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(The Australasian Bone Marrow Transplant
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for Blood and Marrow Transplantation).
CIBMTR (Center for International Blood and
Marrow Transplant Research), WMDA
(World Marrow Donor Association), AABB
(American Association of Blood Banks),
EMBMT (The East Mediterranean Blood
and Marrow Transplantation Group), Netcord,
Eurocord, ESH (The European School for
Haematology), EFI (The European Federation
for Immunogenetics), ISCT (The International
Society for Cellular Therapy), JACIE
(Joint Accreditation Committee-ISCT), BMDW
(Bone Marrow Donors Worldwide), FACT
(Foundation for the Accreditation of Cellular
Therapy), ASBMT (American Society for Blood
and Marrow Transplantation), ASHI
(American Society for Histocompatibility and
Immunogenetics), EMBIDS
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issues.
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January 15, 2013

The U. S. Stem Cell Therapeutic and Research
Act of 2005 (Public Law 109-129) established
the C.W. Bill Young Cell Transplantation
Program (the Program) to collect, analyze, and
report on outcomes for all allogeneic
transplants and on other therapeutic uses of
blood stem cells. The Program was
re-authorized in 2010 (Public Law #111-264).
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CIBMTR was awarded a contract with the
Health Resources and Services Administration
(HRSA) to administer the Stem Cell
Therapeutic Outcomes Database (SCTOD) for
the Program; National Marrow Donor
Program (NMDP) was also awarded contracts
to administer other portions of the Program.
CIBMTR (JHEEBM TFEE > 5 —) A7z
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The Program goals are to make information
about HCT available to patients, families,
health care professionals and the public; to
help create better processes for identifying
unrelated matched marrow donors, peripheral

blood stem cell donors, and cord blood units

through one electronic system; to increase the
numbers of unrelated adult volunteer donors
and cord blood units available; and to expand
research to improve patient outcomes.
CIBMTR has grown to meet the needs of the
SCTOD contract, which in turn enhances
CIBMTR's ability to facilitate research
conducted under U24-CA76518.
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Dr. Rizzo, Project Director for the SCTOD will
provide an overview of the Program,
describing each of the components, their
responsibilities and relationships in the
Program. These components include the
Advisory Council to the Secretary of Health
and Human Services, the SCTOD, the Cord
Blood Coordinating Center, a Bone Marrow
Coordinating Center, an Office of Patient
Advocacy/Single Point of Access, and a
National Cord Blood Inventory. The benefits of
the Program will be described from the
perspective of the HCT recipient, volunteer
unrelated donors, transplant centers,

researchers, the government, and third-party



payers (insurers and employers). Limitations
of the Program will also be addressed.
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The impact of the Program on transplantation
in the United States, especially increasing use
of cord blood as a source of stem cells for
transplantation will be briefly discussed. One
particular benefit of the Program, research
through the SCTOD, will be highlighted. The
Outcomes database serves as a platform for
public reporting, and robust tool to advance
the field of HCT through research. CIBMTR
has successfully leveraged the requirements of
the SCTOD, funding from the National
Institutes of Health, and the benefits of the
collaborative academic environment to
facilitate meaningful research to improve
survival, access to HCT and understand late
outcomes of HCT. The importance of the
academic environment and the expertise it

affords to stimulate collaborative research will

be emphasized,
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Program (the Program) to collect, analyze, and
report on outcomes for all allogeneic
transplants and on other therapeutic uses of
blood stem cells. The Program was
re-authorized in 2010 (Public Law #111-264).
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CIBMTR was awarded a contract with the
Health Resources and Services Administration
(HRSA) to administer the Stem Cell
Therapeutic Outcomes Database (SCTOD) for
the Program; National Marrow Donor
Program (NMDP) was also awarded contracts
to administer other portions of the Program.
CIBMTR ([FEXBMTWH > 5 —) H7m2
Z L H1D SCTOD (BEAIAIE SR 7 — 5 N — X,
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The Program goals are to make information
about HCT available to patients, families,
health care professionals and the public; to
help create better processes for identifying
unrelated matched marrow donors, peripheral
blood stem cell donors, and cord blood units
through one electronic system; to increase the
numbers of unrelated adult volunteer donors
and cord blood units availables and to expand

research to improve patient outcomes.

CIBMTR has grown to meet the needs of the
SCTOD contract, which in turn enhances
CIBMTR's ability to facilitate research
conducted under U24-CA76518.
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Dr. Rizzo, Project Director for the SCTOD will
provide an overview of the Program,
describing each of the components, their
responsibilities and relationships in the
Program. These components include the
Advisory Council to the Secretary of Health
and Human Services, the SCTOD, the Cord
Blood Coordinating Center, a Bone Marrow
Coordinating Center, an Office of Patient
Advocacy/Single Point of Access, and a
National Cord Blood Inventory. The benefits of
the Program will be described from the
perspective of the HCT recipient, volunteer
unrelated donors, transplant centers,
researchers, the government, and third-party
payers (insurers and employers). Limitations
of the Program will also be addressed.
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The impact of the Program on transplantation

2) 7

in the United States, especially increasing use
of cord blood as a source of stem cells for
transplantation will be briefly discussed. One
particular benefit of the Program, research
through the SCTOD, will be highlighted. The
Outcomes database serves as a platform for
public reporting, and robust tool to advance
the field of HCT through research. CIBMTR
has successtully leveraged the requirements of
the SCTOD, funding from the National
Institutes of Health, and the benefits of the
collaborative academic environment to
facilitate meaningful research to improve
survival, access to HCT and understand late
outcomes of HCT! The importance of the
academic environment and the expertise it
affords to stimulate collaborative research will
be emphasized.
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ABSTRACT

Fifty five years after the first publication, hematopoietic stem cell transplantation has become an
accepted treatment option for defined hematological and non-hematological disorders. There is
considerable interest in understanding differences of its use and trends on a global level and of

the macroeconomic factors associated with these differences

Data on HSCT numbers for the 2006-2008 3- years period were obtained from WBMT member
registies and from ftransplant centers in countries without registries. Population and
macroeconomic data were collected from the World Bank and from the International Monetary
Fund. Transplant rates were analyzed by indication, donor type, country, and World Health
Organization (WHO) regional offices areas and related to selected health care indicators using

single and multiple linear regression analyses.

A total of 146,808 patients were reported by 1,411 teams from 72 countries over 5 continents.
Annual number of transplants increased worldwide with the highest relative increase in the Asia
Pacific region. Transplant rates increased preferentially in high (p=0.02), not in low or medium
income countries. Alllogeneic transplants increased for myelodysplasia, chronic lymphocytic
leukemia, acute leukemias, and nonmalignant diseases but decreased for chronic myelogenous
leukemia. Autologous transplants increased for autoimmune and lymphoproliferative diseases
but decreased for leukemias and solid tumors. Transplant rates (p< 0.01), donor type (p< 0.01)
and disease indications (p < 0.01) differed significantly between countries and regions.
Transplant rates were associated with Gross National Income/capita (p < 0.01) but showed a

wide variation of explanatory content by donor type, disease indication and WHO region.

HSCT activity increases worldwide. The preferential increase in high income countries, the
widening gap between low and high income countries and the significant regional differences
suggest that different strategies are required in individual countries to foster HSCT as an

efficient and cost effective treatment modality.

Key words: Hematopoietic stem cell transplantation, autologous, allogeneic, global perspective,

transplant rates, leukemia, lymphoma, solid tumors, non-malignant disorders, unrelated donors.
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INTRODUCTION

Quantitative differences in transplant rates of hematopoietic stem cell transplantation (HSCT)
have been well described in the recent past: more patients are transplanted in countries with a
higher national income. HSCT requires a specific infrastructure, depends on a network of
specialists and remains associated with significant morbidity and mortality; it is a prime example
of costly specialized medicine. Broader use of HSCT has therefore long been limited to high
income countries (1, 2). This has changed over the last decade, for several reasons.
Transplantation of autologous or allogeneic bone marrow, peripheral blood or cord blood stem
cells has become treatment of choice for many patients with defined severe congenital or
acquired disorders of the hematopoietic system. Unrelated donor registries have expanded to
more than 20 million HLA-typed (Human Leukocyte Antigen) volunteer donors worldwide and
increased the likelihood to find a suitable matched donor. Results have improved, including
those for elderly patients and for those with co morbidities. As a consequence, novel indications

are being explored and transplant numbers have increased worldwide (3-9).

Furthermore, the World Health Organization (WHO) has recognized transplantation as an
important global task. Transplantation of cells, tissues and organs has extended the lifespan of
hundreds of thousands of patients worldwide and enhanced their quality of life; it has become
standard of care for many patients with single organ failure and should no longer be restricted to
affluent countries or individuals. The guiding principles of the WHO declare regulation of
transplantation on a national level as a governmental responsibility. Regulation includes
harmonized data collection on use and outcome as an essential tool to improve results and to
achieve efficient and cost effective use of resources (10, 11). Information on use and trends is
therefore a prime prerequisite for any health care agency. The Worldwide Network for Blood and
Marrow Transplantation (WBMT), an umbrella organization of HSCT and a non-governmental
organization recognized by WHO has taken up the task of facilitating HSCT. It previously
identified availability of resources, governmental support and access of patients to the therapy
as key factors associated with quantitative differences in transplant rates (12). It presents now
an in-depth assessment of factors associated with qualitative differences in use and trends on a

global level.

METHODS
Study design

This retrospective survey followed the principles of the WBMT through data collection by its
network of international or regional member organizations (12). Main outcome measures were
the assessment of transplant rates by indication and donor type for each country, the changes

4
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over the three years period from 2006 to 2008 and their associations with defined

macroeconomic factors.

Data collection and validation

Data were obtained from 1,411 teams in 72 countries over 5 continents on their numbers of
HSCT performed in the years 2006, 2007 and 2008 by indication and donor type (Table 1). Data
were reported via the mandatory worldwide compatible reporting system of initial transplant data
(ABMTRR, CBMTG, and CIBMTR) or by a separate survey data form (APBMT, EBMT, EMBMT,
and SBTMO) (9, 13-16).

Data were pooled, validated through confirmation by the reporting team, which received a
computer printout of the entered data, by selective comparison with MED-A data sets in the
EBMT ProMISE data system or by crosschecking with National Registries. Double reporting was
excluded. Onsite visits of selected teams are part of the quality control program within CIBMTR
and EBMT teams.

Definitions
Transplant rafes

Transplant rates were computed as the number of patients treated with a first HSCT per 10
million inhabitants (2). Patients with a re-transplant or a second or third HSCT were not
included.

Population data and data on Gross National Income/capita (GNl/cap), Health Care
Expenditures/cap, Governmental Health Care Expenditures, and World Bank Category (by
GNl/cap) were obtained from the World Bank (www.worldbank.org) and from the International

Monetary Fund (www.imf.org).
World Health Organization regional offices areas

The allocation of individual countries to a region followed the WHO regional offices classification

(www.who.int/about/regions/en/) and the previously reported restriction to four regions (11): 1)

the Americas; 2) Asia; 3) Eastern-Mediterranean and Africa; and 4) Europe (Figure 1).
Statistical analysis

The association of macroeconomic factors with HSCT rates and the changes from 2006 to 2008
were estimated by single and multiple linear regression analyses using the least squares
method. The significance of relationships was measured using T statistics; a level of 5% was

5considered significant. The goodness of fit was calculated using the coefficient of
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determination (R?), the square of the Pearson’s correlation coefficient. For single and multiple
regression analyses, the dependent variables were transformed to be closer to an underlying
linear model. For the multiple regression analyses, all factors were assessed for their
multicollinearity.

The t test was used to evaluate significant differences between the WHO regions. All statistical
analyses were performed with EViews version 5.1 (Quantitative Micro Software, Irvine,
California).

RESULTS
Numbers of HSCT for the years 2006-2008, indications, donor type and stem cell source

There were 146 808 patients (45% allogeneic and 55% autologous) with HSCT during this three
years period (Table 1). The analysis showed substantial heterogeneity in indication and donor
type by WHO region. Main indications were lymphoproliferative disorders with 53%; leukemias
36%; solid tumors 5% and non-malignant disorders and others 6%. There was, however, a
distinctly different pattern for allogeneic and autologous HSCT. Main indications for allogeneic
HSCT were leukemias (72%), lymphoproliferative disorders (15%) and non malignant disorders
(12%), while main indications for autologous HSCT were lymphoproliferative disorders (84%),
solid tumors (9%) and non malignant disorders (1%; see Table 1).

Information on stem cell source was available on a total of 142,822 patients. Peripheral blood
was used predominantly in related and unrelated HSCT (64%) and in autologous HSCT (98%).
Bone marrow remained an important source for allogeneic HSCT (26%), specifically for non
malignant disorders (56%); its use was minimal for autologous HSCT (2%). Allogeneic HSCT (in
patients with information on stem cell source available) were performed from family donors in
51% (43% matched, 7% mismatched/haplo, 0.5% twins and 0.43% cord blood) and from
unrelated donors in 49%. Of the 49% unrelated HSCT, 54% were obtained from peripheral
blood, 27% from bone marrow and 19% from cord blood.

The highest number of HSCT was reported from Europe (51% of which 39% allogeneic HSCT)
followed by the Americas (29%; 46% allogeneic HSCT), Asia (18%; 60% allogeneic HSCT) and
Eastern Mediterranean/Africa (3%; 63% allogeneic HSCT) as shown in Table 1. The distribution
was asymmetric concerning the proportion of autologous and allogeneic HSCT with a significant
difference between America and Europe from Asia and Eastern Mediterranean/Africa (p < 0.05)
and concerning the repartition of main indications with a higher proportion of non malignant
indications in Eastern Mediterranean/Africa (p< 0.01) and a higher proportion of acute leukemia
in Asia (p< 0.01). This asymmetric distribution was primarily influenced by the World Bank

category of the participating countries (Figure 2). Low income countries preferentially used

6
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allogeneic compared to autologous HSCT, low and middle income countries preferentially used
family donors compared to unrelated donors and showed a higher proportion of non malignant
indications.

Transplant rates

Over the three years period the average absolute number of HSCT in the participating countries
ranged from 1 (Philippines) to 11,228 HSCT (USA; Figure 1). Transplant rate ranged from 0.1 to
732 per 10 million inhabitants (median 119) for total HSCT, from 0 to 397 (median 49) for
allogeneic and from 0 to 412 (median 81) for autologous HSCT. There were no autologous or
allogeneic transplants in countries with less than 300,000 inhabitants or with a GNIl/cap below
$US 690; there were no unrelated donor transplants in countries with a GNl/cap below $US 850.

Transplant rates were significantly associated with common health care indicators, InGNI/cap
(R? = 61%) (Figure 3), Health Care Expenditures/capita (R* = 64%) or Governmental Health
Care Expenditures/capita (R? = 63%) (Data not shown). These associations were similar for
2006, 2007 and 2008. They differed significantly for donor types, indications and by the World
Health Organization regions.

The association was stronger and with a greater explanatory content for autologous (R? = 55%)
than allogeneic HSCT (R? = 49%) as shown for InGNl/cap (Figure 3a). Explanatory content was
higher for unrelated than for family donor HSCT. It was highest for acute leukemia (R? = 49%),
lower for non malignant disorders (R? =15%) (Figure 3b) and nonexistent for non malignant
disorders with HSCT from family donors (R? = 4%).

Unrelated donor transplant rates were also associated with InGNl/cap (R? = 48%), with the
presence of an unrelated donor registry in the respective country (R?>=30%) and the number of
donors in the respective donor registry (R>=15%). The combined effect of these three factors in
a multiple regression reached an extent of even R2=59. If only countries performing unrelated
donor transplants were included in the analysis, explanatory content reached R?=72% (Figure
3c). Unrelated cord blood transplant rates were weakly associated with InGNl/cap (R? = 24%)
and with the presence of a cord blood bank in the respective country (R?>=10%). The 264 family
donor cord blood transplants were minimally associated (InGNl/cap: R2=5%). The three factors
InGNl/cap, presence of an unrelated donor registry and the number of donors in the respective
donor registry exerted as well a combined effect on total transplant rates (R?>=63%; all regions
combined) but to a different extent in the different regions. Associations with InGNl/cap were
strongest in the Americas (R*=94%), followed by Asia (R?>=67%), Europe (R?=57%) and the

Eastern Mediterranean /Africa region (R*=25%).
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Trends 2006 to 2008

Numbers of HSCT increased from 46 563 HSCT in 2006 to 51 536 HSCT in 2008 (+ 10%). The
increase in reporting teams from 1327 teams in 2006 to 1407 in 2008 (+6%) was one reason,
but even more was the increase of the median number of transplants/year (+26.3%) performed
at each center [38 (range 3-180), to 46 (3-421) and 48 (1-389) in 2006, 2007 and 2008
respectively]. Changes differed between regions as well as for main indications, donor types and
stem cell sources (Figure 4).

Relative increase was greater for related and unrelated allogeneic (+17%) than for autologous
HSCT (+ 5%; see Figure 4A). The highest increase in absolute and relative numbers was
observed in the Asia/Western Pacific region (see Figure 4B; +39%) for allogeneic (+50%) and
autologous (+22%) HSCT, followed by Europe (+6%) for allogeneic (+10%) and autologous
(+3%) HSCT, Americas (4%) for allogeneic (+9%) and autologous (+1%) HSCT, and
EMRO/Africa (+19) for allogeneic (+11%) and autologous (+34%) HSCT. The relative increase
in HSCT numbers was higher in low income countries (Figure 4C) but not in absolute numbers
and in transplant rates (see below). The increase in HSCT numbers was predominantly
accounted for by unrelated donor HSCT for patients with leukemia in America and Europe, by
family donor HSCT for patients with non malignant disorders in Asia and EMRO/Africa.

Numbers of autologous HSCT increased for for lymphoproliferative disorders (+8%) and
decreased for leukemia (-15%) and solid tumors (-2%) as shown in Figure 4D. Numbers of
allogeneic HSCT increased for leukemia (+20%) and non malignant disorders (+26%; Figure
4E) with divergent trends for myelodysplasia (+26%), acute myeloid leukemia (+23%), acute
lymphoblastic (+27%) leukemias and chronic lymphocytic (+24.6%) leukemia than for chronic
myeloid leukemia (-17%). The numbers of allogeneic HSCT increased for bone marrow failure
syndromes (+21%) and other non-malignant disorders (+27%). Changes in use of stem cell
source are shown in Figure 4F with the highest relative but not absolute increase in cord blood
HSCT. The relatively higher increase in transplant numbers in countries with lower income (R? =
11%) did not translate into a higher increase in transplant rates. In contrast transplant rates were
weakly but positively associated with InGNi/cap (R? = 3%) (Figure 3d). Linear trend analysis
confirms this with a positive and increasing linear trend (p=0.02, total HSCT) for the absolute
number of HSCT in high income countries but none for the middle (p=0.57) and low (p=0.35)
income countries. The trend was most clearly underpinned for unrelated donor HSCT for acute
leukemia in high income countries (p=0.004). There was no association of increase or decrease

in transplant rates with change in INnGNI/cap over time (R? = 1%).

DISCUSSION
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This global analysis shows that availability of resources impacts on use of HSCT in a
quantitative and qualitative way. Transplant rates are higher in high income countries but the
difference is not the same for all indications or all donor types. High income countries use
autologous and allogeneic HSCT for more indications. They are more likely to use autologous
than allogeneic HSCT and unrelated donors than family donors. Transplant rates for autologous
HSCT are more likely to be influenced by GNl/cap as illustrated by the higher explanatory
content for autologous HSCT. Countries with limited resources in contrast preferentially restrict
use of HSCT to allogeneic transplants with stem cells from family donors for non malignant
indications or chronic leukemia. The previously described differences between the WHO
regional offices areas (11) might therefore rather reflect the differences in resources than in
opinions. It is comforting to observe the continued increase in transplant numbers in low income
countries; it remains of concern that transplant rates increased to a greater extent in high

income compared to middie or low income countries: the gap remains widening.

Transplant rates were associated with GNl/cap for all indications and all donor types but with
vast differences in explanatory content and impact. How can these findings be interpreted? A
high explanatory content with a strong impact can be considered as a situation with increasing
demand without saturation: more patients with acute leukemia will be transplanted in the coming
years if the necessary resources, money and donors can be made available. A low explanatory
content with a weak impact indicates a different situation. Transplant rates are no longer driven
by a higher national income alone. Other factors than availability of resources must come into
play. It could relate to different beliefs of the medical community on the value of a given therapy
in different countries. However, the focus on matched family donor transplant for non malignant
disorders and chronic leukemia in lower income countries is suggestive for prioritization in a
cost effectiveness approach. HSCT might be less expensive and equally effective as lifelong
treatment with supportive care or expensive drugs in selected patients. There is no need for
intensive high cost pre-treatment as is the case for patients with acute leukemia and, the search
for a matched family donor requires minimal resources (17-21).

Economic aspects of HSCT with its patient centered approach have traditionally concentrated
on costs of the individual procedure for an individual patient. (17, 22-24). Studies on
macroeconomic aspects or on cost effectiveness in individual countries have gained broader
acceptance only recently (11, 21, 22, and 25). They were triggered in part by some rapid
changes in use of HSCT, such as for breast cancer or chronic myeloid leukemia (18, 26) and by
the raising awareness of the disturbing gap between unlimited requests and limited resources in
any health care system (27, 28). Availability of resources, governmental support and access to
therapy were identified as factors associated with use; availability of resources, evidence,
external regulations and positive or negative expectations of transplant physicians as factors
gassociated with diffusion (11, 25). These previous findings and the observations in this report
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form an objective basis for recommendations or guidelines by professional organizations. They
point to the different requirements within high or low income countries, hence different cost
effectiveness considerations (20, 21, 26-28). Unrelated donor transplant rates were associated
with GNl/cap, the presence of an unrelated donor registry and the number of registered donors.
The association is likely reciprocal; high income countries perform more HSCT in general and
are more likely to invest in an unrelated donor registry. Competent authorities will have to
balance the advantages and costs of establishing and maintaining a national donor registry with
its own local HLA-haplotype distribution with alternative strategies (24, 29, 30). The even
representation of unrelated HSCT in high income countries documents the functioning
worldwide exchange of graft material.

Some caveats remain. Data for this survey were collected for the years 2006 to 2008. Patterns
might have changed since; differences in indications might reflect different disease prevalence
or missing information. Some congenital non malignant disorders such as immune deficiency
syndromes or hemoglobinopathies are highly present in some and absent in other countries (31,
32). Evidently, a few teams known to have performed HSCT did choose not to report (13). Data
reporting is mandatory by law in some, limited to allogeneic HSCT or even absent in other
countries. The discrepancy between performed and reported HSCT might be higher for
autologous than for allogeneic HSCT (9, 14-16). There is, however, no indication for a
systematic bias and more recent data from the European survey are consistent with a widening

gap (13).

The report gives no information on outcome. This requires additional time and another
framework. Outcome is influenced by many factors, including the disease, the pre-treatment,
patient and donor characteristics, transplant techniques, the transplant team, its quality
management system or the income of the respective country (3, 5, 33-36). Combined analyses
on use and outcome are needed to ascertain that those patients with the highest need and the
best likelihood to profit from a transplant procedure are selected within a given country.
Transplant organizations and competent authorities worldwide are currently challenged to
implement the WHO guiding principles. The present data provide a platform to begin with. They
indicate that one size will not fit all. Regulatory aspects and recommendations on therapy should
not only be transparent and consistent but as well be targeted according to the specific cost

effectiveness considerations and needs in the individual countries (36, 37).
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Table 1: Population description of patients with HSCT by WHO regional offices area from 2006 to 2008

East SE Asia/
Mediterranean Western Americas Europe Total
/ Africa Pacific
N | % N % N % N L% N %
Donor type*
Allogeneic HSCT 2509 | 63 | 15547 | 60 | 19463 | 46 | 28707 39 66226 45
Family donor | 2474 | 99 | 7944 | 57 | 10034 | 52 | 14523 51 34975 53
Unrelated donor 35 1 7603 | 49 | 9429 | 48 | 14184 49 31251 47
Autologous HSCT 1477 | 37 | 10384 | 40 | 23007 | 54 | 45714 61 80582 55
Total ** 39086 | 3 | 25931 | 18 | 42470 | 29 | 74421 50 146808 | 100
Main Indications Allogeneic*
Leukaemias 1455 | 58 1261 : 78 | 13620 | 70 | 20476 71 47677 72
Acute Leukemia | 1059 73 | 9585 | 79 | 9619 | 71 | 14271 70 34534 72
Chronic Leukemia | 276 19 | 1086 9 1827 | 13 2259 11 5448 11
MDS/MPS | 120 8 | 1455 | 12 | 2174 | 16 3946 19 7695 | 16
’&,!'S’ng;’;’ PIHBEEINe 99 | 4 [1463| 9 | 3414 | 18 | 4868 17 | 9844 | 15
Lymphoma 68 69 | 1280 | 87 | 2729 | 80 3347 69 7424 75
Plasma cell disorders 31 31 183 13 685 | 20 1521 31 2420 25
Non malignant disorders 928 37 | 1747 | 11 2192 | 11 2954 10 7821 12
Bone marrow failure | 468 50 | 1094 | 63 1247 | 57 1359 46 4168 53
Other non malignant | 460 50 | 653 37 945 43 1595 54 3653 47
Solid tumors 3 | 132 1 65 0.3 199 1 399 0.6
Other 24 1 79 |1 172 1 210 1 485 | 1
Main Indications Autologous*
Lymphoprollferative 1213 | 82 | 8156 | 79 | 20023 | 87 | 37999 | 83 | 67391 | 84
Lymphoma 734 61| 4279 52| 9719 | 49 18994 50 33726 50
Plasma cell disorders 479 39 | 3877 48| 10304 | 51 19005 50 33665 50
Solid tumors 101 | 7 | 1347 | 13 1951 8 4260 9 7659 9
| Leukemias 153 | 10 | 717 7 852 4 2926 6 4648 6
Acute Leukemia | 129 84 | 694 97 816 96 2453 84 4092 88
Chronic Leukemia 10 7 14 2 22 3 353 12 399 9
MDS/MPS 14 9 9 14 120 4 157 )
Non malignant disorders 10 | 1 88 1 154 1 453 1 705 1
Bone marrow failure 0 0 1 3 1 4 0.5
Other non malignant 10 | 100 | 88 100 | 153 | 99 450 99.3 701 99
Other 0 0 76 1 27 0.1 76 0.1 179 0.2

*column percentages; **row percentagés; MDS/MPS, myelodysplastic syndrome/myeloproliferative syndrome
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Legend to the Figures

Figure 1: Transplant rates for the total number of HSCT in participating countries by WHO
regional offices area for the years 2006-2008. Regions are colored by WHO regional offices
area code (see text). Shades of colors reflect transplant rates (numbers of HSCT, allogeneic
and autologous combined, by 10 million inhabitants).

Figure 2: Indications and donor types of 146 808 HSCT by World Bank category in the years
2006-2008. The figure reflects the relative proportions of allogeneic (blue) or autologous
(red) HSCT (left three columns), of allogeneic donor type [family donor (green) or unrelated
donor (blue)] (central left three columns), main indications allogeneic HSCT (central right
three columns), and main indications autologous HSCT (right three columns; for color code
see figure) by low, middle of high income World Bank category. For definitions see methods
section.

NM, non malignant disorders; ST, solid tumors; LPD, lymphoproliferative disorders; Leuk,
leukemia;

Figure 3: Transplant rates and Gross National Income per capita (GNl/cap)

Figure 3a) Transplant rates for allogeneic and autologous HSCT by WHO regional offices
area, donor type and GNl/cap. Symbols reflect transplant rates (TR; numbers of HSCT by 10
million inhabitants) in participating countries and the respective InGNl/cap. Colors indicate
WHO region (see figure 1); squares indicate allogeneic, triangles autologous HSCT. Vertical
lines separate countries by World Bank category.

Figure 3b) Transplant rates for allogeneic HSCT for acute leukemia and non malignant
disorders by WHO regional offices areas and GNl/cap. Symbols reflect transplant rates (TR;
numbers of HSCT by 10 million inhabitants) in participating countries and the respective
InGNl/cap. Colors indicate WHO regional offices areas (see figure 1); squares indicate acute
leukemia, triangles non malignant disorders. Vertical lines separate countries by World Bank

category.

Figure 3c) Unrelated donor transplant rates by WHO regional offices areas, GNl/cap and
presence of an unrelated donor registry. Symbols represent transplant rates; open symbols
indicate absence of, full symbols presence of an unrelated donor registry and size of
symbols numbers of its registered donors. Colors indicate WHO region (see figure 1). Only
countries with unrelated donor HSCT are included.
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Figure 3d) Change in transplant rates (all transplants) from 2006 to 2008 by GNi/cap and
WHO regional offices areas. Symbols represent increase or decrease in transplant rates
(TR) from 2006 to 2008; colors indicate WHO regional offices areas (see figure 1).

Figure 4: Total HSCT in 2006 and relative increase or decrease (in %) in 2007 and 2008
according to (A) donor type, (B) WHO region, (C) World Bank Category (high, medium and
low income by GNl/capita), (D) autologous transplant indication, (E) allogeneic transplant
indication and (F) allogneic stem cell source
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Figure 3a

Figure 3b
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Figure 3¢

Figure 3d
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METHODS
Study design

This retrospective survey followed the principles of the WBMT through data collection by its
network of international or regional member organizations (12). Main outcome measures
were the assessment of transplant rates by indication and donor type for each country, the
changes over the three years period from 2006 to 2008 and their associations with defined

macroeconomic factors.

Data collection and validation

Data were obtained from 1,411 teams in 72 countries over 5 continents on their numbers of
HSCT performed in the years 2006, 2007 and 2008 by indication and donor type (Table 1).
They were contributed by the Asian Pacific Blood and Marrow Transplant Group APBMT, the
Australasian Bone Marrow Transplant Recipient Registry ABMTRR, the Canadian Blood and
Marrow Transplant Group CBMTG, the Center for International Blood and Marrow
Transplantation CIBMTR, the Sociedade Brasileira de Transplante de Medula Ossea
SBTMO, the Eastern Mediterranean Blood and Marrow Transplant Group EMBMT and the
European Group for Blood and Marrow Transplantation EBMT. Data were reported via the
mandatory worldwide compatible reporting system of initial transplant data (ABMTRR,
CBMTG, and CIBMTR) or by a separate survey data form (APBMT, EBMT, EMBMT, and
SBTMO) (9, 13-16).

Data were pooled, validated through confirmation by the reporting team, which received a
computer printout of the entered data, by selective comparison with MED-A data sets in the
EBMT ProMISE data system or by crosschecking with National Registries. Double reporting
was excluded. Onsite visits of selected teams are part of the quality control program within
CIBMTR and EBMT teams.

Definitions
Transplant rates

Transplant rates were computed as the number of patients treated with a first HSCT per 10
million inhabitants (2). Patients with a re-transplant or a second or third HSCT were not
included. Transplant rates were computed by donor type, irrespective of stem cell source.
This did relate to cord blood transplants as well. There was no adjustment for patients who
crossed borders and received their HSCT in a foreign country.

Population data and data on Gross National Income/capita (GNl/cap), Health Care
44
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Expenditures/cap, Governmental Health Care Expenditures, and World Bank Category (by
GNl/cap) were obtained from the World Bank (www.worldbank.org) and from the

International Monetary Fund (www.imf.org).
World Health Organization regional offices areas

The allocation of individual countries to a region followed the WHO regional offices classifica-

tion (www.who.int/about/regions/en/) and the previously reported restriction to four regions

(11): 1) the Americas (the corresponding WHO regional offices areas are North and South
America); 2) Asia (South-East Asia and Western Pacific Region which includes Australia
and New Zealand); 3) Eastern-Mediterranean and Africa; and 4) Europe (which includes

Turkey and Israel; Figure 1).
Statistical analysis

The association of macroeconomic factors with HSCT rates and the changes from 2006 to

2008 were estimated by single and multiple linear regression analyses using the least
squares method. The significance of relationships was measured using T statistics; a level of

5% was considered significant. The goodness of fit was calculated using the coefficient of
determination (R?), the square of the Pearson’s correlation coefficient. For single and multiple
regression analyses, the dependent variables were transformed to be closer to an underlying
linear model. For the multiple regression analyses, all factors were assessed for their

multicollinearity.

The t test was used to evaluate significant differences between the WHO regions. All
statistical analyses were performed with EViews version 5.1 (Quantitative Micro Software,

Irvine, California).
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The number of allogeneic hematopoietic SCTs performed globally each year
continues to increase, paralleled by an increased demand for donors of
therapeutic cells. Donor characteristics and collection procedures have
undergone major changes during recent decades, and further changes are
foreseen. Information on short- and long-term donor outcomes is of crucial
importance to ensure maximal donor safety and availability. Current data,
predominantly from unrelated donors, give reliable information on the
frequent early events associated with donation—most of them of
mild-to-moderate intensity. Information on the type and relative risk of
serious adverse reactions is more limited. Moreover, only few data exist on
long-term donor outcome. On the basis of this need, recommendations for a
minimum data set for prospective donor follow-up were developed in a
workshop with the participation of an international group of investigators
actively involved in allogeneic stem cell donation under the auspices of and
approved by the Worldwide Network for Blood and Marrow Transplantation.
Establishment of a standardized global follow-up for both, related and
unrelated, donors will enable monitoring of the short- and long-term safety
profiles of hematopoietic cell donation and form a solid basis for future

donor selection and counseling.
Keywords:

donor outcome; global donor follow-up; serious adverse reactions; minimal data set; WBMT

Introduction

During recent decades, the number of allogeneic hematopoietic SCTs (HSCTs) has
steadily increased by, up to, 10% annually on a global scale.’ % 2 Furthermore, several
new trends in transplantation have emerged: the introduction of reduced-intensity
conditioning (RIC) regimens has led to an increase in the number of HSCT performed
in older patients and those with comorbidities and G-CSF-mobilized PBSC have in part
replaced BM as the main source of hematopoietic stem cells (HSC) in adult and

pediatric patients.
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These developments are accompanied by a parallel increase in the number of donors
involved in transplantation and substantial changes in the donation process. The rapid
expansion of the unrelated donor registries, with more than 19 million HLA-typed
unrelated donors worldwide, has allowed for an increase in unrelated HSCT activity,
now surpassing the number of related donor transplants in some regions.* 2 The
median age of related donors has increased with the increasing age of the recipients,
leading to potentially more donors with occult or manifest comorbidities at the time of
donation. As a consequence of RIC, an increasing number of donors becomes involved
in multiple donations of therapeutic cells. It is likely that this trend will continue for the
next decade; it might even increase further with future progress in transplant
regimens. Furthermore, if the use of stem cells for non-hematopoietic indications
and/or organ repair is confirmed as a useful therapeutic tool, this may accelerate the
demand for stem cell donations.

Since the beginning of HSCT, donor safety has been recognized by the community as
an important issue.* >’ Today, numerous donor outcome registries exist in different
countries or in individual institutions but only the World Marrow Donor Association
(WMDA) collects donor outcome data from unrelated donors on a global level. The
serious events and adverse reactions (SEAR) and serious product events and adverse

reactions (SPEAR) are collected centrally.

Very rare events may become apparent when the number of donations increases, but
only if a large amount of the collected data can be analyzed. Such events may have
detrimental effects on donation, if they become public without the benefit of coherent

investigation and explanation by the scientific and transplant community.

Hence, the need for collection of donor data has been underlined by the recent release
of the guiding principles on human cell, tissue and organ transplantation by the World
Health Organization (WHO) in Resolution WHA63.22, endorsed in May 2010. Donor
safety and follow-up are specifically expressed as principles with data coliection and
analysis as integral part of any therapy.2 This need has not yet been completely
addressed yet by other regulatory bodies like FACT-JACIE (www.factwebsite.org,

www.jacie.org).

Today, large registry studies in unrelated donors™ ' ** form the basis for the current
knowledge on the frequent side effects during BM and PBSC donation, which are
usually of mild or moderate severity. Smaller studies from related donors suggest that

these frequent side effects occur with the same pattern in related donors. ' +% % 12
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Sporadic case reports and a recent large survey among transplant teams demonstrate
that the donation procedure can be associated with a small but real risk for serious
adverse events and reactions (SAE/R).*> /- 1% 12 Current experience suggests that
risks seem to be higher for related than for unrelated donors with the caveat of
reporting bias and lack of an adequate amount of prospective follow-up data in the
related donor setting.” % 1 18 These rare SAE/R that occur with estimates of about 1
in 3-5000 for serious and 1 in 10-20000 for lethal events are still incompletely
understood.® 1% 1 16 172,18, 19 Hence, there is urgent need for better understanding of
short-term SAR and to identify donors at risk. Because of the rarity of the events,
progress can only be achieved by large international collaborations that include both
unrelated and related donors. Despite the fact, that related and unrelated donors
might differ for many basic characteristics (Table 1), the quality of adverse reactions
associated with stem cell donation is not expected to be different between related and
unrelated donors forming the rationale for a uniform donor follow-up for all types of
donors. Generally, donor eligibility criteria for related donors are less strict with only
a few definite criteria?® and may vary significantly between different centers. In
contrast, eligibility criteria for unrelated donors are summarized by WMDA
recommendations™ resulting in somewhat more homogenous donor selection criteria.
Together with the unequal basic characteristics, this may lead to differences in the
incidence and/or severity of adverse events in related vs unrelated donors but large

data sets to support this hypothesis have first to be set up.

Table 1 - Differences between related and unrelated donor characteristics.

Full table

The question of long-term effects of donation is even less understood. Despite an
intensive discussion on hematological malignancies in donors after exposure to
growth factors a few years ago, data to assess reliably long-term SAE are still

lacking.?% 2 2% 2 The fact that these issues have already been raised almost 15 years

49



ago” underlines the ongoing urgent need to standardize short- and long-term donor

follow-up.

The recently founded Worldwide Network for Blood and Marrow Transplantation

(WBMT; www.wbmt.org), recognized the need for global cooperation in the field of

HSCT and defined donor issues as one of its prime tasks. In August 2009, a workshop
of an international group of representatives involved in related or unrelated HSC
donation developed a consensus for such a donor follow-up on a global level, taking
into account that resources for new tasks are limited in most teams. These collected
data should form the basis to address donor risks in public discussions to safely
maintain allogeneic HSCT as an important treatment for many patients in need. Hence,

two main topics were identified that should be addressed with priority:

e Prospective data collection should include all SAE/SAR during the donation
procedure from all types of donors in the same way, that is, unrelated and
related donors.

e Prospective data collection on potential long-term complications should focus
on a minimum data set, that is, incidence and type of malignancies and

autoimmune disorders only, and include all donors as above.

Currently available data and experience have been reviewed in detail to form the
rationale for this consensus. It has been observed, that most immediate or short-term
SAR, related to the donation procedure, occur either before (during mobilization,
induction of anesthesia) or within the first 30 days after donation. Hence, this time
period needs to be analyzed carefully for all donation procedures. It follows the
convention for a 30-day post-intervention period, which is currently established for
other surgical and medical interventions. Beyond this point, follow-up and data
collection will focus on a few potential late events. While they have been selected
based on the biologic action of mobilizing agents currently in use, both PBSC and BM
donors will be followed on long term. The reason to also follow BM donors is twofold:
Some of them may get EPO and/or G-CSF before or after collection of therapeutic cells

and BM donors who did not get any mobilizing drug may represent the best available
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control group for evaluating late effects in donors. Long-term follow-up will be more
time consuming for centers. Therefore, we propose an approach that should be

achievable with a minimum of resources.

For more specific questions, clinical studies are needed with a separate funding and

predefined donor populations and follow-up.

Immediate/short-term SAR associated with the donation procedure

SAR, in the context of HSC donation, have been described for both BM and PBSC
donation,* ¢ including rare fatal events, mainly of cardiac or cardiovascular origin.i%
18, 15,27 Currently, it is suggested that related donors could be more frequently affected,
because of less strict donor eligibility criteria in this group. SAR may occur during
mobilization, before cell collection, during the collection or shortly thereafter. Most
cases have been reported as case reports or by retrospective studies, hence causality
is frequently not conclusive and relative risks cannot be estimated. Some of these SAR,
such as thrombotic and cardiovascular events or splenic rupture, might be explained
by the biological effects of G-CSF that have recently been reviewed in detail® £ or are
associated with an inherent risk of the collection procedure used (anesthesia, central
venous catheter related complications, anticoagulation during apheresis, human
error). Preexisting comorbidities of the donors are likely to have contributed to other

SAR (for example, precipitation of sickle cell crisis or inflammatory diseases).

Late SAE/SAR associated with the donation procedure

Late SAE/SAR are defined as SAE/SAR possibly related to the donation procedure with
onset more than 30 days after completion of the donation. Chromosomal changes and
changes in microarrays have been described after G-CSF stimulation raising concern

29,30 These concerns

on an increased long-term risk for hematological neoplasms.
have not been substantiated so far.2! Chromosomal changes seem to be transient and
do not affect CD34* stem cells. Observational data from unrelated donor registries do
not show an increased risk for secondary malignancies,?? but the number of donors
followed is still limited, given the large number needed to detect an even considerable
increased risk for hemato-oncological neoplasms.?* 2* Furthermore, epidemiologic
studies are required for comparison of neoplastic events observed in healthy stem cell
donors and representative control populations. It is important to realize that G-CSF,
PEG-G-CSF and CXCR-4 antagonists recruit different cell populations according to
global gene and mRNA expression levels.3* 2> 3¢ Finally, it is possible that biosimilars

of G-CSF and EPO will also be applied in healthy donors although recent statements
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from the European Group for Blood and Marrow Transplantation (EBMT) and WMDA do
not recommend it outside of the context of well set up safety studies. This emphasizes
the need to include all current mobilizing agents as well as any new agents that will be

introduced into clinical practice in the future in a prospective follow-up.

In related donors, an increased risk for hematological malignancies might be expected
owing to the same genetic background as the patient and the known association
between HLA and malignancies.2? The degree of risk increase is difficult to estimate
from available data. Epidemiological studies in families of patients with hematological
neoplasms suggest that the risk to develop any malignancy is at least twice that of a
normal population.?® Some of these donor characteristics may also apply to unrelated
donors. So far it is not known how many volunteers joined the unrelated donor
registries because of close relationships with a patient (that is, being a relative or
having had close contact during many years, which could also include a common
exposure to carcinogenic agents) and it is obvious that motivation patterns might
differ between different countries depending on different recruitment strategies of
individual registries. Another issue that complicates the interpretation of long-term
donor follow-up data is the effect of medical clearance before donation: Donors may
be healthier than a non-donating age- and gender-adjusted control group as they
have passed the medical clearance on confirmatory typing and work-up level.
Furthermore, very little is known about the ‘lifestyle’ or socioeconomic status of
individuals who register as potential stem cell donors compared with the general
population. Thus every comparison of donor malignancies with age- and
gender-adjusted incidence ratios of the general population has to consider this
potential bias. Currently, a prospective study is under way at the German Bone
Marrow Donor Center (DKMS) that addresses this question by analyzing the incidence
of potential late SAE in donors who donated compared with registered donors who
were not asked yet to donate but underwent the same health checks simultaneously
(AH Schmidt, DKMS, personal communication).

Short-term application of G-CSF changes lymphocyte subset populations and might
lead to long-term immunological effects. New onset autoimmune disorders have been
reported rarely,® %2 but a causal relationship with previous G-CSF exposure has not
been confirmed.

Recommendations for a minimal donor follow-up

Practical aspects for donor outcome follow-up are addressed below (Tables 2 and 3).
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Table 2 - Minimal data set to be reported after the end of the donation

procedure.

Full table

Table 3 - Minimal data set to be reported for long-term follow-up.

Full table

Types of donors to be registered and length of follow-up

All consenting donors who start the donation procedure for allogeneic HSC or other

therapeutic cells from peripheral blood or BM shall be registered and followed for 10
years after the last donation procedure. Cord blood donors will not be followed except
if they donate additional stem cells later, for example, by BM collection to increase the

cell count for transplantation. Donors who do not consent will not be followed, either.
Definition of donation procedure

The donation procedure is defined as a procedure with the intent to collect an
adequate number of therapeutic cells, that is, HSC, MSC, lymphocytes, natural killer
cells or other cells. The donation procedure starts with the first injection of a
mobilizing agent, the start of anesthesia or the start of apheresis (in cases of
non-stimulated leukapheresis, for example, for DLI) and usually ends with one or
multiple collections. However, the accomplishment of a collection is not required.

Even if the preparative actions (that is, start of injections, apheresis or anesthesia)
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are stopped prematurely (because of donor or recipient reasons) the activity fulfils the

definition of a donation procedure and the donor shall be registered and followed-up.

Data registries

It is proposed that recording of donor outcome data should become a part of the
already well-established registries of member societies of WBMT (that is, Australasian
Bone Marrow Transplant Recipient Registry (ABMTRR), Asia Pacific Blood and Marrow
Transplantation Group (APBMT), Center for International Blood and Marrow Research
(CIBMTR), European Group for Blood and Marrow Transplantation (EBMT), Eastern
Mediterranean Blood and Marrow Transplantation Group (EMBMT), World Marrow
Donor Association (WMDA)). Identical data sets will allow combining data for analysis
from registries of different societies of WBMT. Societies and national registries are
encouraged to reach agreements on how to organize data collection so that double
reporting will be avoided.

Data collection

Data from the donation procedure and from long-term follow-up will be collected.

Questions have been designed to be as simple and as few as possible, and are based
on WHO toxicity criteria and International Classification of Diseases (ICD) code where
appropriate, as these items are already implemented in routine use in many countries,

well established and standardized.

For reporting, the current International Classification of Diseases (ICD)10 code should
be used. The most recent version for coding including the possibility for online search

can be accessed at www.who.int/classifications/icd/en/.

Time of data reporting for procedure-related data including donor and

collection procedure characteristics (Table 2)

These data should be reported between day 30 and day 100 after the procedure is

completed. The time interval covered is the period from the beginning of the donation
procedure until day 30 after the completion of the procedure. It is important to note
that more rapid initial reporting for SAR might be required by authorities or individual

societies.
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Every new attempt to collect cells is regarded as a separate donation procedure with
the focus on the donation procedure, not the type of cells collected, that is, a BM donor
undergoing a donation procedure for BM-derived HSC or MSC should be registered
and followed irrespective of the collected cell type. Many cells might be collected
without a mobilization procedure. For example DLI donation may occur several times,
either by whole blood donation or after repeated apheresis. Other examples may be
natural killer cell or DC donations. Whatever the cell type is, the donation will be
characterized as unstimulated leukapheresis donation. The time schedule for
follow-up is always determined by the last donation procedure. Contrary to voluntary
unrelated donors, an upper limit for the frequency and the total number of therapeutic
cell donations is frequently missing in related donors. Prolonged persistent
lymphopenia has been described in donors after repeated collections,* but

information on the long-term follow-up are very scarce.

Practice of data reporting may be essentially the same as for patient data. Precise
rules might be defined by the individual member societies of WBMT or legal authorities

from individual countries.
Definition and reporting of SAR

Common adverse events are well known and will not be collected in this dataset
(modifications of the current proposal might become necessary in the future for
selected donor groups if new mobilizing agents become regularly used in healthy
donors). Reports shall include adverse events defined by WHO toxicity grades 3 and
4% or SAR using essentially the same definition as WMDA: (1) death, (2)
life-threatening events, (3) events requiring in-patient hospitalization or prolongation
of existing hospitalization owing to WHO grade 3 or 4 toxicity and (4) events that

result in significant disability/incapacity.*2

In many countries, these events are also required to be reported to the regulatory
authorities. It is evident that a causal relationship with the donation procedure will
often be difficult to establish; therefore, all events occurring in temporal relationship

to the donation procedure and fulfilling either of these definitions shall be reported.

Long-term outcome data—time of data reporting and items: Until otherwise required
by national regulatory authorities minimal follow-up should be reported after 1, 5 and

10 years but annual or biannual follow-up reports are encouraged.
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Reporting will be limited to three items: survival, onset of malignancies and onset of
autoimmune diseases. These are simple questions that can be asked by written or

electronic mail, by internet-based survey or by phone.

In the case of a positive reply, the level of evidence should be indicated, that is if the
diagnosis was confirmed by medical data (that is, a diagnostic procedure as a
pathology report, serological confirmation in certain autoimmune diseases, diagnostic
criteria, for example, American Rheumatism Association (ARA) criteria fulfilled in
rheumatoid arthritis and so on). The exact diagnosis should again be coded according

to the International Classification of Diseases (ICD) classification.

Use of newsletters, short message services, new media and social network facilities
may help to maintain contact with donors, decrease numbers of donors lost to
follow-up and ensure adequate data capturing. Many initiatives are already in place in
different countries. Hence, one aim will be to connect and combine the already
ongoing efforts. Analysis of donor outcome data may follow the same rules as, for

example, analysis for late effects in transplant recipients.

Conclusions

Thanks to ongoing progress in transplant techniques and supportive care, allogeneic
HSCT can be offered as a curative treatment to a steadily increasing number of
patients. Securing the willingness of donors to donate in the future is crucial for
further development of treatments with allogeneic therapeutic cells. It is obvious that
this willingness will heavily depend on the safety of current and future donation
procedures. Many issues on donor safety have been addressed in the recent years by
different groups. Side effects during HSC donation are frequent but only transient in
the overwhelming majority of related and unrelated donors. However, serious
adverse events do occur rarely in the context of BM and PBSC donation. A causal
relationship is not always evident and the true incidence of these events remains
unknown because of different definitions and observation intervals for SAE/R. Most
data on donor safety are from unrelated donors who represent a positive selection
among healthy individuals. Data on related donors are scarce'? = 14 12 4 9% 2622 and
only a few prospective trials or registration studies are underway (RDSafe study in the

US (cf.: www.cibmtr.org), registries for related donors in Japan, Spain, Poland, Nordic

donor registry and Switzerland). Certain donor populations may represent special risk

groups, like children, elderly donors, haploidentical donors (when higher doses of
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mobilizing agents and/or larger volumes for cell collection by apheresis might be used
in these donors), donors with multiple donations for HSC and/or other therapeutic

cells and need to be studied in more detail.

Theoretical concerns about long-term effects after donation have not been verified yet.
However, reliable data based on prospective registration and follow-up of all kinds of
donors are still lacking. Current data sets are too small, follow-up is too short and
numbers of donors lost to follow-up remain a problem, approaching 50% even in
well-conducted registry studies'* and thus impair the robustness of the conclusions

drawn.

Data collection and analysis of donor outcome have to become an integral part of
HSCT, to define incidence and risk factors for SAE/R in short and long term to protect
donors’ health. The aim of a global standardized data collection is to allow us to define

risks by large international combined registries.

Donor safety must be included in overall HSCT risk assessment. These issues also
need to become part of accreditation standards. Reimbursement for donor outcome
data registration must become part of the transplant coverage by insurance
companies or national healthcare systems. Joint efforts led by WBMT in collaboration
with its member societies are needed to achieve this goal. Additional private funding

might become valuable, depending on national properties.
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TABLE 1

FROM:

Allogeneic hematopoietic stem cell donation—standardized assessment of donor
outcome data: A consensus statement from the Worldwide Network for Blood
and Marrow Transplantation (WBMT)

J P Halter, S M van Walraven, N Worel, M Bengtsson, H Higglund, G Nicoloso de Faveri, B E Shaw, A H Schmidt,

M Fechter, A Madrigal, J Szer, M D Aljurf, D Weisdorf, M M Horowitz, H Greinix, D Niederwieser, A Gratwohl, Y Kodera
and D Confer

Table 1. Differences between related and unrelated donor characteristics

. Age limit

Number of donations
allowed for same donor

Maximal dose of G-CSF
per day

Maximum volume per
donation (volume for
apheresis or volume for
BM collection)

DLI

New mobilizing agents

Donor eligibility criteria

Donor motivation

Donor advocacy

Unrelated donors?

* Limited to adult donors

18—60 years

Variable, but limited by registries
PBSC: 1—2

BM: 1—2

Maximal: 1—4 donations, median 2
donations*®

+ Usually 10—12 pg/kg/d

Often limited depending on donor’s

' body weight/blood volume

Number of donations variable from
one to multiple (no limit)*®

Used very conservatively, usually not
recommended before first
experiences have been collected in
related donors

‘Healthy donor’,** most often very
similar to the eligibility criteria for
blood donors

Altruistic/volunteer

Yes

Related donors
Unlimited
0—>70 years

Unlimited, except for center-specific
guidelines

Usually 10—-12 pg/kg/d, doses up to
20 pg/kg/d possible

Unlimited

Unlimited, except for center-specific
guidelines

. Used conservatively but may be used

more liberally than in unrelated
donors

Multiple co-morbidities might be
accepted

Emotional relationship with the

' recipient or family. Mostly very

willing, but some may donate
because of familial obligation alone

Might be the same team as for the
patient*®

2 Limits might differ depending on individual donor registry’s guidelines.
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TABLE 2

FROM:
Allogeneic hematopoietic stem cell donation—standardized assessment of donor
outcome data: A consensus statement from the Worldwide Network for Blood

and Marrow Transplantation (WBMT)

J P Halter, S M van Walraven, N Worel, M Bengtsson, H Hagglund, G Nicoloso de Faveri, B E Shaw, A H Schmidt,
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and D Confer

Table 2. Minimal data set to be reported after the end of the donation procedure

Time interval covered: start of donation procedure until day 30 after completion of the procedure
Time of report: between day 30 and day 100 after the donation procedure

Donor data

Donor ID*

Age at donation

Sex

Relationship to the recipient:
Twin
Sibling
Other family member

Unrelated donor

Collection data

Start date of the procedure

Was the product collection completed?
Yes/no

Number of collections/subsequent donations

Were hematopoietic growth factors used (for example, G-CSF)?2
Yes/no

Were cell binding inhibitors used (for example, plerixafor)?2
Yes/no

Was EPO used?t
Yes/no

Were other drugs used for mobilization?
Yes/no (without further specification)

Product
BM (including collection of MSC)
PBSC
Both (BM and PBSC)
Unstimulated leukapheresis (for example, DLI)
Others

Complications in temporal association with the donation procedure

Report only serious adverse reactions (SAE/R) with International Classification of Diseases (ICD)10
coding (a list with a selection of the anticipated most frequent events is available in Supplementary
Information)

Report every SAE/R occurring within the interval between start of the donation procedure and day 30
after end of the donation procedure

“ There is no global unique donor identifier yet. Each center/registry defines the unique
donor ID by its own identifier (in the future, the ongoing WBMT activity towards a unique
transplant center and patient identifier may also include a unique donor identifier).

P Mobilizing agents may be used before either PBSC or BM collection and should be

reported in any circumstances. Neither generic names nor information on dosage will be
collected in this data set.
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and Marrow Transplantation (WBMT)

J P Halter, S M van Walraven, N Worel, M Bengtsson, H Hagglund, G Nicoloso de Faveri, B E Shaw, A H Schmidt,

M Fechter, A Madrigal, J Szer, M D Aljurf, D Weisdorf, M M Horowitz, H Greinix, D Niederwieser, A Gratwohl, Y Kodera
and D Confer

Table 3. Minimal data set to be reported for long-term follow-up

Time interval covered: up to 10 years after completion of the last donation procedure

Time of report: minimal reporting after 1year, 5 years and 10 years but annual or biannual reporting is
recommended

' Donor survival status
Date of last follow-up or death
Donor alive?
Yes/no
If no, cause of death: ICD code

Malignancy
Hematologic malignancy?
Yes/no/unknown
If yes, certainty of the diagnosis: confirmed/unconfirmed by medical data
ICD code
Non-hematologic malignancy?
Yes/mo/unknown
If yes: certainty of the diagnosis: confirmed/unconfirmed by medical data
ICD code

. Autoimmune disease

Autoimmune disease? (a list with a selection of the anticipated most frequent events is available in
i Supplementary Information)

Yes/no/unknown
If yes, certainty of the diagnosis: confirmed/unconfirmed by medical data
ICD code
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