT patients in the follow-
ing ways:

i. A requirement that anyone eligible for insurance cannot be denied
coverage.

ii. Prevents insurers from rescinding coverage when diagnosed with an
illness or condition.

iii. Elimination of lifetime dollar limits on total paid benefits.

iv. Annual dollar limits are allowed only in a more restricted manner,
specifically for services not covered by the definition of the essential
health benefits (EHB). While there is not a specific mention of HSCT as
an EHB at the federal level, the components of the HSCT process all fall
into covered categories.

v. Removal of preexisting condition exclusions.

In addition to access, the other significant principle of the ACA is an overall
reduction in health-care spending, particularly in the Medicare program:

i.  The expected impact on transplant centers is uncertain but will likely be
significant, given that Medicare eligible patients are the fastest growing
segment of allogeneic HSCTs.

ii. The elimination of lifetime, annual, and procedural financial caps and
removal of preexisting condition exclusions could influence third-party
reimbursement strategies.

. In conjunction with the ACA, the delivery of patient care by coordinated care

organizations (CCOs) and accountable care organizations (ACOs) is focused
on managing populations and efficient delivery of primary care. Hematology
and oncology patients could be viewed differently by hospital systems as the
resource consumption by these patients would be significant, based on current
pricing of many cancer therapeutics and procedures.
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h.

Transplant centers should consider how to prepare for new models of pay-
ment bundling, pay-for-quality programs, and an increased focus on cost-
effectiveness and value from all payer types.

i.  Transplant centers will be under pressure to document quality of care to
avoid penalties and/or earn incentives.

2. Medicare services

a.

b.

Federal governmental payers are predominantly guided by Medicare cover-
age decisions.

Medicare coverage will be limited to items and services that are determined
to be covered and within the scope of a Medicare benefit category.

HSCT is a procedure for which Medicare has developed a national coverage
determination, and the coverage information is available to all online within
the Medicare coverage database.

. Medicare’s two-midnight rule for inpatient admissions:

i.  Asof October 1,2013, Centers for Medicare & Medicaid Services (CMS)
finalized a new way to identify/determine appropriate inpatient admis-
sions: A patient admission is presumed to be an appropriate inpatient
admission for purposes of a Medicare severity-diagnosis-related group
(MS-DRG) payment when there is the expectation that the patient will
require a stay for more than two midnights.

ii. Ifthe stay is expected to last fewer than two midnights, it generally would
not be appropriate for an inpatient hospital admission.

iii. An inpatient admission may be justified based on patient’s medical his-
tory, comorbidities, severity of signs and symptoms, current medical
needs, and the risk/probability of an adverse event occurring during the
hospitalization period.

iv. With reduced intensity regimens, transplant programs are able to treat
certain Medicare patients mostly in the outpatient setting and admit them
only for the cell infusion.

v. Since patients can react differently, some may stay more than two mid-
nights, while others may not, and it is often not known at the time of
admission what the patients’ clinical course will be. Should a program
change how care is provided?

vi. Page 50,945 of the final rule states: “...when it is difficult to make a
reasonable prediction, the physician should not admit the beneficiary
but should place the beneficiary in observation as an outpatient. As new
information becomes available, the physician must then reassess the ben-
eficiary to determine if discharge is possible or if it is evident that an
inpatient stay is required.”

vii. This ruling has implications for reimbursement of donor search and prod-
uct acquisition charges:
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— Donor search and product acquisition fees are tied to the inpatient
DRG payment for the transplant procedure and are not included in
the daily incident of care ambulatory payment classification (APC)
reimbursement used for outpatient services.

viii. In addition, reimbursement for Medicare day patients is considerably

iX.

less than the average inpatient DRG rate for this procedure.
Patient out-of-pocket expenses are also affected by a day-patient stay.

3. Medicaid services:

a. At the state level, there is wide variation in Medicaid reimbursement and
coverage for HSCT:

i.

ii.

There may be limitations based on indications for HSCT, maximal allow-
able inpatient stays, and medication support, as well as variation in inpa-
tient or outpatient service provision.

Clinical trial coverage variability also can be dramatically different:

— HSCT is not a mandatory covered benefit for adults, and all states

have the discretion to choose whether to provide coverage or to deter-
mine the extent of coverage.

— In austere times, states may identify control of Medicaid costs as a

means to reduce their deficits and balance their budgets.

— Recent data released by HCUP demonstrated that Medicaid coverage

was provided to 3064 HSCT hospitalizations or 16 % of all discharges
for HSCT in the USA in 2010.

A recent analysis of the Medicaid programs in 47 states by the NMDP,
assessing the degree of recommended benefit support which included
transplant procedure and disease indications, donor search, medica-
tions, clinical trial support, and transportation and lodging, was unable
to identify any state that provided minimal coverage benefits in all five
categories and identified only three states that met minimum supports
level in four of the five categories. Eight states had perceived adequate
Medicaid support coverage in only one of the five categories.

b. The ACA mandated that all states must expand coverage under Medicaid to
individuals up to 133 % of the federal poverty level (FPL) and provided fed-
eral funding to cover the cost of increased coverage:

i.

The US Supreme Court declared that this requirement was unconstitu-
tional and that each state had the right to decide whether or not to imple-
ment this provision. As a result, the extent of Medicaid coverage is to be
determined on a state-by-state basis.

c. Expanded Medicaid will have both positive and negative repercussions for
patients and HSCT programs:
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i.  Increased access to coverage will mean more patients have HSCT as a
treatment option, but this expansion does not improve the quality of ben-
efits or the reimbursement rates associated with state Medicaid plans.

ii. An increase in Medicaid patients with these less-than-ideal coverage pro-
visions would predict an increased burden on already-limited transplant
center resources.

4. Private payers:

Private payers also have significant variability in aspects of HSCT coverage.

. Private payers often follow Medicare guidelines for coverage determina-

tions for HSCT indications. However, significant variability within contrac-
tual agreements for reimbursement structures, donor search and acquisition,
benefit packages, clinical trial coverage, and financial procedural or lifetime
benefits are found.

Coverage for the HSCT patient is generally not an issue of medical necessity,
but a detailed contractual agreement between the insurance beneficiary, the
payer, and the site of employment from which the group insurance has been
elected:

i. It is recognized that currently, for many payers, the majority of their
members are in plans that are self-funded employer plans, for which ben-
efits are individually selected by the employing company.

ii. Asameans to control costs, one could envision that selection of high cost
benefits for what would be perceived as orphan diseases might fail to be
elected.

iii. Additionally, many small payer companies will have reinsurers who have
their own set of contracted language, defining benefits for these high cost
procedures  (https://payor.bethematchclinical.org/WorkArea/Download
Asset.aspx?id=7501).

. Detailed and specialized review of the recipient’s insurance contract is neces-

sary for comprehension of the benefit package.

5. Centers of excellence:

a.

Many of the larger private insurance and reinsurance companies have
established center of excellence criteria and established national transplant
networks.

. These programs may vary in size depending on the number of lives insured,

the geographic regions covered by those insured, and the type of HSCT pro-
cedure offered.

. For the transplant center, participation in these “Center of Excellence” pro-

grams and national transplant networks may allow access to greater numbers
of patients:

i.  Participation is often based on meeting selection criteria which is typi-
cally generated by a center’s volume and outcome data.


https://payor.bethematchclinical.org/WorkArea/DownloadAsset.aspx?id=7501
https://payor.bethematchclinical.org/WorkArea/DownloadAsset.aspx?id=7501
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ii. Selection of a network requires submission of detailed program informa-
tion, disease-specific outcomes often with on-site inspection of facilities
and review of program standards, as well as renewable review of outcome
data over time.

iii. This payer requirement can be a challenge for individual patients if the
Center of Excellence is not geographically close, as they will need to
relocate themselves and at least have a caregiver family member’s house
near the transplant center for an extended period of time. This addi-
tional financial burden may or may not be reimbursed by the insurance
company.

2.6 Quality

High-quality outcomes for HSCT patients have always been a goal of transplant
providers and their teams. Determination of quality was often performed internal-
ly to evaluate systems and elements that could influence the HSCT product line
and service delivery. Increasingly, there has been national attention on outcomes
necessary to maintain eligibility within third-party payers’ network facilities and,
more recently, for governmental payer reimbursement. For instance, CMS has
implemented a reimbursement program based on “value-based purchasing” in
which a percentage of hospital reimbursement for CMS patients is held at risk while
determining whether or not the hospital has met target goals for optimal patient
experience and whether clinical measures are achieved. For HSCT programs, the
incidence of catheter-associated bloodstream infections, readmissions, or falls with
harm can negatively influence the reimbursement of services.

The establishment of a public, national Stem Cell Therapeutic Outcomes Data-
base (SCTOD) for patients undergoing allogeneic blood, cord, and marrow trans-
plant procedures was a component of the C.W. Bill Young Cell Transplantation
Act. This allowed for assessment and comparison of inter-institutional overall mor-
tality outcomes and procedural risk. Consistent with Center for International Blood
and Marrow Transplant Research’s (CIBMTR) goal to increase transparency of the
Center Outcomes Report and at the urging of the Health Resources and Services
Administration (HSRA), CIBMTR has made available unblinded center-specific
outcomes reports (www.bethematch.org/access).

Comparative risk assessment based on patient pretransplant comorbidities and
standardized determinations of severity of illness for the transplant stay, generated
by evaluating the discharge diagnostic codes, are being utilized by groups such as
the University Health Care Consortium (UHC). Available data are used to compare
length of stay, percent of intensive care unit transfers, and observed-to-expected
in-hospital mortality between member organizations. It is anticipated that quality
initiatives will be increasingly scrutinized with a major focus on survival, quality of
life, and presence or absence of clinical comorbidities. Efficient healthcare deliv-
ery via care pathways will also be examined, and their utilization will increasingly
influence reimbursement, as well as maintaining Center of Excellence designation:


www.bethematch.org/access
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1. Foundation for the Accreditation of Cellular Therapies (FACT):

a.

FACT accreditation, which addresses clinical care, donor management, cell
collection, cell processing, and cell administration, is voluntary. However, it
has become an almost necessary qualification for a program to be acknowl-
edged and remains competitive.

. Many insurers, Centers of Excellence programs, and national transplant net-

works include FACT accreditation as a requirement for selection/inclusion.

. Accreditation is awarded after successful documentation of compliance with

FACT standards. Compliance is judged by evaluation of written documenta-
tion and through on-site inspections.

2. Data management:

a.

b.

A transplant program’s data management enterprise supports compliance with
regulatory standards, internal assessment of quality and quality improvement
initiatives, and research development.

HSCT programs are expected to contribute data regarding transplant proce-
dures to the NMDP, CIBMTR, SCTOD, or similar data repositories. These
data are then available for research purposes on outcomes.

3. The Food and Drug Administration (FDA):

ii.

2.7

The FDA’s mission is to protect the public health.

. In May of 2005, the FDA created a registration system for establishments that

collect, manipulate, and manufacture cellular therapy products:

The registration system was created to establish procedures to prevent the
introduction, transmission, and spread of communicable disease by cellular
therapy products.

HSCT programs are required to register and submit a list of all types of cel-
lular therapy products collected or infused in their institution. The registration
must be updated annually.

The FDA requires documentation of complaints involving the distribution of
cellular therapy products that allege transmission of a communicable disease
to the recipient of the product.

. Enforcement of the registration and reporting requirements is accomplished

by FDA inspections.

Clinical Trials

The evolution of the HSCT field over the last 30 years has been marked by advances
in basic, translational, and clinical science. Clinical trials have been instrumental
in determining the efficacy of HSCT. Catalyzing the science of transplantation in
the USA was the collaboration between the National Heart, Lung, and Blood Insti-
tute and the National Cancer Institute that led to the foundation of the Blood and
Marrow Transplant Clinical Trials Network (BMTCTN). More than 5000 patients
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have now been enrolled in BMTCTN trials including many who have participated
in advanced phase III trials, defining new standards of care in the field. Addition-
ally, most transplant centers contribute HSCT patient outcome data to the CIBMTR
which has served as a central resource for retrospective analyses, answering ques-
tions that otherwise would not be answered in single-center prospective trials.

It is essential for a transplant program to verify that coverage is available for
clinical trial participation. Wide variation exists with regard to coverage of clinical
trial participation between governmental and nongovernmental payers:

1. CMS has a list of determined and nondetermined diagnoses for coverage. There
are no preauthorization pathways. If one chooses to offer a transplant procedure
for a disorder in which there are no determinations, reimbursement after the fact
will be at the discretion of the local Medicare intermediary.

2. Additionally, Medicare does not provide support for participation in phase I tox-
icity trials unless there are clear secondary efficacy endpoints.

3. In contrast, Medicaid programs will determine at a state level whether clinical
trials are supported and to what extent.

4. With private payers, coverage of clinical trials has become even more complex:

a. Many of the national payers have provisions that if clinical trials are sup-
ported by the NIH, coverage is provided. Thus, funding would be provided if
the recipient receives care at an NCI-designated cancer center or participates
in a cancer intergroup or in a BMTCTN clinical trial.

b. Participating in industry-sponsored clinical research trials or investigator-
initiated research often requires strict scrutiny to verify that study-specific
costs are not passed on to the payer, and that only designated standard of care
coverage is the responsibility of the payer.

c. The clinical trials’ landscape becomes even more complex as many of the
group health plans are self-funded, business-selected plans:

i. Even when HSCT is considered standard care, if a portion of the care
(e.g., choice of a prophylactic antifungal agent) is considered research,
the entire transplant episode may be denied.

ii. Often clinical trials are omitted from the selection of benefits of coverage
for employees.

iii. Recently, the National Business Group on Health (NBGH), in collabora-
tion with the National Comprehensive Cancer Network, has published
documents for review and implementation by employers outlining rec-
ommended benefits packages for cancer prevention and treatment among
their employees.

5. Under the ACA, coverage for routine costs associated with an approved clinical
trial will be required beginning in January 2014:

a. Routine costs are defined as all aspects of care outside of the investigational
drug, item, or procedure itself.

b. Clinical trials must be approved or sponsored by the NIH, the Center for Dis-
ease Control and Prevention (CDC), AHRQ, and CMS.
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c. Trials may be any phase (I-IV) and must be conducted in relation to the pre-
vention, detection, or treatment of cancer or other life-threatening disease or
condition.

6. Transplant centers will need to provide clear communication to payers regarding
the justification for the trial, the eligibility of the patient, and the portions of the
treatment plan that are routine or investigational.

2.8 Future Considerations

HSCT procedures will continue to grow in demand as outcomes improve, novel
therapeutic indications are identified, and the US population ages. New techno-
logic advances in cellular therapy will continue to emerge. It is likely that some of
the investigational cellular products, including dendritic cells, regulatory T cells,
natural killer cells, mesenchymal stromal cells, chimeric antigen receptor-modified
T cells (CAR-T), and viral-specific cloned T cells, will prove to be beneficial in
the clinical course of the transplant patient. Similarly, the advances in small mol-
ecules and targeted therapies could diminish the demand for HSCT or, alternatively,
could enhance the likelihood of improved outcomes, thus furthering the demand
for procedures. Re-examination of reimbursement strategies, particularly regarding
the contractual arrangements around an “incident of care,” will be necessary to as-
sure that the cost of goods and manufacturing of these novel therapies are included
within the transplant patient benefit package.

Similarly, the demand for HSCT procedures may further expand if new indica-
tions emerge, such as autoimmune disorders or cotransplantation with solid organs.

On recognizing these potential advancements, it is also important to maintain
awareness that, currently, demand within the USA for HSCT is not being met. The
NMDP has recently performed a study of geographic market saturation within the
USA, assessing actual allogeneic HSCT procedures versus the calculated demand
(with recognition that there were limitations in the model). Their analysis suggested
there may remain a significant number of patients for whom procedures could be
performed and who are not yet in a position to access these services.

2.9 Summary

1. Well-designed prospective clinical trials and retrospective data analyses have
provided the critical data that led to the designation of HSCT as standard of care
for a variety of malignant and nonmalignant disorders.

2. The demand for evidence-based medicine will continue as will the demand for
quality outcomes with efficiency in delivery. Coverage decisions will depend
on whether evidence exists to justify the support. Ongoing attention to detail for
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services rendered is necessary to identify whether or not payment is adequate
and justified.

3. Multi-institutional comparison of outcomes will continue and will be expanded
to determine if the services supported by private or governmental payers were
delivered with high quality.

4. Additionally, one can anticipate that assuring that both patients and providers
have all the information needed to make accurate decisions will be demanded as
transparency has become central.

5. The need for more flexible models of reimbursement is required, as the current
approach where contractual rules supersede medical necessity generally does not
keep up with the technologic advances driving the field.

6. Recognition of these issues and the critical need for collaborative interactions
between providers and health-care systems will be needed to continue to manage
the HSCT patient population, going forward.

The ability to maintain and expand an HSCT program requires the efforts of a spe-
cialized business team to develop, implement, and manage contracts; personnel
knowledgeable of the most current regulatory standards and data reporting require-
ments; and a clinical team dedicated to the critical ongoing communication with
the referring physician. This partnership is critical to the promotion of long-term
survivorship for the HSCT patient.
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Chapter 3
Hematopoietic Stem Cell Sources
and Donor Selection

Jose F. Leis

3.1 Introduction

1. Human hematopoietic stem cells (HSC) express CD34 and Thy-1 (lo) on their
surface and are capable of multi-lineage growth and supporting long-term
hematopoiesis.

2. HSC can be isolated from bone marrow (BM), peripheral blood after mobiliza-
tion (PBSC), and umbilical cord blood (UCB).

3. HSC may be obtained from autologous (BM or PBSC) or allogeneic (HLA-
matched related (MRD), HLA-matched unrelated (MUD), or mismatched related
or unrelated donors, and UCB) sources.

4. Bone Marrow Donors Worldwide (www.bmdw.org) maintains an international
inventory of the majority of available adult unrelated donors and cord blood
units. Seventy-one stem cell donor registries from 51 countries and 48 cord
blood banks from 32 countries participate. As of late 2013, an estimated 22 mil-
lion adult donors and 600,000 cord units are available.

3.2 Stem Cell Sources

1. Bone marrow:

a. Gold standard for more than three decades

b. Aspirated from posterior iliac crest under general or regional anesthesia

c. Generally requires 10-20 ml/kg of marrow for adult recipients

d. Donors can be primed with filgrastim prior to harvest which may improve
HSC recovery in heavily pretreated patients
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e. Advantages:
i. Fewer T cells in graft compared with PB source
— Decreased risk of chronic graft-versus-host disease (GVHD)
ii. Decreased mortality in children and adolescents
f. Disadvantages:

i. Requires operating room and spinal or general anesthesia
ii. Increased morbidity to donors:

— Potential risks include pain, infection, blood loss, nerve damage.
— May require blood transfusions for young pediatric donors.

iii. Slower neutrophil and platelet engraftment
iv. Increased risk of relapse in some studies

g. Target cell dose:

i. Target cell dose 2 x 10® total mononuclear cells (TMNC)/kg recipient body
weight

ii. Minimum 1 x 108 TMNC/kg recipient body weight

iii. Retrospective studies show better hematopoietic recovery, decreased treat-
ment-related mortality (TRM), and improved overall survival (OS) when
CD34 cell dose >3 x 10°/kg

3.3 Peripheral Blood

1. Under normal circumstances, HSC are found in very low levels in PB:

a. Thousandfold or more increase in circulating HSC seen after filgrastim stim-
ulation or recovery from cytotoxic chemotherapy
b. Has largely replaced BM as primary source of HSC

2. Advantages:

a. Rapid recovery of hematopoiesis compared to BM

b. Decreased morbidity to donors

c. Increased disease-free survival (DFS) and OS in high-risk hematologic
malignancies

3. Disadvantages:
a. Must mobilize stem cells into circulation:

i. Use of chemotherapy in autologous setting
ii. High-dose filgrastim, sargramostim,+/— plerixafor (currently autologous
setting only)
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b. More T cells in circulation compared with BM:
i. Increased risk of chronic GVHD in the allogeneic setting
4. Target cell dose:

a. Minimum 2 x 10° CD34+ stem cells/kg recipient body weight

b. Target 3—5x 10° CD34+ stem cells/kg recipient body weight, although this
varies by institution

c. Doses >8x10° CD34+ stem cells/kg associated with increased risk of GVHD
and decreased OS in some allogeneic transplant studies

5. Mobilization:
a. Autologous transplant:

i. Disease-specific chemotherapy followed by filgrastim at 10 pg/kg/day SC
until PB CD34 count increases above institutional target levels, e.g., > 10
cells/ul before the onset of leukapheresis

ii. Filgrastim at 10 pg/kg/day SC for 4 days followed by leukapheresis on
day 5

iii. Filgrastim at 10 pg/kg/day SC for 4 days in the morning + plerixafor
0.24 mg/kg SC (maximum dose 40 mg) in the evening on day 4

iv. Plerixafor (Mozobil®):

— Reversibly inhibits binding of SDF-1a, expressed on BM stromal cells,
to the CXC chemokine receptor 4 (CXCR4), resulting in mobilization
of HSC and progenitor cells from BM to the PB.

— Reduce dose to 0.16 mg/kg (max 27 mg) if estimated glomerular filtra-
tion rate (GFR) <50 ml/min using the Cockroft-Gault equation.

— FDA approval in the autologous setting for patients with multiple
myeloma and non-Hodgkin lymphoma. Currently not approved for
allogeneic donors.

b. Factors associated with poor mobilization:

i.  Prior chemotherapy: increased cycles and duration of treatment
ii.  Prior radiation to BM

iii. Low pre-mobilization platelet count

iv. Female gender

v. Exposure to purine analogues, e.g., fludarabine

vi. Exposure to alkylating agents, e.g., prior melphalan in myeloma
vii. Exposure to lenalidomide

viii. BM involvement by lymphoma

ix. Low PB CD34 count during mobilization

x. PB CD34 count is proportional to CD34 apheresis yield

xi. PB CD34 <10 cells/pul associated with mobilization failure

c. Strategies for the hard-to-mobilize patient:

i. BID dosing of filgrastim at 5-10 pg/kg/day SC for 4 days, then
leukapheresis
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ii. Double growth factor: BID dosing of filgrastim at 5-10 pg/kg SC plus
sargramostim at 250 mg/m? once daily for 4 days, then leukapheresis

iii. High-dose filgrastim + plerixafor

iv. BM harvest

Risk-adapted approach by Mayo Clinic:

i. Start filgrastim alone at 10 pg/kg/day

ii. If day 4 or 5 PB CD34 <10/, initiate leukapheresis the following day

iii. If day 5 PB CD34 <10/ul, add plerixafor 0.24 mg/kg evening dose (dose
adjusted for renal function), initiate leukapheresis the following morning

iv. If daily leukapheresis yield <0.5 x 10° CD34/kg, repeat plerixafor and con-
tinue leukapheresis the following day

v. Continue daily filgrastim and plerixafor until goal is reached or STOP if
<0.5x 10% CD34/kg collected despite use of plerixafor

Umbilical Cord Blood

. High number of fetal HSC are present in UCB collected after delivery.
. Each year, no suitable related or unrelated donor (URD) can be identified for

6-10,000 patients who could potentially benefit from an HSC transplant. This
deficiency is particularly true for minority patients.

3. Typically, cord blood units are typed at intermediate resolution for HLA-A and
HLA-B, and at high-resolution for HLA-DR.

4. Advantages:

a.

o oo o

Criteria for a “match”-less stringent:

i. 4/6 match acceptable
ii. Increases chance of finding a suitable donor

. UCB lymphocytes are less alloreactive

Allows for greater HLA-disparity, can engraft with 4/6 match

. Less GVHD for degree of mismatch

Rapid access: suitable cord unit can be identified in a few days and shipped
overnight

6. Disadvantages:

a.

Cell dose:

i. Need minimum of 3—4 x 107 total nucleated cells (TNC)/kg to ensure dura-
ble engraftment

ii. Only 10% of UCB units have sufficient stem cells to transplant a patient
>50 kg in weight

iii. Increased nonrelapse mortality to 70 % in <1.7 x 107 TNC/kg



3 Hematopoietic Stem Cell Sources and Donor Selection 33

b. Slow engraftment relative to related or URD BM or PBSC transplants.

c. Increased infectious complications from slow neutrophil engraftment.

d. No donor leukocyte infusion (DLI) available for the treatment of relapse or
graft failure.

e. Currently, limited inventory is available.

7. Impact of cell dose:

Slow rate of hematopoietic recovery
. High risk of graft rejection

High TRM

. Poor OS if low dose

Magnified effect of HLA mismatch

o p0 o

8. Choosing the best cord unit (EuroCord recommendations):

6/6 match >3 x 10" TNC/kg.

. 5/6 match >4 x 107 TNC/kg.

4/6 match >5x 107 TNC/kg.

. Do not perform single-unit UCB transplant with <4/6 match or <3x 107
TNC/kg.

oo o

9. Strategies to improve UCB transplant in adults:

a. Double UCB unit grafts to augment cell dose.

b. Most patients have more than one 4-6/6 HLA-matched UCB unit available.

c. Adult studies suggest improved engraftment and reduced TRM compared
with single unit transplants.

d. Sustained engraftment seen from only one of the two units, not both.

e. Experimental approaches for ex vivo expansion are currently under
investigation.

3.5 Donor Selection

1. HLA typing (see Fig. 3.1):

a. HLA is the name of the set of genes on chromosome 6 that encode the major
histocompatibility complex (MHC) in humans.

b. HLA genes are highly polymorphic.

c. Each HLA allele is designated by the name of the gene/locus followed by an
asterisk and a four- to eight-digit number indicating the allele. The first two
numbers are based on the serologic type of the resultant protein “antigen” and
the next two numbers on the specific allele designation based on the order in
which the gene was discovered, e.g., A*0201 is an allele of the HLA-A2 gene.

d. HLA antigens are key components of immune function and are involved in
recognizing self versus nonself, in organ or graft rejection, GVHD, infection
control, autoimmunity, etc.
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Patient eligible for allogeneic transplant.

Obtain molecular HLA-typing at HLA-A, -B, -C, -DR on
patient and full siblings. Does the patient have a 6/6 match?

Proceed with unrelated donor
search. 8/8 match present?

Proceed with 6/6 HLA-A,-
B, -DR sibling transplant

Is there a 7/8 HLA mismatched
donor or >4/6 cord blood unit?

!

Yes

transplant (HLA-A,-B,-C,-DR)

Proceed with 8/8 MUD

Yes

!

Consider UCB donor if >4/6
HLA-match and adequate cell
dose.

Is urgent transplant needed?
HLA-C match?

Yes

Donor-specific HLA
antibodies?

DQ, DRB3/4/5)

Consider 7/8 mismatched URD

Consider other HLA loci (DP,

Consider haploidentical donor
if urgent transplant needed.

Maternal donor?

Fig. 3.1 Suggested algorithm for hematopoietic stem cell donor selection. MUD matched unre-
lated donor, UCB umbilical cord blood, URD unrelated donor

e. HLA class I molecules (HLA-A, HLA-B, HLA-C) are found on the surface of
all nucleated cells.

f. HLA class II molecules (HLA-DR, HLA-DQ, HLA-DP) are found on the
surface of immune system cells, i.e., B lymphocytes, dendritic/antigen pre-
senting cells, and are inducible in most tissues.

g. Matching donor and recipient for HLA haplotypes is the most important fac-
tor of a successful allogeneic hematopoietic cell transplant.

2. Matched related donors

a. Twenty-five percent chance a given sibling will be HLA-matched at A, B, and
DR loci

. Preferred stem cell source over other donor sources

Associated with lower rates of acute and chronic GVHD

. More rapid and less expensive donor workup and stem cell procurement

Improved clinical outcomes

Despite improvements in outcomes (TRM, relapse-free, and OS) of URD

transplants, MRD are still favored in patients >50 years of age:

1. Risks of acute GVHD grade 2—4 (hazard ratio (HR), 1.63; P<0.001), acute
GVHD grade 3—4 (HR 1.85; P<0.001), and chronic GVHD (HR 1.48;

me o o
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g.

P<0.0001) were all higher after MUD compared with MRD transplants in
these older patients.

Higher risk of relapse of malignancy (AML, CML>ALL) if donor is an iden-
tical twin (syngeneic).

3. Matched unrelated donors

a.

b.

Only 30% of patients who require an allogeneic HSCT will have an
HLA-MRD.

Large number of donors are needed in registries due to the large diversity in
the HLA system (>5500 class I alleles and > 1600 class II alleles resulting in
millions of HLA combinations).

Certain racial and ethnic groups (e.g., African Americans are more polymor-
phic than Caucasians at HLA loci) have a large number of specific haplotypes
and have more difficulty in finding suitable donors.

d. Identification of a suitable MUD can take 2—6 months.

The longer search times make MUD HSCT less feasible for high-risk leuke-
mias. Donor searches should be started early in the treatment course of these
diseases.

Each HLA antigen or allele mismatch is associated with approximately a 10 %
decrease in 5-year post-transplant survival. In a large retrospective study of
3857 myeloablative BM transplants done between 1988 and 2003 in the USA,
a single mismatch detected by low- or high-resolution DNA testing at HLA-
A, -B, -C, or DRBI1 (7/8 match) was associated with higher mortality, lower
I-year OS 43 versus 52%, lower DFS, increased TRM, and acute GVHD.
Single mismatches at HLA-B and -C were better tolerated than mismatches at
HLA-A or DRB1. Mismatching at two or more loci increased the risks while
mismatches at HLA-DP or DQ and other donor characteristics did not affect
survival.

. Retrospective analysis of 1933 unrelated donor—recipient pairs that received

PBSC HSCT between 1999 and 2006 showed that an 8/8 match was associ-
ated with better 1-year survival than a 7/8 match (56 % vs. 47 %). Mismatch at
HLA-C antigen correlated with decreased leukemia-free survival (LFS) and
increased risk of mortality, TRM, and grade 3-4 acute GVHD.

. Other donor factors such as age, sex, parity, cytomegalovirus (CMV) status,

ABO matching may have weak effects on outcome.

. Alternative donors:

Alternative donor sources (UCB or haploidentical donors) allow for shorter
time to transplant but are associated with increased risk of transplant-related
complications:

a.
b.

Haploidentical donors
Related haploidentical donors are matched at three of six loci (HLA-A, -B,
-DR) sharing one chromosome 6 with the recipient.

. Multiple individuals in a family including parents, siblings, and even children

can potentially serve as the donor.
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d. Increased donor availability in racial and ethnic groups.

a.

Intensive GVHD prophylaxis is necessary. In one international study, ATG,
cyclosporin, methotrexate, mycophenolate, and anti-CD25 antibody were uti-
lized. Cumulative incidence of grade 2-4 acute GVHD was 24 % (5 % grade
3-4) and extensive chronic GVHD was 6% at 2 years. OS was estimated at
45% at 3 years.

Immunosuppression with post-transplant cyclophosphamide is emerging
as a standard haploidentical GVHD prophylactic strategy with acceptable
outcomes.

. The BMT-CTN conducted two parallel phase II trials for patients without

HLA-matched donors. Reduced intensity conditioning (RIC) with post-
transplant cyclophosphamide was used, followed by either double UCB
(BMT-CTN 0602; see Sect. 4.b.11) or haploidentical BM (BMT-CTN 0603).
The 1-year OS and progression-free survival (PFS) were 62 and 48 %, respec-
tively, 100-day incidence of acute grade 2-4 GVHD 32 %, 1-year incidence
of NRM 7% and relapse 45 % after haploidentical transplant. A prospective
phase III trial comparing double UCB and haploidentical transplantation is
underway (BMT-CTN 1101).

. Mismatch of maternal antigens is better tolerated than mismatch of paternal

antigens. Leukemia patients, who received myeloablative conditioning fol-
lowed by T-cell depleted haploidentical maternal grafts, had superior 5-year
event-free survival (EFS) than those who received paternal grafts (50.6 vs.
11.1%; P<0.001). Improved survival was the result of lower relapse rates
and TRM. The protective effect was seen in both female and male recipients.

. Umbilical Cord Blood:

Demand for UCB HSCT has increased rapidly due to lack of suitable HLA-
matched donors, particularly in ethnic groups, time limitations due to aggres-
sive disease, and the potential lower incidence of GVHD.

. Advantages include expanded donor pool, ease of product procurement, lack

of donor attrition, donor safety, and decreased incidence of GVHD.

Major disadvantages include delayed engraftment, prolonged defects in
immune reconstitution, increased risk of graft failure, no opportunity for
additional donations, and increased risk of infection.

. In children with malignancy, HSCT with UCB units matched for 4/6, 5/6, or

6/6 HLA haplotypes produces results that are equal to an 8/8 HLA-matched
BM HSCT.

Potential UCB units should be selected on the basis of greatest HLA-match
that contains an adequate TNC count. Acceptable UCB units should contain
>3 x 107 nucleated cells/kg and also, preferentially >2x10° CD34+cells/
kg. In patients transplanted for nonmalignant disease, the risk of rejection is
higher and a cutoff of >3.5x 10" TNC/kg is recommended.

In a large retrospective study of adults transplanted for acute leukemia, LFS
after UCB HSCT was comparable to 8/8 and 7/8 allele-matched URD PBSC
or BM HSCT:
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i. TRM was higher after UCB HSCT than after 8/8 allele-matched PBSC
(HR 1.62, P=0.003) or BM HSCT (HR 1.69, P=0.003).

ii. Grades 2-4 acute and chronic GVHD were lower in UCB recipients
compared with allele-matched PBSC (HR 0.57, P=0.002 and HR 0.38,
P=0.003, respectively).

iii. The incidence of chronic GVHD was lower after UCB HSCT compared to
8/8 allele-matched BM HSCT (HR 0.63, P=0.01).

g. HLA-C matching appears to improve outcomes. In a retrospective analysis
of 803 patients with leukemia or myelodysplastic syndrome (MDS), who
underwent an unrelated UCB HSCT, patients matched for HLA-A, -B, and
-DRBI, but mismatched for HLA-C and had higher TRM than those matched
for HLA-C (HR 3.97).

h. Priority should be given to unidirectional mismatches in the GVHD direction;
avoid mismatches in the host-versus-graft direction:

i. Unidirectional mismatches in the GVHD direction are associated with sig-
nificantly earlier time to engraftment.

ii. Unidirectional mismatches in the host-versus-graft direction have delayed
time to engraftment, higher rates of graft failure, and higher relapse rates.

i. Increased incidence of infection may account for up to half of the TRM asso-
ciated with UCB HSCT.

j- A high incidence of infection after neutrophil recovery suggests intrinsic
defects in immune reconstitution after UCB HSCT.

k. UCB HSCT after non-myeloablative conditioning is associated with more
rapid neutrophil recovery and immune reconstitution.

1. Use of two UCB units (double UCB HSCT (dUCB)) is acceptable for patients
who do not have a single unit with adequate cell count:

i. After myeloablative conditioning, transient mixed chimerism may be iden-
tified early but is followed by sustained engraftment of only one unit by
day 100.

ii. Most studies suggest improved disease control with decreased relapse rate
after dUCB HSCT compared to a single unit UCB HSCT:

— Some studies suggest that UCB units should be at least 3/6 HLA-
matched to each other in the setting of dUCB HSCT.

— BMT-CTN 0604 (Evaluating the Safety and Effectiveness of an Umbil-
ical Cord Blood Stem Cell Transplant that uses Low Dose Chemother-
apy in People with Leukemia or Lymphoma).

O Demonstrated 1-year probability of OS of 54 % and PFS of 46 % after
a cyclophosphamide/fludarabine/TBI-conditioned dUCB HSCT with
a day + 100 cumulative incidence of grade 2-4 acute GVHD of 40 %.

O This study has laid the groundwork for CTN 1101 (A Multicenter,
Phase III, Randomized Trial of Reduced-Intensity Conditioning and
Transplantation of Double Unrelated Umbilical Cord Blood vs. HLA
Haploidentical Related Bone Marrow for Patients with Hematologic
Malignancies).
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6. Single-antigen MRD

a.

3.6

Early studies suggest that single HLA-antigen MRD HSCT may lead to
increased rates of GVHD, if the mismatch is in the GVHD vector, or increased
incidence of graft failure, if the mismatch is in the host-versus-graft vector.
There was no significant impact on OS.

. Aretrospective registry study from Japan compared outcomes in 779 patients

with acute leukemia, CML, or MDS who received a 1-antigen MRD versus
8/8 allele URD HSCT:

i. Higher overall mortality rate was observed in patients who received the
MRD graft, particularly in those patients with standard risk disease.

ii. HLA-B antigen mismatch was associated with lower OS due to increased
TRM.

Other Considerations

1. Donor-specific HLA antibodies:

a.
b.

C.

HLA mismatch should mandate screening for donor-specific HLA antibodies.
Recipient anti-HLA antibodies directed at donor HLA antigens are associated
with high graft rejection rates.

Other donors should be pursued in this setting.

2. Donor age:

a.

Initial studies in HSCT performed in the 1990s suggested that younger donors
(age <30 years) were associated with improved DFS and OS and decreased
acute and chronic GVHD.

. Older matched sibling donors (>age 50) are preferred over 8/8 HLA-matched

younger URDs for leukemia/lymphoma patients who are more than the age
of 50 years. Risks of acute GVHD grade 2-4 (HR, 1.63; P<0.001), 3-4 (HR,
1.85; P<0.001), and chronic GVHD (HR, 1.48; P<0.0001) were higher after
HSCT performed with younger URDs compared with older MSD HSCT.

3. Donor parity:

a.

In a 2001 NMDP study, nulliparous female donors were associated with lower
risks for chronic GVHD.

. Male donor<nulliparous female donor<female donor with one prior preg-

nancy < female donor with two + prior pregnancies.
No effect of parity was seen in acute GVHD.

. Parity has not been an independent risk factor for OS and DFS in recent

studies.

4. CMV status:

a.

CMV seropositive recipients have a lower OS than seronegative recipients.
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b.

Donor CMV status does not impact survival of either CMV positive or nega-
tive recipients.

A European group for Blood and Marrow Transplantation (EBMT) study sug-
gested that CMV seropositive recipients should receive cells from CMYV sero-
positive donors, as the adoptive transfer of mature lymphoid cell populations
was associated with more rapid development of recipient CMV immunity.

5. ABO status:

a.
b.

ABO compatibility between donor and recipient is not necessary for HSCT.
A recent meta-analysis demonstrated no adverse association between ABO
mismatching and graft failure, GVHD, or survival.

6. Donor screening (see Chap. 4 for additional details):

a.

b.

Must be completed to ensure safety of the donor and that the HSC product is
safe for the recipient.

Medical history questionnaire targets risk factors for transmission of genetic
or infectious diseases.

Physical exam.

d. Baseline laboratory testing, electrocardiogram (ECG), chest X-ray.

3.7

Infectious disease testing.

Donor Complications

1. BM acquisition (harvest):

a.
b.

NMDP tracks complications of its donors.

Of the first 9245 harvests, 125 donors (1.34 %) experienced a serious medical
complication including mechanical injury to tissue, bone, or nerve (55 %),
anesthetic complications (36 %), and infection (<1 %)).

Pain was the most common symptom with 82 % reporting back or hip pain at
the collection site with 33 % reporting anesthesia-related throat pain. Fatigue
was reported in 59 %. Site reaction, insomnia, nausea, dizziness, and anorexia
were far less common (<15 %).

. Transient changes in white blood cells (WBC), platelets, and hemoglobin

were observed with most counts returning to baseline by 1 month post har-
vest. Anemia with a 3-g/dl decrease in hemoglobin was observed in both male
and female donors with a mild decrease persisting at 1 month.

Marrow harvest appears safe in children with the EBMT, reporting no serious
complications in 313 pediatric donors.

2. PBSC donors

a.
b.

Serious adverse events were uncommon (0.6 %).
In a prospective trial from the NMDP, 6768 PBSC donors who underwent
collection between 2004 and 2009 were evaluated:
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i. Central venous access was required in 5% of male donors and 21 % of
female donors.

ii. Leukocytosis with a mean WBC of 40,000/pl and 20 % exceeding 50,000/
ul was reported.

iii. Thrombocytopenia with platelets <100,000/pl was seen in 26 % of donors
after one collection and 50 % of donors after two collections.

iv. Musculoskeletal pain which peaked at day 5 of granulocyte colony-stimu-
lating factor (G-CSF) administration was reported in nearly 90 % with the
majority grade I/II.

v. Other less common symptoms included fatigue (49-50%) and insomnia
(30%).

vi. Female donors were more likely to require hospitalization (3 vs. 1 %).
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Chapter 4
Pre-transplant Medical Evaluation

Andy Chen

Conventional autologous and allogeneic hematopoietic stem cell transplant (HSCT)
can be a life-saving or life-extending procedure but is associated with significant
risk for noninfectious and infectious complications. Reduced intensity allogeneic
HSCT is often offered to recipients with advanced age and/or significant comorbid
clinical conditions. Appropriate identification of recipients likely to benefit from
these rigorous procedures is essential. Screening of donors is necessary to identify
all potential risk of harm to the donor and to identify potential transmissible ill-
nesses to the recipient.

Referral to a transplant center does not mandate a patient to undergo a transplant
procedure. It is the role of the HSCT specialist to determine if transplant should be
considered as an option for disease consolidation with final decision to be made in
conjunction with the patient and the referral provider team.

4.1 Considerations and/or Indications for Transplant

1. Adult acute myelogenous leukemia (AML; see Tables 4.1 and 4.2):

Complete remission 1 (CR1)—all AML except for good risk
. Antecedent hematologic disease

Therapy-related AML

. Primary induction failure or relapse

Presence of minimal residual disease after therapy
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Table 4.1 Transplant types

by disease

A. Chen

Disease

Autologous | Allogeneic

AML

X

ALL

MDS

CML

Lymphoma

Myeloma

|
KRR R R K

Germ cell

X<

Bone marrow failure - X

Congenital disorders - X

AML acute myeloid leukemia, ALL acute lymphoid leu-
kemia, MDS myelodysplastic syndrome, CML chronic
myeloid leukemia

2. Pediatric AML:

™o a0 o

3. Adult acute lymphoblastic leukemia (ALL):

CR1—all except good risk
. Induction failure or relapse
Monosomy 5 or 7

. Age <2 years at diagnosis
Treatment-related AML
Presence of minimal residual disease after therapy

a. CR1—all except for young adults treated on pediatric protocols (recent data
suggest that adults have improved outcomes when treated on highly aggres-
sive pediatric regimens as compared to standard adult treatment regimens)

Table 4.2 Risk stratification for AML

Risk group Cytogenetics Molecular markers

Favorable Inv(16) or t(16;16) Isolated NPM1 mutation (normal
t(8;21) karyotype)
t(15;17) Isolated CEBPA mutation (normal

karyotype)

Intermediate Normal ¢-KIT mutation with core binding
+8 only factor leukemia
t(9;11)

Other abnormalities not defined

Poor

Complex (>3 abnormalities)

—5, del 5q

—7,del 7q

3921926

t(6;9)

t(9;22)

11923 abnormalities except t(9;11)
17p abnormalities

FLT3 ITD (normal karyotype)

AML acute myeloid leukemia
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b. High risk

i. Ph+1(9;22)

ii. MLL (11g23) rearrangements

iii. High white blood cell (WBC) at diagnosis (>30 K for B cell, >100 K for
T cell)

c. Induction failure or relapse
d. Presence of minimal residual disease after therapy

4. Pediatric ALL:
a. High-risk CR1:

i. Ph+1(9;22)

ii. MLL (11g23) rearrangement
iii. Infant

iv. WBC at diagnosis > 100 K

b. Induction failure or relapse
c. Presence of minimal residual disease after therapy

5. Myelodysplastic syndrome (MDS):

a. Intermediate or high-risk revised international prognostic staging score
(IPSS-R)—see Table 4.3:

Table 4.3 International prognostic staging system for myelodysplasia

Prognostic 0 0.5 1 1.5 2 3 4

variable

Cytogenetics Very good | — Good | — Interme- | Poor | Very poor

diate

Marrow blast % <2% >2-<5% |- - 5-10% | >10% | —
Hemoglobin >10 - 8-<10 | <8 - - -
Platelets >100 50-<100 | <50 - - - -

ANC >0.8 <0.8 - - - - -

ANC absolute neutrophil count

IPSS-R prognostic risk categories/scores

Risk category Risk score
Very low <15

Low >1.5-3
Intermediate >3-4.5
High >4.5-6
Very high >6

IPSS-R revised international prognostic scoring system
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1. Cytogenetics:

— Very good: del(11q), -Y

— Good: normal, del(20q), del(5q) alone and double

— Intermediate: +8, 7q-, i(17q), +19, +21, any other single or double,
independent clones

— Poor:der(3)q21/q26,-7,doubleincluding 7q-, complex (three abnormalities)

— Very poor: complex (>3 abnormalities)

b. Treatment-related MDS
c. Transfusion dependence or refractory cytopenias

. Chronic myelogenous leukemia (CML):

a. Chronic phase:

1. Failure to achieve a hematologic or cytogenetic response to either nilo-
tinib (Tasigna®) or dasatinib (Sprycel®)

2. Intolerance to/failure of two tyrosine kinase inhibitors (TKIs)

3. Any T3151 mutation

b. Accelerated phase:

1. Newly diagnosed patients who do not achieve an optimal response to TKIs
2. TKlI-treated patients who progress from chronic phase

c. Blast crisis (myeloid or lymphoid)

. Myeloproliferative disorders (BCR-ABL negative):

a. High-risk cytogenetics
b. Poor initial response or at progression

. Follicular and low-grade non-Hodgkin’s lymphoma (NHL):

. Less than partial response to initial treatment

. Initial remission duration <12 months

. Second or subsequent relapse

. Transformation to diffuse large B cell lymphoma (DLBCL)

00 o e

. DLBCL and aggressive NHL:

a. First or subsequent relapse

b. No CR with initial treatment

c. CR1 with high-intermediate or high-risk international prognostic index (IPI;
see Table 4.4)

d. Double- or triple-hit lymphoma

e. Peripheral T cell lymphoma

Mantle cell NHL:
a. Following initial therapy
Hodgkin lymphoma:

a. Primary induction failure
b. First or subsequent relapse
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Table 4.4 International Risk factors

rognostic index (IPI) for
prog (IPT) Age =60

large-cell lymphoma

Performance status > 1

Elevated LDH

Extranodal sites > 1

Stage -1V

Risk group Number factors
Low 0-1

Low intermediate 2

High intermediate 3

High 4-5

12. Multiple myeloma:

a. After initiation of therapy
b. At first progression
c¢. Second transplant for relapsed disease

13. Germ cell cancer:

a. Refractory to induction
b. Second or subsequent relapse

14. Neuroblastoma:

a. Short initial remission
b. Poor initial response or at progression

15. Bone marrow failure syndromes:
a. At diagnosis of marrow failure:

Severe aplastic anemia

Fanconi anemia

Pure red cell aplasia
Amegakaryotosis

Paroxysmal nocturnal hemoglobinuria
6. Other

AEE S

16. Congenital/inherited immune deficiencies:
a. At diagnosis:

1. Severe combined immunodeficiency (SCIDs)
2. Wiskott—Aldrich syndrome

3. Familial hemophagocytic lymphohistiocytosis (HLH)

4. Other
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17. Hemoglobinopathies:

a. Transfusion-dependent thalassemia at diagnosis
b. Sickle cell disease with aggressive course

18. Inherited metabolic disorders:
a. At diagnosis:

1. Hurler’s syndrome

2. Adrenoleukodystrophy

3. Metachromatic leukodystrophy
4. Other

4.2 Sources of Hematopoietic Stem Cells

1. Autologous (see Chap. 3):

a. Peripheral blood
b. Bone marrow

2. Allogeneic:
a. Related, unrelated

1. Well matched (either no identified human leukocyte antigen (HLA) mis-
match and informative data at four loci or allele matching at HLA-A, -B,
-C and -DRBI1)

2. Partial match (defined, single-locus mismatch determined by high-resolu-
tion DNA typing)

3. Mismatched (>2 allele or antigen mismatches)

4. Haploidentical

b. Peripheral blood, bone marrow, single cord, double cord

4.3 Patient Evaluation

1. History:

a. Signs/symptoms, pathology, staging, risk stratification, relapses
b. Treatment history with responses and dates

c. Complications, both therapy and disease related

d. Infectious disease history

2. Current disease status (depending on disease type):

a. PET/CT (positron emission tomography/computed tomography)
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b. Bone marrow biopsy
c. Tumor markers

. Allergies and medications (including supplements)
. Past medical history:

. Chronic or serious illnesses and surgeries

. Transfusion history

. Vaccinations

. Menstrual status & pregnancies (if applicable)

00 o e

. Family history:

a. Health status and malignancy history
b. Potential donors

. Psychosocial evaluation (see Chap. 5 for additional details):

Caregiver availability

. Psychiatric history

Substance abuse

. Work and living situation

Travel history

Financial screening and evaluation

MmO Ao o

. Systems evaluation:

a. Dentition
b. Respiratory, including pulmonary function, tests with diffusion capacity of
carbon monoxide (DLCO)

c. Cardiac including electrocardiogram (EKG) and ejection fraction (see
Chap. 23 for additional details)

. Hepatic—Tliver function tests (LFTs)

Renal—electrolytes, blood urea nitrogen (BUN), creatinine

Neurologic—assess for central nervous system involvement if indicated

. Hematologic—complete blood count (CBC), blood type (ABO/Rh)

@ o A

. Other laboratories/testing:

a. Pathology review
b. Pregnancy test (if applicable)
c. Infectious disease testing:

1. Required by Foundation for the Accreditation of Cellular Therapy (FACT):
— HIV-1 and 2, hepatitis B, hepatitis C, syphilis
2. Recommended (required by some authorities):

— Cytomegalovirus (CMV), Epstein—Barr virus (EBV), herpes sim-
plex virus (HSV) 1 and 2, varicella zoster virus (VZV), human
T-lymphotropic virus (HTLV) 1 and 2, West Nile virus, Chagas disease,
Toxoplasmosis
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Table 4.5 ECOG/WHO
performance scale

3. Selected cases:

A. Chen

Score

0 Fully active, able to carry on all pre-disease perfor-
mance without restriction

1 Restricted in physically strenuous activity, but
ambulatory and able to carry out work of a light or
sedentary nature, e.g., light housework, office work

2 Ambulatory and capable of all self-care, but unable to
carry out any work activities; up and about more than
50 % of waking hours

3 Capable of only limited self-care and confined to bed
or chair more than 50 % of waking hours

4 Completely disabled, cannot carry on any self-care;
totally confined to bed or chair

5 Dead

ECOG Eastern Cooperative Oncology Group, WHO World
Health Organization

— Tuberculosis—exposure risk
— Fungus—ypast history, allogeneic transplant
— Parasites—exposure risk, travel history

d. HLA typing (for allo candidates):
4. HLA-A, -B, -DRBI (also -C if unrelated)

9. Performance status (see Tables 4.5 and 4.6)

Table 4.6 Karnofsky
performance scale

Score

100% | Normal, no symptoms or signs of active disease

90% | Able to carry on normal activity, minor signs or
symptoms of active disease

80% | Normal activity with effort

70% Unable to do active work, cares for self

60% | Requires occasional assistance

50% | Requires considerable assistance and frequent medi-
cal care

40% | Disabled, needs special care

30% | Hospitalized, death not imminent

20% | Hospitalized, critical condition

10% | Moribund

0 Dead
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4.4 General Guidelines for Patient Eligibility

1. Disease meets indication for transplant
2. Chemosensitive disease:

a. Minimal marrow involvement for autologous transplant
3. Adequate performance status (see above):

a. Eastern Cooperative Oncology Group (ECOG) <2 or Karnofsky >70% for
conventional ablative regimen
b. ECOG <3 or Karnofsky >50% for reduced intensity transplant

4. Adequate non-hematopoietic organ function

a. Creatinine <2xupper limit of normal (ULN) or CrCl >50 (except amyloid/
myeloma)

b. Cardiac ejection fraction (EF) >40 %, no clinically significant indications of
heart failure, no uncontrolled arrhythmia

c. Forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC), and
DLCO Adjusted >45 % predicted

d. Aspartate transaminase (AST) and alanine transaminase (ALT) <3x ULN;
total bilirubin <2x ULN, unless Gilbert’s syndrome

5. Psychosocial:

a. Ability to provide informed consent

b. Willing and able to comply with therapy
c. Available caregiver

d. Insurance coverage

6. Adequately matched available donor or adequate collection of autologous stem
cells (see Chap. 3 for additional details):

a. Auto collection: minimum >2 x 10° CD34 +cells/kg (target>5 x 10°)
b. Allogeneic matching:

. Related: 5-6 of 6 (HLA-A, B, DRB1)

. Unrelated: 7-8 of 8 (HLA-A, B, C, DRB1)

. Cord: 4-6 of 6 (HLA-A, B, DRB1)

. HLA-A mismatching is highest risk

. Antigen mismatch is higher risk than allele mismatch

. National Marrow Donor Program (NMDP) does not currently recommend the
need for matching at HLA-DRB3, 4, 5 or HLA-DQ

AN N AW

7. No active infections require ongoing therapy, except:

a. Adequately treated fungal infection on chronic suppressive therapy
b. Prophylactic therapy
c. HIV positive patients on highly active anti-retroviral therapy (HAART)
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8. Exclusion criteria:
a. Chemorefractory
b. Life expectancy severely limited by other illness
c. Inability to tolerate preparative regimen
d. Pregnancy
9. Relative contraindications:
a. Major medical comorbidities
b. Major psychiatric illness
c. Substance abuse
d. Lack of insurance/financial resources
e. Lack of caregiver
10. Hematopoietic cell transplant comorbidity index (see Table 4.7):
a. Predictor of nonrelapse mortality
b. Consider reduced intensity regimen if comorbidity index >4
Table 4.7 Comorbidity index
Comorbidity Definition Points
Arrhythmia Atrial fibrillation or flutter, sick sinus syndrome, or 1
ventricular arrhythmia
Cardiac Coronary artery disease®, congestive heart failure, 1
myocardial infarction, or EF <50%
Inflammatory bowel disease | Crohn’s disease or ulcerative colitis 1
Diabetes Requiring treatment with insulin or oral hypoglyce- 1
mic agents, but not diet alone
Cerebrovascular accident Transient ischemic attack or cerebrovascular accident | 1
Psychiatric disturbance Depression or anxiety requiring psychiatric consult 1
or treatment
Hepatic—mild Chronic hepatitis, bilirubin >ULN -1.5 xULN, or 1
AST/ALT >ULN -2.5xULN
Obesity Body mass index >35 kg/m? 1
Infection Requiring continuation of antimicrobial treatment 1
after day 0
Rheumatologic SLE, RA, polymyositis, mixed CTD, polymyalgia 2
rheumatica
Peptic ulcer Requiring treatment
Moderate/severe renal Serum creatinine >2 mg/dl, on dialysis, or prior renal
transplantation
Moderate pulmonary DLCO and/or FEV1 66-80 % or dyspnea on slight 2
activity
Prior solid tumor Treated at any time point in patient’s past history, 3
excluding non-melanoma skin cancer
Heart valve disease Except mitral valve prolapse 3
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Table 4.7 (continued)

Comorbidity Definition Points

Severe pulmonary DLCO and/or FEV1 <65 % or dyspnea at rest or 3
requiring oxygen

Moderate/severe hepatic Liver cirrhosis, bilirubin >1.5x ULN or AST/ALT > | 3
2.5xULN

2 One or more vessel-coronary artery stenosis requiring medical treatment, stent, or bypass graft
EF ejection fraction, ULN upper limit of normal, SLE systemic lupus erythematosis, R4 rheuma-
toid arthritis, CTD connective tissue disease, DLCO diffusion capacity of carbon monoxide, FEV
forced expiratory volume in 1 s, AST aspartate aminotransferase, AL7 alanine aminotransferase

4.5 Allogeneic Donor Evaluation

—_—

. HLA typing for HLA-A, -B, -DRBI1 (also -C if unrelated)
. History and physical
. Transmissible disease screen:

Recent vaccinations

. Travel outside of the USA

Transfusion history

. High-risk history or behaviors

Inherited, hematologic, autoimmune, or malignant conditions

o po o

. Pregnancy history
. Laboratories

a. CBC, chemistries, LFTs, coagulation
b. Blood type and compatibility
c. Serum pregnancy test (if applicable)

. Infectious disease:

a. Required by FACT:
i. HIV-1/2, HBV, HCV, syphilis
b. Recommended (required by some authorities):

ii. CMV, EBV, HSV-1/2, HTLV-1, HTLV-2, VZV, West Nile, Chagas Toxo

. Consents and notifications

a. Donor consent for mobilization therapy and possible central venous catheter
placement.

. Notify prospective donor of abnormal findings.

Document rationale and consent for use of ineligible donor.

. Notify apheresis unit of health issues which could affect safety of collection.

To avoid a conflict of interest, the physician consenting the donor should not

be the physician of the recipient.

o oo o
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Chapter 5
Social Work: Evaluation and Support

Nancy Boyle and Keren McCord

Hematopoietic stem cell transplant (HSCT) is a complex treatment that often results
in high levels of psychological distress and social/financial strain for patients and
their families. The procedure and the ensuing recovery can test even the most adap-
tive functional patient and support system. Indeed, it is the psychosocial issue that
can be the most vexing for transplant teams.

HSCT patients and their support teams require information as well as physical
and emotional resources in order to maximize the benefit of the procedure. Each
patient brings their past medical, emotional, financial, and personal experiences
which impact their ability to tolerate the ardors of transplant.

Five phases of the HSCT process have been described:

. The decision to undergo HSCT

. Pre-HSCT preparation

. HSCT hospitalization

. Hospital discharge and early recovery
. Long-term recovery

WA W=

This chapter focuses on the psychosocial issues along this continuum.

Each patient has a unique diagnosis, staging, and comorbidities that affect his/
her journey through transplant. Psychologically, an individual adjusts to each transi-
tion utilizing their adaptive to maladaptive coping mechanisms. An early study on
“returning to normal” revealed that patients least likely to report return to normalcy
were those with unrealistic expectations. While there will be patients who will remain
unrealistic, a majority can be assisted by providing realistic information and support.

A patient-centered approach is at the forefront of new accreditation standards
for hospital cancer programs released by the Commission on Cancer (CoC) of the
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American College of Surgeons (ACS). Four national cancer patient support/advoca-
cy organizations worked closely with the CoC to develop patient-centered standards
to better enable cancer patients to work with their interdisciplinary cancer treatment
team: American Cancer Society, Cancer Support Community, National Coalition
for Cancer Survivorship, and LIVESTRONG™. The CoC includes Distress Treat-
ment Guidelines for Patients as a standard to be established for accreditation (http://
www.facs.org/cancer/coc/whatis.html).

Distress in pre-HSCT patients was first described in 1995 as demonstrated by
scores on the Profile of Mood States Scale. Study results showed that a decreased
sense of control (intrapersonal mastery) and decreased sense of optimism were re-
lated to a higher level of distress. In a 2005 study, it was identified that pre-transplant
distress is highly predictive of post-transplant distress, and there was a statistically
significant association between self-reported distress and medication noncompli-
ance. The distress thermometer (DT) with HSCT patients, when studied for vali-
dation in comparison to the Center for Epidemiological Studies-Depression Scale
(CES-D) and the State—Trait Anxiety Inventory-State Version (STAI-S), showed
that the single-item DT compares well with the longer measures to assess psycho-
logical distress. The DT cutoff score of four supports significant distress to warrant
further assessment, and while the DT is being promoted as a screening tool by the
National Comprehensive Cancer Network (NCCN), they suggest a cutoff of five or
above for further assessment. Additional study is indicated in the HCST population.

Seven causes of distress in patients who undergo HCST have been identified:

. Uncertainty regarding treatment outcome, recurrence, and mortality

. Impact of the treatment on their family

. Changes in appearance and impact on sexuality

. Long-term burden of treatment such as reduced functional status

. Interaction with the medical system

. Communication with medical personnel and obtaining information

. Financial considerations, such as insurance coverage, the cost of treatment, and
supporting self/family

~N N B W

Although no consensus guidelines regarding psychosocial eligibility for HSCT
have been developed, there are data-identifying psychosocial factors associated
with pre-HSCT vulnerability that influence outcomes. In a study of HSCT clini-
cians deciding whether to proceed with transplant given specific psychosocial risk
factors, 75 % of responding physicians recommended not to proceed in cases of sui-
cidal ideation, use of illicit drugs, and history of noncompliance. Additionally, 69 %
recommended not to proceed in cases where no caregiver support was identified.

Psychosocial issues have been studied in the solid organ transplant population,
as these patients require psychosocial evaluation prior to being added to the waiting
list. In HSCT, autologous or allogeneic donors are used which also require appropri-
ate psychosocial evaluation. Pretransplant screening for HSCT has borrowed from
solid organ transplant in the format of the Psychosocial Assessment of Candidates
for Transplant (PACT) and Transplant Evaluation Rating Scale (TERS).
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While transplant programs vary in size and funding, there is value in having a
mental health professional assess a patient’s ability to withstand the psychological
stresses of HSCT, including assessment of preexisting psychiatric morbidities. In-
dividuals with anxiety and depression are at risk for poor health outcomes. Patients
who experience overall mood, anxiety, or adjustment disorder have 8% longer
lengths of stay.

5.1 Psychosocial Evaluation and Assessment

The key aspects for assessment are the characteristics and needs of the patient, fam-
ily, and caregiver(s), including financial status, employment/disability, insurance,
past/current mental health, and/or substance abuse history, and details about their
care plan: who, what, and where.

1. Demographics:

Marital status

. Family composition

Current living situation

. Developmental stage
Formal education

Legal issues

. Children’s issues/preparation

Qo Ao oD

2. Employment and financial information:

Employment and/or disability status

. Source of income

Primary wage earner

. Insurance status

Out-of-pocket obligation

Prescription coverage

. Ability to maintain insurance and income

. Other (alimony, outstanding debts, financial planning, power of attorney, etc.)

5w rh o o o

3. Cognitive/mental health/substance abuse:

Cognitive deficits

. Literacy

Learning ability

. Mental health history

Psychiatric medications

Counseling or hospitalization history

. Significant recent stressors (marriage, divorce, death, job loss, moves, etc.)
. Substance-abuse history

5w rh o o o
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4. Coping skills:

o Ao o

Strengths/weaknesses

. Coping approach

Avoidance mechanism

. History of significant losses

Use of alternative/complementary treatments
Adaptation to illness

5. Relationships/support systems:

Qo Ao oD

Partner relationship (cohesion)

. Extended family support/availability

Identification of caregivers

. Familial coping patterns

Adaptation
Spiritual/faith-based support

. Cultural traditions, informal, and community support

6. Medical concerns:

5.2

Qo Ao oD

Level of understanding of the HSCT process

. Decision-making issues (and agreement of support persons)

Pain issues

. Expectations

Optimism
Ability to make post-HCST plans

. Advance care planning/directives

Preparation and Planning

1. Issues:

a.

b.

Comprehension of the medical circumstance (e.g., remission vs. recurrence,
intensity of therapy, prognosis)

Mode of learning of the patient and caregiver (i.e., written or verbal? Are they
literate? Is English their primary language?)

Informed consent and decision making

d. Anxiety/fear

Practical arrangements (e.g., distance from transplant center, housing arrange-
ments, caregiver support)

2. Interventions:

a.

b.

Education about medical status and proposed treatment, as well as duties and
duration of commitment of a caregiver

Maximizing information delivery (e.g., repetition, multiple formats including
written information, audiovisual aids, support groups, internet sites)
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c. Institution-specific expectations and requirements
d. Preparative counseling

3. Referrals:

a. Educational classes are a way to reinforce prior teaching and discussions with
HSCT staff; orient the patient to the hospital campus, the inpatient unit, and
outpatient clinic; begin discharge planning; review advance directives and
patient/caregiver agreement forms; and provide a forum to share anxiety and
distress.

b. Connect with community resources, i.e., Leukemia & Lymphoma Society,
Medicaid, counseling services, etc.

c. HSCT assistance resources available on the internet (see Table 5.1).

Table 5.1 HSCT internet resources. (Also see Chap. 9 for AYA-specific resources)

Organization URL

Transplant resources

Be the match WWW.Marrow.org
Blood and marrow transplant information www.bmtinfonet.org
network (BMT Infonet)

BMT support online www.bmtsupport.org
Explore BMT www.explorebmt.org
National bone marrow transplant link www.nbmtlink.org

General resources

American cancer society WWW.cancer.org

Cancer.net www.cancer.net

Cancers and careers www.cancerandcareers.org

Cancer legal resource center www.disabilityrightslegalcenter.org
Kids konnected www.kidskonnected.org

Lotsa helping hands www.lotsahelpinghands.com
LIVESTRONG www.livestrong.org

Leukemia and lymphoma society www.llIs.org

Lymphoma research foundation www.lymphoma.org

Multiple myeloma research foundation www.multiplemyeloma.org

Financial resources

Be the match http://bethematch.org/For-Patients-
and-Families/Getting-a-transplant/
Planning-for-transplant-costs/
Financial-Assistance-for-Transplant-Patients

Bone marrow foundation www.bonemarrow.org
CancerCare, Inc. WWWw.cancercare.org
Patient advocate foundation www.patientadvocate.org
RX assist WWW.Ixassist.org

BMT blood and marrow transplant, RX prescription, 4Y4 adolescent and young adult
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Active Treatment: Inpatient and Outpatient

1. Issues:

a.

o a0 o

Patient/caregiver anxiety and uncertainty about the HSCT process and
outcome

. Disruption of patient/family roles

Fears of recurrence, infection, death

. Interpersonal stressors (e.g., poor coping strategies, mental health issues, etc.)

Uncertainty about discharge plans

2. Interventions:

a0 o

5.4

Negotiate personal control

. Build on previous experiences/successes

Ongoing self-assessment and training

. Educate about outpatient process (e.g., medications, expected appointments,

availability of 24-h medical advice/support)

Immediate Short Term

1. Issues:

o po o

Transition to outpatient setting post HSCT

. Increased stress on relationship between patient and caregiver

Caregiver burden and feelings of incompetence

. Patient’s dependency and loss of control

Graft-versus-host disease (GVHD) risk in allogeneic recipients

2. Interventions:

o po o

5.5

Assess the meaning of uncertainty and stressors

. Evaluate burdensome tasks

Assist patient/family to identify and mobilize available resources

. Assist in evaluating relationship enhancements

Assure continuation of medical support/management in transitions to outpa-
tient setting

Long Term/Survivorship

1. Issues:

a.
b.

Transition back to home, work, and/or previous family roles
Changes in patient’s emotional and physical functions due to complications
and long-term effects of HSCT
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. Fear of recurrence
. Feelings of “being different”

2. Interventions:

a.

o oo o

5.6

Assess transitional needs and provide referrals to the Department of Voca-
tional Rehabilitation, Social Security Disability, etc.

. Evaluate the effect of complications/late effects on relationships
Problem-solve positive steps to build on strengths

. Assess and support survival techniques

Provide support groups and reunions for survivors (NBMTlink webinars,
Peer to Peer, BMTinfonet, etc.)

End-of-Life Care

1. Issues:

o 00 o

. Emotions including fear, sadness, failure

. Effects on the family, especially young children
. Physical changes, pain, comfort

. Spiritual needs

. Home versus hospital versus skilled facility

2. Intervention:

Assess the source of expressed emotions

. Assess the impact on the family and assist with children, involve child life
services when appropriate

Foster hope

d. Consider home hospice as an option for patient and family

c.

Advocate with provider team and family to meet patient’s wishes as possible

3. Special considerations:

a
b

5.7

. Patient questioning if they should have had the transplant? Did it matter?
. Related donor’s grief and feelings about transplant outcome. Are they respon-
sible for the outcome?

Palliative Care and Hematologic Malignancy

A U.S. retrospective study showed patients with a hematologic malignancy ac-

cess
resp

ed palliative care less frequently than those with solid tumors (11 % vs. 89%
ectively; see Chap. 33). Research suggests that while hematology staff are

aware of the needs for palliative care, the lack of access and integration to care has
an adverse effect on families and caregivers. Qualitative analysis suggests family
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members were aware of patient dying, but were reluctant to speak to staff about it
and felt inadequately assisted in preparing for the dying experience.

Barriers to integration of palliative care in the setting of hematologic malignan-
cies include:

1. The course of the illness

2. Availability of community resources including hospice support with no reim-

bursement for palliative care or ongoing transfusion support

Unpredictability of the illness

Unclear goals of care

5. Availability of early-phase clinical trials and the patient’s comprehension of the
study objective

6. Availability of ongoing supportive therapies

7. Psychological dependency and the ongoing relationship between patient/family
and providers

B w

Provider skills needed for provision of palliative care:

Assessment

Information sharing

Decision-making capacity

Ability to determine patient’s capacity for decision making
Ability to clearly define goals of care

Capacity for objective discussion of withdrawal of therapy
Openness to discussion of Death with Dignity where allowed
Advance care planning and delivery

Surrogate decision making

Conflict resolution

Affirmation of patient/family understanding, satisfaction, concerns

A S S R Ul e
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5.8 Caregiving Needs and Requirements

Individuals who undergo HSCT require caregiver support until otherwise told by
their transplant provider team. Autologous HSCT recipients typically require a 24-
hour caregiver for approximately 2—3 weeks after discharge from the hospital, while
allogeneic HSCT recipients may require a caregiver anywhere from 2—6 months
depending on complications that may arise.

Changes in health-care delivery systems and policy highlighting reduction of
costs have moved much of the HSCT process from the inpatient to the outpatient
setting, which may extend the caregiver’s commitment by weeks to months. These
changes also add an additional layer of responsibility to the caregiver, as greater
involvement during the earlier phases of HSCT is required. Payer contracts may
not reimburse for post-HSCT caregiver support. Therefore, the responsibility lies
with the patient’s natural supports, i.e., family members or friends. This incredible
commitment requires even further time away from work and other personal respon-
sibilities.
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5.9 Psychosocial Impact of Caregiving
and Protective Factors

While there has been a breadth of research that explores the psychosocial implica-
tions for the HSCT recipient, less is known about the experience of the caregiver.
Research has shown that the psychosocial health of the caregiver has a direct im-
pact on the health and well-being of the patient. Caregivers suffer from anxiety and
depression, sleep deprivation and fatigue, sexual dysfunction, and greater vulner-
ability to illness, and may experience fear, frustration, and isolation. Adaptation of
the caregiver is important not only for his/her own wellbeing but also in achieving
optimal patient outcomes.

Studies have shown female caregivers tend to report higher levels of distress
than male caregivers, because they are more likely to assume the role of primary
caregiver while maintaining responsibility for the care of the rest of the family. Ad-
ditionally, small studies suggest females to be more empathetic.

Control refers to the caregiver’s ability to maintain a sense of predictability and
manageability within their life and the lives of their loved ones. Adaptation to the
caregiving role, as indicated by lower levels of distress, was noted in caregivers
who reported a higher sense of personal control and spiritual well-being. Providing
caregivers with detailed information about a patient’s treatment course may offer
more predictability. Caregivers who identified with a form of spiritual practice also
showed increased adaptation to distress. Their faith allowed them to navigate the
burdens of caregiving by applying meaning to their role and the role of illness in the
life of their loved one.

Developing strategies and interventions to support caregivers can prove to be an
important part of a patient’s care. Support groups, online resources, and web-based
tools to assist caregivers in managing their role are emerging. These resources are
likely to be more beneficial when provided early in the planning process, as coping
patterns established early can prove to be an essential part of the overall effective-
ness of stress management.
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Chapter 6
Conditioning Regimens

Joseph S. Bubalo

The preferred conditioning regimen for hematopoietic stem cell transplantation
(HSCT) should be capable of reducing the tumor load in the setting of a malignant
disorder, provide adequate immunosuppression to prevent graft rejection, and have
manageable side effects or regimen-related toxicities. Traditionally, allogeneic con-
ditioning regimens were ablative (Table 6.1), meaning that stem cell support was
required in order to attain hematopoietic recovery of the bone marrow. Beginning in
the early twenty-first century, there has been a trend in multiple patient populations
to move towards reduced-intensity conditioning regimens (RICs; Table 6.2) which
are defined as any regimen which does not require stem cell support for hemato-
poietic recovery, yet results in low hematologic toxicity and mixed donor—recipient
chimerism in a substantial proportion of patients in the early post-transplantation
period. Most transplantation experts agree that any regimen which includes (i) total
body irradiation (TBI) of <500 cGy as a single fraction or <800 cGy if fractionated,
(ii) <9 mg/kg of oral busulfan, (iii) <140 mg/m? of melphalan, or (iv) <10 mg/kg
of thiotepa is an RIC regimen.

Increasingly, in both adult and children who do not have a related stem cell
donor, cord blood progenitor cells are being used as a stem cell source for their al-
logeneic HSCT. These require different conditioning regimens (Table 6.3) as well
as changes in associated supportive care and immune suppression.

In the autologous setting, high-dose therapy with stem cell support is frequently
used to salvage relapsed or persistent disease, as well as to consolidate or prolong
cancer remission. Sequential or tandem stem cell transplants are used in some dis-
ease states to further deepen a remission, increase the chance for cure, or facilitate
delivery of a high dose regimen (Table 6.4).
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Table 6.1 Common ablative conditioning regimens. (see Sect. 6.E for dosing recommendations)

Regimen

Disease states treated

Comments

Cy+ATG +/-TBI

Aplastic anemia

TBI added for unrelated donors
(URD)

tBu—Cy AML, ALL, CLL, CML, NHL, | The busulfan exposure target varies by
MM, MDS disease which is attained by pharma-
cokinetic monitoring
Cy-TBI AML, ALL, CLL,NHL, MDS | -
BEAM NHL, HD, MM -
Cy cyclophosphamide, A7G antithymocyte globulin (equine), #Bu targeted busulfan, AML acute

myelogenous leukemia, ALL acute lymphocytic leukemia, CML chronic myelogenous leukemia,
CLL chronic lymphocytic leukemia, NHL non-Hodgkin’s lymphoma, D Hodgkin’s disease, MM
multiple myeloma, MDS myelodysplasia, BEAM carmustine, etoposide, cytarabine, melphalan

Table 6.2 Common RIC regimens

Regimen Disease states treated Comments

Bu-Flu AML, ALL, CLL -

Bu-Flu-TBI AML, ALL, CLL -

Flu—Mel NHL, MM -

Flu-TBI AML, ALL, CLL -

TBI-200 cGY AML, ALL, CLL More rapidly paced disease may require
more aggressive therapy. This is consid-
ered a nonmyeloablative regimen which is
the least intense of the RIC regimens

Flu-Cy-R NHL, CLL -

AML acute myelogenous leukemia, ALL acute lymphocytic leukemia, Bu busulfan, CLL chronic
lymphocytic leukemia, Flu fludarabine, Mel melphalan, NHL non-Hodgkin’s lymphoma, R
Rituximab, R/C reduced-intensity conditioning regimens

Table 6.3 Common conditioning regimens for cord blood transplants

Disease states treated Comments

AML, ALL, CML, MDS, NHL

Regimens
Flu-TBI (ablative)

Engraftment occurs approximately
2-3 weeks later than with other stem
cell sources. Dual cord blood units
often used for adults

Dual cord blood units often used for
adults

Cy—Flu-TT-TBI AML, ALL MDS

Cy-Flu-TBI AML

TT-Bu-Flu-—rATG AML, ALL, NHL, CML, MDS | Single cord blood unit used for adults

and children

AML acute myelogenous leukemia, ALL acute lymphocytic leukemia, Bu busulfan, CML chronic
myelogenous leukemia, F/u fludarabine, MDS myelodysplasia, NHL non-Hodgkin’s lymphoma,
TT thiotepa, rATG Thymoglobulin® (rabbit)
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Table 6.4 Common autologous conditioning regimens

Regimen Disease states treated Comments

Bul6-Etoposide AML Note: despite ablative dose of Bu
this is used in the autologous setting

BEAM NHL, HD -

BuMelTT NHL, HD -

Carbo—Etoposide Germ cell May be done in tandem

Carbo—Etoposide—Cy Germ cell May be done in tandem

Cy—Etoposide-TBI NHL, HD -

CBV NHL, HD -

Melphalan MM, Amyloid May be done in tandem

AML acute myelogenous leukemia, Bu busulfan, CML chronic myelogenous leukemia, Carbo
carboplatin, CBV cyclophosphamide, carmustine, etoposide, /D Hodgkin’s disease NHL non-
Hodgkin’s lymphoma

6.1 Conditioning Agents

Most conditioning agents are associated with pancytopenia, sterility, and alopecia
in the doses used in myeloablative regimens. Mucositis may encompass the entire
gastrointestinal (GI) tract and result in stomatitis, esophagitis, nausea, vomiting (see
Table 6.5 for prophylaxis), and diarrhea (see Chap. 21). Selected toxicities and im-
portant aspects of care are presented, as these are unique or more prevalent in the
high-dose therapy setting. On a day-to-day basis, these effects may require addi-
tional therapy or attention to specific patient-care techniques to manage the patient
and minimize morbidity (see Table 6.6 for dosing guidance to individualize dose for
specific patients attributes):

1. Anti-thymocytic immune globulin equine (ATG or ATGAM®):

a. Type: immune modulator, polyclonal antibody mixture
b. Dose: 30 mg/kg IV daily for 3 days
c. Toxicities:

i.  Fatal allergic reactions. Requires test dose prior to initiation of treatment.
ii. Serum sickness (or maturation syndrome) symptoms including fever,
chills, hypotension, rash, arthralgias, joint pain and renal insufficiency.

d. Patient care points:

i.  Intradermal test dose prior to first dose with contralateral saline dose

ii. Premedicate with diphenhydramine, acetaminophen, and corticosteroids

iii. Run slowly to begin then may accelerate rate as tolerated

iv. Have emergency medications at bedside (epinephrine, hydrocortisone,
diphenhydramine)

e. Rabbit ATG (Thymoglobulin®) can be substituted in some circumstances,
often based on institutional guidelines Dose is different than the equine ATG,
see specific protocol for dosing.
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Table 6.5 Antiemetic dosing
Agent Risk Antiemetic regimen Comments
Antithymocyte Low None needed Other premedications
globulin required
Busulfan Moderate to high | Ondansetron 8 mg PO Q | Dexamethasone 20 mg
6 h or 24 mg PO daily daily with once daily
ondansetron no dexa-
methasone required for
every 6 hour busulfan
dosing
Carboplatin High Ondansetron 24 mg PO or | Dexamethasone 20 mg
8 mg IV prior to first dail