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this thesis focuses on the experience of stem cell donation by unrelated and related 
donors (minors and adults), aspects of donor care management, and the process 
of the unrelated donor search. the theme linking these topics is providing patients 
in need of HSCt with the best stem cell product without impairing the safety of 
the donor. in this chapter the results of our findings are summarized and put into 
perspective with regards to current practice and future developments.

Summary

Since the first successful allogeneic hematopoietic stem cell transplantations 
(HSCt) were performed in 1968, the number of disorders potentially curable with 
donor derived blood stem cells, has substantially increased, namely hematological 
malignancies, immunodeficiencies, inborn errors and metabolic diseases. originally 
stem cells were harvested from bone marrow, but the availability of recombinant 
human granulocyte colony stimulating factor (G-CSf) enabled collection of stem cells 
from peripheral blood (pBSC). furthermore, banked umbilical cord blood has become 
an important resource of stem cells. 

although HSCt has become a standard of care procedure, the practice is dynamic 
with continuous efforts to develop less toxic conditioning regiments and to reduce 
severe Graft versus Host Disease (GvHD). furthermore ongoing studies are seeking 
new therapeutic options to harness donor immunity by use of their mononuclear 
cells (mnC) to combat relapse of malignant diseases and uncontrollable (viral) 
infections. these evolvements can directly affect the burden for the donor. Care for 
anonymous stem cell donors is well organized by unrelated donor registries, based 
upon the standards of the World marrow Donor association (WmDa). However, these 
regulations do not apply to the related donor. the ethics and Clinical Working Group 
of the WmDa shared their expertise in donor care management with the european 
Group for Blood and marrow transplantation (eBmt) in 2010, on the principles and 
recommendations of donor recruitment, counseling, follow-up and adverse events 
registration (chapter 2). it was a first attempt to raise awareness for related donor care. 
the main challenge is that the donor and recipient are relatives, placing the potential 
donor at risk for coercion. Health care professionals involved in counseling and care 
of related donors should find the optimal balance between donor’s commitment and 
patients’ needs.  the establishment of protocols concerning counseling, evaluation 
of donor’s health, reporting adverse events and offering long term follow-up for 
related donors was also the subject of the first Donor outcome Workshop in 2009, 
initiated by the late effects Working party of the eBmt. the goal of this Workshop 
was to seek consensus for global standardized donor data collection on immediate 
side effects and long term follow-up (chapter 3). Such a large international cohort of 
donor data would allow for defining the risks of hematopoietic stem cell donation in 
other than unrelated volunteer donors. With the scarce available literature (usually 
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case observations or retrospective descriptive analyses) and the lack of randomized 
controlled trials, it is often impossible to determine a causal relationship in reported 
incidents. theoretical concerns about long term effects of the administration of G-CSf 
in healthy individuals or the influence of multiple donations have not been addressed 
in prospective studies because, among other reasons, it is difficult to find funding to 
cover the overall cost of long term donor follow-up. We performed a retrospective 
study on a cohort of 268 donors who donated G-CSf mobilized stem cells in the 
period 1996-2006 to a relative in the leiden university medical Centre. the study 
focused on donor eligibility criteria and cardio vascular and malignancy events at 
follow-up (chapter 4). Since strict criteria for donor health were not yet established 
in the early days of pBSC donation, we used criteria of the Dutch unrelated donor 
registry and national marrow Donor program to establish in retrospect whether 
donors were deferrable or eligible, and found that 15% of donors (n=40) would have 
been deferred for donation to an unrelated individual stranger. Short-term adverse 
events did not differ in incidence reported in cohorts of unrelated donations. at long 
term follow-up, nine malignancies and 14 cardiovascular incidents were reported. 
these incidences were within the range of the age-and sex-matched general Dutch 
population, suggesting that there is no additional long term risk for cardio vascular 
diseases or malignancies in family donors. However, the incidence of vascular 
complications were substantially, albeit non-significantly, lower in nmDp eligible 
donors, questioning the validity of the general population as control group, despite 
correction for age and gender.

the need for registration of Serious events and adverse reactions (Sear) became 
apparent with the introduction of G-CSf administration to healthy volunteers. 
Besides Sears the WmDa also addressed issues regarding patient safety, (chapter 
5). a registry for Serious products events and adverse reactions [S(p)ear] was 
established. S(p)ear not only highlights risks to the patient related to the product, 
but also damage to the stem cells due to unsafe transportation. Submitted S(p)ear’s 
can, depending on severity, be reported to the donor registry and transplant society 
(involved in the care of related donors) in a rapid alert. although registration of 
S(p)ear is only mandatory for WmDa accredited registries, all donor registries are 
invited to (anonymously) submit any S(p)ear. 

in pediatric HSCt, when no acceptable donor or cord blood unit can be identified, 
the use of a parent being haplo-identical to the patient is not uncommon (chapter 
6). parents who donate to their child fulfill a dual role, as caregiver and donor, and 
their experiences were not yet reported. from in-depth qualitative interviews with 
13 parents, four main themes revealed, ‘Hope and fear’, ‘need for information’, ‘Do 
anything for your Child’ and ‘transplant outcome’. these themes were present in 
all stages of the process (decision making; donation process; reflection). their role 
as a donor was for most parents of minor importance, and the fact that they felt 
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they had no choice but to donate was a recurrent element in interviews. a proposal 
for a multicentre european study for long term follow-up of parental donors was 
approved by the eBmt working parties on late effects and pediatric Diseases.

not only parents can donate to their children, children can act as donors to 
provide bone marrow to a sibling as of very young age. We undertook a retrospective 
study to investigate a cohort of 210 donors who donated before the age of 13 years 
in the leiden university medical Centre between 1968 and 2002 (chapter 7). Donors, 
on average 16 years post donation, were invited to participate in a long-term follow-
up and health related quality of life study. although medical problems were reported, 
none were clearly related to the donation procedure. two donors mentioned severe 
psychological difficulties. Bone marrow donation in early childhood does not lead to 
significant physical or psychosocial impairment in the majority of donors. However, 
clear eligibility criteria and guidelines for donor care management were lacking. 
obvious, independent medical assessment is required for counseling of pediatric 
donors and, in case of a preexisting medical condition, additional advice should 
be requested from a specialist to determine if the risk of general anesthesia and 
bone marrow donation is acceptable. Despite the presence of medical conditions 
questioning harm of donation, none of the children were deemed unfit to donate, 
while no documentation on follow-up of these children could be found. a review of 
(n=107) bone marrow reports and aspirates revealed low (46%) or absent (15%) iron 
stores, without clear documentation of iron suppletion after bone marrow donation. 
in 62% of the children, the collection of bone marrow exceeded 15 ml/kg donor 
body weight and more than half of these received allogeneic blood transfusions. 
post-transfusion screening for red cell alloantibody formation was not performed. 
the results of the study underscore the need for international guidelines for care 
management of the pediatric stem cell donor.

the search for an unrelated donor requires, besides expertise of human leukocyte 
antigens (Hla), also familiarity with international rules and regulations for stem 
cell donation. Delay during the donor search is undesired, especially during the 
work up procedure and should be prevented. approximately 10% of the donors are 
deferred or is not available when asked to donate stem cells. identification of a 
back-up donor during the initial search is an effective way to avoid loss of precious 
time and inconvenience for all parties involved. However, physicians should always 
inform their patients that a donor might be deferred after counseling. Based upon 
reasons for deferral at work up, donor centres are advised to perform an eligibility 
health check when a donor is requested to provide samples for verification typing, in 
particular when there are reasons to doubt that the donor may be declared suitable, 
such as severe obesity or a wish for pregnancy (chapter 8).

over time, searching for an unrelated donor or cord blood unit has become more 
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complicated. the still ongoing unraveling of the Hla system, adding thousands of new 
alleles and cumulative potential combinations for phenotypes requires continuous 
adaptation and training of search coordinators. Besides, clinical developments have 
resulted in the use of double cord blood units for transplantation, necessitating a 
different way of matching (chapter 9). prolonged time between donor search and 
transplantation negatively influences the outcome. Despite efficient activities to 
reduce the length of search to a minimum, search time to identify a match will be 
longer when no donors are available. for patients with a north western european 
(nWe) background, the number of potential donors in the worldwide inventory Bone 
marrow Donors Worldwide (BmDW) has increased in the paste decade to a median 
of 70 available matched donors, whereas for patients from a non-nWe descent, the 
number of potential donors remains fixed to a median of 7 donors. moreover non-
nWe donors were more often unavailable at time of verification typing. the fact that 
a remarkable amount of non-nWe patients reach transplantation is because donors 
/ cord blood units with a lesser match-grade are accepted. 

Similar as in other health care areas increasing attention for quality aspects and 
enhanced interest in the rules, regulations and ethical aspects of stem cell donation 
have recently come to light, attracting the attention of professionals and the public 
(chapter 10). the remuneration of stem cell donors was the target of a lawsuit 
filed in 2009 against the national organ transplantation act in the uSa. plaintiffs 
disputed that the legislation forbidding remuneration of stem cell donors would 
deter potential donors from registration as a donor and thus decrease the chances 
of finding a match for a patient. through intense international collaboration patients 
can receive a stem cell product, often collected from a donor in another country or 
continent. one of the basic principles that donors are not to be paid for their act 
is documented in the standards of the WmDa. thus (parts of) the human body has 
no economic value, and should be treated with the dignity it deserves. at the time 
of the lawsuit, a taskforce of the WmDa extensively argued the case why stem cell 
donation should remain voluntarily and non-remunerated. Stem cell donation is an 
act of humanity and impossible to value in monetary terms, and is literally a gift 
of life. the introduction of payment is not only a potential risk for coercion and 
exploitation of donors, but can also potentially harm transplantation programs and 
the international exchange of stem cell products.

General discussion and future perspectives

the use of allogeneic hematopoietic progenitor cells has become a treatment 
option of choice for patients with defined congenital or acquired disorders of the 
hematopoietic system1. apart from a growing list of indications, the development of 
non-myeloablative conditioning regiments has cleared the way to HSCt as a potential 
cure for an increasing amount of (mainly elderly) patients. as a result, the median 
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age of sibling donors has increased and due to current stricter adherence to eligibility 
criteria they are more often declared not suitable for donation and more often an 
unrelated donor or cord blood unit is needed. Currently, in over 50% of all allogeneic 
HSCts the graft is provided through a donor registry2 and it was estimated that in 
2013 daily 33 unrelated stem cell products were crossing an international border3. 
in the past decade (2004-2013) the number of uD increased with an average of 
10.1% per year; the average having only increased slightly in the last three years 
due to the inclusion of Brazilian and Chinese donors. the global CBu inventory has 
grown on average with 14.6% per year4,5. Despite a significant increase of the HSCt 
activity worldwide6, it is assumed that the therapy is still underused as curative 
treatment, due to various clinical and non-clinical reasons7. Considering these facts, 
it is pertinent to investigate what is further required to ensure maximal utilization of 
this potentially curative modality of treatment.

The optimal donor pool: young, male, diverse and available

the preferences of transplant centres (tCs) for the ‘ideal donor’ are subject to 
change. Stem cells of older donors as compared to younger donors were reported 
to have adverse impact on overall survival in patients with certain hematological 
malignancies8,9, and it has even been suggested that a younger uD rather than an 
older sibling is preferable10. With time and evaluation, opinions have also varied 
as to the preference for a sex matched donor, in particular for a male recipient11,12. 
a recent analysis of a large cohort in adult male patients transplanted for acute 
leukemia showed no difference in leukemia free survival, but a higher risk for acute 
GvHD when receiving donor stem cells from a male unrelated donor leading to the 
conclusion that a female sibling is preferable13. in light of the fact that a sufficient cell 
dose is of major importance for transplant outcome, an observation that is consistent 
over time14,15, and since male donors provide quantitatively better grafts in terms 
of cells harvested based on body weight16, the commonplace preference for male 
donors may be explained. However, also in male donors, increasing donor age is still 
associated with a modest negative effect on stem cell mobilization17.

in their annual report 2012/2013 the Canadian registry onematch mentions that 
three quarters of stem cell donations are derived from male donors younger than 
36 years18. this trend is also seen in the netherlands where currently 70% of donors 
requested for verification typing are male. not only has the worldwide unrelated 
donor pool increased significantly over time, so has the average age of the registered 
donors. as a direct consequence donors are more often deferred for medical reasons 
and thus less useful19. Globally, 19% of the registered donors are male and younger 
than 36 years and only 10.5% of all donors are younger than 26 years3. Considering 
age and gender, the current global inventory would not meet the criteria for the 
optimal donor pool, challenging donor registries to be creative and find cost-
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effective solutions. lowering the age for recruitment has been recently introduced 
in the united Kingdom (16 years) and in Canada (17 years). the Canadian registry 
focuses their recruitment on male donors, younger than 35 years20. recruitment 
of younger uD as of 16 years of age might be beneficial, however, due to local 
legislation, may not be feasible in each country. When focusing on younger donors, 
registries need to adjust their established operating procedures as was reflected by 
representatives of the Canadian and British registries during the WmDa fall meeting 
in 2013. the lack of ‘life-experience’, for instance with informed consent procedures 
and doctor’s appointments require age appropriate counseling methods21,22. also, the 
administration of G-CSf to minors might not be authorized in all countries. in the 
netherlands for example, there is no consensus about the administration of G-CSf 
to healthy minors.

Despite the steady increase of uD/CBu in Bone marrow Donors Worldwide 
(BmDW), the mainstream of the uD/CBu is being registered in the north western 
european (nWe) and north american registries23,24. as such, this might be the 
limiting factor of access to transplantation for patients with a non-nWe background 
seeking a matched donor. Strategies aiming to increase the Hla diversity of the 
donor pool could be successful in overcoming the present limitations, supplemental 
to ethnic minority donor recruitment efforts25. apart from recruitment, strategies 
aimed at retaining donors listed on the registry are becoming frequently more 
necessary. Since the reasons for donor unavailability were first investigated26, the 
amount of donors in the uSa not being available when they are contacted has 
increased to almost half of their donor pool27,28, and this number is increasing29. 
it has been shown that commitment is lower in ambivalent donors30. When asked 
almost immediately after registration, 35% of newly recruited donors stated that 
they have doubts if they would proceed to donation31. Characteristics like gender, 
duration of registration, and ethnic background are not only indicators for attrition, 
but also have a cumulative effect, negatively affecting chances for patients32. part 
of the solution to help more patients reach HSCt might be working towards an 
optimal global donor pool. recruitment among blood donors guarantees a higher 
probability of willingness and suitability for stem cell donation. However, level 
of commitment in new (non-blood donor) prospective donors is also identifiable; 
specifically ambivalence in potential donors is strongly associated with attrition and 
this and other parameters could be used to modify recruitment strategies31. although 
the chance of Dutch non-nWe patients to reach HSCt has increased over time to 
approximately 70%, their options to identify an acceptable uD within almost 25 
million listed uD are dramatically lower both in quantity and quality, than for nWe 
patients and have not improved over time (this thesis). the underrepresentation of 
non-nWe donors in the pool is lowering the likelihood for non-nWe patients to 
find and receive an optimal matched graft25,27,31-36. Gragert et al. recently reported 
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a theoretical model, based upon population genetics, estimating the likelihood of 
finding a well matched uD or CBu for white european patients and for patients with 
other ethnic backgrounds in the uS37. the model was based upon the donor and cord 
blood inventory of the national marrow Donor program (nmDp), which represents 
approximately 50% of all registrations worldwide, and taking availability and 
medical eligibility into account. they claimed a likelihood of over 95% for identifying 
an unrelated donor or cord blood unit for white europeans and african-american 
patients. in our retrospective analysis, we were able to identify an acceptable stem 
cell source for 81% of non-nWe patients. the assumption of Gragert et al. that the 
donor population represents a true reflection of the patient population37 possibly 
overestimates the probability of finding an acceptable uD/CBu in particular for non-
nWe patients. Besides, a mismatched donor or cord blood are not always acceptable 
alternatives depending on the specific transplant protocol. patients for whom no 
acceptable donor was identified in our study often originated from a mixed racial 
background. Donors with mixed genetic ancestry are probably least represented in 
the worldwide donor inventory. the importance of a donor’s availability, especially 
in young male donors (since they are most likely to be requested) and ethnic 
minority groups is essential to explain during recruitment31,32. it is necessary to revise 
recruitment strategies to prevent newly recruited donors from dropping out at any 
time during the verification typing and pre-donation process. most donor registries 
have focused on the volume of their donor pool, but there is an urgent need to 
address the issue of donor attrition, since avoiding waste of money and efforts in 
this direction of recruitment can no longer be ignored29,38. the startling fact that 
over 10% of registry donors is even unable to be located at time of a blood sample 
request, could be addressed in an awareness campaign (through social media, flyers 
or newsletters). Donor registries are unable to function as trackers and delays in the 
search could have serious consequences for patients, and these can be prevented.

S, M, L, XL – donor registries

Currently there are a few ultra-large registries (with over 1 million registered donors) 
and a majority of small (<20,000 donors) and medium-sized registries (<100,000 
donors)39. taking into consideration that the majority of products (>80%) is annually 
provided through five of the larger registries, of which two Xl registries (responsible 
for 67% of all products)3, the vulnerability of countries with S and m registries is 
evident. they have become dependent on stem cell products donated by foreign 
donors. it is unclear why the majority of requests is sent to the Xl registries, since 
donors with ‘common Hla phenotypes’ are most likely present in their own national 
registries. it could be argued that national registries should be able to provide a 
certain percentage of stem cell products for their national patients. as a result of 
these developments and the economic crisis, S and m registries are facing difficult 
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times and for new registries in emerging countries it is almost impossible to start 
up  without sufficient financiel support. Determining the optimal size and mix of the 
global donor inventory involves difficult decisions balancing competing objectives 
and requirements27. However, the need for new registries, in particular in emerging 
countries, is obvious since they add unique Hla phenotypes to the global donor 
inventory. Where in recent years approximately one in fifteen donors provided a new 
phenotype, the contribution of new registries such as the Brazilian registry added to 
BmDW in 2011, resulted for that year one in ten donors adding a new phenotype40. 
in virtually all countries CB inventories have a much higher relative contribution 
of new Hla phenotypes to BmDW than the donors. it was stated in the BmDW 
annual report 2012 that CB banks are thus more successful in recruiting units from 
minority groups40. a certain amount of these new phenotypes might originate from 
unique mixed ethnic backgrounds. this is extremely important for a number of those 
patients who would otherwise not have access to HSCt by lack of an acceptable 
(cord blood) donor. yearly stem cells of less than 0.1% of all registered donors and 
approximately 0.8% of CBu are actually used for transplantation3,41. Completeness 
of Hla typing has a strong impact on donation probabilities42, since donors who are 
types on high resolution are more likely to be requested. a possible explanation for 
the use of CBu being approximately tenfold higher than the proportion of available 
adult donors being utilized might be the phenotypic diversity and potential faster 
availability of CBu. the promising advantage of cord blood as a stem cell source for 
non-nWe patients underlines the importance of banking of high quality cord blood 
units for allogeneic transplantation, and in doing so compensating for the lack of 
minority donors in the donor pool43. With the overall relatively small proportion of 
stem cell donors actually donating yearly, it is important to critically consider this 
before adding ‘more of the same Hla’ to the global donor pool. the introduction 
of next generation sequencing (nGS) will reduce the cost, while resolution of Hla 
typing is higher and determination of further parameters (blood group, Cmv, Kir, 
etc.) easily possible, thus adding higher quality donors to the global donor pool. a 
Group of european medium Sized registries44 are attempting to seek joined solutions 
for the challenges.

Reaching HSCT – clinical and non-clinical factors 

in 2001 it was reported that overall only one third of eligible patients reached HSCt45. 
over a decade later the WmDa annual report demonstrates that 45% of patients 
for whom an unrelated donor search is initiated reach HSCt2. this is most likely a 
subset of all eligible patients. a recent prospective study reported that an unrelated 
donor search for only 51% of patients without a family donor was initiated, without 
a clear explanation as to the reasons for the remaining patients being deferred46. 
reasons for not reaching transplantation are various; HSCt might be offered too 
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late during therapy7,46 with clinical deterioration, in particular for intermediate/high-
risk leukemia patients, as probably the main disturbing factor47, and the period to 
identify a donor could (and in some cases needs) to be decreased48. the major non-
clinical factor determining restraint of transplant is undoubtedly the lack of donors 
for non-nWe patients. We have proven for our Dutch patients that efficiency of the 
search process can affect feasibility of reaching transplantation to 70%, by reducing 
the amount of searches cancelled due to clinical deterioration of the patient to 
approximately 10%. to perform a search as efficient as possible donor registries 
have developed tools and methods to shorten the uD/CBu search49-53. Sharing such 
awareness and insights between donor registries and transplant centres might play 
a key role in improving transplantation figures.

Safeguarding donors: the global approach

Safety of stem cell donors considers mainly the suitability of the donor undergoing 
the procedure. Whether the donor is an infant or an adult, an anonymous person 
or a family member, their well-being and interests must always be kept in mind 
as a duty of care. treating a healthy donor with an agent that is not of in his 
physical benefit demands responsibility from health professionals, and an approach 
where the safety of the donor comes first54. With the introduction of Granulocyte 
Colony Stimulating factors (G-CSf) in healthy volunteer individuals, the issue of (in 
particular) long-term safety has been addressed. in a recent study the short-term 
and long-term Serious adverse events (Sae) of both bone marrow and peripheral 
blood stem cell donation were analysed55. it was remarkable that the risk of short- 
term Sae was threefold higher in bone marrow donors. from the more long-term 
follow-up data it was confirmed that unrelated donors do not have an increased risk 
to develop a malignancy, auto-immune disease or thrombosis within three months 
after donation55. the WmDa have adjusted their statement with regards to the use 
of G-CSf in healthy volunteers56, however, although these comparisons have been 
stratified for age and gender with the general population, other confounders were 
generally not corrected for. it is also not known whether this statement equally 
applies for the related donor population, since the overall health in the unrelated 
donor population is probably better than in the related donor group or even the 
general population. for patients, older age no longer seems to be a absolute contra-
indication for HSCt, but as previously mentioned, older patients have older siblings, 
and although age is not per se an indication for performance status47, co-morbidities, 
and thus reasons to declare a person unsuitable for donation, are more often seen 
in elderly donors (this thesis). it is known that co-morbidities in related donors (rD) 
are more often accepted since ‘related donors are willing to take a greater risk’57. 
the medical profession assumed for a long time that family members are naturally 
motivated by the prospect of saving the life of a loved one58. it would subscribe the 
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altruistic character and the principle of beneficence referred to as an aspect of human 
nature, that motivates to act in the interest of others59. from this perspective it could 
be justified by the thought of Kant, that if a family donor really chooses to donate 
out of affection, his act would lack moral worth, because it would not be based on 
an obligation59. However, it is unclear whether the above mentioned assumption of 
traditional altruistic thinking would make a relative feeling obliged to donate or deter 
him from free decision making60. in extenso – could this imply violation of the basis 
ethic principle of autonomy, ascribing the right to choose and act freely? violating or 
ignoring a person’s autonomy is to treat that person merely as a means to an end, 
that is, in accordance with other requirements without regard to that person’s own 
interests59. in that light, the assumption could be an expression of the utilitarian 
view, that is, if the chance of the transplantation success is likely greater than the 
probability of the family donor to experience any harm, it is the donor’s obligation 
to donate59. the situation where the donor has not yet reached the age of adulthood 
or is not able to assent or to give informed consent, is even more complicated. if 
proxy consent for donation is given by a parent or a legal representative, this might 
implicate that the donor is used as means to an end, which would be contradictory 
with the principles of Kant’s second formulation of the categorical imperative: the 
action is considered unacceptable, because the individual’s physical integrity is 
ignored and his dignity diminished by locating his value in a donation activity61. the 
american academy of pediatrics (aap)has addressed ethical concerns in a policy 
and defined criteria that allow for the use of pediatric donors62. although the aap 
has advised to have a system in place where (legal or ethical) approval is required 
prior to donation, it was argued that this might not sufficiently protect the interests 
of the pediatric donor and modification of the policy with more emphasis for the 
donor’s rights, competence, and consent was proposed63. Harvesting stem cells is a 
medical procedure that potentially imposes risks and violates the bodily integrity of 
the donor. the argument of ‘best interest’ remains questionable, since the outcome 
of the HSCt, and thus the potential benefit for the donor can not be predicted. the 
debate on quality of life versus medical emancipation became public with the novel 
‘my Sister’s Keeper’65, where a 13 year old girl lived with the knowledge that she 
was conceived to rescue her sister, suffering from leukemia. She literally became 
the ‘altruist by proxy-donor’66, seeking for legal medical emancipation after multiple 
donations, and prior to donating her kidney. the novel made clear that abstaining the 
right of decision-making leaves the basic principle of autonomy worthless, even in 
minors65. apart from the aap policy, strict regulations or guidelines for practice with 
respect to the suitability, treatment, and follow-up of minor donors are still lacking. 
even small policy changes could be beneficial for minor donors. for example, limiting 
the volume of bone marrow to be harvested from young donors could prevent them 
from requiring blood transfusions. furthermore, HSCt outcome in children with high-
risk leukemia has improved over time, regardless of donor source67. also, during the 
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decision-making process, the search for an alternative donor (if time allows for) 
should be considered. 

internationally there now is a leading opinion that the suitability of the stem 
cell donor is of importance for all parties involved68. this was acknowledged by the 
transplant society with the establishment of the eBmt Donor outcome Committee in 
2012. furthermore the faCt/JaCie Standards version 569 explicitly addresses donor 
care issues. Since then initiatives to develop and implement more strict guidelines for 
related donor care have been reported70,71. awareness for the interests of the related 
donors was raised through international collaboration. the World Health organization 
(WHo) has addressed the need for protecting the health and welfare of living donors 
including appropriate long-term follow-up72. interestingly, a comparable discussion 
is being held in the field of living kidney donors, where governmental support is 
considered essential to set up a national system for life-long donor follow-up73,74. 
the Worldwide network for Blood and marrow transplantation (WBmt), a non-
governmental organisation focusing on collaboration between existing international 
societies was established to promote excellence in stem cell transplantation and 
donation75. through several successive Donor outcome Workshops consensus 
was sought for suitability donor outcome data and lately the need of in particular 
pediatric and elderly donors were specifically addressed, with the aim of providing 
written consensus guidelines (vienna 2013). the development of a european union 
funded master in Donor Health Care (a Dutch initiative) is also underscoring that 
care for the donor of organs, tissues, and cells is taken seriously.

With regards to serious (product) events and adverse reactions (S(p)ear), the 
WmDa has developed a reporting system, adding to the high quality standards of 
donor care management76. one of the major advantages of the WmDa S(p)ear 
system is the possibility to send out a ‘rapid alert’ to communicate in a timely 
matter with the donor registries and transplant community, whenever appropriate. 
for the related donors no such system is yet in place. there is a strong justification for 
bringing the related donor care in line with those for unrelated donors, especially in 
addressing adverse events in this group77. the establishment of a reporting system to 
cover adverse events of all living donors globally would be a major achievement and 
there is a substantial need to further investigate and develop this global challenge.

Future considerations – estimating the need for unrelated donors

the dynamic field of HSCt is continuously subject to changes. new drug developments 
and stem cell treatment protocols are rapidly following each other and being 
explored. Besides Hla matched related and unrelated uD and CB the use of targeted 
(autologous) immune cells for cancer treatment is under investigation. the extent 
of involvement and the final role of allogeneic donors in the future is thus unclear 
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and this directly affect the activities of all donor registries. Chronic myeloid leukemia 
(Cml) was less than two decades ago only curable by HSCt and patients are now 
successfully treated with tyrosine kinase inhibitors78. Similar developments are on 
their way for chronic lymphocytic leukemia79. if results of autologous tumor targeted 
t-cell therapy80 can be confirmed in larger randomized controlled trials this may 
ultimately lead to a decrease of the proportion of HSCts. 

another development is the renewed interest in transplantation with related 
haploidentical donors, followed by a high dose Cyclophosphamide given early after 
HSCt to reduce the incidence of Graft versus Host disease and graft rejection, resulting 
for leukemia in at least comparable outcome as with Hla identical or matched 
unrelated donors81. in 2013, 40% of the patients in italy received a haploidentical 
graft; Bacigalupo82 mentioned a 10% reduction of the financial cost in his transplant 
centre while increasing the number of transplantations performed by 20%.

regional differences in use of allogeneic donors are large, and associated with 
national income, thus widening the gap between more or less affluent countries3,83. 
as an additional effect of the economic crisis, tCs need to investigate ways to cut 
the costs of HSCt, without depriving the standard of quality care84, and keeping 
the treatment accessible85. although in-hospital patient days are the main part of 
expenditure, cost of unrelated donor selection and stem cell products, in particular 
the cost of (double) cord blood, are also subject to discussion84,86,87. the cost 
effectiveness of HSCt with the several available stem cell sources (including haplo 
identical stem cells) is under investigation88. a concern that was expressed is that 
in countries where a fixed-rate system for reimbursement is negotiated with health 
insurance companies, transplantation with double cord might become prohibitive. it 
was suggested to look into ways to keep the use of cord blood both profitable and 
affordable87. the current discussion is focused on the pricing of stem cell products in 
general, and of cord blood in particular. a ‘one-price-policy’ or a price based upon 
the tnC of a unit (smaller units – lower prices) would positively affect patients 
(money is no longer an argument not to choose the best match). there is evidence 
that increasing the ethnic diversity of cord blood inventories lead to more patients 
reaching HSCt (this thesis) demonstrating cord blood banks the need to develop 
policies to increase ethnic diversity89. raising public awareness is important to reach 
the goal of covering Hla diversity even within a country90. the likelihood of CBus to 
be used over time is besides Hla, directly related to the total nucleated cell count 
(tnC)91. units with higher tnC are more likely to be selected for transplantation91. 
it is known that non-nWe units often contain less tnC, probably related to shorter 
labor time but their contribution to the diversity should be considered89. other 
policies to make units better serviceable are the provision of maternal Hla typing, 
since a beneficial effect of non-inherited maternal antigens (nima) and inherited 
paternal antigens (ipa) of a cord blood have shown a positive impact on engraftment 
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and relapse risk and a reduced graft versus host disease92,93. also, the efficacy of 
matching cord blood on high resolution Hla-a, -B, -C and -DrB1 was recently shown 
to be associated with lowest non-relapse mortality after transplantation with cord 
blood for acute leukemia and myelo-dysplastic syndrome94, indicating that complete 
high resolution typing of new cord blood units is important.

Donors and (future) research

over the past decades motivations, experiences, and perspectives of being a stem 
cell donor and donating stem cells, have been studied95. recently the introduction 
of new mobilizing agents and the use of bio-similars have created a need for donors 
to remain subject of prospective studies96,97. Donor retention, recruitment strategies, 
and safety of stem cell donation in particular by the related donors of all ages remain 
subject of interest for future research. the leiden university medical Centre is one 
of the oldest HSCt centres in europe, and the basis of europdonor foundation, the 
Dutch national Stem Cell Donor registry, providing the opportunity to perform 
long-time follow-up studies in unrelated and related, pediatric, and adult donors. 
Such long-term effects of stem cell donation include also cognitive, emotional, 
and psychosocial factors. Course of life questionnaires completed by our pediatric 
donor cohort will undergo final analysis in the near future, allowing more insights 
into the transition into adulthood after bone marrow donation in early childhood. 
furthermore, we will report on pain management investigated in a prospective 
cohort of related and unrelated donors. the relation between stress and mobilization 
and the Sense of Coherence are further subjects to be analysed in above mentioned 
donor cohorts. all donors included in our studies gave informed consent and the 
study was approved by the ethical review Board of the leiden university medical 
Centre. However, situations can occur where donors indirectly become a research 
subject (i.e. the donation is part of an experimental or research protocol). By donating 
stem cells, donors have proven to be altruistic and thus most likely would agree with 
their involvement in clinical research98. the WmDa requires additional approval for 
donation by a donor registry and informed consent of the donor99, which might cause 
a delay in transplantation. the procedures associated with experimental therapy (not 
considered standard of clinical care) also increased clinicians’ awareness to the fact 
that donors are individuals with legitimate rights100,101. it remains challenging to 
harmonize the interests of all parties involved102, in particular if multiple or prolonged 
donations are involved in the protocol. it is important to address the acceptability 
of exposing a donor to a research protocol for the benefit of the recipient, and give 
advice according to the international standards on human research103, also to prevent 
extensive delay, caused by an additional independent protocol review performed on 
behalf of a donor registry. the role of the unrelated donor might become less explicit 
in the future, but donation of stem cells by family donors will probably continue. it 
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is in the interest of all parties involved to find the best balance between patients’ 
needs and donors’ interests104 and to accomplish long-term safety for future donors.

References

1. Gratwohl A, Baldomero H, Passweg J. 
Haematopoietic stem cell transplantation 
activity in Europe. Current Opinion in 
Hematology, 2013a;20:485-493.

2. WMDA Annual Report 2012. Upon request 
http://www.worldmarrow.org.

3. WMDA Annual Report 2013. Upon request 
http://www.worldmarrow.org.

4. http://www.bmdw.org/index.
php?id=statistics_stemcell. Accessed May 
2nd, 2014.

5. http://www.bmdw.org/index.
php?id=statistics_cordblood. Accessed May 
2nd, 2014.

6. Gratwohl A, Baldomero H, Gratwohl M, Aljurf 
MD, Bouzas LF, Horowitz M, Kodera Y, Lipton 
J, Iida M, Pasquini MC, Passweg J, Szer J, 
Madrigal A, Frauendorfer K, Niederwieser D. 
Quantitative and qualitative differences in 
use and trends of hematopoietic stem cell 
transplantation: a Global Observational Study. 
Haematologica, 2013b:98(8);1282-1290.

7. Yao S, Hahn T, Zhang Y, Haven D, Senneka M, 
Dunford L, Parsons S, Confer D, McCarthy PL. 
Unrelated donor allogeneic hematopoietic 
cell transplantation is underused as a 
curative therapy in eligible patients from the 
United States. Biol Blood Marrow Transplant, 
2013;19:1459-1464.

8. Servais S, Porcher R, Xhaard Al, Robin M, 
Masson E, Larghero J, Ribaud P, Dhedin N, 
Abbes S, Sicre F, Socie G, Peffault de Latour 
R. Pre-transplant prognostic factors of 
long-term survival after allogeneic peripheral 
blood stem cell transplantation with matched 
related/unrelated donors. Haematologica, 
2014;99(3):519-526.

9. Ayuk F, Zabelina T, Wortmann F, Alchalby H, 
Wolschke C, Lellek H, Bacher U, Zander A, 
Kröger N. Donor choice according to age for 

allo-SCT for AML in complete remission. Bone 
Marrow Transplantation, 2013;48:1028-1032.

10. Kröger N, Zabelina T, de Wreede L, Berger J, 
Alchalby H, van Biezen A, Milpied N, Volin L, 
Mohty M, Leblond V, Blaise D, Finke J, Schaap 
N, Robin M, de Witte T on behalf of the 
MDS subcommittee of the Chronic Leukemia 
Working Party of the European Group for 
Blood and Marrow Transplantation (EBMT). 
Leukemia, 2013;27:604-609.

11. Gratwohl A, Hermans J, Niederwieser D, van 
Biezen A, van Houwelingen HC Apperley J 
for the Chronic Leukemia Working Party of 
the European Group van Blood and Marrow 
Transplantation EBMT. Female donors 
influence transplant-related mortality and 
relapse incidence in male recipients of 
sibling blood and marrow transplants. The 
Hematology Journal, 2001;2:363-370.

12. Garhton G, Iacobelli S, Apperley J, Bandini 
G, Björkstrand B, Blade J, Boiron JM, Cavo 
M, Cornelissen J, Corradini P, Kröger N, 
Ljungman P, Michallet M, Russell NH, Samson 
D, Schattenberg A, Sirohi B, Verdonck LF, 
Volin L, Zander A, Niederwieser D. The impact 
of donor gender on outome of allogeneic 
hematopoietic stem cell transplantation for 
multiple myeloma: reduced relapse risk in 
female to male transplants. Bone Marrow 
Transplantation, 2005;35:609-617.

13. Ringden O, Labopin M, Solders M, Beelen D, 
Arnold R, Ehninger G, Milpied N, Niederwieser 
D, Hamladji R-M, Kyrcz-Krzemien S, Ganser 
A, Socie G, Stelljes M, Volin L, Craddock C, 
Mohty M for the Acute Leukaemia Working 
Party of the European Group for Blood and 
Marrow Transplantation. Who is the best 
hematopoietic stem-cell donor for a male 
patient with acute leukemia? Transplantation, 
2014; E-pub ahead of print.

14. Pulsipher MA, Chitphakdithai P, Logan BR, 
Leitman SF, Anderlini P, Klein JP, Horowitz MM, 



153

Summary, general discussion, and future perspectives 

11

Miller JP, King RJ, Confer DL. Donor, recipient, 
and transplant characteristics as risk factors 
after unrelated donor PBSC transplantation: 
beneficial effects of higher CD34+ cell dose. 
Blood, 2009;114:2606-2616.

15. Fruehauf S, Tricot G. Comparison 
of unmobilized and mobilized graft 
characteristics and the implications of cell 
subsets on autologous and allogeneic 
transplantation outcomes. Biol Blood Marrow 
Transplant, 2010;16:1629-1648.

16. Wang TF, Wen SH, Chen RL, Lu CJ, Zheng YJ, 
Yang SH, Chu SC, Kao RH, Chen SH. Factors 
associated with peripheral blood stem cell 
yield in volunteer donors mobilized with 
granulocyte colony-stimulating factors: the 
impact of donor characteristics and procedural 
settings. Biol Blood Marrow Transplant, 
2008;14:1305-1311.

17. Vasu S, Leitman SF, Tisdale JF, Hsieh MM, 
Childs RW, Barrette AJ, Fowler DH, Bishop 
MR, Kang EM, Malech HL, Dunbar CE, 
Khuu HM, Wesley R, Yau YY, Bolan CD. Dnor 
demographic and laboratory predictors 
of allogeneic peripheral blood stem cell 
mobilization in an ethnically diverse 
population. Blood, 2008;112:2092-2100.

18. http://video.bloodservices.ca/Annual2013/.
Accessed May 2nd, 2014.

19. Schmidt A, Biesinger L, Baier D, Harf P, Rutt 
C. Aging of registered stem cell donors: 
implications for donor recruitment. Bone 
Marrow Transplantation, 2008; 41:605-612.

20. OneMatch newsletter, Fall 2012. http://www.
blood.ca/centreapps/internet/uw_v502_
mainengine.nsf/page/Youth-Lead-Stem-Cell-
Awareness-and-Recruitment?OpenDocument. 
Accessed February 15th, 2014.

21. Amer B, personal communication, WMDA Fall 
meeting, Minneapolis 2013.

22. O’Leary A, personal communication, WMDA 
Fall meeting, Minneapolis 2013.

23. Bone Marrow Donors Worldwide. http://www.
bmdw.org. Accessed May 2nd, 2014.

24. Petersdorf EW. The World Marrow Donor 
Association: Twenty years of international 
collaboration for the support of unrelated 

donor and cord blood hematopoietic cell 
transplantation. Bone Marrow Transplantation, 
2010;45(5):807-810.

25. Schmidt AH, Stahr A, Baier D, Schumacher 
S, Ehninger G, Rutt C. Selective recruitment 
of stem cell donors with rare human 
leukocyte antigen phenotypes. Bone Marrow 
Transplantation, 2007;40:823-830.

26. Switzer GE, Dew MA, Stukas AA, Goycoolea 
JM, Hegland J, Simmons RG. Factors 
associated with attrition from a national 
bone marrow registry. Bone Marrow 
Transplantation, 1999;24:313-319.

27. Kollman C, Abella E, Baitty RL, Beatty PG, 
Chakraborty R, Christiansen CL, Hartzman 
RJ, Hurley CK, Milford E, Nyman JA, Smith 
TJ, Switzer GE, Wada RK, Setterholm M. 
Assessment of Optimal Size and Composition 
of the U.S. National Registry of Hematopoietic 
Stem Cell Donors. Transplantation, 
2004;78:89-95.

28. Abbress L. Retention Strategies. http://www.
worldmarrow.org/fileadmin/Committees/
EDUC/2011-EDUC/20111103-EDUC-Donor_
Retention_NMDP.pdf. Accessed on February 
6, 2014.

29. Switzer GE. Donor factors leading to attrition. 
WMDA IDRC 2014, London.

30. Switzer GE, Myaskovsky L, Goycoolea 
JM, Dew MA, Confer DL, King R. Factors 
associated with ambivalence about bone 
marrow donation among newly recruited 
unrelated potential donors. Transplantation, 
2003;75(9):1517-1523.

31. Switzer GE, Bruce JG, Myaskovsky L, DiMartini 
A, Shellmer D, Confer DL, Abress LK, King RJ, 
Harnaha AG, Ohngemach S, Dew MA. Race 
and ethnicity in decisions about unrelated 
hematopoietic stem cell donation. Blood, 
2013;121:1469-1476.

32. Lown RN, Marsh SGE, Switzer GE, Latham 
KA, Madrigal JA, Shaw BE. Ethnicity, length 
of time on the register and sex predict donor 
availability at the confirmatory typing stage. 
Bone Marrow Transplantation, 2014a;49:525-
531.



154

Focus on the donor

33. Dehn J, Arora M, Spellman S, Setterholm 
M, Horowitz M, Confer D, Weisdorf D. 
Unrelated donor hematopoietic cell 
transplantation: factors associated with 
a better HLA match. Biol Blood Marrow 
Transplant,2008;14(12):1334-1340.

34. Barker JN, Byam CE, Kernan NA, Lee SS, 
Hawke RM, Doshi KA, Wells DS, Heller G, 
Papadopoulos EB, Scaradavou A, Young JW, 
van den Brink MRM. Availability of cord 
blood extends allogeneic hematopoietic stem 
cell transplant access to racial and ethnic 
minorities. Biology of Blood and Marrow 
Transplant, 2010;16(11):1541-1548.

35. Majhail NW, Nayyar S, Burton Santibanez ME, 
Murphy EA, Denzen EM. Racial disparities 
in hematopoietic cell transplantation in the 
United States. Bone Marrow Transplantation, 
2012;47:1385-1390.

36. Pidala J, Kim J, Schell M, Lee SJ, Hillgruber R, 
Nye V, Eyala E, Alsina M, Betts B, Bookout R, 
Fernandeze HF, Field T, Locke FL, Nishihori T, 
Ochoa JL, Perez L, Perkins J, Shapiro J, tate C, 
Tomblyn M, Anasetti C. Race/ethnicity affects 
the probability of finding and HLA-A, -B, -C, 
and –DRB1 allele-matched unrelated donor 
and likelihood of subsequent transplant 
utilization. Bone Marrow Transplantation, 
2013;48:346-350.

37. Gragert L, Eapen M, Williams E, Freeman J, 
Spellman S, Baitty R, Hartzman R, Rizzo JD, 
Horowitz M, Confer D, Maiers M. HLA Match 
Likelihoods for Hematopoietic Stem-Cell 
Grafts in the U.S. Registry. N Engl J Med 
2014;371:339-348.

38. Ehninger G. Optimal donors beyong HLA. 
WMDA IDRC 2014, London.

39. BMDW statistics, overview per registry. http://
www.bmdw.org/. Accessed February 6th, 
2014.

40. BMDW Annual Report 2012. http://www.
bmdw.org/.

41. Bart T. Cost effectiveness of cord blood versus 
bone marrow and peripheral blood stem cells. 
ClinicoEconomics and Outcomes Research, 
2010;2:141-147.

42. Schmidt A. Optimising the donor file – quality 
versus quantity. WMDA IDRC 2014, London.

43. Brown N, Machin L, McLeod D. Immunitary 
bioeconomy: The economisation of life in 
the international cord blood market. Social 
Science & Medicine, 2011;72(2):1115-1122.

44. http://www.worldmarrow.org/fileadmin/
Committees/GEMS/20110928-GEMS-MINS.
pdf. Accessed on February 6th, 2014.

45. Kollman C, Weis T, Switzer GE, Halet M, 
Kitajima D, Hegland J, Confer DL. Non-
HLA barriers to unrelated donor stem cell 
transplantation. Bone Marrow Transplantation, 
2001;27:581-587.

46. Labopin M, Gorin N-C, Polge E, Socie G, 
Gurman G, Gluckman E, Jindra P, Poire X, 
Schaefer-Eckart K, Ruutu T, Milone G, Arcese 
W, Mohty M and Rocha V on behalf of the 
Acute Leukemia Working Party (ALWP) of 
the European Group for Blood and Marrow 
transplantation. A prospective registration 
study to determine feasibility of hematopoietic 
SCT in adults with acute leukemia: planning, 
expectations and reality. Bone Marrow 
Transplantation, 2014;49(3):376-381.

47. Mawad R, Gooley TA, Zandhu V, Lionberger J, 
Scott B, Sandmaier BM, O’Donnell P, Becker 
PS, Petersdorf S, Shannon Dorcy K, Hendrie P, 
Sorror ML, Walter RB, Deeg J, Appelbaum FR, 
Estey EH, Pagel JM. Frequency of allogeneic 
hematopoietic cell transplantation among 
patients with high- or intermediate-risk acute 
myeloid leukemia in first complete remission. J 
Clin Oncol, 2013;31:3883-3888.

48. Confer DL, Abress LK, Navarro N, Madrigal A. 
Selection of Adult Unrelated Hematopoietic 
Stem Cell Donors: Beyond HLA. Biol Blood 
Marrow Transplant, 2010;16 (S8-S11).

49. Tiercy J-M, Nicoloso G, Passweg J, Schanz U, 
Seger R, Chalandon Y, et al. The probability 
of identifying a 10/10 HLA allele-matched 
unrelated donor is highly predictable. Bone 
Marrow Transplantation, 2007;40:515-22.

50. Hirv K, Bloch K, Fischer M, Einsiedler B, 
Schrezenmeier H, Mytilineos J. Prediction 
of duration and success rate of unrelated 
hematopoietic stem cell donor searches based 
on the patient’s HLA-DRB1 allele and DRB1-



155

Summary, general discussion, and future perspectives 

11

DQB1 haplotype frequencies. Bone Marrow 
Transplantation, 2009;44:433-440.

51. Pedron B, Guerin-El Khourouj V, Dalle JH, 
Ouachee-Chardin M, Yakouben K, Corroyez 
F, Auvrignon A, Petit A, Landman-Parker 
J, Leverger G, Baruchel A, Sterkers G. 
Contribution of HLA-A/B/C/DRB1/DQB1 
common haplotypes to donor search 
outcome in unrelated hematopoietic stem 
cell transplantation. Biol Blood Marrow 
Transplant, 2011;17(11):1612-1618.

52. Lown RN, Shaw BE. Beating the odds: factors 
implicated in the speed and availability 
of unrelated haematopoietic cell donor 
provision. Bone Marrow Transplantation, 
2013;48(2):210-219.

53. Gourraud PA, Balere ML, faucher C, 
Loiseau P, Dormoy A, Marry E, Garnier F. 
HLA phenotypes of candidates for HSCT: 
comparing transplanted versus non-
transplanted candidates, resulting in the 
predictive estimation of the probability to find 
a 10/10 HLA matched donor. Tissue Antigens, 
2014;83:17-26.

54. Mueller MM, Bialleck H, Bomke B, Brauninger 
S, Varga , Seidl C, Seifried E, Tonn T, Bonig 
H. Safety and efficacy of healthy volunteer 
stem cell mobilization with filgrastim G-CSF 
and mobilized stem cell apheresis: results of 
a prospective longitudinal 5-year follow-up 
study. Vox Sanguinis, 2013;104:46-54.

55. Pulsipher MA, Chitphakdithai P, Logan BR, 
Navarro WH, Levine JE, Miller JP, Shaw 
BE, O’Donnell PV, Majhail NS, Confer DL. 
Lower risk of serious adverse events and 
no increased risk of cancer after PBSC 
versus bone marrow donation. Blood, 
2014;123(23):3655-3663.

56. http://www.worldmarrow.org/fileadmin/
Committees/CLWG/DOC/20121010-CLWG-
GCSF_statement.pdf. Accessed February 7th, 
2014.

57. Buser A, Halter J. Dealing with donor issues in 
therapeutic cell donation. ISBT Science Series, 
2013;8:111-113.

58. Switzer GE, Dew MA, Butterworth VA, 
Simmons RG, Schimmel M. Understanding 
donor’s motivations: a study of unrelated 

bone marrow donors. Soc. Sci. Med., 
1997;45(1):137-147.

59. Beauchamp TL and Childress JF. Principles 
of Biomedical Ethics, 5th edition. Oxford 
University Press, Oxford.

60. Nuffield Council on Bioethics. Human bodies: 
donation for medicine and research. 2011, 
London.

61. Green RM. What Does it Mean to Use 
Someone as “A Means Only”: Rereading 
Kant. Kennedy Institute of Ethics Journal, 
2001;11(3):247-261.

62. American Academy of Pediatrics, committee 
on bioethics. Policy statement—children as 
hematopoietic stem cell donors. Pediatrics 
2010;125: 392-404.

63. Chan TK, Tipoe GL. The policy statement of the 
American academy of pediatrics – children as 
hematopoietic stem cell donors – a proposal 
of modifications for application in the UK. 
BMC Medical Ethics, 2013;14:43.

64. Lyons B. ‘The good that is interred in their 
bones’: are there property rights in the child? 
Medical Law Review, 2011;19:372-400.

65. Piccoult J. My Sister’s Keeper. 2004, Atria 
Books, New York.

66. Delany L, Month S, Savulescu J, Browett P, 
Palmer S. Altruism by proxy: volunteering 
children for bone marrow donation. BMJ, 
1996; 312(7025):240-243

67. Leung W, Campana D, Yang J, Pei D, Coustan-
Smith E, Gan K, Rubnitz JE, Sandlund JT, 
Ribeiro RC, Srinivasan A, Hartford C, Triplett 
BM, Dallas M, Pillai A, Handgretinger R, Laver 
JH, Pui CH. High success rate of hematopoietic 
cell transplantation regardless of donor source 
in children with very high-risk leukemia. 
Blood, 2011;118(2):223-230.

68. Lown R, Philippe J, Navarro W, van Walraven 
SM, Phillips-Johnson L, Fechter M, Pawson 
R, Bengtsson M, Beksac M, Field S, Yang H, 
Shaw BE. Unrelated Adult Stem Cell Donor 
Medical Suitability: Recommendations from 
the World Marrow Donor Association Clinical 
Working Group Committee. Bone Marrow 
Transplantation, 2014b;49:880-886.



156

Focus on the donor

69. http://www.jacie.org/standards/interim-
standards/. Accessed February 15th, 2014.

70. Kisch A, Lenhoff S, Bengtsson M, Bolmsjö 
I. Potential adult sibling stem cell donors’ 
perceptions and opinions regarding an 
information and care model. Bone Marrow 
Transplantaion, 2013;48:1133-1137.

71. Aprili G, Bosi A, Lombardini L, Pupella S, 
Vassanelli A as Italian Society of Transfusion 
Medicine and Immunohaematology 
(SIMTI) and Italian Group for Bone Marrow 
Transplantation (GITMO) working group. 
Blood Transfusion, 2013;11:296-304.

72. Noel L, in: NOTIFY. Exploring vigilance 
Notification for Organs, Tissues and cells. 
A global consultation. 2011, Editrice 
Compositori, Bologna.

73. Mandelbrot D, Pavlakis M, Karp SJ, Johnson 
SR, Hanto DW, Rodrigue JR. Practices and 
barriers in long-term living kidney donor 
follow-up: a survey of U.S. transplant centers. 
Transplantation, 2009;88:855-860.

74. Ommen ES, LaPointe Rudow D, Medapalli RK, 
Schröppel, Murphy B. When good intentions 
are not enough: obtaining follow-up data 
in living kidney donors. American Journal of 
Transplantation, 2011;11:2575-2581.

75. Worldwide Network for Blood and Marrow 
Transplantation Bylaws. 2011. http://www.
wbmt.org/. Accessed February 14th, 2014.

76. Shaw BE, Chapman J, Fechter M, Foeken 
L, Greinix H, Hwang H, Phillips-Johnson 
L, Korhonen M, Lindberg B, Navarro WH, 
Szer J. Towards a global system of vigilance 
and surveillance in unrelated donors 
of haematopoietic progenitor cells for 
transplantation. Bone Marrow Transplantation, 
2013;48:1506-1509.

77. Shaw BE. First do no harm. Blood, 
2010;115(24):4978-4979.

78. Kindler T, Meyer RG, Fischer T. BCR-ABL as 
a target for novel therapeutic interventions. 
Expert Opinion in Therapeutic Targets, 
2002;6(1):85-101.

79. Hutchinson CV, Dyer MJS. Breaking good: 
the inexorable rise of BTK inhibitors in 
the treatment of chronic lymphocytic 

leukaemia. British Journal for Haematology, 
2014;166(1):12-22.

80. Davila ML, Rievere I, Wang X, Bartido S, Park 
J, Curran K, Chung SS, Stefanski J, Borquez-
Ojeda O, Oszewska M, Qu J, Wasielewska T, 
He Q, Fink M, Shinglot H, Youssif M, Satter 
M, Wang Y, Hosey J, Quintanilla H, Halton E, 
Bernal Y, Bouhassira DC, Arcila ME, Gonen 
M, Roboz GJ, Maslak P, Douer D, Frattini MG, 
Giralt S, Sadelain M, Brengjens R. Efficacy 
and toxicity management of 19-28z CAR 
T cell therapy in B cell acute lymphoblastic 
leukemia. Science Translational Medicine, 
2014;19(6)(ss4):224ra25.

81. Raiola A, Dominietto A, Varaldo R, Ghiso 
A, Galaverna F, Bramanti S, Todisco E, 
Sarina B, Giordano L, Ibatici A, Santoro 
A, Clavio M, Bacigalupo A, Castagna L. 
Unmanipulated haploidentical BMT following 
non-myeloablative conditioning and post-
transplantation CY for advanced Hodgkin’s 
lymphoma. Bone Marrow Transplantation, 
2014;49:190-194.

82. Bacigalupo A, personal communication, EBMT 
annual conference, London 2013.

83. Gratwohl A, Baldomero H, Aljurf M, Pasquini 
MC, Bouzas LF, Yoshimi A, Szer J, Lipton J, 
Schwendener Al, Gratwohl M, Frauendorfer 
K, Niederwieder D, Horowitz M, Kodera 
Yoshihisa, for the Worldwide Network of 
Blood and Marrow Transplant. Hematopoietic 
Stem Cell Transplantation. A Global 
Perspective. JAMA, 2010;303(16):1617-1624.

84. Lee SJ, Klar N, Weeks JC, Antin JH. Predicting 
costs of stem-cell transplantation. J Clin 
Oncol, 2000;18:64-71.

85. Passweg JR, Baldomero H, Bargetzi M, Bucher 
C, Chalandon Y, Duchosal MA, Gratwohl A, 
Gungör T, Hess U, Leibundgut K, Nicoloso 
de Faveri G, Ozsahin H, Pabst T, Renner C, 
Stern M, Stussi G, Schanz U, for the SBST. 
Haematopoietic stem cell transplantation: 
activity in Switzerland compared with 
surrounding European countries. Swiss 
Medical Weekly, 2013;143:113757.

86. Blommestein HM, Verelst SGR, Huijgens 
PC, Blijlevens NMA, Cornelissen JJ, Uyl-de 
Groot CA. Real-world costs of autologous 



157

Summary, general discussion, and future perspectives 

11

and allogeneic stem cell transplantations for 
haematological diseases: a multicentre study. 
Ann Hematol, 2012;91:1945-1952.

87. Broxmeyer HE, Farag S. Background and 
future considerations for human cord 
blood hematopoietic cell transplantation, 
including economic concerns. Stem Cells and 
Development, 2013;22, suppl I:103-110.

88. Roth JA, Bensink ME, O’Donnell V, Fuchs EJ, 
Eapen M, Ramsey SD. Design of a cost-
effectiveness analysis alongside a randomized 
trial of transplantation using umbilical cord 
blood versus HLA-haploidentical related 
bone marrow in advanced hematologic 
cancer. Journal of Comparative Effectiveness 
Research, 2014;3(2):135-144.

89. Akyurekli C, Chan JYS, Elmoazzen H, Tay 
J, Allan DS. Impact of ethnicity on human 
umbilical cord blood banking: a systematic 
review. Transfusion, 2014, advance online 
publication.

90. Ebrahimkhani S, Farjadian S, Abrahimi M. 
The Royan public umbilical cord blood bank: 
does it cover all ethnic groups in Iran based 
on HLA diversity? Transfusion Medicine and 
Hemotherapy, 2014;41:134-138.

91. Bart T, Boo M, Balabanova S, Fischer Y, 
Nicoloso G, Foeken L, Oudshoorn M, Passweg 
J, Tichelli A, Kindler V, Kurtzberg J, rice T, 
Regan D, Shpall E, Schwabe R. Impact of 
selection of cord blood units from the United 
States and Swiss Registries on the cost of 
banking operations. Transfusion Medicine and 
Hemotherapy, 2013;40:14-20.

92. Van Rood JJ, Stevens CE, Smits J, Carrier 
C, Carpenter C, Scaradavou A. Reexposure 
of cord blood to noninherited maternal 
HL antigens improves transplant outcome 
in hematological malignancies. PNAS, 
2009;106(47):19952-19957.

93. Burlingham WJ, Nelson JL. Microchimerism in 
cord blood: Mother as anticancer drug. PNAS, 
2012;109(7):2190-2191.

94. Eapen M, Klein JP, Ruggeri A, Spellman 
S, Lee SJ, Anasetti C, Arcese W, Barker JN, 
Baxter-Lowe LA, Brown M, Fernndez-Vina 
MA, Freeman J, He W, Iori AP, Horowitz MM, 
Locatelli F, Marino S Maiers M, Michel G, 

Sanz GF, Gluckman E, and Rocha V, for the 
Center for International Blood and Marrow 
Transplant Research, Netcord, Eurocord and 
the European Group for Blood and Marrow 
Transplakntation. Impact of allele-level HLA 
matching on outcomes after myeloablative 
single unit umbilical cord blood transplanation 
for hematologic malignancy.Blood, 
2014;123(1):133-140.

95. Garcia M, Chapman JR, Shaw PJ, Gottlieb 
DJ, Ralph A, Craig JC, Tong A. Motivations, 
experiences, and perspectives of bone marrow 
and peripheral blood stem cell donors: 
thematic synthesis of qualitative studies. 
Biology of Blood and Marrow Transplantation, 
2013;19(7):1046-1058.

96. Shaw BE, Confer DL, Hwang WY, Pamphilon 
DW, Pulsipher MA. Concerns about the use 
of biosimilar granulocyte colony-stimulating 
factors for the mobilization of stem cells 
in normal donors: position of the World 
Marrow Donor Association. Haematologica, 
2011;96(7):942-947.

97. Niederwieser D, Schmitz S. Biosimilar agents 
in oncology/haematology: from approval to 
practice. European Journal of Haematology, 
2011;86:277-288.

98. Apperley J. Regulation of donor participation 
in research studies: is there another way? 
Bone Marrow Transplantation, 2011;46:15-
16.

99. King RJ, Confer DL, Greinix HT, Halter J, 
Horowitz M, Schmidt AH, Costeas P, Shaw B, 
Egeland T. for the Ethics and Clinical Working 
Groups of World Marrow Donor Association. 
Unrelated hematopoietic stem cell donors as 
research subjects. Bone Marrow Transplant, 
2011;46:10-13.

100. Appelbaum FR. Unrelated hematopoietic stem 
cell donors as research subjects. Bone Marrow 
Transplantation, 2011;46-14.

101. Craddock C. Enshrining donor rights and 
optimizing patient outcome in unrelated 
donor transplantation. Bone Marrow 
Transplantation, 2011;46:17.

102. King RJ, Schmidt AH, Costeas P, Egeland T. 
Donors as research subjects: a challenge. 



158

Focus on the donor

Bone Marrow Transplant, 2012;47(4):605-
606.

103. Standards and operational guidance for 
ethics review of health-related research with 
human participants. http://whqlibdoc.who.
int/publications/2011/9789241502948_eng.
pdf?ua=1. Accessed February 16th, 2014. 

104. Bakken R, van Walraven SM, Egeland T, on 
behalf of the Ethics Working Group of the 
World Marrow Donor Association. Donor 
commitment and patient needs. Bone Marrow 
Transplantation, 2004;33(2):225-230.



159

Summary, general discussion, and future perspectives 

11


