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Since July 2007 prospective life-long follow-up (FU) for unrelated (URD) and related donors (RD) is mandatory in Switzerland and
data on every allogeneic haematopoietic progenitor cell (HPC) donation are collected prospectively. We report the real-world
experience of HPC donation during a 10-year study period (01.07.2007-30.06.2017) with basic characteristics and FU data. 1105
donors underwent 1155 HPC donation procedures. Eighty percent of first donations performed by 802 (73%) RDs and 303 (27%)
URDs were peripheral blood stem cells (PBSC), 20% bone marrow (BM). Male donors were over-represented as URD (60% male vs
40% female). Main differences between RDs and URDs concerned age and pre-existing health disorders. RDs were significantly
older at first donation (median age 48 years) compared to URD (34 years, p < 0.0001) and had more pre-existing health problems:
25% vs 9% in URD (p < 0.0001). No fatal complications occurred, collection related severe adverse events (SAE) after first donation
were not significantly different between groups (RD 1.2%, URD 0.99%), incidence rates for neoplastic and autoimmune diseases did
not exceed the rates of the general population. RDs are a more heterogeneous and potentially more vulnerable group, but if donor

evaluation is performed appropriately, HPC donation is still safe.

Bone Marrow Transplantation; https://doi.org/10.1038/541409-022-01656-z

INTRODUCTION

Allogeneic hematopoietic cell transplantation (HCT) has become
an established treatment for a wide range of acquired or
congenital disorders. Because the probability of finding a suitable
HLA-identical sibling donor in Switzerland is only about 30% [1],
for the majority of patients a search for an unrelated volunteer
donor (URD) is initiated in international registries with nearly 39
million donors registered worldwide [2].

Data on donor health and adverse effects collected mainly by
the unrelated donor registries and other groups over the past 30
years have shown that severe adverse events (SAE) or fatal
complications occur very rarely and that the initial fear of
triggering or stimulating haematological or non-haematological
malignancies by growth factors administered for peripheral blood
stem cell (PBSC) mobilisation was proven unfounded [3-18].

Follow-Up (FU) of related donors (RD) is mandatory by FACT-
JACIE standards since 2011, however monitoring, which is often
still performed by the collection or transplantation centres, tends
to be less consistent than for URD with comparatively scarce data
on donor outcome.

Donor characteristics (age, eligibility criteria) differ consider-
ably between RD and URD. Reliable answers to questions

regarding donor safety or adequacy of eligibility assessment can
only be obtained by prospective and consecutive collection and
evaluation of large numbers of data from all donors without
selection bias.

In this study, we analysed the first 10-year period of mandatory
FU on related and unrelated donors in Switzerland. The goal of the
study was firstly to describe and compare the characteristics and
outcome of the two donor groups with focus on RD safety.
Secondly, we summarise our experience with a standardised and
centralised model of FU management for both URD and RD.

DONORS AND METHODS
Enactment of the new transplantation law on July 1st, 2007 made
prospective life-long FU for all related and unrelated donors of
hematopoietic progenitor cells (HPC) mandatory in Switzerland.
Since then, data on every allogeneic HPC donation from an URD or
RD in Switzerland are collected in the EBMT database ProMISe. All
donors sign an informed consent.

FU procedures for RD and URD were standardised by the
national registry for unrelated donors, Swiss Blood Stem Cells
(SBSC) and the national professional organisation of transplant
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Table 1. HPC donations.

Total Related donors (RD)

Total All RD (%) PBSC (%)
Donations, all 1155 847 (73.3) 683 (80.6)
1st donation 1105 802 (94.7) 648 (94.9)
2nd donation 44 40 (4.7) 31 (4.5)
3rd donation 6 5 (0.6) 4 (0.6)

centres, SBST (Swiss Blood Stem Cell Transplantation and Cellular
Therapy). All FU procedures were coordinated by SBSC in
collaboration with the 11 regional blood transfusion services
(RBTS, which act as donor centres, where URD are registered and
managed) for URD and the four national collection centres (CC,
where the collections take place - all are situated in university
hospitals) for RD. Between 2008 and 2012, 11 URD donated in
an additional collection centre of a blood transfusion service.
These donors were excluded from collection centre specific
analyses. All collection facilities have been JACIE accredited since
2007 or before.

Number of donors and donations
Between 07/2007 and 06/2017, 1105 donors underwent 1155 HPC
donation procedures, including 1105 first, 44 second and 6 third
donations, all but one for the initial recipient (Table 1). Of all
donations, 73.3% were performed by RD, 26.7% by URD. Around
80% of donations were PBSC and 20% BM. Furthermore, 54
lymphaphereses for donor lymphocyte infusions (DLI) were
performed between 09/2013 and 06/2017 (Supplementary
Table 1), ending up with a total number of 1209 donations.
Donations increased steadily over time except for URD BM and
URD DLI (Supplementary Fig. 1). The vast majority of collections
took place in three collection centres (CCs A, B, and C) while the
fourth programme (D, paediatric) contributed 1.4% (13/926) of
PBSC and 219% (48/229) of the BM collections (Supplementary
Table 2).

Donor assessment

Donor assessments and the final decision on donor clearance
were under the responsibility of collection centres’ physicians with
specific experience in evaluation and collection of HPC donors in
consideration of the principle of divided responsibility [19, 20]. The
evaluation of RD and URD followed the same procedure based on
the currently valid quality standards and recommendations
(WMDA; FACT-JACIE, national guidelines for URD).

As far as possible, the eligibility criteria for URD are applied for
both groups. However, while donor safety is paramount for URDs
and eligibility criteria are strictly adhered to, in real life RD with
pre-existing health conditions that would have been deferred as
URD might still undergo donation if these conditions are not
expected to lead to a significant reduction in donor safety
according to the judgement of the responsible physician.

RD often have a strong wish to donate and are willing to accept
slightly higher risks, so that in certain situations RD are accepted
for donation despite presenting medical issues.

Data collection and FU process

The FU process begins with the first injection of G-CSF in case of
PBSC donation, the initiation of anaesthesia for BM donation and
start of the apheresis procedure for DLI [21].

This study includes FU data on all donations performed between
July 1st, 2007 and June 30th, 2017. As FU frequency was modified
on September 1st, 2013, the data collection period is split into two
parts. Period 1 covers the time from July 1st, 2007 until August 31st,
2013. The collected data include donor characteristics (age, gender,
weight, relationship to patient), procedure related data (type of stem
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Unrelated donors (URD)

BM (%) All URD (%) PBSC (%) BM (%)

164 (19.4) 308 (26.7) 243 (78.9) 65 (21.1)

154 (93.9) 303 (98.4) 240 (98.8) 63 (97.0)
9 (5.5) 4(1.3) 3(1.2) 1(1.5)
1 (0.6) 1(0.3) 0 1(1.5)

cell donation, number of donations, pre-existing health disorders,
type and dosage of growth factors), any complication during and
after collection and follow-up data. Data collection was at time of
harvest, 1 month, 6 months, 1, 5, and 10 years post donation, then
every 10 years.

Period 2 lasted from September 1st, 2013 until the end of the
study period on June 30th, 2017. Based on the worldwide network
for blood and marrow transplantation (WBMT) consensus state-
ment [21], FU data collection was reduced to a minimal data set.
That included limiting the recording of complications during and
after donation to SAEs. SAEs are defined as death, life-threatening
events, events entailing in-patient hospitalisation or prolongation
of an existing hospitalisation due to WHO grade 3 or 4 toxicity or
events that result in persistent or significant disability. ICD10
codes apply for description of medical problems. FU data focus on
donor survival status, occurrence of any malignancy (haematolo-
gical or non-haematological) and/or autoimmune disease.

Time-points of data collection beyond 1 year changed to FUs at
2,4, 6, 8 and 10 years after donation. In period 2, we also began
data collection on DLI donations. The FU procedure was basically
the same in the two periods. The CC contacted donors a few days
after donation to check on their immediate recovery. For the
1 month FU, donors were invited either to the collection centre
(RD and since period 2 also URD) or the RBTS (URD during period
1), where they were seen by a physician and a blood count was
performed.

From 6 months onwards, FUs for URD were performed either by
SBSC for all donors registered in the SBSC donor centre (DC), or by
the respective RBTS. For RD, FU initially took place in the collection
centres, but was progressively transferred to SBSC. At these
routine paper-based FU checks, donors were asked to note any
medical problem on a FU questionnaire sent by post, which was
reviewed by qualified staff on return. If necessary, the physician
contacted the donor by phone for more information and/or
initiated further examinations or treatment.

Data collection for this analysis was closed by the end of August
2017 to allow for all 30 day FUs (for donation procedures up until
June 30th, 2017) to be captured.

Although SBSC is bound by law to conduct FU, donors are free
to opt out of the procedure. If a donor has left two consecutive
FUs unanswered or the registry has been unable to contact her/
him for 2 years, the donor is declared ‘lost to FU".

Data analysis

Categorical variables were expressed as frequencies, whereas
continuous variables were expressed as medians and ranges.
Categorical data were compared by the Fisher exact test. Continuous
variables were compared using the Wilcoxon-Mann-Whitney test.
All reported P values are 2-sided. P-values < 0.05 were considered
statistically significant for single comparison, p<0.01 for multiple
comparisons.

RESULTS

Donor characteristics

Counting all 1209 donations, 53.3 % were made by male and
46.7% by female donors. Among RD, female (439, 49.2%) and male

Bone Marrow Transplantation
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Number of related and unrelated donors at first donation of
BM and PBSC by age
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Fig. 1

Number of related and unrelated donors at first donation of BM and PBSC by age. At the time of first donation, 69% of all unrelated

PBSC donors were below the age of 40 years (n = 166) and 43% (n = 103) between 18 and 29 years old. None of the URD was older than 60
years (upper age limit for URD). In contrast, 75% of the related PBSC donors were = 40 years (n = 485), 49% (n = 320) were >50 years old with
17% (n = 111) being 60 or older, including seven donors over 70 years of age. Eight percent (n = 67) of RDs were donors <18 years of age, 62

donated BM, 5 PBSC.

donors (454, 50.8%) were practically equally distributed while
male donors were predominant among URD (60.1% vs 39.9%
female donors, p =0.003). Gender distribution remained stable
among PBSC and BM donations (Supplementary Table 3).

Median age at first donations was 48 years (IQR 34-57 years) in
RD and 34 years (IQR 25-42 years) in URD (p<0.0001) with
remarkable differences in the age distribution between RD and
URD (Fig. 1). Among PBSC donors, median age in RD was 49 years
(IQR 40-58 years) and 32 years (IQR 25-42 years) in URD (p <
0.0001). Median age of related BM donors was lower than in URDs
(23 years, IQR 13-45 versus 34 years, IQR 27-42, p = 0.0004) with
40% of RD BM collections being performed on minors between
6 months and 18 years of age (Supplementary Table 4).

Approval of G-CSF for PBSC mobilisation in paediatric donors
differs among countries and, therefore, also PBSC donation in healthy
paediatric donors [22, 23]. In Switzerland, filgrastim is authorised for
PBSC mobilisation in healthy donors without age restriction but only
six paediatric donors (aged 12-17 year, weight 38-83 kg) donated
PBSC without any short- or long-term complications.

In total, 192 RD (249%, 192/802) were outside the age limit for
URD at first donation: 125 RD were =60 years (15.6%), 67 <18
years (8.4%), and 610 were aged 18-59 years (76%).

Pre-existing health disorders

At first donation, one or more pre-existing health disorders were
significantly more frequent in RD than in URD (283 disorders in
197/802 donors (25%) versus 31 disorders in 27/303 donors (9%);
p <0.0001; Table 2). The proportion increased with age of the
donor (<18 years: 10%, 18-59 years: 21%, =60 years: 49%). Among
RD a number of donors had more than one health disorder: 24%
(47/197) indicated two, 6.5% (13/197) three or four health
disorders. A large variety of different entities was detected with
circulatory, endocrine/metabolic, haematological and genito-
urinary disorders being significantly more frequent in RD
(Supplementary Table 5). Vascular risk factors such as arterial
hypertension and dyslipidaemia were significantly more frequent
in RD with a further trend for diabetes and hypothyroidism.
Overall, we estimate that in 49 cases (6.1%), the medical issue
would have caused donor deferral as URD. Of the 67 under-aged
donors, seven had pre-existing health disorders that did not
compromise their suitability to donate. Among 125 RD aged 60
years and more, 61(49 %) had medical issues, which would
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Table 2. Pre-existing health disorders at first donation.
Disorders RD, n =283 (%) URD, n =31 (%)
Circulatory system 86 (30.4) 6(19.4)
Endocrine & metabolic 55 (19.4) 5(16.1)
Haematologic 28 (9.9) 0
Pulmonary 18 (6.4) 7 (22.6)
Psychiatric 17 (6.0) 2 (6.4)
Genito-urinary 11 (3.9) 0
Gastro-intestinal, liver 12 (4.2) 2 (6.4)
Neurological 11 (3.9 3(9.7)
Autoimmune 10 (3.5) 2 (64)
Oncological 7 (2.5) 0
Other 28 (9.9) 4(13.0)

potentially have caused deferral as URD in 17 cases (17/61, 28%).
Eleven of them were female (65%), 6 male (35%). Among 610 RD
within the age range for URD, 32 (5.2 %) had health disorders
inacceptable for unrelated donation (Supplementary Table 6). No
SAE was reported for any of these donors in the long-term FU.

PBSC mobilisation and collection procedures

Filgrastim was most frequently used for PBSC mobilisation in 502 RD
(73.4%) and 198 URD (81.5%), followed by Lenograstim in 161 RD
(236 %) and 45 URD (18.5%). In 19 RD G-CSF was not further
specified. No biosimilars were used during this period. Most donors
donated by peripheral venous access (89.6% of RD and 92.2% of
URD). Central venous catheters (CVC) were placed by experienced
anaesthesiologists in 71 RD and 19 URD (10.4% vs 7.8%; p=0.2) -
subject to the donor’s consent - if the collection was judged to be
unfeasible via peripheral venous access by the CC physicians. The
percentage is within the range in the literature (up to 20%) [6], but
lower rates are achievable by more stringent deferral due to
inadequate peripheral venous access [5, 24]. Need for CVC was
significantly higher for female donors in both donor groups (14% of
related and 17% of unrelated female donors versus 6% of related
and 1% of unrelated male donors, p<0.0001) (data not shown).
Ultrasound guided peripheral venous access might help to decrease
the need for CVC and is increasingly used in recent years.

SPRINGER NATURE
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BM collection procedures

Overall, 229 bone marrow collections were performed with 217
first donations (Table 1). Five RD (3.25%) and two URD (3%)
underwent epidural anaesthesia. None of the procedures was
terminated prematurely. Autologous blood donation was per-
formed by 34 (21%) RD and 40 (62%) URD prior to BM collections.
Most donors had the donated blood re-infused after donation (RD
94% and URD 92.5%). Over the years, the practise of collecting
autologous blood prior to BM donation has decreased dramati-
cally and is nowadays practically abandoned, similar to other
reports [25]. Except for one paediatric donor, no donor received an
allogeneic blood transfusion. This transfusion was linked to a
known medical condition with secondary anaemia after collection.

Immediate/short-term SAE associated with the donation
procedure

Overall, 13 SAEs were reported in association with the donation
procedure (Table 3), concerning 10 RD (3 BM, 7 PBSC donors) and 3
URD (all PBSC donors), which amounts to 1.2% of RD and 0.99% of
URD at first donation. There was no significant difference between
RD and URD or among PBSC and BM donors (p =0.91). Among 643
PBSC RD 4 SAE occurred in 532 donors (0.7%) aged 18-59 years and
3 SAE in 111 donors (2.7%) aged =60 years, resulting in a non-
significant trend (p = 0.07) for a higher rate of SAE in the =60-year-
old donors. Among 154 BM RD, 62 were <18 years of age with 2 SAE
occurring in donors <1year and 1 SAE in a 60-year-old donor. There
was no difference in SAE incidence between BM RD between 18-59
years or donors below or above this age range.

Seven SAE led to hospitalisation or prolongation of hospitalisa-
tion while others had the potential for more serious outcome
(Table 3). In all of them, a close temporal relationship to the
donation procedure exists so that a causal relationship is
reasonable. In 3 PBSC RD pre-existing comorbidities might have
contributed to the SAE (arterial hypertension, gastro-esophageal
reflux disease, ventricular extrasystoles).

Neoplastic and autoimmune long-term events after first
donations

During 4312 person-years of follow-up (2736 for RD and 1576 for
URD) 12 neoplasms and 6 autoimmune diseases were observed in
RD as well as one neoplasm and two autoimmune disorders in the
URD group from 6 months post-donation onwards (Table 4). The
neoplasm incidence rate for RD was 4.3/1000 person-years of FU
including two cases of MGUS and basal cell carcinoma each. Since
these neoplasms are not included in Swiss cancer registries we
also calculated the incidence rate for RD without these events,
resulting in 2.9/1000 person-years of FU. Neoplasm incidence rate
for URD was 0.6/1000 person-years of FU. Both rates compared
favourably with the incidence rate of 5/1000 person-years
reported for the general Swiss population adjusted for age and
sex. In two donors, personal history at collection was positive for
basal cell carcinoma and meningioma (suspected). We refrained
from more formal comparisons because numbers of events were
low and the representative comparison group has still to be
defined. RD may have a predisposition for malignancies but they
undergo a rigorous medical check-up before donation that might
lead to a positive selection. This hypothesis still needs to be
investigated for RD while data from a large NMDP-study in URD
have shown a lower cancer incidence in PBSC donors than in the
general population [26].

The incidence rate for autoimmune disorders was 2.2/1000
person-years in RD and 1.3/1000 person-years in URD, including a
variety of different diagnoses. Again, the number of events was
low and not increased compared with the incidence rates for
autoimmune disorders in the Swiss population as far as they are
known. After careful analysis, none of the neoplasms or
autoimmune diseases was considered causally related to the
donation procedure. Six RD had other medical issues at donation

SPRINGER NATURE

Immediate/short term SAE associated with the donation procedure, first donations.

Table 3.

comorbidity

age
54

gender

Time of detection

SAE

PBSC RD

known arterial hypertension

female

Start/during apheresis

Arterial hypertension**

60 none

female

During collection

Angioedema*

arterial hypertension, dyslipidaemia, GERD

52

male

During collection, ECG and cardiac biomarkers uneventful, most

likely due to GERD
During collection

Chest pain**

=] none

female
male

Hypocalcaemic tetany™®

HTA, prostate hyperplasia

asthma

67

During mobilisation

Severe musculoskeletal pain®*

54

female

1 month after donation

Takayasu arteritis*

known extrasystoles, previous treatment for tachycardia 14
years earlier

male

During collection

Ventricular arrhythmia*

BM RD

60 none

female

2 days after collection

Bilateral deep vein thrombosis*
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that had no connection with the later SAE. None of the RD with a
history of malignancy reported a new event during follow-up
except for one donor with basal cell carcinoma.

No malignancies or autoimmune disorders were reported for
paediatric donors.

Among the 610 RD aged 18-59 years, 13 donors (12/532 PBSC
and 1/78 BM donors) reported 14 SAE (one PBSC donor with two
autoimmune disorders) during long term follow-up and five
donors with long-term SAE were reported among 125 RD aged
=60 years (4/111 PBSC and 1/14 BM donors).

A trend for a higher incidence rate in the older age group was
not statistically significant and needs to be reanalysed in the
future with higher numbers.

Performance of follow-up

Availability of follow-up reports for URD was 98% after 1 month,
around 90% during the first year and mostly above 80% during
the following years (Supplementary Table 7, Supplementary Fig. 2).
These data compare favourably with other groups [5].

For RD, the return rate was generally lower with 87% follow-up
after 1 month, around 65% during the first year and between
34-56% later on. Initially, CC were responsible for FU. Because of
limited resources, FU was transferred to the registry from 2012
onwards, leading to a significant improvement of return rate
(Supplementary Fig. 3) comparing favourably with other reports
[8, 17, 27]. Overall, 91% of RD had at least one FU, 69.6% at least
two FU during the first year of FU.

Overall, 60 RD and 4 URD had to be classed as ‘lost to FU', 38
(4.7%) RD and 2 URD (0.6%) in the course of the first year. Reasons
were either the donor’s wish, residence in a foreign country, donor
being untraceable or not responding.

DISCUSSION

Data on HPC donation from RD and URD were prospectively collected
over a 10-year period (2007-2017) in Switzerland. This includes every
consecutive donor who donated HPC during this period and
therefore enables us to capture the fundamental differences in
donor characteristics of both groups in terms of age, state of health
prior to donation, eligibility criteria and their application, donation
procedures, and short- and long-term follow-up.

The two main differences between RD and URD were donor age
and state of health prior to donation. The data reveal a much wider
age range for RD than for URD, contrasting age distribution and a
substantially larger ratio of PBSC donors aged 50 or older at first
donation in RD. The resulting 17 years’ higher median age of related
PBSC donors and 11 years’ lower median age of related BM donors is
linked to the lack of a strict age limit for related donors and the
increase of older patients with consequently older sibling donors and
a high proportion of BM donations among underage siblings [27-30].
In the real world, comorbidities are more frequent in RD, increase
with age and would have caused deferral as URD in almost one third
of RD over 60 years of age. These findings confirm the reports from
the RDSafe study [27]. However, the donation is still safe, SAEs
discovered by our short-term follow-up analysis (1.2% in RD and
0.99% in URD) are in the same range (1-2%) as reported by other
groups [3, 4, 7, 8, 23, 26]. This shows that collections can be done
safely despite slightly less stringent suitability criteria being accepted
in some cases - with the donors’ consent - provided risk assessment,
selection and management of RDs is conducted appropriately
[31, 32]. Both divided responsibility [19, 20] and involvement of
physicians with specific experience in evaluation and collection of
HPC donors for donor assessment are in our view essential for donor
safety. Basically, RD should follow the same screening recommenda-
tions as URD as has been suggested by WBMT recommendations
[31, 32]. Donations by donors not meeting URD eligibility criteria
should be the exception but may be possible and safe after careful
donor assessment that may require additional consultations.

SPRINGER NATURE

We did not observe an increased age-adjusted incidence rate
for malignancies or autoimmune disorders compared to the
general population. No impact of pre-existing comorbidities on
long-term donor safety could be observed as the RD suffering
later malignancy or autoimmune disease either had no pre-
existing health disorder at collection or there was no feasible
connection between the reported comorbidity and a later event.
However, limitations in our study restrict these analyses. We have
no information on the state of health of donors after dropping out
of FU and number of donors reaching the 8 or 10-year FU is still
scarce. Hence, we might have missed events that neither became
aware to the donor centres via family members nor patients. Since
the observed number of malignancies and autoimmune diseases
is low, huge datasets are necessary in order to detect an age-
adjusted increased incidence rate for single entities. Given the
pronounced differences in basic characteristics among related BM
and PBSC donors the most appropriate control group for PBSC RD
might be siblings who did not donate PBSC but would have been
eligible to do so instead of the general population. Our data do
not allow this kind of analysis.

HPC donation is generally considered medically safe for
paediatric sibling donors [22, 23, 29, 30, 33, 34]. Our follow-up
study did not reveal any SAE among 67 donors under 18 years.
Furthermore, several reports indicate that follow-up procedures
should be adapted to include also psychosocial late effects [35-38].

Finally, a high rate of complete follow-up reports is a basic
prerequisite for donor outcome analysis. This is the first study to
map allogeneic HPC donation over a 10-year period as it stands
and to report on the set-up of a standardised, centralised FU
procedure for both related and unrelated donors on a national
basis. The study shows that such a process is feasible and
applicable to both donor groups. In our hands, coordination and
centralisation of follow-up by the unrelated donor registry was
helpful to increase the follow-up rate. Still, RD follow-up is more
challenging either because RDs living abroad (approx.15%) can be
difficult to contact and having to communicate in a foreign
language or via the recipient can be an additional hindrance. In
our experience, many RD greatly appreciate the contact with the
FU team, demonstrating the importance to provide them with a
space for themselves where they can voice their concerns, should
the need be [39, 40].
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