Y

ey

X

UPPSALA Digital Comprehensive Summaries of Uppsala Dissertations
UNIVERSITET from the Faculty of Medicine 1832

Potential Hazards for
Haematopoietic Stem Cell Donors

SIMON PAHNKE

Gu

ACTA
UNIVERSITATIS

ISSN 1651-6206
Ul;jSS)IéIIEE:IS ISBN 978-91-513-1471-6

2022 URN urn:nbn:se:uu:diva-471647




Dissertation presented at Uppsala University to be publicly examined in H:son Holmdahl-
salen, Akademiska sjukhuset, Ing 100, Uppsala, Friday, 20 May 2022 at 09:15 for the
degree of Doctor of Philosophy (Faculty of Medicine). The examination will be conducted
in English. Faculty examiner: Professor Nina Worel (Medical University Vienna, Vienna,
Austria).

Abstract
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The aim of this thesis has been to increase our knowledge about the allogeneic stem cell donation
procedure and the associated risks for stem cell donors.

In a first study (paper 1), we described the donation procedure and short-term side effects of
1957 donors included in the Nordic Register of Haematopoietic Stem Cell Donors. Donors of
bone marrow or peripheral blood stem cells experienced side effects such as bone/muscle pain,
headache and /or fatigue in more than 90% of cases, with symptoms lasting less than one week
for the majority of donors. Bone marrow donors had side effects of longer duration, experienced
more fatigue, and were more likely to need sick leave longer than one week. Related donors
were older than unrelated donors, had more comorbidities, and more frequently needed a central
venous catheter and/or multiple apheresis during peripheral blood stem cell donation.

For a second study (paper II), we analysed global survey data from the World Marrow Donor
Association (WMDA), regarding the use of biosimilar versions of stem cell mobilising drug
filgrastim. A third of donor registers (10/30) had adopted the use of biosimilar filgrastim,
with the majority doing so during the last five years. A review of studies of biosimilar
filgrastim use for healthy donor stem cell mobilisation, showed biosimilar drugs to exhibit
similar pharmacokinetic and pharmacodynamic properties to the reference product Neupogen®.
No differences in stem cell mobilising capacity or adverse events were found. The study resulted
in the endorsement by WMDA of the use of biosimilar filgrastim for stem cell mobilisation in
healthy donors.

In two studies (paper III and V) of almost 1100 donors, we linked data from multiple
Swedish national registers to investigate if peripheral blood stem cell donation with the use
of granulocyte-colony stimulating factor (G-CSF) is associated with an increased risk of
cancer or cardiovascular disease. No increased risk of cancer, haematological malignancies or
cardiovascular disease was found, after a median follow up of close to 10 years.

In a national survey of 210 potential stem cell donors, using validated mental health screening
tools (paper IV), we found female gender, lower age, and an increased level of worry for one-
self in regards to becoming a donor, to be associated with lower mental health, and higher levels
of anxiety.
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Introduction

The starting point for the PhD thesis project was The Nordic Register of
Haematopoietic Stem Cell Donors (NRHSD), initiated by main supervisor
Hans Hagglund in 1998. The register was a collaboration between all six Swe-
dish centres for stem cell transplantation, and four centres in Norway, Den-
mark and Finland. The register contains information on the donation proce-
dure, side effects, anthropometric and socioeconomic data, and donors’
comorbidities, for donations performed until 2014.

The register was the basis for the study presented in paper I, with a descriptive
analysis of 17 years of experience of stem cell donation in the Nordic coun-
tries.

While working with the NRHSD study, | was an attending member of the
European Bone Marrow Transplantation donor outcome committee. | was
there asked to analyse the result of a survey initiated by the World Marrow
Donor Association (WMDA), a global association of blood stem cell donor
registries and cord blood bank registries, and review all published literature
regarding safety and efficacy of biosimilar filgrastim, for peripheral blood
stem cell (PBSC) mobilisation in healthy donors. The results of the survey and
literature review are presented in paper Il.

For the studies presented in paper 111 and V, we wanted to address longstand-
ing concerns that the use of stem cell mobilising drugs such as G-CSF (gran-
ulocyte-colony stimulating factor) might lead to increased risks of cancer or
cardiovascular disease for donors. We therefore created a cohort containing
all Swedish related donors (related=donating to a sibling, child or parent) and
those unrelated Swedish register donors previously registered in the NRHSD.
Using linking of multiple national population based registers, the donors’
long-term risk of cancer or cardiovascular disease was compared to popula-
tion-based controls, the donors’ siblings and to bone marrow donors. Gather-
ing of data on the donors, applications for ethics approval and request for link-
age of data from Swedish national registers was done as part of the doctoral
studies, as well as all statistical analyses.
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During the pursuit of the above-mentioned projects, | became interested in the
psychological aspects of becoming a stem cell donor. A prospective national
survey was therefore constructed by the research group, using validated ques-
tionnaires concerning different aspects of psychological well-being. The study
is ongoing and aim to offer participation to all Swedish stem cell donors be-
tween 2019 and 2022, with follow up questionnaires during one year after
donation. The results of the first 210 respondents of the pre-donation survey
are presented in paper IV.

The focus of all the studies included in this dissertation is on the donors, and
different aspects of possible risks that they are subjected to as part of their
contribution to the patients” treatment.

I believe there are several important reasons for performing the included
studies. All donors are healthy volunteers that have decided to donate stem
cells to another person. Some donors do so for truly altruistic reasons, to be
able to help a patient in need, but others become donors under considerable
emotional pressure to aid a relative with a serious disease.

It is important that risks for the donors are avoided whenever possible, and
that remaining risks are known and adequately described, to allow potential
donors to make an informed decision. For this, it is crucial to gain as accurate
estimations as possible of the risks associated with becoming a donor.

The aim of my studies has been to add valuable information on both short
and long term risks associated with stem cell donation, thereby helping pro-
spective donors make a well informed decision on whether to donate or not.
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Allogeneic stem cell transplantation

Allogeneic stem cell transplantation, also called haematopoietic stem cell
transplantation, is a process in which the hematopoietic (“blood”) stem cells
of a patient are replaced with those of a donor, figure 1.

Donor

()
4 —
'*' A donor’s stem cells
are collected, from .:
peripheral blood or —_—
bone marrow
Stem cell infusion
Patient Patient with Patient wit_h rTew
~ weakened hematopoieticsystem
Conditioning immune () (
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start to produce new

treatment system _*,
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The donor’s stem cells

Uy blood cells
Day-10 Infusionday0  Day30 Day 100 1year >
The patient’scancer cells are killed with Risk of developingacute | Risk of developingchronic

high-dose chemotherapy +/- radiotherapy GVHD GVHD

Figure 1. Flow chart of haematopoietic stem cell transplantation.
Image courtesy of Dr. H. Engler.

When used as a treatment for cancer, the patient first receives treatment with
high doses of chemotherapy, with or without radiotherapy, to Kill cancer cells
and weaken the immune system’s ability to reject the donated stem cells (1).
Stem cells are then collected from a voluntary donor, either from the bone
marrow, from peripheral blood or from umbilical cord blood cells stored in an
blood bank. After processing of the cells, the donated stem cells are infused
into the patient, through a catheter placed into a blood vessel. The stem cells
then travel from the blood to the bone marrow, where they begin production
of new mature blood cells.

Stem cell transplantation is primarily used as a treatment for life threatening

haematological malignancies such as acute leukaemia, myelodysplastic syn-
drome and lymphoma, but also for some non-malignant diseases of the bone
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marrow, thalassemia, sickle cell disease and primary immune deficiencies, of-
fering a potential cure for patients that otherwise have few other treatment
options.

Although offering the potential for cure, stem cell transplantation comes with
significant risks for the patient. These can be from side effects from the chem-
otherapy, mainly in the form of infections, or the development of Graft-ver-
sus-host disease, GVHD. GVHD is a condition where the new immune sys-
tem, derived from the donors stem cells, attack the patient’s body, causing
inflammation and tissue damage. In severe forms, it can cause irreversible or-
gan damage, and can, both in its acute (within the first 100 days) and chronic
form, be fatal or lead to chronic debilitating conditions (2).

Treatment of patients with allogeneic haematopoietic stem cells would not be
possible without a donor willing to donate the stem cells necessary for the
procedure. The likelihood of a successful transplantation is dependent on find-
ing a donor with a high degree of compatibility between the donor’s immune
cells and the patient’s cells. This is measured as the similarity, or match, of a
group of proteins called human leukocyte antigens, or HLA (3).

The HLA are protein markers found on the cell surface of almost all human
cells and play an important role in the immune system’s ability to recognise
which cells belong to the body and which do not. A person inherits their HLA
in pairs from their parents, each pair made up of one HLA inherited from each
parent. A person’s unique combination of different HLA is referred to as their
HLA type.

Close relatives are those most likely to have an HLA type similar to, or match-
ing, the patients. There is a 25% chance that a sibling of a patient will be a
complete match, while children and parents of a patient will match half of the
patients HLA markers.

About 70% of patients will not have a fully matching family donor (3).
Through the establishment of an international network of large registers of
voluntary unrelated donors, un unrelated donor can be found for 30-70% of
patients, but is dependent on the HLA type, and thereby the ethnic origin, of
the patient (3, 4).

Together with new treatment protocols allowing transplantation from hap-
loidentical donors, i.e., donors that match one half of the patients HLA mark-
ers, and the availability of stem cells stored in umbilical cord blood banks,
most patients without a fully matching family donor can today find a suitable
donor.
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Figure 2. Depiction of the bull Donn Cuailnge

Detail from mural by Belfast artist Desmond Kinney.
Photo by William Murphy, reproduced by permission under CC BY-SA 2.0

Anecdotally, the first mention of what might be considered an allogeneic bone
marrow transplantation can be found in the Celtic An Tain B6 Cuailnge — an
8" century epic saga central to early Irish literature. When the hero of the saga,
Cethern mac Fintain, is mortally wounded in the defence of the Gaelic king-
dom of Ulster and their most valuable asset, the stud bull Donn Cuailnge, fig-
ure 2, he is saved by being placed for three days and nights in a mash of animal
bone marrow' (5).

i“And Cethern was placed in the marrow-mash for the space of three days and three nights, and
he began to soak up the marrow-mash which was about him. And the marrow entered into his
wounds and gashes, his sores and many stabs. Then after three days and three nights he arose
from the marrow-mash, and thus it was that he arose but were saved by being succumbed in the
bone marrow”5. Téain B6 Clalnge, the Book of Leinster CELT, the Corpus of Electronic Texts
[Available from: https://celt.ucc.ie/published/T301035/text032.html.

15


https://en.wikipedia.org/wiki/Donn_Cuailnge

Early attempts at stem cell transplantation

The first scientific description of an attempt at performing allogeneic stem cell
transplantation was published in the Annals of internal medicine in 1939 (6),
of a 19-year-old woman with aplastic anaemia treated with bone marrow ob-
tained from her brother, figure 3. At the time of her death three days later, no
clinical benefits or side effects had been noted.

In 1956, E. Donnall Thomas’ group performed attempts at stem cell transplan-
tation in six patients (7). Besides a possible effect on the haemoglobin level in
one patients, no beneficial effects could be seen in the patients and possible
engraftment was detected in only two of the patients. Thomas was in 1990
awarded the Nobel Prize in Physiology or Medicine for his work on organ and
cell transplantation.

Apart from difficulties in achieving during engraftment of donor stem cells in
the recipient, it soon became clear that if engraftment was successful, most
recipients developed what was initially called “secondary disease”. Symptoms
of diarrhoea, weight loss, hepatic failure and skin lesions were thought to oc-
cur due to a reaction between donor cells and the host’s tissues, a graft-versus-
host reaction (8-10), and are now often referred to as graft versus host disease
(GVHD).

It was not until the discovery of the human leukocyte antigens (HLA) during
the 1960s, enabling matching of donors and recipients regarding important
aspects of their immune system, that interest increased. The HLA are cell sur-
face proteins found on nucleus-containing cells in the body; involved in the
regulation of the immune system. HLA proteins interact with the immune sys-
tem mainly by presenting intra- or extracellular protein fragments, eliciting an
immune system activation (11). The mechanism is an important part of the
defence against infections but also against cancer cells (12).

By the end of the 1970s, survival and proliferation of the donor’s cells in the
patient - engraftment, could be achieved in more than 90 % of leukemia pa-
tients, although relapse-free survival beyond one year was achieved in only
about 1 in 10 patients (13).

Until the beginning of the 1990s, sibling donors was almost exclusively the
source of stem cells, with cells obtained through multiple aspirations of bone
marrow, usually from the posterior iliac crests during general anaesthesia. The
successful transplantation of bone marrow from an unrelated donor in 1980,
widened the availability of possible stem cell donors and transplantation ac-
tivity increased (14). The number of transplants from unrelated donors since
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then gradually increased, and has equalled those from related donors during
the last 15 years (15).

Milestones in the history of allogeneic transplantation
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Figure 3. Timeline of major events in the history of allogeneic haematopoietic stem
cell transplantation, and estimated yearly number of transplants performed worldwide

Drugs that mobilise haematopoietic stem cells into the peripheral blood were
developed during the 1990s, most notably the cytokine G-CSF. This made it
possible to collect peripheral blood stem cells (PBSC) through apheresis and
has since replaced bone marrow donation as the main form of donation (15).

Current status of allogeneic stem cell transplantation

Allogeneic stem cell transplantation is today an established treatment option
mainly for haematological malignancies, such as acute myeloid leukaemia,
acute lymphatic leukaemia, myelodysplastic syndrome and lymphoma, but
also for some non-malignant disorders, such as bone marrow failure syn-
drome, hemoglobinopathies, and inherited metabolic disorders, figure 4. An-
nually more than 30000 allogeneic transplantations are performed worldwide,
with numbers globally increasing each year (15, 16).
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The transplantation of blood stem cells from a healthy donor has two main
effects for the recipient. First, it makes it possible for a patient to be treated
with chemotherapy at doses that would otherwise not be tolerated, because of
lethal effects on the patient’s bone marrow. Secondly, immunological effects
of the new immune system will help suppress or eradicate remaining malig-
nant cells, a so-called graft versus leukemia effect (GvL) (17, 18). This immu-
nological mechanism comes with the risk of developing GVHD, where the
new immune system from the donor attacks and damages the recipient’s or-
gans. Acute GVHD occurs in a significant proportion of stem cell recipients
and is together with chronic GVHD a major cause of mortality and morbidity
in stem cell transplanted patients (19).

Main indications for allogeneic stem cell
transplantation

= Myeloid malignacies = Lymphoid malignancies Nonmalignant disorders

Figure 4. Indications for allogeneic stem cell transplantation, and number of trans-
plantations, in EBMT associated countries, 2019. An additional 29 patients were
treated for solid tumours, and 157 patients were transplanted for other indications (9).

Outcomes of allogeneic stem cell transplantation

Outcomes after allogeneic transplantation have improved over time; a recent
retrospective analysis of EBMT data showed minor increases in overall sur-
vival during the time period 2001 — 2015, figure 5 (20).

In a retrospective review of 1148 patients transplanted 2003-2007, relapse or
malignant disease progression was reported for roughly 25% of patients, with
an overall survival of about 75% at day 200 post-transplant, and 50% after 7
years. Acute GVHD grade I11-1V was experienced by 14% (21).
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Figure 5. Overall survival of 106 188 allogeneic stem cell transplant patients, divided
by year of transplant.

Epoch 1, 2001-2005: 23 249 patients;  Epoch 2, 2006-2010: 35 348 patients;
Epoch 3, 2011-2015: 47 591 patients

Adapted with permission from Shouval R, et al. Lancet Haematol. 2019;6(11):e573-
e84.

In a Cochrane meta-analysis of nine randomised controlled trials with 1521
patients, relapse or disease progression was reported for 20%, mortality from
relapse 15%, and non-relapse mortality 20%, after a median of two years (22).

In a study of 960 patients transplanted for non-malignant diseases, overall sur-
vival of 80-85% and non-relapse mortality of 15% was reported 5 years after
transplant. The cumulative incidence of acute GVHD grade lI-1V was 9%
and the cumulative incidence of chronic GVHD 18% during the first year (23).

Acute myeloid leukemia (AML) is the single most common indication for al-
logeneic stem cell transplantation. For patients transplanted for AML treat-
ment related mortality is reported to be 15-30% (24). Approximately 30% of
patients suffer disease relapse within the first year, 10-36% experience acute
GHVD grade I11-1V, and 35-51% chronic GVHD (25).
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Stem cell donation

Choosing a donor

For a donor to be considered suitable they must meet stringent medical de-
mands in order to tolerate donating with a low risk, they must be immunolog-
ically compatible regarding HLA type, and willing to donate (26, 27).

The preferred choice of donor is today usually to find a healthy sibling, as it
has been suggested that sibling donations result in less severe GVHD, and
perhaps even increased survival compared to unrelated donors (25, 28, 29).

A sibling donor matching the recipient on both alleles of the five most im-
portant HLA pairs (HLA-A, -B, -C, -DRB1, and -DQB1), a so called 10/10
match, is usually considered optimal but can only be found in about 30% of
all cases (4).

If there is no compatible sibling available, an international search of voluntary
unrelated donor or cord blood registries can be performed to find a matching
donor. There are currently more than 39 million registered potential donors in
different national or regional donor registries (30).

About half of all transplantations are performed with a related donor and half
with an unrelated donor, with significant regional differences in the distribu-
tion (31). The likelihood of identifying a fully matched unrelated donor is
largely influenced by the ethnic origin of the patient, with those of African,
Asian or Hispanic descent less likely to find a donor, as a majority of regis-
tered voluntary donors are of Western European origin (4)

Over the last ten years, the use of stem cells from haploidentical donors, i.e.,
a related donor with a 50% HLA match, have gained renewed attention, and
the number of such transplants have increased substantially (15). This is made
possible mainly through the development of novel treatment protocols, reduc-
ing the increased risk of graft rejection and acute GHVD that previously was
a limiting factor (32).

International recommendations for evaluating prospective unrelated donors,
and criteria for who can be considered as a suitable donor, has existed for at
least 25 years, and have been continuously updated (27, 33-36). Unrelated do-
nors are usually restricted to ages 18-60 years. Similar recommendations for
related donors are more recent (37). Criteria for permitted comorbidities in
related donors have commonly not been as strict as for unrelated donors, and
no absolute age limit applied.
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Stem cell source

When the first transplantations were performed in the 1950s, stem cells were
harvested from deceased adults and infants, from ribs removed during surgery,
or by aspiration from the crista iliaca of the hip bone from a living donor (7).

Bone marrow aspiration, usually from the posterior iliac crest during general
anaesthesia, was the routine method for harvesting stem cells until the mid-
1990s, when stem cell mobilising drug G-CSF was introduced. G-SCF treat-
ment, usually at a standard dose of filgrastim 1 ME/kg/day for 4-5 days prior
to apheresis, has been found both to increase the production of haematopoietic
stem cells as wells as facilitate their release into the peripheral blood, where
they can be collected through an apheresis procedure. After separation of
blood stem cells, the majority of mature blood cells are returned to the donor
during the apheresis (38).

With apheresis after G-CSF treatment, it is generally possible to obtain and
transplant a larger number of stem cells, resulting in a faster engraftment and
lower risk of graft failure, but at the expense of an increased risk of chronic
GVHD (22, 39). Today approximately 75-80% of all donations are performed
with the aid of G-CSF in the Nordic and European countries (15, 40).

Bone marrow aspiration is still used as a stem cell source in about 50% of
transplantation for non-malignant diseases, due mainly to a perceived lower
risk of GVHD, and in about 10% of transplantations for malignant diseases
(31).

A less common, but important, possible source of stem cells is umbilical cord
blood. Cord blood can be collected at the time of birth, from the clamped por-
tion of the umbilical cord, and would otherwise be thrown away. After prepa-
ration, cord blood cells are frozen and deposited in a public or private cord
blood bank until needed. Approximately 35 000 cord blood transplants have
been performed, and close to 800 000 cord blood units stored in publicly avail-
able cord blood banks (41, 42). The last ten years has seen a decrease in the
numbers of cord blood transplant in Europe and the US, but a steady increase
in China and other parts of Asia, in part probably explained by the different
availability of matched unrelated donors for patients of different ethnic origin.
Cord blood transplantation is believed to result in a lower incidence of chronic
GVHD, but lower numbers of transplanted cells delay hematopoietic recovery
and increases the risk of graft failure (41).
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Short term complications after stem cell donation

Several groups have evaluated the short-term side effects (usually meaning
within 30 days) experienced by stem cells donors, the larger studies being of
unrelated donors from donor registries. The most common side effect, regard-
less of stem cell source, is pain (40, 43-46). Although bone marrow donors
experience a higher degree of pain at the harvest site, peripheral stem cell mo-
bilisation seems to be associated with more pain overall. The duration of
symptoms is meanwhile shorter after PBSC donation, with half of PBSC do-
nors completely recovered within a week, compared to less than one in five
marrow donors (43). Fatigue and insomnia are other common side effects (43,
45).

Adverse events, other than those commonly expected, e.g., pain and fatigue,
have been more common among peripheral blood donors in some studies, in
some cases related to the use of venous catheters during harvest (47). Sponta-
neous splenic rupture is a very rare, but repeatedly reported complication after
PBSC donation (48-50). Sickle cell crisis, activation of autoimmune disorders
and lung injury are other extremely rare adverse events reported as case re-
ports (51-55).

Serious adverse cardiovascular or thromboembolic events were reported to be
more frequent among PBSC donors (10.8/10000) than among bone marrow
donors (4.3/10000), in a large European retrospective study (56). In contrast,
a large prospective study from the American National Marrow Donor Pro-
gramme (NMDP) reported significantly more serious adverse events among
bone marrow donors than among donors of peripheral blood (57). The dis-
crepancy seems to originate from differences in the definition of “serious ad-
verse events”; the events among marrow donors in the latter study consisted
to a large degree of an extra day of hospitalization for expected events such as
pain or nausea.

Although most reported adverse events are of moderate severity, fatalities
within 30 days of donation have been reported for both bone marrow and pe-
ripheral blood donors (47, 51, 58-60).

G-CSF and the risk of cancer

While bone marrow donation is assumed not to increase the risk of malig-
nancy, the use of G-CSF for stem cell mobilisation in PBSC donors has raised
some concerns, especially regarding the risk of haematological malignancies
(61-63).
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In patients with severe congenital neutropenia, a mutated G-CSF receptor has
been shown to predispose leukemogenesis (64). In preclinical models on the
other hand, G-CSF rather seem to supress leukemogenesis and the leukemic
cells (65).

Several studies have looked at whether G-CSF treatment results in lasting ge-
netic or epigenetic changes. Baez et al. found altered gene expression and mi-
croRNA expression profiles in peripheral blood cells one year after G-CSF
treatment, while Hirsch et al. found no increased risk of aneuploidy, and Leit-
ner et al. found no difference in DNA methylation or DNA methyl transferase
activity after G-CSF (66-68).

In patients with aplastic anaemia or severe congenital neutropenia on long-
term G-CSF treatment, an increased risk of myelodysplastic syndrome and
acute myeloid leukaemia has been reported in observational studies, with rates
around 20%, correlating with cumulative doses of G-CSF (69, 70). These find-
ings have not been replicated in randomized trials, and to what extent they are
relevant for the short treatment received by healthy donors is doubtful (71).

Several smaller studies and case reports have been published about haemato-
logical malignancies in G-CSF treated donors. A larger German retrospective
review identified two cases of acute myeloid leukaemia and three cases of
Hodgkin’s lymphoma, resulting in a statistically significant increased stand-
ardised incidence ratios (63). Although several more cases of haematological
and/or other malignancies have been identified in a number of large follow up
studies of donors, these studies have not found any increase in the cancer in-
cidence (44, 57, 58, 72-83). A common limitation with these studies however,
is that follow up time is seldom more than four years; many have collected
data retrospectively, and rely on interview or survey data reported by either
the transplant centres or by the donors themselves.

Studies of secondary malignancies after different forms of cancer treatment
have shown that an increased malignancy rate can persist for up to 30 years
after treatment with chemotherapy and/or radiation, with a median time to di-
agnosis usually in the range of five to 15 years, or somewhat shorter for hae-
matological malignancies (84-88). Although a possible risk of an increased
malignancy rate caused by short-term G-CSF treatment of healthy donors
could safely be assumed to be lower than after exposure to chemotherapy or
radiotherapy, studies with a very long-term follow up are likely to be needed
to properly assess the risk of cancer development after donation.
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G-CSF and risk of non-malignant diseases

Cardiovascular effects

Myocardial infarctions, stroke and thromboembolic events have all been re-
ported as serious adverse events, among both bone marrow and PBSC donors
(73, 77). Among the few studies evaluating the risk of cardiovascular disease
after donation, Halter et al. reported an increased rate of mainly cardiovascular
serious adverse event in peripheral blood stem cell donors compared with
bone marrow donors, while Pulsipher et al. found no difference in the rate of
thrombosis (57, 58).

G-CSF has on the other hand also been evaluated in trials as a treatment for
both acute myocardial infarction and stroke, hypothesised to exert cardio- and
neuroprotective effects by inhibition of apoptosis and inflammation, stimulat-
ing angiogenesis and neurogenesis, as well as inducing a regenerative re-
sponse by stimulation of hematopoietic stem cells (89, 90). Promising exper-
imental data have so far not been replicated in clinical studies, and concerns
have been raised about the rise in leucocytosis and acute-phase responses in-
duced by G-CSF, both known to increase the risk of cardiovascular events
(91-93). A role of hematopoietic stem cells in the aetiology of atherosclerosis
has also gained some attention (94).

G-CSF and autoimmunity

A possible link between G-CSF treatment and autoimmune diseases been sug-
gested by experimental studies, showing G-CSF to induce a “pro-inflamma-
tory” cytokine pattern (95-97). Reports have also been published of single
cases of severe autoimmune hyperthyroidism and IgA-nephritis in G-CSF
treated donors (52, 53), while the role of endogenous G-CSF in exacerbation
of ANCA vasculitis has gotten some attention (98).

A study performed by the National Marrow Donor Program did however not
find any increased incidence of autoimmune diseases PBSC donors (57).

Alternatives to G-CSF for stem cell mobilisation

GM-CSF

The cytokine GM-CSF (Granulocyte-macrophage colony stimulating factor)
has been used for stem cell mobilisation for over 30 year. It differs from G-
CSF in both structure, receptor target as well as target tissue distribution. GM-
CSF has been shown to induce lower numbers of haematopoietic stem cell
yields than G-CSF (99). Cell grafts obtained after stimulation with GM-CSF
differs from that of G-CSF, with lower numbers of T and NK cells, and have
been suggested to be linked to lower risk of acute GVHD (100). This possible
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advantage has however been considered to be offset by the reduced mobilisa-
tion efficacy and toxicity (fever and hypotension) associated with increased
doses of GM-CSF, leading to it being used to a much lesser degree than G-
CSF (100, 101).

CXCR4-inhibitors

The homing of haematopoietic stem cell to the bone marrow has been shown
to depend to an important degree on the interaction between the chemokine
receptor CXCR4 and the chemokine SDF-1 (stromal cell-derived factor 1, or
CXCL-12) expressed by bone marrow stromal cell (102).

CXCR4-inhibitors were initially developed as a treatment of HIV (Human Im-
munodeficiency Virus), as CXCR4 is one of several co-receptors used by HIV
to infect CD4+ T cells (103). As a side effect in early trials of CXCR4-inhib-
itors in HIV infected persons, a marked increase in leukocyte counts was noted
(103), and later studies confirmed CXCR4-inhibition as a potential target for
mobilisation of haematopoietic stem cells in healthy volunteers (104). The
CXCR4-inhibitor plerixafor (AMD3100) was approved by the FDA in 2008
and the EMA in 2009 under brand name Mozobil®, for use together with G-
CSF in stem cell mobilisation for autologous transplantation, in patients with
Multiple Myeloma or Non-Hodgkin Lymphoma.

Successful allogeneic haematopoietic stem cell transplantations have been
performed after plerixafor-only mobilisation, with persisting functional grafts
(105). In small studies of healthy volunteers, plerixafor have been well toler-
ated, but apheresis cell yields appear to be lower than after standard regimens
of G-CSF (105-107). Adding plerixafor, after failure to obtain adequate cell
yield after mobilisation with G-CSF, increases the number of cells collected
(108), but also changes the cellular composition of the graft. Numbers of B
cells, CD4+ and CD8+ T cells, regulatory T cells, dendritic cells and myeloid-
derived suppressor cells are higher after plerixafor (109). If these changes in
the grafts cell composition is of any significance to the recipient remains to be
evaluated, as well as if there are any medium- to long-term effects on donors.
So far, no formal approval has been granted for the use of plerixafor for mo-
bilisation of stem cells in healthy donors.

Several other drugs targeting the CXCR-4 receptor with a possible use in stem
cell mobilisation are under development, but have so far not been trialed in
humans (110, 111). In a recently published study, a single dose of CXCR2
chemokine receptor-agonist GROR, was shown to be well tolerated in humans
as a single agent, but with insufficient stem cell mobilising capacity (112).
However, when administered together with plerixafor in mice, stem cell mo-
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bilisation levels were similar to standard G-CSF regimens, pointing to a pos-
sible new combination of drugs for mobilisation, with the advantage of a sin-
gle day of administration (112).
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Research aims

The overall aim of the doctoral studies is to explore different aspects of the
risks associated with donating blood stem cells.

Specific aims:

1.

To describe short-term complications from stem cell donation in the
Nordic countries, and compare differences depending on stem cell
source.

To evaluate the implementation of biosimilar G-CSF as a stem cell
mobilising agent for stem cell donors, and review its safety.

To assess the incidence of malignancies in Swedish peripheral blood
stem cell donors compared to the general population, bone marrow
donors and their non-donating siblings.

To describe potential blood stem cell donors’ pre-donation worries
and psychological well-being before donation, and investigate possi-
ble associations between donor characteristics and psychological
well-being.

To assess the incidence of cardiovascular diseases in Swedish periph-

eral blood stem cell donors compared to the general population, bone
marrow donors and their non-donating siblings.
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Methods

Paper |

Participants

1957 donors included in the Nordic Register of Haematopoietic Stem Cell
Donors (NRHSD), donating between 1998 and 2014. Participants were re-
cruited at 10 transplantation centres from Sweden, Denmark, Norway and Fin-
land.

Data collection

Data was collected by transplant physicians or nurses on pre-specified forms
at each transplant centres. PBSC donors were assessed during apheresis for
bleeding/hematomas or citrate effects, with an additional open text field for
“other symptoms.” At follow-up, donors were assessed for occurrence of mus-
cle/ skeletal pain, headache, fatigue or other symptoms experienced within the
first month after start of G-CSF.

A short questionnaire was completed by donors one month after the donation,
containing questions on five topics:

1. Number of days spent in the hospital

2. Number of outpatient visits

3. Number of days on sick leave

4. Time until resuming normal daily activities

5. Would the donor consider donating again

Data analysis

Descriptive statistics and multivariable regression statistics was used for sta-
tistical analyses. Chi2-tests were used for comparison of categorical data and
Student’s t test for continuous data. Multivariable Poisson regression analyses
were performed including identified potential covariates, using donation type
(BM/PBSC), donor sex (male/female), relationship to recipient (related/unre-
lated) and age (>50 vs.<50) as variables.
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Paper I

Data collection

Literature review

A search for published reports of use of biosimilar filgrastim for stem cell
mobilisation in healthy donors was performed, using the database Pub-
med.org, the EMA European Public Assessment Reports for each registered
biosimilar, as well as the annual meetings abstract books for the European
Society for Blood and Marrow Transplantation (EBMT) and the American
Society of Hematology (ASH) for the years 2008-2016. Only English-lan-
guage, peer-reviewed journals were included, alongside abstracts with results
not published in manuscript form. Published data for 1287 study participants
were included in the analysis.

Survey

A survey was sent to 64 WMDA-associated registries, and completed by 33
registries from Europe, North America, Asia and the Caribbean, South Africa
and Israel. The number of transplant and stem cell collection centres associ-
ated with each register ranged from one to more than twenty.

Registers were asked to answer questions regarding two topics:

1. What brand of G-CSF was currently being used for unrelated and re-
lated donor stem cell mobilisation

2. If they since 2013 had made, or were planning to make, a change of
G-CSF brand, and, if so, the reasons for changing

Data analysis
Descriptive statistics were used to report results.

Paper Il

Study design
Nationwide register-based cohort study

Data collection

Personal identity number, donation date and stem cell source was collected
for 1 576 related first time haematopoietic stem cell donors, donating in 1977—
2014. Data was gathered from local transplant centre records from all six Swe-
dish centres for allogeneic stem cell transplantation. Nineteen additional do-
nors were identified but not included in the study, as a correct personal identity
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number, donation date or stem cell source could not be correctly identified.
Twenty donors with a cancer diagnosis before their donation date were ex-
cluded, leaving 1 556 related donors included in the study.

An additional 376 unrelated Swedish donors, donating in 1998-2014, and pre-
viously included in the Nordic Register for Haematopoietic Stem cell Donors,
were also included in the study (40).

For each PBSC donor, five population based controls with the same year of
birth, sex, and county (in Swedish: 1an) of residence at the end of the year of
donation, were drawn at random by Statistics Sweden from the general Swe-
dish population, using the Total Population Register, 5 299 controls in total
(113).

The identity of all the PBSC donors’ siblings was obtained from the Multi-
Generation Register, Statistics Sweden. (114)

A database was created by linking data from four Swedish national popula-
tion-based registers:

o the Swedish Cancer Register,

e the Swedish Multi-Generation Register,
o the Swedish Patient Register, and

e the Swedish Cause of Death Register,

containing data on all incident cancers for the 1 082 PBSC donors and their
1 115 siblings, 5299 matched controls, and 850 bone marrow donors.

Linkage of data was performed at the Statistics Sweden or the Swedish Na-
tional Board for Health and Welfare using national identification numbers,
which were then removed before delivery of the datasets for statistical anal-
yses.

Data analysis

For data analysis, the statistical software SAS version 9.4 for Windows (SAS
Institute, Cary, NC, USA) was used.

Cancer incidences for donors and their comparison groups were modelled
through multivariable Cox regression (115), using the SAS procedure PHREG
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(116). Sex (male/female), age at donation and relationship to recipient (re-
lated/unrelated) were included as potential confounding factors.

Relative risks, compared with controls, bone marrow donors and siblings,
were estimated as hazard ratios with 95% Cls and results presented as crude
event rates and in models adjusted for potential confounding factors.

Any first-time haematological malignancy, or any cancer, after donation and
before December 31 2015, except non-melanoma skin cancer and premalig-
nant lesions (cancer in situ), was counted as an event in the analyses. Data was
censored at first event, death or emigration.

Cancer incidence of G-CSF stimulated peripheral blood stem cell donors was
compared to population controls, bone marrow donors and siblings using mul-
tivariable Cox-regression analysis in statistical programming software SAS.

Paper IV

Study design
Nationwide cross-sectional study.

Data collection

Adult potential haematopoietic stem cells donors were consecutively recruited
at the six stem cell transplantation centres in Sweden (Goéteborg, Linkdping,
Lund, Stockholm, Umed, and Uppsala) from April 2019 to May 2020. Poten-
tial donors were defined as individuals being HLA-typed with an HLA-match
with the recipient. We defined being an HLA-match as a HLA-typing result
compatible with being considered as an HLA-identical, haploidentical or
matched registry donor, regardless of the final choice of donor.

Transplant coordinators at each centre identified potential study participants
at the time of obtaining results of HLA typing (related donors), or during their
medical donor investigation (unrelated donors). A central study coordinator
then distributed mail-out questionnaires. Participants were considered to have
given written informed consent by answering the questionnaire.

Questionnaires, constructed specifically for the study, included questions

about sociodemographic variables, the relation to the recipient, two study spe-
cific questions concerning pre-donation worry for the recipient and pre-dona-
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tion worry for one-self as a donor, and the validated instruments Hospital Anx-
iety and Depression Scale (HADS)(117), and the Short Format-12 survey
(SF12v2) (118, 119).

Data analysis
The statistical calculations were performed with SPSS 24.0 software (IBM,
Chicago, IL, USA)

Descriptive statistics were used to describe the characteristics of the partici-
pants and their worries, using independent t-tests or two-sided y2-tests de-
pending on the data level. Multivariable linear regression analyses were used
to explore the association between pre-donation worry for one-self, pre-dona-
tion worry for the recipient, relation to the recipient, gender, age, being a co-
habitant, physical health, and three outcome variables; anxiety, depression,
and mental health.

Paper V

Study design
Nationwide register-based cohort study

Data collection

The same data set as for the study presented in paper 111 was used, with linking
of data from multiple Swedish national registers performed by Statistics Swe-
den or the Swedish National Board for Health and Welfare using national
identification numbers. The study outcome measure, new diagnoses of cardi-
ovascular disease, was gathered from the Swedish Patient Register.

Data analysis

For data analysis, the statistical software SAS version 9.4 for Windows (SAS
Institute, Cary, NC, USA) was used.

Cardiovascular disease incidence rates for donors and their comparison groups
were modelled through multivariable Cox regression (115), using the SAS
procedure PHREG (116). Age at donation, sex (male/female), and relationship
to recipient (related/unrelated) were included as potential confounding factors.

To adjust for potential time trends in diagnosis of cardiovascular disease, and
because bone marrow donors were more likely to have donated during the use
of ICD-code classification ICD-8 and ICD-9, year of donation was also in-
cluded as a potential confounding factor in the models comparing disease in-
cidence between PBSC and BM donors.

32



For each disease category, individuals with a diagnosis of the examined dis-
ease prior to the time of donation were excluded from that analysis.

Relative risks, compared with controls, bone marrow donors and siblings,
were estimated as hazard ratios with 95% Cls and results presented as crude
event rates and in models adjusted for potential confounding factors.

Any first-time cardiovascular diagnosis after donation and before December

31 2015 was counted as an event in the analyses. Data was censored at first
event, death or emigration.
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Ethical considerations

All studies except for the study presented in paper Il have been subject to
review by the regional ethics review board in Uppsala and/or Stockholm, num-
ber 98-259, 2016/497 and 2018/214. As the study presented in paper Il only
analysed data that was either; 1: previously published with appropriate ethical
approval or 2: did not contain any data involving individual research subjects,
it was judged to not require separate review by an ethical review board.

All research subjects in study | and IV had given an informed consent to par-
ticipate in the studies.

For studies presented in paper Ill and V, no informed consent was collected.
It was considered that it would result in considerable difficulties and financial
costs to try to collect informed consent for these studies. The study period of
more than 40 years, and that the studies involved large number of individuals,
would likely have resulted in a large selective loss of study participants. This
would have compromised the scientific quality of the studies, due to reduced
statistical power and generalisability of the results. Apart from the potential
intrusion on privacy, by accessing data from public health registries, no effects
whatsoever were anticipated for the research subjects of these studies, neither
harmful nor beneficial. The benefits of performing the study without collect-
ing informed consent were therefore considered to outweigh potential risks.

For study IV, it was considered that the survey might, in some individuals, be
considered an intrusion of privacy. The study’s aim of improving knowledge
about the psychological wellbeing, and thereby possibly help in the improve-
ment of care of potential donors, was considered to outweigh the involved
risks.

For all studies, data was analysed in anonymised or pseudonymised form, and

presented on an aggregated level, making it impossible to identify individuals
from the presented results.
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Results

Paper |

Donation of both bone marrow and peripheral blood stem cells was found to
be generally well tolerated by related and unrelated donors. A majority, 71%,
of donors did not require, or required less than one week of sick leave. Bone
marrow donors and related donors were somewhat more likely to require
longer sick leave. Compared to unrelated donors, related donors were older,
had more comorbidities, and more frequently needed a central venous catheter
and/or multiple apheresis.

A majority, >90%, of all donors, experienced some short-term side effects.
Bone marrow donors were more likely to experience fatigue while PBSC do-
nors were more likely to suffer from bone/muscle pain and/or headache. The
duration of symptoms was longer for bone marrow donors and they reported
a longer time to full recovery.
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Table 1. Characteristics of peripheral blood stem cell and bone marrow donation

irocedure.

G-CSF (n=1377) Method of anaesthesia

(n=473)

. . 1372 0
Filgrastim (>99%) General 455 (96%)
Lenograstim 5 (<1%) Spinal 14 (3%)

Epidural 4 (1%)

Site of BM harvest

Days of G-CSF (n=1353)

(n=459)
4 days or less 549 (41%) Crista iliaca posterior 450 (98%)
5 days 726 (54%) Crista iliaca anterior 29 (6%)
6 days 67 (5%) Sternum 25 (5%)

7 days 11 (1%)

Venous access first day Erythrocyte transfusion

of apheresis (n=1336) (n=449)
Central 154 (12%) Autologous 210 (47%)
Peripheral 1182 (88%) Allogenic 11 (2%)

w
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Paper Il

A worldwide survey of WMDA associated transplant and collection centres
for both related and unrelated donors found large differences between centres
in the choice of G-CSF drug use, with a majority of centres using originator
G-CSF (Neupogen®). Between 2013 and 2017, 20% of surveyed registers had
switched to biosimilar filgrastim, with a lower price cited as the main reason
for change, while another roughly 20% were currently considering a change.

A review of all identified studies comparing originator G-CSF (Neupogen®)
and G-CSF filgrastim biosimilars showed a high degree of similarity in phar-
macokinetics and pharmacodynamics between biosimilar drugs and
Neupogen, and there were no signs of significant differences regarding short-
term side effects or mobilization efficacy.

Paper Il

After a median follow up time of 9.8 years, a malignancy had been diagnhosed
in 5.8% (63) of 1082 PBSC donors.

The incidence rate of six cancer cases per 1 000 person years did not differ
from that of age-, sex-, and residence-matched controls, where 282 (5.3%)
cancer cases were detected among 5 299 controls, 5.6 cases per 1 000 person-
years, hazard ratio 1.03 (95% CI 0.78-1.36, p-value 0.85).
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Figure 6. Cancer incidence rate hazard ratios and 95% confidence intervals for pe-
ripheral blood stem cell donors, compared with age-, sex- and residency-matched pop-
ulation controls.

Nine PBSC donors (0.83%) were diagnosed with a haematological malig-
nancy during the follow-up period. The resulting haematological malignancy
incidence rate of 0.85 cases per 1 000 person-years of follow-up was not sig-
nificantly different from that in the control group (26 cases (0.51%), incidence
rate 0.51 cases per 1 000 person-years, hazard ratio 1.70 (95% CI 0.79-3.64,
p-value 0.17).

Paper IV

Out of 210 potential donors surveyed before donation, 21% reported increased
anxiety, defined as >8 on the HADS-A scale, whereas depressive symptoms
as measured by HADS-D were uncommon. General mental health measured
by SF-12 was lower than that previously reported for the Swedish population
(SF-12 score of 49.5 compared to 52.9).
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A lot of worry for one-self pre-donation, lower age and female gender were in
multivariable analyses independently associated with a higher level of anxi-
ety. The HADS-A score increased 2.57 points by a lot of worry for one-self;
0.8 points for each 10 years of lower age and 1.18 points by female gender.

Combining these three identified factors, a small group of potential donors
were identified that might benefit from a more detailed evaluation of their
mental health, and increased support during the donation process. Female po-
tential donors below the median age of the study’s participants (<38 years),
who expressed a lot of worry for them-self pre-donation, scored substantially
higher for anxiety (HADS-A mean score 10.0 vs. 4.8, p< 0.05) and lower for
mental health (SF-12 MCS mean score 40.5 vs. 49.8, p< 0.05) than the rest of
the participants.

Paper V

Of 1098 PBSC donors, 5.5%, (n=60) had a previous diagnosis of cardiovas-
cular disease, mainly hypertension or atrial fibrillation before donation. Of
1038 donors without any cardiovascular disease at the time of donation, a di-
agnosis of cardiovascular disease was recorded for 16.5% (n=167), during a
median follow up of 9.2 years.

The event rate of a new diagnosis of cardiovascular disease was 18.1 cases per
1000 person-years. The event rate in age-, sex-, and residence-matched con-
trols was 19.2 cases per 1000 person-years, with 850 cases detected among 5
299 controls, resulting in a hazard ratio of 0.89 (95% CI 0.75 — 1.06, p-value
0.19).
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Figure 7. Cardiovascular disease incidence rate hazard ratios and 95% confidence in-
tervals, for peripheral blood stem cell donors compared with age-, sex- and residency-

matched population controls.

Mortality from any cause was 2.9% for donors (32 of 1098) compared to 4.4%
for population controls (240 of 5495), hazard ratio 0.65 (95% CI 0.45-0.94,
p-value 0.02) in a model adjusting for sex and age at donation.
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Discussion

The care for haematopoietic stem cell donors and the criteria for selecting ap-
propriate donors need to be continually evaluated, to serve the dual purpose
of ensuring the safety and wellbeing of the donor as well as the highest possi-
ble chance of a successful transplantation.

Short-term risks and donor characteristics

When the initiative was taken to gather information from the Nordic countries
about donor characteristics, short-term side effects and the results of stem cell
harvesting in the NRHSD, few publications existed in this area from the Nor-
dic setting (120, 121). Although much knowledge has been gained and pub-
lished since, the data from the NRHSD presented as part of paper I is the first
large study focusing on haematopoietic stem cell donors in the Nordic coun-
tries, with almost 2000 included donors.

Our study found that most donors experienced only limited side effects from
donation, with shorter symptom duration for PBSC donors than for BM do-
nors, consistent with results from the large US National Marrow Donor Pro-
gram for unrelated donors (43, 122). Only one percent of PBSC donors re-
ported symptoms lasting more than one week, while 36% of BM donors did,
and 8 % of BM donors had persisting symptoms after four weeks. This was
also reflected in 59 % of BM donors reporting being on sick-leave more than
one week compared to 20% of PBSC donors, in an analysis restricted to do-
nors of working age (18-65 years).

We also found several important differences between related and unrelated
donors, both in donor characteristics and regarding the donation procedure.
Related donors were older, with a mean age of 44.6 years compared to 36.6
years for unrelated donors, and comorbidities such as hypertension, cardio-
vascular disease and diabetes were more common in related donors. A previ-
ous malignancy (15 cases), thromboembolic event (6 cases), or myocardial
infarction (6 cases) was only reported for related donors.
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Related PBSC donors were also almost twice as likely (45% vs 27%) to need
multiple days of apheresis or need a central venous catheter during apheresis
(13% vs 8%).

One could assume this would put related donors at a higher risk of side effects,
but except for more related donors experiencing fatigue after BM donation,
we found no differences in reported side effects between related and unrelated
donors. Findings in other studies comparing related and unrelated donors have
not been uniform, but an increased risk of more serious adverse events have
been reported for related donors (58), or for related donors who did not fulfil
criteria applied to unrelated donors (79).

Long-term health risks after G-CSF and PBSC donation

G-CSF exerts its effects mainly through the transmembrane G-CSF receptor,
found on cells at various stages of haematopoiesis but also on hon-haemato-
poietic cells (123, 124). The concern for long-term increased risks of cancer
or cardiovascular disease after PBSC donation rest mainly on theoretical rea-
soning and case reports (58, 61, 62), although an increased incidence rate of
AML and Hodgkin lymphoma was reported in a retrospective single centre
study of >8000 German donors. This finding has however not been reproduced
in numerous other studies, reporting no increase in cancer incidence (61, 75,
76, 79, 125).

Cardiovascular events after PBSC donation have also been described in sev-
eral studies, finding no differences in cardiovascular disease incidence be-
tween PBSC donors and BM donors (56, 125), or compared to the general
population (126). Previous studies generally have been limited by a short fol-
low-up time, often less than 4 years, and large loss to follow-up, possibly af-
fecting their results.

In two studies of cancer and cardiovascular disease incidence presented in pa-
per 11 and V, we used Swedish national population based registers to calculate
disease incidence rates after PBSC donation. These registers allowed us to
compare disease incidence rates both to those of the general population, the
donors’ siblings and to bone marrow donors, with a long-term follow up and
low loss to follow up.

We found no difference in the total cancer incidence of PBSC donors, and a
low incidence rate of haematological malignancies, not significantly higher
than that of matched population controls. Similarly, the overall risk for cardi-
ovascular disease was not increased after PBSC donation. In the study of car-
diovascular disease risk, all-cause mortality was lower for PBSC than for
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matched population controls, possibly due to unaccounted-for differences in
pre-existing comorbidities, sociodemographic or lifestyle factors.

The results are reassuring, although limitations in study size (Sweden has a
population of about 10 million) prevented us to adequately evaluate potential
effects on the incidence of individual haematological malignancies.

Psychological aspects of becoming a stem cell donor

The physical risks that stem cell donors are subject to, with common symp-
toms such as fatigue, headache, bone pain, muscle pain and nausea, have been
well described by others and by our group (56, 122, 125, 127-130).

Less research exist regarding the psychological aspects of becoming a donor,
but qualitative (131-139) and small quantitative studies (129, 140-142) have
shown donors to report increased stress, as well as feelings of loneliness and
abandonment.

In a survey of 210 adult potential stem cell donors from all six Swedish haem-
atopoietic stem cell transplantation centres, we found mental health to be
lower than that previously reported for the general Swedish population (SF-
12 mental health score of 49,5 compared to 52,9). A 3-point lower SF12 men-
tal health score was previously shown to increase the risk of clinical depres-
sion by 40%, warranting further studies of how to best identify those donors
most at-risk (118).

In our study, lower age, female gender, and a high level of worry for one self
pre-donation were all found to be associated with a lower mental health score,
and also with higher levels of anxiety. This finding might possibly aid in iden-
tifying a group of potential donors with increased vulnerability and need for
additional support throughout the donation process.

43



Conclusions

The studies included in this thesis have aimed to increase the knowledge about
different aspects of risks inherent to becoming a blood stem cell donor.
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Data from the Nordic Register for Haematopoietic Stem cell Donors
confirm that haematopoietic stem cell donation is generally safe in the
short term, and associated with only transient side effects in a majority
of donors. The nature of side effects differ between bone marrow do-
nors and donors of peripheral blood stem cells, and bone marrow do-
nors usually need longer time to full recovery.

A worldwide survey by the World Marrow Donor Association, show
that an increasing number of transplant and collection centres have
implemented the use biosimilar filgrastim for stem cell mobilisation.
The so far published experiences from almost 10 years of using bio-
similar filgrastim for this purpose are remarkably small, but show no
sign of substantial differences regarding donor safety, mobilisation
efficacy or transplant results.

A register-based study of 1082 Swedish PBSC donors does not show
an increased incidence of haematological malignancies or overall can-
cer incidence, after a median follow up time of 9.8 years.

The psychological aspects of becoming a stem cell donor have so far
not received as much attention as the physical risks. A national survey
of potential stem cell donors finds increased anxiety levels and a
lower mental wellbeing in a proportion of donors. Younger female
donors with high levels of pre-donation worries are identified as a
group that might benefit from more support during the donation pro-
Cess.

A register-based study of 1098 Swedish PBSC donors does not show
an increased incidence of cardiovascular disease, after a median fol-
low up time of 9.2 years.



Future perspectives

Allogeneic stem cell transplantation has evolved during the last 70 years from
a highly experimental scientific idea, to a clinical treatment that, although
complicated and with known serious risks for the recipient, can be considered
standard of care for selected groups of patients. As the number of transplanta-
tions performed each year has continually increased over the last 30 years, so
has the number of stem cell donors needed.

Several important changes in the management of prospective donors have de-
veloped over the years, such as international guidelines describing updated
donor eligibility criteria for related and unrelated donors, the introduction of
G-CSF for stem cell mobilisation and the increasing number of unrelated and
haploidentical donors. There is still a need for increased knowledge about how
to further minimise risks for donors, and how to best offer support to those
donors most in need, throughout all parts of the donation process.

Stem cell mobilising drugs beside G-CSF, especially plerixafor that in recent
years seem to have gained an increased use, as well as other novel drugs being
developed, will need to be thoroughly evaluated. Systematic studies of both
short- and long-term consequences for donors, using large national registers
or multi-national cooperation, will continue to be important tools to evaluate
potential rare side effects.

Impact of new treatments on the number of allogeneic
stem cell transplantations

As allogeneic stem cell transplantation continues to be a treatment associated
with significant risks for treatment related morbidity and mortality for pa-
tients, there is a continuous effort of finding less toxic treatment alternatives.
The emergence of new treatment alternatives could influence both which pa-
tients, and the number of patients, that are selected for allogeneic stem cells
transplantations in the coming decades, and thereby the number of donors
needed.
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Among the treatments having so far perhaps gained the greatest attention, are
CAR-T cell therapy, immune check-point inhibitors (ICIs), bispecific antibod-
ies and antibody-drug conjugates, further described below. There is also a vast
number of other therapies under development that could affect the future need
for allogeneic stem cell transplantation (143).

CAR-T cells

CAR-T cells are T cells, engineered ex-vivo to target an antigen present on
tumour cells, figure 8.
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Figure 8. 1: T (or NK) cells are isolated from the patient’s blood. 2: Cells are mod-
ified to express chimeric antigen receptors (CARS) recognising tumour antigens. 3:
CAR-T cells are expanded until sufficient cell numbers are attained. 4: Cells are in-
jected into the patient’s body.

Promising results in the treatment of relapsed/refractory diffuse large B-cell
lymphoma and acute B lymphoblastic leukemia have led to the approval of
CD19-targeted CAR-T-cell therapies by FDA and EMA, at least in some cases
replacing allogeneic stem cell transplantation as a preferred therapy (144,
145). The number of current clinical trials involving CAR-T cell therapies has
been estimated to exceed 500 globally, in different stages of clinical trials
(146).

i Albinger, N. et al, Gene Ther 28, 513-527 (2021),
Reprinted with permission, http://creativecommons.org/licenses/by/4.0/. .
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Immune check-point inhibitors

Downregulation of the immune systems response to tumour cells is an im-
portant mechanism for some tumour cells’ survival. By blocking key inhibi-
tory immune checkpoints, ICIs can help restore the immune systems cancer
cell-killing capacity (147).

Currently approved ICls act on one of the inhibitory checkpoints CTLA-4 (cy-
totoxic T lymphocyte-associated molecule-4), PD-1 (programmed cell death
receptor-1), or PD-L1 (programmed cell death ligand-1), but drugs acting on
numerous other immune checkpoints are under development (148).

Except for the treatment of Hodgkin’s lymphoma, ICI treatment has been suc-
cessful mainly in solid tumours, thereby currently not affecting the need for
allogeneic stem cell transplantation, but with the intense development of new
drugs taking place this could change in the future.

Bi-specific antibodies

Bi-specific antibodies are molecules with two different antibody-based anti-
gen-binding sites and can be synthesised in many different forms (149). Their
mechanism of action in cancer treatment is mainly through binding and acti-
vation of immune cells to tumour cells, or by simultaneously targeting multi-
ple levels of cell signalling, with a large number of antibodies in development
(150). The first bispecific antibody to be approved for cancer treatment, blina-
tumomab, targets CD19 and CD3 antigens. CD19 is expressed mainly on B-
cells, and CD3 is part of the T-cell receptor. Blinatumomab treatment of heav-
ily pre-treated adult patients with relapsed or refractory ALL result in signifi-
cantly higher remission rates, event free and overall survival compared to
standard chemotherapy, although no difference is seen in the proportion of
patients later undergoing allogeneic stem cell transplantation (151).

Antibody-drug conjugates

Antibody-drug conjugates are molecules linking a tumour-targeting antibody
to a cytotoxic drug. While the first antibody drug conjugates were approved
more than 20 years ago, the rapid development of new antibodies has in the
last 10 years led to renewed interest. Several new drugs for the treatment of
both haematological malignancies and solid tumours have been approved,
among them Brentuximab vedotin for treatment of relapsed/refractory Hodg-
kin’s lymphoma and Trastuzumab emtansine for treatment of HER2 positive
breast cancer (152, 153).

Are new treatments leading to fewer allogeneic transplants?

Although there has been a steady upward trend in the yearly number of alloge-
neic stem cell transplants for the last 30 years, for the last three years reported
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from the EBMT (2016-2019) the numbers have levelled of (15), while the
numbers seem to continue to increase in the US (154).
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Figure 9. Allogeneic stem cell transplants for Hodgkin (HL) and non-Hodgkin lym-
phoma (NHL), from 1990-2019, EBMT associated countries
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Figure 10". Allogeneic stem cell transplants for lymphomas, and CAR-T treatments
for DLBCL, 2009 to 2019, United States.

DLBCL=Diffuse large B cell ymphoma; FL=follicular lymphoma; MCL=Mantle cell
lymphoma; HL=Hodgkin’s lymphoma; NHL= non-Hodgkin lymphoma; CAR-
T=Chimeric antigen receptor T-cells
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In the case of allogeneic stem cell transplantation as a treatment of lymphoma,
there has in recent years been an overall stagnation or even a slight decline in
the yearly numbers, figure 9it and 10v, (15, 155).

In the US a dramatic decrease in the number of patients transplanted for
DLBCL have been noted and coincide with an increase of the number of
DLBCL patients treated with CAR-T, figure 10, (155). Whether this is a per-
manent trend or the number of transplants will rebound remains to be seen.

For at least the near future, allogeneic transplantation will remain an important
treatment option for a large number of patients, and related and unrelated
haematopoietic stem cell donors will continue to play a vital part in the treat-
ment of these patients.

iii Reprinted with permission, http://creativecommons.org/licenses/by/4.0/

Published in: Passweg, J.R., Baldomero, H., Chabannon, C. et al. Hematopoietic cell transplan-
tation and cellular therapy survey of the EBMT: monitoring of activities and trends over 30
years. Bone Marrow Transplant 56, 1651-1664 (2021)

v Reprinted with permission

Published in: Nirav N. Shah; Mehdi Hamadani; Journal of Clinical Oncology 2021 39487-498.
Copyright © 2021 American Society of Clinical Oncology
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