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Introduction: Allogeneic hematopoietic stem cell transplantation (allo-HSCT)
is performed worldwide to treat blood cancer and other life-threatening blood
disorders. As successful transplantation requires an HLA-compatible donor,
unrelated donor centers and registries have been established worldwide to
identify donors for patients without a family match. Ethnic minorities are
underrepresented in large donor registries. Matching probabilities are higher
when donors and patients share the same ethnic background, making it desirable
to increase the diversity of the global donor pool by recruiting donors in new
regions. Here, we report the establishment and the first 5 years of operation of the
first unrelated stem cell donor center in Chile, a high-income country in South
America with a population of over 19 million.

Methods: We used online and in-person donor recruitment practices through
patient appeals and donor drives in companies, universities, the armed forces,
and public services. After confirmatory typing donors were subjected to medical
work-up and cleared for donation.

Results: We recruited almost 170,000 donors in 5Syears. There were 1,488
requests received for confirmatory typing and donor availability checks, of which
333 resulted in medical work-up, leading to 194 stem cell collections. Products
were shipped to Chile (48.5%) and abroad. Even when the COVID-19 pandemic
challenged our activities, the number of donors recruited and shipped stem
cell products remained steady. In Chile there was an almost 8-fold increase in
unrelated donor transplantation activity from 16 procedures in 2016-2018 to 124
procedures in 2019-2021, mainly for pediatric patients following the center’s
establishment. We estimate that 49.6% of Chilean patients would find at least one
matched unrelated donor in the global DKMS donor pool.

Discussion: Establishing a DKMS donor center in Chile has significantly increased
donor availability for Chilean patients and contributed to an increase of unrelated
donor stem cell transplant activity.
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1. Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is
the treatment of choice for some forms of leukemia and other life-
threatening conditions (1-3). Currently, more than 50,000 allo-HSCT
procedures are performed per annum worldwide (4). Except for
haploidentical donors, allo-HSCT donors need to be HLA-matched at
high resolution to avoid severe transplant-related complications, such as
graft-versus-host disease (5, 6). HLA-identical siblings are preferred stem
cell donors but only 20-25% of the population have such a donor (7).

Therefore, unrelated stem cell donor registries and donor centers
have been established since the 1970s, primarily at the national level.
The World Marrow Donor Association (WMDA) currently lists 40.6
million donors in 85 registries in 57 countries (8). These registries
administer anonymous transplant-relevant data, such as HLA
genotypes of registered donors, provide these data to the WMDA, and
handle national and international donor searches. In contrast, donor
center tasks include the following:

o Informing the public about stem cell transplantation as a curative
therapy for severe blood disorders,

« Inviting them to register as potential donors,

o Collecting contact data and DNA samples for HLA typing,

» Managing the donor database and

o Transmitting anonymized data to a responsible donor registry.

Transplant centers request donors via donor registries based on
search results. Donor centers communicate with the requested donors,
coordinate confirmatory typing, organize medical work-up for stem
cell collection from either peripheral blood or bone marrow, and
follow up on the donor’s health status after donation.

Most unrelated donor transplants are performed by transplant
centers in developed countries with adequate resources (9, 10).
Developing countries typically have lower numbers of unrelated
donor transplantations due to many factors, mainly economic, but
also because of the scarce representation of regional HLA haplotypes
in the global donor pool (11). The WMDA reported an unrelated
donor transplant activity of 11 procedures per 10 million inhabitants
in South America in 2021, compared to 93 in North America and
129 in Europe in the same year (12). In this regard, the establishment
of a donor center in an ethnically diverse South American country
may stimulate regional unrelated donor transplant activity (11, 13).

With 19.2 million citizens, the current Chilean population
originates mainly from the admixture of European (mainly Spanish)
individuals with Amerindians. 32 to 44% of Chileans have some
degree of Amerindian ancestry, with the genetic composition varying
by socioeconomic group (14, 15). Chile is considered a high-income
country by the World Bank, with gross domestic product purchasing
power parity per capita of US$ 27,410 in 2021 (16) and an annual
health expenditure per capita of US$ 1,376 in 2019 (17). In 2018, Chile
had nine teams performing allo-HSCT in seven centers. In that year,
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155 allo-HSCT procedures were performed, representing 81
procedures per 10 million people. 84% of the transplanted products
were from related donors, 14% from unrelated cord blood and only
2% from unrelated adult donors. Only one pediatric team regularly
performed unrelated adult donor transplants.

DKMS is a non-profit organization based in Germany that aims
to improve the situation of patients in need of stem cell transplants
worldwide. For this purpose, it operates donor centers in seven
countries with more than 11.7 million registered donors, the DKMS
Registry, and the DKMS Life Science Lab, a high-throughput HLA
typing laboratory. Since DKMS was founded in 1991, donors
registered with DKMS have donated stem cells more than 105,000
times, including 7,705 times in 2022. In 2022, DKMS donors
contributed 35.4% (7,705/21,767) of all unrelated stem cell collections
worldwide (18). DKMS also operates an Access to Transplantation
(ATT) program to overcome socioeconomic barriers to stem
cell transplantation.

In this work, we report the establishment of DKMS Chile
(Fundacién de Beneficencia Publica DKMYS), the first unrelated stem
cell donor center in Chile. Our primary aim was to increase the donor
pool of a population underrepresented in the global donor registry,
thus improving access to transplantation for local patients.

2. Methods
2.1. Establishment of DKMS Chile

As part of its efforts to increase the odds of successful stem cell
donor searches for patients globally, DKMS has screened various
countries concerning their potential as a location for setting up and
operating a donor center (19). Transplant-specific parameters
considered in the decision process were (preferable country
characteristics are given in parentheses): country-specific HLA
genotypes (underrepresented in the global donor pool), number of
potential stem cell donors already registered (few or none), stem cell
transplant activity (existing), principal access to transplant (available
at least for a substantial part of the population), position of
government authorities (no reservations against establishing a donor
center), legal framework (not prohibitive), and potential partners or
supporters (available). Furthermore, our screening included general
socioeconomic parameters as population size (large), gross domestic
product/gross national income (high), health expenditures per capita
(high), and corruption [low, operationalized by a high Corruption
Perceptions Index (CPI) score (20)].

As a result of the screening, Chile turned out to be a preferable
country for establishing and operating a donor center. DKMS then
expressed interest in setting up a donor center in discussions with
relevant individuals and organizations from Chile. Subsequently,
health professionals teamed up with patient groups. They presented
the need to take the offer from DKMS and establish a donor center in
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Chile to health authorities and relevant members of Congress. The
plea was presented to the Chilean Senate in March 2016 (21) and the
House of Representatives in May 2016 (22). Authorization was granted
in June 2016 and preparations for the establishment of the donor
center were made until its inauguration in February 2018 when the
first potential donor was registered.

2.2. Donor recruitment

DKMS Chile recruits potential donors among people between 18
and 55 years of age who are in good health. Three main aspects interact
in this endeavor.

First, it is necessary to create awareness of the need for unrelated
stem cell donation and provide basic information about the topic
among the general population so that donor recruitment activities can
be successful. For this purpose, DKMS Chile conveys the importance
of its cause via its website, social media channels, TV, radio,
newspapers, and news websites. Major TV appearances, for example,
were Meganoticias in October 2019, 24 Horas in February 2020, and
Chilevision Noticias in September 2021. Typical communication
contents include stories of patients searching for an unrelated donor,
appealing  donor  stories, or  donor-patient  meetings
(Supplementary Figure S1).

Second, online donor recruitment via the DKMS Chile website
builds on the awareness generated in this manner. The website
contains detailed information about being a registered donor,
including medical requirements, as well as the steps involved in the
donation process. In the online recruitment process potential donors
enter personal information on the website and sign a consent form;
they then receive an envelope with three swabs to obtain DNA samples
of the buccal mucosa that they return to DKMS Chile. Since its
inception, 201,983 kits have been requested through the website, and
87,560 returned (43.4%). To improve the return rate, alliances with
pharmacies, retail stores, movie theaters, and the Santiago subway
have been established to install dedicated mailboxes.

Third, the traditional donor recruitment method via so-called
donor drives is often centered on a specific patient needing a
transplant from an unrelated donor. In such cases, DKMS Chile,
together with the family and friends of the patient, organizes a one- or
two-day registration event, typically in a school, sports hall,
community center, or similar location.

Donor drives, not necessarily centered around a specific patient,
are also carried out at universities, companies, public services, armed
forces, and other organizations where 18 to 55year old potential
donors are to be found.

Until the end of 2022, DKMS Chile has carried out 695 donor
drives, including 303 in 2022. The most successful offline drives took
place in Temuco and Santiago in February 2020 (6,324 donors registered
in 3 days at a patient drive for a 9-year-old girl with acute leukemia) and
in Talca in May 2019 (3,069 donors registered in 2 days in a patient drive
for a 4-year-old girl with aplastic anemia). Owing to the COVID-19
pandemic, offline donor recruitment had to be suspended from March
2020 until December 2021. Nevertheless, a virtual drive was performed
in Santiago for a 19-year-old woman with acute leukemia in September
2021, resulting in 5,360 newly registered donors.

The DNA samples of all newly registered DKMS Chile donors are
genotyped for human leukocyte antigens (HLA) and other
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transplant-relevant parameters [e.g., ABO blood groups or CMV
(cytomegalovirus) serostatus] at the DKMS Life Science Lab (Dresden,
Germany) using next-generation sequencing methods (23, 24). Once
the genotyping information is complete, the data are uploaded to the
DKMS Registry and made available for stem cell donor
searches worldwide.

2.3. Donor management

The main stages of the donor management process are
Confirmatory Typing (CT) or Health and Availability Check (HAC),
Work-Up (WU) and Follow-Up (FU). CT is mainly performed to
confirm the initial HLA typing results obtained during the donor
recruitment process. Donors are requested to undergo CT if their
initial HLA typing results indicate that they are potential donors for a
current patient. The services provided by DKMS Chile include a
phone contact with the potential donor, including clarification of the
continued interest to donate, a questionnaire-based health screening
and the provision of donor samples for HLA typing and the analysis
of infectious disease markers. Donor availability at the CT level is an
important donor center quality parameter.

CT can be replaced by HAC in individual cases (25). In HAC, only
the clarification of the willingness to donate and the health screening
take place, and the collection of donor samples is postponed to the
next process step, the donor WU.

WU includes a physical examination (PE) in the collection center
followed by donor clearance, donor exclusion, or temporary deferral.
The organization of the PE and, if applicable, the subsequent collection
with the related travel arrangements for the donor and the coverage of
all costs incurred are donor center tasks. In urgent cases, the CT or
HAC step may be merged with the donor WU to reduce the time to
transplant. The collection of either bone marrow (BM) or peripheral
blood stem cells (PBSC) itself is no donor center responsibility but is
performed by a contracted collection center. DKMS Chile currently
cooperates with four collection centers that are all located in Santiago:
Red de Salud UC Christus, Clinica Santa Maria, Fundacién Arturo
Lopez Perez, and Clinica Davila. All centers are part of recognized and
certified hospital facilities accredited by the Health Ministry.

DKMS Chile conducts donor follow-up after all PBSC and BM
donations to ensure the long-term safety of actual donors. The donor
receives health questionnaires at defined time points after the donation
(1, 6, and 12 months after donation and then yearly for 10years) by
mail and is asked to return them to DKMS Chile. Any suspicious
findings are followed up in agreement with the donor.

2.4. Estimation of matching probabilities

Using the Hapl-o-Mat software (26, 27), we estimated Chilean
6-locus (HLA loci A, B, C, DRBI1, DQBI, and DPB1) haplotype
frequencies (HF) at g-group resolution (28) from 156,716 donors
registered with DKMS Chile, which indicated Chile as both parents’
national origin. Haplotype frequencies <1/(2n) were cut, with
n=156,716 as the sample size. A total of 2,500 6-locus genotypes were
virtually created by combining two Chilean haplotypes at random but
considering the estimated HE These 2,500 virtual genotypes
represented Chilean patients in searches for 10/10 or 9/10 matched
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donors in the real-life DKMS Registry. This registry includes “active”
donors - i.e., donors that are not flagged as temporarily unavailable at
a defined time, due to health issues or a reservation for another
patient, for example - from all DKMS donor centers. The investigation
was conducted on January 2, 2023. The total DKMS registry size was
11,753,037 on the search date, while the DKMS Chile donor file size
was 167,893. The search reports of 2,500 virtual Chilean patients were
analyzed to determine matching probabilities. Non-HLA donor
factors of potential relevance in real-life donor searches, such as donor
age, sex, and CMV status, were not considered.

2.5. Survey

To investigate transplant activity in Chile since the launch of
DKMS Chile compared to the years before, we surveyed allogeneic
HSCT activity from 2016 to 2021 among four pediatric and seven
adult transplant teams in Chile that account for most of the
transplant activity in the country. All centers were located in
Santiago. All donor types were included in the activity survey:
unrelated cord blood units (UCB), matched related donors (MRD),
haploidentical family donors (Haplo), and matched or mismatched
unrelated donors (URD).

3. Results

3.1. Donor recruitment and donor file
composition

Since the foundation of DKMS Chile in February 2018, 169,899
donors have been recruited until December 31, 2022, including 83,340
via offline donor drives (695 patient drives and 199 organization
drives at universities, companies, public services, or armed forces) and
86,559 via online donor recruitment. The respective 2022 figures were
49,250 newly recruited donors, including 29,532 in offline donor
drives and 19,718 online. Donor recruitment success was subject to
significant fluctuations over time (Figure 1). Since the foundation of
DKMS Chile, two major societal incidents have considerably impacted
donor recruitment activities and their success: the deep political crisis

10.3389/fmed.2023.1236506

and social uprising in Chile in October 2019 and the following
months, and the COVID-19 pandemic since the beginning of 2020.

167,346 of the recruited donors were active on December 31,
2022. Of these 167,346 donors, 116,159 (69.4%) were female and
51,187 (30.6%) were male. The average (median) donor age was 32.4
(29) years. The number of male donors aged 25 years or younger was
15,797, representing 9.4% of the total DKMS Chile donor file
(Figure 2). Young male donors are of specific relevance to the patient
benefits that a donor center can generate, as these donors are
preferably selected by transplant physicians (30, 31).

Regarding ancestry, unsurprisingly, the vast majority of registered
donors (156,716 out of 167,346; 93.6%) indicated that both parents
were of Chilean descent, followed by donors with parents of
Venezuelan (1,904, 1.1%), Colombian (894, 0.5%), and Argentinean
(633, 0.4%) origin. Among donors of Chilean descent, 124,306
(79.3%) reported both parents to be of non-indigenous ancestry, while
2,501 (1.6%) reported both parents to be of Mapuche origin, and 5,913
(3.8%) reported one parent to be of non-indigenous and Mapuche
descent (Supplementary Tables S1, S2).

3.2. Donor requests and stem cell
donations

From February 2018 to December 2022, DKMS Chile received
1,366 CT and 122 HAC requests. CT requests originated mainly from
Chile (33.1%), the United States (26.1%), and Argentina (10.1%;
Supplementary Table S3). Donor availability at CT level was 63.2%
(396/627) in 2022. The corresponding values for other DKMS donor
centers were between 29.9% (DKMS-BMST India) and 75.0% (DKMS
Germany) in that year. The main reasons for unavailability of DKMS
Chilean donors were lack of interest (18.0%) and temporal
unavailability (10.0%). CT and HAC activities led to 333 donor WU
requests, resulting in 194 stem cell donations (158 PBSC and 36 BM),
including 92 donations in 2022 (80 PBSC and 12 BM). Stem cell
products were shipped to Chile (94/48.5%), the United States
(33/17.0%), Spain (17/8.8%), and 16 other countries
(Supplementary Table S4). 56.2% (109/194) of all products went to
patients from Latin American countries. Of the products for Chilean
patients, 79 (84.0%) were for pediatric patients (up to 18 years) and
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15 (16.0%) for adult patients. Diagnoses included acute leukemia
(73.1%), immunodeficiencies (11.8%), severe aplastic anemia (8.6%),
other hematologic malignancies (3.2%), and other non-malignant
diseases (3.2%). Donation figures show a clear growth trend, with
84% growth (from 50 to 92) from 2021 to 2022 (Figure 3). The usage
rate (products collected per 1,000 registered donors) of the DKMS
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Chile donor file was 0.41 in 2021 and 0.54 in 2022, compared to the
usage rate of the global stem cell donor pool of 0.53 in 2021 (12).
Based on the 2022 donation figures, the annual usage rate of DKMS
Chilean donors by age ranged from 0.32 (female donors, >27 years)
to 1.14 (male donors, 18-27years) collections per 1,000 donors
(Figure 4).

frontiersin.org


https://doi.org/10.3389/fmed.2023.1236506
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Barriga et al.

10.3389/fmed.2023.1236506

1.2
114

1.0

0.92

0.8

0.6

0.4

Annual donation probability/1000 donors

0.2

0.0
18-27

FIGURE 4

Donor age (years)

Annual donation probabilities of DKMS Chile donors by donor sex and age group. Red: female; blue: male.

0.72

0.32

>27

3.3. Matching probabilities

In searches for 2,500 virtual Chilean patients, at least one 10/10
matched donor could be found in the real-life DKMS Registry
(n=11,753,217) in 49.6% of cases. In the much smaller subset of
DKMS Chilean donors (n=167,893, 1.4% of the total DKMS Registry
size), 35.8% of all searches still resulted in the identification of a fully
(10/10) matched donor. Interestingly, in 21.5% of the searches, 10/10
matched donors were only found in DKMS Chile. Therefore, the odds
for Chilean patients to find a 10/10 matched donor in the DKMS
Registry would drop substantially from 49.6 to 28.1% without donors
from DKMS Chile.

In 50.4% (1,260/2,500) of the searches, no 10/10 matched donor
could be found in the entire DKMS Registry. In 69.2% of these 1,260
searches, we identified at least one 9/10 matched donor, so that at least
one >9/10 matched donor was found for 84.5% of all virtual patients.
This success rate would decrease to 62.6% without the DKMS Chile
donors, thus further confirming the relevance of domestic donor
recruitment for Chilean patients.

3.4. Development of allogeneic transplant
activity

In an allo-HSCT activity survey, Chilean teams reported 1,020
procedures from 2016 to 2021. We compared the activity between
2016 and 2018, and 2019 and 2021 after DKMS Chile became fully
operational. Allogeneic transplant activity increased by 63.6%, from
387 procedures in the first period to 633 in the second. URD
transplants showed the most significant increase, from 16 in 2016-
2018 to 124 in 2019-2021, an almost 8-fold increase (Figure 5).

Children represented 84.7% of recipients (105/124). Pediatric allo-
HSCT from all donor types in 2021 corresponded to a ratio of 26
transplants per one million children per year (100 transplants per 3.8
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million children). In 2020, the transplant activity in Chile was 17.6
transplants per one million children, which compares with the
United States HRSA report of 19.6 allogeneic transplants per one
million children (1,390 transplants per 70.9 million children) (29). In
that same year adult transplant teams performed 114 allo-HSCTs,
corresponding to 6.0 transplants per one million Chilean adults,
compared to 22.5 transplants per one million adults reported to
HRSA. Only one team transplanted adult patients with stem cell
products from unrelated donors in 2020.

According to WMDA and DKMS internal data, in the period
from 2019 to 2021, 58 products originated from DKMS Chile (45.0%),
48 from other DKMS donor centers (37.2%), and 23 from non-DKMS
donor centers (17.8%) (Figure 6). The numbers reported by the
WMDA and the survey do not perfectly match for URD and CBU
products, since WMDA is reporting shipped products and the survey
reports transplanted products. Specifically, during the COVID-
pandemic not all cryopreserved URD products have been infused (32).

4. Discussion

We report the achievements of the first 5 years of DKMS Chile, the
first stem cell donor center in Chile. We currently administer close to
170,000 registered donors and provided 194 stem cell products to
patients in need, including 94 patients from Chile, until the end of
2022. Despite restraints related to social upheaval and the COVID-19
pandemic, donor recruitment and management activities have
proceeded successfully.

The positive development of DKMS Chile strengthens our
conviction that the country selection criteria given in the method
section are reasonable. We are grateful for the support by the political
and health authorities.

Our calculations regarding matching probabilities show that DKMS
Chile, although it currently represents only about 0.4% of the global

frontiersin.org


https://doi.org/10.3389/fmed.2023.1236506
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

10.3389/fmed.2023.1236506

Barriga et al.
DKMS Chile fully operational
300
250
200
5
; o
o
o° 3
© 150
@
a 130
g
= 82 86 97
100 o1 -
40
50 40
49
39 52 43 55
, BN N al e e o
2016 2017 2018 2019 2020 2021
Year of allo-HSCT
FIGURE 5

Development of allo-HSCT numbers in Chile by donor type from 2016 to 2021. UCB, umbilical cord blood, grey; MRD, matched related donor, blue;
Haplo, haploidentical donor, green; URD, unrelated donor, red.

60 =

50 48

40
el
o
[ =
o
Rl
—
8 30
[
- ;
= 2
=

20

1
10
6
1
0
DKMS Chile Other DKMS donor center Non-DKMS
Donor origin

FIGURE 6
Donor origin of URD stem cell products for Chilean patients. Blue: 2016—-2018; red: 2019-2021.

donor pool, already benefits Chilean patients by increasing the odds of The survey results show a significant increase in allo-HSCT in Chile
finding a 10/10 or 9/10 matched unrelated stem cell donor substantially. ~ in a close temporal relation to the launch of DKMS Chile, especially in
This observation confirms previous results, indicating the importance  pediatric patients transplanted with unrelated donors. Nevertheless, it
of donor recruitment efforts in the same population from which the  cannot be assumed that DKMS Chile alone caused this positive
patients originate (33-35). development. This achievement also included many transplant center
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factors, including increased bed capacity, collaboration between public
and private health systems that increased patient admission to transplant,
and improved funding. The number of URD transplantations has
increased due to center preferences and donor availability. The latter issue
suggests that DKMS Chile has played a considerable role in this
multifactorial positive development. During the period surveyed,
allogeneic transplant activity for adult patients also increased in the
country, from 244 (2016-2018) to 397 (2019-2021) procedures. Adult
transplant teams in Chile prefer haploidentical related donors over
unrelated donors for patients who lack matched sibling donors.
Nevertheless, since DKMS was established in the country, some centers
have started performing unrelated donor transplantation for adult
patients (18 patients in 2020-2021).

Interestingly, the number and proportion of products going to
foreign patients increased from 17 (34%) in 2021 to 57 (62%) in 2022.
Six products went to other Latin American countries and 23 to the
United States in 2022. We see the growing export rate as evidence that
DKMS Chile is increasingly seen by the international community as
an “established” donor center. Stem cell product exports are also
important for reasons of financial self-sustainability. While DKMS
Chile provides products for domestic patients at cost price or below,
products for non-domestic patients include a margin and thus help to
reduce funding demands of DKMS Chile in the long term.

DKMS Chile is in a special situation as it is part of the DKMS
network of donor centers with a total of more than 11 million
registered donors. This also includes access to a wealth of experience,
established processes, and IT solutions. Basically, we follow a copy-
paste approach when possible when establishing a new donor center
and seeking new, innovative solutions where required. Establishing a
donor center outside such a network is certainly much more difficult
and involves higher risks. DKMS can and is willing to provide support
in such cases through knowledge sharing and appropriate training.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

References

1. Copelan EA. Hematopoietic stem-cell transplantation. N Engl ] Med. (2006)
354:1813-26. doi: 10.1056/NEJMra052638

2. Snowden JA, Sanchez-Ortega I, Corbacioglu S, Basak GW, Chabannon C, de la
Camara R, et al. European Society for Blood and Marrow Transplantation (EBMT).
Indications for haematopoietic cell transplantation for haematological diseases, solid
tumours and immune disorders: current practice in Europe 2022. Bone Marrow
Transplant. (2022) 57:1217-39. doi: 10.1038/541409-022-01691-w

3. Phelan R, Chen M, Bupp C, Bolon YT, Broglie L, Brunner-Grady J, et al. Updated
trends in hematopoietic cell transplantation in the United States with an additional focus
on adolescent and young adult transplantation activity and outcomes. Transplant Cell
Ther. (2022) 28:409.e1-409.e10. doi: 10.1016/j.jtct.2022.04.012

4. Aljurf M, Weisdorf D, Alfraih F, Szer ], Miiller C, Confer D, et al. Worldwide
network for Blood & Marrow Transplantation (WBMT) special article, challenges facing
emerging alternate donor registries. Bone Marrow Transplant. (2019) 54:1179-88. doi:
10.1038/541409-019-0476-6

5. Lee SJ, Klein J, Haagenson M, Baxter-Lowe LA, Confer DL, Eapen M, et al. High-
resolution donor-recipient HLA matching contributes to the success of unrelated donor
marrow transplantation. Blood. (2007) 110:4576-83. doi: 10.1182/blood-2007-06-097386

6. Dehn J, Spellman S, Hurley CK, Shaw BE, Barker JN, Burns L], et al. Selection of
unrelated donors and cord blood units for hematopoietic cell transplantation: guidelines
from the NMDP/CIBMTR. Blood. (2019) 134:924-34. doi: 10.1182/blood.2019001212

Frontiers in Medicine

10.3389/fmed.2023.1236506

Author contributions

FB: manuscript design, data analysis, writing, and transplant
activity survey. AG, US, and DF: data capturing and analysis, matching
probabilities analysis, and manuscript review. JB, AW, MauS, CC, CM,
MatS, PR, NR, and JA: transplant survey data capturing and
manuscript review. KE and AS: manuscript writing and review. All
authors contributed to the article and approved the submitted version.

Acknowledgments

We acknowledge the staff of Fundacion de Beneficencia Publica
DKMS for the dedication that made possible the accomplishments
described in this work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1236506/
full#supplementary-material

7. Schipper RE, D'Amaro J, Oudshoorn M. The probability of finding a suitable related
donor for bone marrow transplantation in extended families. Blood. (1996) 87:800-4.
doi: 10.1182/blood.V87.2.800.bloodjournal872800

8. Total Number of Donors and Cord blood units. Available at: https://statistics.wmda.
info/ (Accessed October 4, 2023).

9. Niederwieser D, Baldomero H, Bazuaye N, Bupp C, Chaudhri N, Corbacioglu S,
et al. One and a half million hematopoietic stem cell transplants: continuous and
differential improvement in worldwide access with the use of non-identical family
donors. Haematologica. (2022) 107:1045-53. doi: 10.3324/haematol.2021.279189

10. Gratwohl A, Baldomero H, Frauendorfer K, Urbano-Ispizua A, Niederwieser D.
Results of the EBMT activity survey 2005 on haematopoietic stem cell transplantation:
focus on increasing use of unrelated donors. Bone Marrow Transplant. (2007) 39:71-87.
doi: 10.1038/sj.bmt.1705555

11. van Walraven SM, Brand A, Bakker JN, Heemskerk MB, Nillesen S, Bierings MB,
et al. The increase of the global donor inventory is of limited benefit to patients of non-
northwestern European descent. Haematologica. (2017) 102:176-83. doi: 10.3324/
haematol.2016.145730

12. World Marrow Donor Association Global Trend Reports. (2021). Available at: https://
share.wmda.info/display/SupportingGlobalDevelopment/Global+Trends+Report+2021350.

13. Fingrut W. The need for ethnically diverse stem cell donors. UBC Med J. (2015)
7:44-7.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1236506
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1236506/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1236506/full#supplementary-material
https://doi.org/10.1056/NEJMra052638
https://doi.org/10.1038/s41409-022-01691-w
https://doi.org/10.1016/j.jtct.2022.04.012
https://doi.org/10.1038/s41409-019-0476-6
https://doi.org/10.1182/blood-2007-06-097386
https://doi.org/10.1182/blood.2019001212
https://doi.org/10.1182/blood.V87.2.800.bloodjournal872800
https://statistics.wmda.info/
https://statistics.wmda.info/
https://doi.org/10.3324/haematol.2021.279189
https://doi.org/10.1038/sj.bmt.1705555
https://doi.org/10.3324/haematol.2016.145730
https://doi.org/10.3324/haematol.2016.145730
https://share.wmda.info/display/SupportingGlobalDevelopment/Global+Trends+Report+2021350
https://share.wmda.info/display/SupportingGlobalDevelopment/Global+Trends+Report+2021350

Barriga et al.

14. Barozet E, Valenzuela CY, Cifuentes L, Verdugo RA, Herrera L, Acuia M, et al.
The Chilean socio-ethno-genomic cline. Biodemography Soc Biol. (2021) 66:156-71. doi:
10.1080/19485565.2021.1879626

15. Verdugo RA, Di Genova A, Herrera L, Moraga M, Acufia M, Berrios S, et al.
Development of a small panel of SNPs to infer ancestry in Chileans that distinguishes
Aymara and Mapuche components. Biol Res. (2020) 53:15. doi: 10.1186/
540659-020-00284-5

16. GNI per capita, PPP (current international $) — Chile. Available at: https://data.
worldbank.org/indicator/NY.GNP.PCAP.PP.CD?locations=CL.

17. Current health expenditure per capita (current US$) - Chile. Available at: https://
data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD370.

18. WMDA Global Trend Reports. (2022). Available at: https://wmda.info/wp-
content/uploads/2023/06/30052023-GTR-2022-Summary-slides.pdf.

19. Schmidt AH, Sauter ], Baier DM, Daiss ], Keller A, Klussmeier A, et al.
Immunogenetics in stem cell donor registry work: the DKMS example (part 1). Int J
Immunogenet. (2020) 47:13-23. doi: 10.1111/iji.12471

20. Corruption perceptions index. Available at: https://www.transparency.org/en/
cpi/2022.

21. Sesiones Comision de Salud del Senado de Chile. (2016). Available at: https://www.
senado.cl/appsenado/index.php?mo=comisiones&ac=sesiones_celebradas&listado=1&
idcomision=195&tipo=2&legi=0&ano=2016&desde=0&hasta=0&comi_
nombre=de%20Salud.

22. Sesiones Comision de Salud Camara de diputados de Chile. Available at: https://
www.camar&cl/legislacion/comisiones/Citacion63756111una.aspx?prmSematm:ZU 16-19.

23. Lange V, Bshme I, Hofmann J, Lang K, Sauter J, Schone B, et al. Cost-efficient
high-throughput HLA typing by MiSeq amplicon sequencing. BMC Genomics. (2014)
15:63. doi: 10.1186/1471-2164-15-63

24. Schofl G, Lang K, Quenzel P, Bohme I, Sauter ], Hofmann JA, et al. 2.7 million
samples genotyped for HLA by next generation sequencing: lessons learned. BMC
Genomics. (2017) 18:161. doi: 10.1186/512864-017-3575-z

25. Baier DM, Hofmann JA, Fischer H, Rall G, Stolze ], Ruhner K, et al. Very low error
rates of NGS-based HLA typing at stem cell donor recruitment question the need for a

Frontiers in Medicine

09

10.3389/fmed.2023.1236506

standard confirmatory typing step before donor work-up. Bone Marrow Transplant.
(2019) 54:928-30. doi: 10.1038/s41409-018-0411-2

26. Schifer C, Schmidt AH, Sauter J. Hapl-o-mat: open-source software for HLA
haplotype frequency estimation from ambiguous and heterogeneous data. BMC
Bioinformatics. (2017) 18:284. doi: 10.1186/512859-017-1692-y

27.Solloch UV, Schmidt AH, Sauter J. Graphical user interface for the haplotype
frequency estimation software Hapl-o-mat. Hum Immunol. (2022) 83:107-12. doi:
10.1016/j.humimm.2021.11.002

28. Schmidt AH, Baier D, Solloch UV, Stahr A, Cereb N, Wassmuth R, et al. Estimation
of high-resolution HLA-A, -B, -C, — DRBI allele and haplotype frequencies based on
8862 German stem cell donors and implications for strategic donor registry planning.
Hum Immunol. (2009) 70:895-902. doi: 10.1016/j.humimm.2009.08.006

29. HRSA Transplant Activity Report. Available at: https://bloodstemcell.hrsa.gov/
data/donation-and-transplantation-statistics/transplant-activity-report.

30. Schmidt AH, Sauter ], Baier DM, Daiss ], Keller A, Klussmeier A, et al.
Immunogenetics in stem cell donor registry work: the DKMS example (part 2). Int |
Immunogenet. (2020) 47:139-48. doi: 10.1111/iji.12479

31. Kollman C, Spellman SR, Zhang MJ, Hassebroek A, Anasetti C, Antin JH, et al.
The effect of donor characteristics on survival after unrelated donor transplantation for
hematologic malignancy. Blood. (2016) 127:260-7. doi: 10.1182/blood-2015-08-663823

32. Schmidt AH, Buk D, Bernas SN, Mengling T, Neujahr E, van den Brink MRM. A
DKMS (German bone marrow donor center) view on cryopreservation of unrelated
donor stem cell products during the Covid-19 pandemic. Am ] Hematol. (2021)
96:E91-2. doi: 10.1002/ajh.26081

33. Schmidt AH, Solloch UV, Pingel J, Baier D, Bohme I, Dubicka K, et al. High-
resolution human leukocyte antigen allele and haplotype frequencies of the polish
population based on 20,653 stem cell donors. Hum Immunol. (2011) 72:558-65. doi:
10.1016/j.humimm.2011.03.010

34. Schmidt AH, Sauter J, Pingel J, Ehninger G. Toward an optimal global stem cell donor
recruitment strategy. PLoS One. (2014) 9:¢86605. doi: 10.1371/journal.pone.0086605

35. Solloch UV, Giani AS, Pattillo Garnham MI, Sauter J, Bernas SN, Lange V, et al.
HLA allele and haplotype frequencies of registered stem cell donors in Chile. Front
Immunol. (2023) 14:1175135. doi: 10.3389/fimmu.2023.1175135

frontiersin.org


https://doi.org/10.3389/fmed.2023.1236506
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1080/19485565.2021.1879626
https://doi.org/10.1186/s40659-020-00284-5
https://doi.org/10.1186/s40659-020-00284-5
https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD?locations=CL
https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD?locations=CL
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD370
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD370
https://wmda.info/wp-content/uploads/2023/06/30052023-GTR-2022-Summary-slides.pdf
https://wmda.info/wp-content/uploads/2023/06/30052023-GTR-2022-Summary-slides.pdf
https://doi.org/10.1111/iji.12471
https://www.transparency.org/en/cpi/2022
https://www.transparency.org/en/cpi/2022
https://www.senado.cl/appsenado/index.php?mo=comisiones&ac=sesiones_celebradas&listado=1&idcomision=195&tipo=2&legi=0&ano=2016&desde=0&hasta=0&comi_nombre=de%20Salud
https://www.senado.cl/appsenado/index.php?mo=comisiones&ac=sesiones_celebradas&listado=1&idcomision=195&tipo=2&legi=0&ano=2016&desde=0&hasta=0&comi_nombre=de%20Salud
https://www.senado.cl/appsenado/index.php?mo=comisiones&ac=sesiones_celebradas&listado=1&idcomision=195&tipo=2&legi=0&ano=2016&desde=0&hasta=0&comi_nombre=de%20Salud
https://www.senado.cl/appsenado/index.php?mo=comisiones&ac=sesiones_celebradas&listado=1&idcomision=195&tipo=2&legi=0&ano=2016&desde=0&hasta=0&comi_nombre=de%20Salud
https://www.camara.cl/legislacion/comisiones/citaciones_semana.aspx?prmSemana=2016-19
https://www.camara.cl/legislacion/comisiones/citaciones_semana.aspx?prmSemana=2016-19
https://doi.org/10.1186/1471-2164-15-63
https://doi.org/10.1186/s12864-017-3575-z
https://doi.org/10.1038/s41409-018-0411-2
https://doi.org/10.1186/s12859-017-1692-y
https://doi.org/10.1016/j.humimm.2021.11.002
https://doi.org/10.1016/j.humimm.2009.08.006
https://bloodstemcell.hrsa.gov/data/donation-and-transplantation-statistics/transplant-activity-report
https://bloodstemcell.hrsa.gov/data/donation-and-transplantation-statistics/transplant-activity-report
https://bloodstemcell.hrsa.gov/data/donation-and-transplantation-statistics/transplant-activity-report
https://doi.org/10.1111/iji.12479
https://doi.org/10.1182/blood-2015-08-663823
https://doi.org/10.1002/ajh.26081
https://doi.org/10.1016/j.humimm.2011.03.010
https://doi.org/10.1371/journal.pone.0086605
https://doi.org/10.3389/fimmu.2023.1175135

	5 years DKMS Chile: approach, results and impact of the first unrelated stem cell donor center in Chile
	1. Introduction
	2. Methods
	2.1. Establishment of DKMS Chile
	2.2. Donor recruitment
	2.3. Donor management
	2.4. Estimation of matching probabilities
	2.5. Survey

	3. Results
	3.1. Donor recruitment and donor file composition
	3.2. Donor requests and stem cell donations
	3.3. Matching probabilities
	3.4. Development of allogeneic transplant activity

	4. Discussion
	Data availability statement
	Author contributions

	References

