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Hematopoietic cell transplantation and cellular therapies in
Europe 2021. The second year of the SARS-CoV-2 pandemic.
A Report from the EBMT Activity Survey
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In 2021, 47,412 HCT (19,806 (42%) allogeneic and 27,606 (58%) autologous) in 43,109 patients were reported by 694 European
centers. 3494 patients received advanced cellular therapies, 2524 of which were CAR-T treatments, an additional 3245 received DLI.
Changes compared to the previous year were CAR-T treatment (+35%), allogeneic HCT +5.4%, autologous HCT +3.9%, more
pronounced in non-malignant disorders. Main indications for allogeneic HCT were myeloid malignancies 10,745 (58%), lymphoid
malignancies 5127 (28%) and non-malignant disorders 2501 (13%). Main indications for autologous HCT were lymphoid
malignancies 22,129 (90%) and solid tumors 1635 (7%). In allogeneic HCT, use of haploidentical donors decreased by —0.9% while
use of unrelated and sibling donors increased by +4.3% and +9%. Cord blood HCT decreased by —5.8%. Pediatric HCT increased
overall by +5.6% (+6.9% allogeneic and +1.6% autologous). Increase in the use of CAR-T was mainly restricted to high-income
countries. The drop in HCT activity reported in 2020 partially recovered in 2021, the second year of the SARS-CoV-2 pandemic. The
transplant community confronted with the pandemic challenge, continued in providing patients access to treatment. This annual

EBMT report reflects current activities useful for health care resource planning.
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INTRODUCTION

The European Society for Blood and Marrow Transplantation
(EBMT) published a survey in 1990 [1] describing activity in
hematopoietic stem cell transplant (HCT) centers in Europe,
updated annually thereafter. The survey spanning 32 years
includes patients receiving more than 850,000 transplants. The
survey was designed in the form of a single page spreadsheet for
ease of reporting and has remained in this format ever since.
Many additional features have been added, such as refined
disease classification, donor type and stem cell source, information
on conditioning intensity and pediatric activity.

HCT is an established procedure for many acquired or inherited
disorders of the hematopoietic system, benign or neoplastic,
including those of the immune system, and as enzyme replace-
ment in metabolic disorders [2-4]. The activity survey of the
EBMT, describing the status of HCT, has become an instrument to
observe trends and monitor changes in HCT technology in
Europe and neighboring countries [5-15]. The survey, using a

standardized structure, captures the numbers of HCT
from highly committed participating centers, stratified by
indication, donor type and stem cell source over time [16, 17].
https://www.ema.europa.eu/en/documents/scientific-guideline/
qualification-opinion-cellular-therapy-module-european-society-
blood-marrow-transplantation-ebmt_en.pdf]. In more recent
years, the survey also included information on cellular therapies
qualifying as medicinal products with hematopoietic cells for
uses other than to replace the hematopoietic system [18-27].
The analysis of the survey data since 1990 has illustrated a
continued and constant increase in the annual numbers of
HCT and transplant rates for both allogeneic and autologous
HCT. A drop-in activity was reported in 2020 for the first
time, likely driven by the SARS-CoV-2 pandemic [14]. This
2021 survey data show a partial recovery of transplant numbers
in the second year of the pandemic. Nonetheless, the
appearance of the SARS-CoV-2 pandemic led to a 2-3 year
setback in transplant activity.
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PATIENTS AND METHODS

Data collection and validation

We invited participating centers to report their data for 2021 using the
activity survey as shown in Table 1. Patients receiving their first transplant
in the survey year are reported by disease, donor type and stem cell
source. Additional information on the numbers of subsequent transplants
performed due to relapse, rejection, or those that are part of a planned
sequential protocol are reported in summative form. Information on the
number of patients receiving un-manipulated donor lymphocyte infusions
(DLIs), non-myeloablative or reduced intensity HCT, and the number of
pediatric HCT were also collected.

In addition, in Table 2, centers reported information on different types of
cellular therapies qualifying as advanced therapy medicinal products
(ATMP). These therapies result from substantial manipulations of collected
cells, whether manufactured by industry centrally or locally by an academic
institution.

Quality control measures included several independent systems:
confirmation of validity of data entered by the center, selective
comparison of the survey data with MED-A datasets in the EBMT Registry
database and crosschecking with National Registries.

Participating centers

Since 1990, a directory of HCT centers consisting of both members of the
EBMT and non-members, in both European and collaborating non-
European countries has been accrued. The directory is updated annually
according to the centers current activity. In 2021, 724 centers from 53
countries were contacted (44 European and 9 collaborating countries); of
which 694 centers responded. This corresponded to a 96% return rate and
included 16% EBMT non-members. Thirty active centers failed to report in
2021. Participating centers are listed in the Supplementary Online
Appendix in alphabetical order, by country, city, and EBMT center code,
with their reported numbers of first and total HCT, and of first allogeneic
and autologous HCT. The WHO regional office definitions were used to
classify countries as European or non-European. Nine collaborating non-
European countries participated in the 2021 survey: Algeria, Iran, Iraq,
Jordan, Lebanon, Nigeria, Saudi Arabia, South Africa, and Tunisia. Their
data, 2414 HCT in 2320 patients, from 19 actively transplanting centers
made up 5% of the total data set and were included in all analyses.

Patient and transplant numbers

Wherever appropriate, patient numbers corresponding to the number of
patients receiving a first transplant in 2021, and transplant numbers
reflecting the total number of transplants performed were listed. The term
sibling donor included HLA identical siblings and twins but not siblings
with HLA mismatches. Unrelated donor transplants included HCT from
matched or mismatched unrelated donors with peripheral blood and bone
marrow as a stem cell source but not cord blood HCT. Haploidentical
transplants were described as any family member with a full haplotype
mismatch. Other family member donors were those related donors that are
mismatched to a lesser degree than a full haplotype. For the purpose of
the analysis, we added the small number of “other family donor” to
haploidentical donor HCT. Additional non-first transplants included multi-
ple transplants defined as subsequent transplants within a planned double
or triple autologous or allogeneic transplant protocol, and re-transplants
(autologous or allogeneic) defined as unplanned HCT for either rejection,
poor-graft function or relapse after a previous HCT.

Hematopoietic advanced cellular therapies other than
hematopoietic cell transplantation

Centers were requested to report patients receiving cellular therapies
other than HCT. Hematopoietic advanced cellular therapies were defined
as infusion of cells undergoing substantial manipulation after collection,
either selection and/or expansion, or genetic modification and thus qualify
as investigational or approved advanced therapy medicinal products
(ATMPs) according to Regulation (EC) N° 1394/2007. In this context,
“substantial” should be understood as referring to the definition included
in the Regulation and subsequent regulatory documents and may not
reflect the workload assumed by cell processing facilities working in
conjunction with clinical programs. Depending on their nature and
indications, hematopoietic cellular therapies may be designed to replace
or to complement HCT. Administration of non-substantially manipulated
hematopoietic cells, such as transplantation of CD34+ selected hemato-
poietic stem cells were counted as HCT and not as cellular therapy [18].

SPRINGER NATURE

Similarly, un-manipulated lymphocyte infusions post-HCT were counted as
donor lymphocyte infusions (DLI) and not as cellular therapy. Hemato-
poietic cellular therapies include immune effector cells as defined in FACT-
JACIE standards for Hematopoietic Cellular Therapy: “A cell that has
differentiated into a form capable of modulating or effecting a specific
immune response.” This definition covers CAR-T cells and forms the
basis for accreditation requirements in recent EBMT-JACIE recommenda-
tions [17, 19].

Hematopoietic cellular therapies were categorized as chimeric antigen
receptor T cells (CAR -T); in vitro selected/and or expanded T cells or
cytokine activated, such as virus specific T cells; cytokine-induced killer
cells (CIK); regulatory T cells (TREGS); genetically modified T cells other than
CAR-T; natural killer cells (NK); dendritic cells; mesenchymal stromal cells;
in vitro expanded CD34+ cells; and genetically modified CD34+ cells.
This survey did not include cells from sources other than hematopoietic
tissue. On the other hand, gene therapy protocols, such as those used to
treat thalassemia or SCID were included, however numbers have
remained low.

Transplant and cellular therapy rates

Transplant rates, defined as the total number of HCT per 10 million
inhabitants were computed for each country, without adjusting for
patients receiving their HCT in a foreign country. Cellular therapy rates
were defined as the numbers of patients receiving a cellular therapy
treatment per 10 million population. Population numbers for the European
countries in 2021 were obtained from Eurostats: (https://ec.europa.eu/
eurostat) and the World Bank database for the non-European countries:
(https://databank.worldbank.org).

Analysis

Wherever appropriate, the absolute numbers of transplanted patients,
number of transplants or transplant rates are shown for specific countries,
indications, or transplant techniques. Myeloid malignancy include acute
myeloid leukemia (AML), myelodysplastic or myelodysplastic/myeloproli-
ferative neoplasia (MDS or MDS/MPN overlap), myeloproliferative neo-
plasm (MPN), and chronic myeloid leukemia (CML). Lymphoid malignancy
include acute lymphocytic leukemia (ALL), chronic lymphocytic leukemia
(CLL), Hodgkin lymphoma (HL), non-Hodgkin lymphoma (NHL) and plasma
cell disorders (PCD) (including multiple myeloma (MM) and others). Non-
malignant disorders include bone marrow failure (BMF: severe aplastic
anemia (SAA) and other BMF), thalassemia and sickle cell disease (HG),
primary immune deficiencies (PID), inherited diseases of metabolism (IDM),
and autoimmune diseases (AID). Others include histiocytosis and other rare
disorders.

RESULTS

Participating centers in 2021

Of the 694 centers, 455 (66%) performed both allogeneic and
autologous transplants; 223 (32%) restricted their activity to
autologous HCT, and 12 (2%) to allogeneic transplants only. Four
of the 694 responding centers reported no activity due to
renovation or changes within the transplant unit. Within the 690
actively transplanting centers in 2021, 121 (18%) performed
transplants on both adult and pediatric patients. An additional 125
(18%) were dedicated pediatric transplant centers and 445 (64%)
performed transplants on adults only. Thirty centers failed to
report in 2021, which, when compared with previously reported
data, accounted for approximately 1000 non-reported HCTs.

Numbers of patients, transplants, and trends in 2021

In 2021, 47,412 transplants were reported in 43,109 patients; of
these, 19,806 HCT (42%) were allogeneic and 27,606 (58%)
autologous (Table 1 and Fig. 1a). After the decrease in HCT
activity due to the SARS-CoV-2 pandemic reported in the
2020 survey, the total number of transplants increased again by
+4.5% (+5.4% allogeneic HCT and +3.9% autologous HCT) (14).
The corresponding number of patients showed an increase of
+5.3% for allogeneic HCT and +4.9% for autologous HCT. The use
of DLI did not show the same variability in the first year of the
SARS-CoV-2 pandemic (Fig. 1b).

Bone Marrow Transplantation (2023) 58:647 - 658
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In addition, there were 4303 second or subsequent transplants,
1217 being allogeneic, mainly to treat relapse or graft failure and
3086 autologous, the majority of which were part of multiple
transplant procedures such as tandem procedures, to treat
relapse, or as salvage autologous transplants for PCD. Further-
more, 728 of the allogeneic HCTs were reported as being given
after a previous autologous HCT and were mainly for lymphoma or
PCD (n=591).

Pediatric transplantation

The number of pediatric patients (<18 years old at transplant)
transplanted in both dedicated pediatric and joint adult-pediatric
units was 5437 (4028 allogeneic and 1409 autologous). This is an
overall increase of +5.5% in the total number of transplants, with
an increase of +6.9% in allogeneic HCT and +1.6% in autologous
HCT compared to 2020. Of these, 3832 patients, (2920 allogeneic
(76%) and 912 autologous (24%)) were treated in 125 dedicated
pediatric centers in 26 countries. Due to the design of the survey,
detailed analysis by diagnosis is limited to the dedicated pediatric
centers only. Main indications for allogeneic HCT were AML
(n =405; 67% in early stage), ALL (n = 802; 47% in early stage) and
non-malignant disorders (NMD) (n =1352; 37% PID). There were
1588 family and 1332 unrelated donor HCTs reported. Within
family donors, 42% were from a haploidentical relative. Bone
marrow was used as the stem cell source in 1402 patients of which
62% were family donors. Peripheral blood stem cells were used in
1378 patients with similar proportions seen in both family
(n=699) and unrelated donors (n =679). Cord blood stem cells
were used in 140 pediatric patients of which 118 (84%) were from
unrelated cord blood donors. The main indications for autologous
HCT, were solid tumors, with 768 HCT reported in 2021, primarily
for neuroblastoma (N =350, 46%).

Main indications

Indications for HCT in 2021 are listed in detail in Table 1. Figure 23,
b show the distribution of disease indications for allogeneic
(Fig. 2a) and autologous (Fig. 2b) HCT). Main indications for
allogeneic HCT were myeloid malignancies; 10, 745 (AML, CML,
MDS, MPN, MDS/MPN overlap). For autologous HCT, the main
indications were lymphoid malignancies; 22,129 (NHL, PCD, HL,
ALL and CLL).

Changes in allogeneic HCT 2020 to 2021

In last year's report on the 2020 transplant activity during the first
year of the SARS-CoV-2 pandemic, decreases were seen in the
majority of disease indications when compared to 2019. However,
this year’s report based on the 2021 activity and despite the
ongoing pandemic in many regions in and around Europe,
transplant activity increased again in the majority of indications
where decreases were previously reported. Figure 3a shows the
percentage difference in HCT activity reported by indication
between the years 2019 and 2020 (left) and between the years
2020 and 2021 (right). The overall increase in all allogeneic HCT
being +5.4% compared to —5.1% in 2020. The leading indication
for allogeneic HCT was AML, accounting for 38% of all allogeneic
HCT, the decrease of —2.1% reported in 2020 has now increased
by +3.9%. Increases were seen in both early stage disease (+6.3%)
and therapy-related AML or those with myelodysplasia-related
changes (+6.5%). Advanced disease stage however, continued to
decrease (—2.9%). Among the myeloid malignancies, CML, which
decreased overall by —10.4% in 2020, has increased again by
+12.4% to similar numbers seen in 2019. Allogeneic HCT for the
chronic myeloid disorders increased by +9.2% for MDS (previously
—4.3%) and myeloproliferative neoplasms by +1.9% (previously
—1.2%). ALL, comprising 17% of allogeneic HCT, increased overall
by +4% when compared to 2020, primarily in early stage (+7.7%)
compared to —0.9% in the previous year. CLL increased by
+11.8% after a decrease of —1.2% seen in 2020 and HL by +9.3%
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compared to the —13.6% decrease seen previously. NHL however,
continued to decrease by —6.2% (—9.2% in 2020 and —4.1% in
2019) indicating a potential trend towards other treatments.
Within the non-malignant disorders, an overall increase (+13%)
was seen within all disease indications when compared to the
overall decrease of —15% in 2020. BMF - SAA increased by +6.5%
(—9.7% in 2020) and BMF non-SAA by +17.7% (—17.2% in 2020).
Sickle cell disease increased dramatically by +44.6% (—30.9% in
2020) and thalassemia by +5.1% (—19.6% in 2020). PID increased
by +8.4% (—13.6% in 2020) and IDM by +20.8% (—1.1% in 2020).
Allogeneic HCT for autoimmune diseases remained a rare
indication with just 20 patients treated in 2021. Within allogeneic
HCT, 8,071 (41%) were performed using non-myeloablative or
reduced intensity conditioning in 2021. Of note, the remarkable
decrease of —11% in transplants using myeloablative conditioning
seen during 2020 has now increased by +8.3% to similar numbers
reported in earlier years.

Changes in donor type and stem cell source 2020 to 2021

In 2021, changes were reported in the choice of donor (Fig. 4). The
overall numbers of patients treated with family donors increased
by +2.1% (—3.5% in 2020), however, variation was seen within the
choice of family donor used. HLA identical sibling and syngeneic
twin donors increased by +4.2% (—9.3% in 2020), but the increase
observed in haploidentical donors of +6.2% in 2020, decreased by
—1.2% in 2021. For unrelated donors an increase of +9%
compared to the decrease of —6.8% in 2020 was seen. In 2020,
we observed for the first time in several years that the rate of cord
blood HCT for all donor types increased by +11.7% from 309 to
345 and mainly included unrelated cord blood (86%). However, in
2021, a decrease of —5.8% to 325 HCT was observed. Regarding
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stem cell source, sibling donors receiving either peripheral blood
and bone marrow stem cells increased by +4.3% and +4.5%
respectively after the decrease seen previously in 2020 of —7%
and —16%. However, in haploidentical donors, a small decrease of
—1.3% was seen in the use of stem cells harvested from peripheral
blood when compared to the increase of +11.6% observed in
2020. Bone marrow stem cells increased by +0.6% compared to
the decrease of —12.4% in 2020. In unrelated donor transplants,
the use of bone marrow increased once again by +18.9% when
compared to the large decrease of —37% observed in 2020. The
shift in allogeneic HCT from marrow towards peripheral blood as
stem cell source observed in 2020 (—16% for sibling donors,
—37% for unrelated donors and —13% for haploidentical donors)
was no longer observed in 2021, where each increased by +4.5%,
+18.9% and +0.6% respectively.

Changes in autologous HCT 2020 to 2021

The decrease in activity in autologous HCT seen due to the
pandemic in the majority of disease indications in 2020
have mostly increased again in 2021. Figure 3b shows the
percentage difference in HCT activity reported by indication
between the years 2019 and 2020 (left) and between the years
2020 and 2021 (right). The overall increase in all autologous HCT
being +3.9% compared to —7.5 in 2020. The main indications for
autologous HCT were lymphoid malignancies (90%) with PCD
comprising 55% of all autologous HCT patients. In lymphoproli-
ferative disorders the differences between 2021 and 2020 were;
for PCD (+4.8% compared to —6.8 in 2020), NHL (+4.3%
compared to —8.9%), for HL +7.5% compared to —2.3% and for
ALL 43.7% compared to —18.2%. However, for all types of AML
the decrease in activity has continued in 2021 by —4.5% (—6.3% in
2020). In solid tumors, the numbers decreased slightly from 1686
in 2020 to 1635 (—3%). For autoimmune diseases, the overall
decrease of —44.7% from 539 to 298 seen in 2020 has recovered
in 2021 with an increase of +57% to 468 HCT, the majority of
which were given for multiple sclerosis (n = 388). Although the
numbers are still lower than in 2019, the decrease seen followed
by an increase was likely related to the pandemic and reflected
the EBMT guidelines for transplant recommendations for auto-
immune disease specifically developed to manage HSCT delivery
and patients during the pandemic phase [28, 29].

Changes during the pandemic

Even though the pandemic continued throughout Europe in 2021,
an overall increase in transplant activity of +4.5% was seen when
compared to 2020 [28-33]. The use of CAR-T cell technology
continued to increase by +35% in 2021 (4+65% in 2020).
Figure 5a—f show transplant rates for allogeneic (Fig. 5a) and
autologous HCT (Fig. 5d) since 2000 and for the main indications
AML (Fig. 5b) and ALL (Fig. 5b) for allogeneic HCT and NHL
(Fig. 5e) and plasma cell disorders (Fig. 5f) for autologous HCT in
five populous countries. It is obvious that the SARS-CoV-2
pandemic did not affect the number of transplanted patients in
the same way in all countries with eg., the UK showing a
substantial drop followed by recovery (potentially influenced by
coordinated national guidance and policy [29], whereas in other
countries changes were minimal. This drop was not uniform,
affected autologous HCT more than allogeneic and among
autologous more for myeloma than for NHL; in contrast there
was a drop for autologous HCT in France for NHL but not for
myeloma.

Changes in transplant rates 2020 to 2021

Assessing transplant rates per 10 million population (TR) allowed
the comparison of activity in countries adjusted for differences in
population size. In the 2021 survey, the TR rates for allogeneic HCT
within European countries only, ranged from 5.4 in Georgia and
11.6 in Ukraine to 403.7 in Germany and 435.7 in Israel (median
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number of HCT 106 and TR 144.6). Five countries did not report
any allogeneic HCT (Bosnia and Herzegovina, Cyprus, Iceland,
Latvia and Luxembourg). For autologous HCT, rates ranged from
1.0 in Azerbaijan to 580.6 in Italy (median number of HCT 160 and
TR 227.8). All countries participating in the annual survey reported
doing autologous HCT.

Comparing the transplant rates in 2021 with those reported in
2020, differences were seen with the 50 countries that reported in
both years. Within allogeneic HCT, the TR increased in 31
countries, in 10 countries they continued to go down and in a
further 9 countries, no major change was seen. For autologous
HCT, an increased in TR was observed in 23 countries, a continued
decrease in 19 countries and in 8 countries there was no major
change seen. For instance for allogeneic HSCT the transplant rates

Bone Marrow Transplantation (2023) 58:647 - 658

dropped in Norway from 303/per 10 Million (Mio) inhabitants to
272 (decrease by 31/per 10 Mio) whereas in Lithuania the rate
increased from 211 to 264 (increase by 53/per 10 Mio) and in Israel
from 393 to 436 (increase by 43/per 10 Mio). For autologous HCT
the largest drop was in Croatia (467 to 399 by 68 transplants/per
10 Mio), while in the UK, the transplant rate went from 297 to 387,
an increase by 90 transplants/10 Mio. How much is due to the
continuing SARS-CoV-2 pandemic or change in activity due to
other treatment protocols is unknown.

Cellular therapy

Table 2 shows the number of patients who received advanced
cellular therapy and DLI performed in 2021. Un-manipulated DLIs
were reported in 3245 patients, which is an increase of +6.2%
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Fig. 4 Change in choice of donor type in Europe from 1990 to 2021.
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compared to 2020. The majority of DLIs were given for relapse
(n=1337) and graft enhancement/failure (n = 848).

In addition, a total of 3494 patients (15.4% increase) in 288
centers from 31 countries received other forms of hematopoietic
cellular therapies that qualified as medicinal products rather than
cell transplants [16]. In 2021, the most remarkable increase seen
again was in gene-modified T cells, notably CAR-T cells, increasing
from 1874 in 2020 to 2524 in 2021 (+34.7%).

The numbers of patients treated with a CAR-T cell infusions has
increased constantly since 2017 regardless of the observations
seen in HCT activity due to the SARS-CoV-2 pandemic One
hundred and ninety-seven centers in 24 countries reported 2524
CAR-T cellular therapies in 2021. The main indication was
lymphoma (n=1851; 99% autologous), followed by ALL
(n=379; 89% autologous), other malignancies i.e., myeloma, AID
(n=294; 95% autologous) (Fig. 6). The second most widely used
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cellular therapy other than CAR-T cells in 2021 was mesenchymal
stromal cells (n = 349; 97% allogeneic, —18% when compared to
2020), their use being mainly to treat graft-versus-host disease
[22]. Numbers of other cellular therapy products have not greatly
changed since 2019. Specific data on tumor infiltrating lympho-
cytes is not collected in the annual survey.

CAR-T rates per 10 million population in 2021 ranged from 2.0
in Ireland to 142 in Israel (Fig. 7). The median number of CAR-T
patients was 30 and TR 29.3. Fifty-eight patients with allogeneic
CAR-T were reported in nine countries. For autologous CAR-T, 24
countries reported 2466 CAR-T's with a median of 25.5. To analyze
whether CAR-T treatment was replacing autologous or allogeneic
HCT we calculated CAR-T rates, autologous HCT rates, and
allogeneic HCT rates for NHL per country and correlated these.

If use of CAR-T was to increase at the expense of HCT for NHL,
autologous or allogeneic, a negative correlation in the treatment
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rates would be expected (the higher the rate of CAR-T the lower
the rate of HCT for NHL) [34, 35]. Here we find by linear regression
a significantly positive correlation as shown in Fig. 8a, b with
correlation coefficients of 0.56 for autologous P=0.004 and
0.48 P=0.018 for allogeneic HCT with CAR-T treatment rates per
country. For this analysis, only the 24 countries with reported CAR-
T treatments were used. CAR-T treatment rates correlate with the
wealth of a country, with median CAR-T rate being 6.98 in
countries with a GNI <40’000 USD and 47.3 in countries with a
GNI > 40’000 USD p = 0.014. We also looked at rates of allogeneic
and autologous HCT for NHL in the same countries; there was a
significant difference P=0.014 between countries with high GNI
and with very high GNI (transplant rates 7.8 vs. 19.1/10 Mio) for
allogeneic HCT but not for autologous HCT P=0.16 (transplant
rates 39.5 vs. 104.8/10 Mio) [36].

DISCUSSION

The EBMT activity survey has been conducted annually since 1990
[1]. Over 47,000 transplants in more than 43,000 patients were
reported in 2021. The largest number of transplants ever reported
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was in 2019 (48,412 in 43,581 patients). The decrease observed in
transplant activity in 2020 likely due to the SARS-CoV-2 pandemic
did not continue in 2021 despite the ongoing pandemic issues.
Absolute numbers in 2021 (47,412 in 43,109 patients) almost
reached those reported pre pandemic in 2019 (48,412 in 43,581
patients) thus showing partial recovery after the drop associated
with SARS-CoV-2. However, the expected annual increase over the
years of approximately 5% cannot be seen during this time period.
The use of DLI increases continuously over the last 20 years
(Fig. 1b) and almost tripled over this time period. Why DLI
increased somewhat more than allogeneic HCT and why a
pandemic associated drop appears not to be seen, is unclear.
Possible explanations include the greater ease in collecting DLI
compared to hematopoietic stem cells. Other changes observed in
the first year of the pandemic significant or not were reversed in
the second year: a drop of marrow transplants for marrow failure
saw an increase; the increased use of cord blood saw a drop;
decreasing numbers of unrelated donor HCT was reversed;
transplant for CML decreased and increased again; re-starting
activity in autoimmune diseases was observed. Some of these
changes are very likely pandemic related, reflecting the difficulties
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organizing unrelated donor transplants, hence using other donors
and cord blood, as well as postponing or replacing HCT for less
urgent indications. The shift from marrow use to peripheral blood
and back is also likely related to availability of operating theaters
for marrow harvest during the first year of the pandemic.
Evolution of SARS-CoV-2 variants, vaccination and new treatments
available for SARS-CoV-2 infection may have potentially contrib-
uted to the recovery of HCT activity in all indications. Variation in
HCT activity between five populous countries (France, Germany,
Italy, Spain, UK), with arguably similar economic status, was noted
across the last two decades, and also specifically within the Covid-
19 pandemic.

We see an impressive increase in the use of CAR-T cell
treatments regardless of the pandemic. Whether this increase of
+35% would have been more impressive without the pandemic is
difficult to assess. This increase is mainly in wealthy countries with
very high GNI. At the same time, we attempted to delineate
whether CAR-T was used instead of HCT and found positive
correlations for autologous and allogeneic HCT for NHL with CAR-T
treatments indicating that again, access to such care was higher in
very high-income countries. It is not surprising that this very
expensive treatment tends to be used in very high-income
countries and that access to treatment is not uniform across
Europe.

We had previously speculated that development of innovative
treatments, CAR-T cellular therapy, bispecific and armed anti-
bodies for myeloma and NHL would result in decreasing use of
HCT technology. The partial recovery of HCT rates in the second
year of the pandemic does not speak in favor of a massive shift in
this direction as yet.

The annual activity survey of the EBMT reflects current activity
and trends in the field of transplant technology. We showed
partial recovery after the decrease of transplant activity in 2020.
The impressive continuous increase in CAR-T cell activity reflects
the wide adoption of a newly approved modality supported by
academic activities. We show that this expensive new technology
is developing almost exclusively in high-income countries.

Despite EBMT recommendations for indications for transplant
aiming to standardize practice [4], there appears to be no ‘ideal’
transplant activity rate across countries, even with similar
economies. Ongoing studies using the EBMT benchmarking
model with registry and survey data aim to assess the impact
during the Covid-19 pandemic and, more generally, the impact of
international variation in activity and clinical practice across
countries with similar and variable economies on survival
outcomes.

In summary, this report is valuable for the dissemination of the
most recent information on indications, donor and stem cell usage
and benchmarking, which will ultimately be beneficial in health
care planning.

DATA AVAILABILITY

Datasets may be available upon request via EBMT Partnering (partnering@ebmt.org).

REFERENCES

1. Gratwohl A. Bone marrow transplantation activity in Europe 1990. Report from
the European Group for Bone Marrow Transplantation (EBMT). Bone Marrow
Transplant. 1991;8:197-201.

2. Copelan EA, Chojecki A, Lazarus HM, Avalos BR. Allogeneic hematopoietic cell
transplantation; the current renaissance. Blood Rev. 2019;34:34-44.

3. Appelbaum FR. Hematopoietic-cell transplantation at 50. N Engl J Med.
2007;357:1472.

4. Snowden JA, Sanchez-Ortega |, Corbacioglu S, Basak GW, Chabannon C, de la
Camara R, et al. Indications for haematopoietic cell transplantation for haema-
tological diseases, solid tumours and immune disorders: current practice in
Europe, 2022. Bone Marrow Transplant. 2022;57:1217-39. https://doi.org/
10.1038/541409-022-01691-w.

Bone Marrow Transplantation (2023) 58:647 - 658

JR.

Passweg et al.

20.

21.

22.

23.

24,

25.

26.

27.

. Gratwohl A, Baldomero H, Aljurf M, Pasquini MC, Bouzas LF, Yoshimi A, et al.

Hematopoietic stem cell JAMA.

2010;303:1617-24.

transplantation: a global perspective.

. Gratwohl A, Pasquini MC, Aljurf M, Atsuta Y, Baldomero H, Foeken L, et al. One

million haemopoietic stem-cell transplants: a retrospective observational study.
Lancet Haematol. 2015;2:€91-100.

. Niederwieser D, Baldomero H, Szer J, Gratwohl M, Aljurf M, Atsuta Y, et al.

Hematopoietic stem cell transplantation activity worldwide in 2012 and a SWOT
analysis of the Worldwide Network for Blood and Marrow Transplantation Group
including the global survey. Bone Marrow Transplant. 2016;51:778-85.

. Gratwohl A, Schwendener A, Baldomero H, Gratwohl M, Apperley J, Niederwieser

D, et al. Changes in use of hematopoietic stem cell transplantation; a model for
diffusion of medical technology. Haematologica. 2010;95:637-43.

. Passweg JR, Baldomero H, Bader P, Bonini C, Cesaro S, Dreger P, et al. Hemato-

poietic stem cell transplantation in Europe 2014: more than 40000 transplants
annually. Bone Marrow Transplant. 2016;51:786-92.

. Passweg JR, Baldomero H, Bader P, Bonini C, Duarte RF, Dufour C, et al. Use of

haploidentical stem cell transplantation continues to increase; the 2015 European
Society for Blood and Marrow Transplant activity survey report. Bone Marrow
Transplant. 2017;52:811-7.

. Majhail NS, Mau LW, Chitphakdithai P, Denzen EM, Joffe S, Lee SJ, et al. Transplant

center characteristics and survival after allogeneic hematopoietic cell transplan-
tation in adults. Bone Marrow Transplant. 2020;55:906-17.

. Passweg JR, Baldomero H, Bader P, Basak GW, Bonini C, Duarte R, et al. Is the use

of unrelated donor transplantation leveling off in Europe? The 2016 European
Society for Blood and Marrow Transplant activity survey report. Bone Marrow
Transplant. 2018;53:1139-48.

. Passweg JR, Baldomero H, Chabannon C, Basak GW, Corbacioglu S, Duarte R, et al.

The EBMT activity survey on hematopoietic-cell transplantation and cellular
therapy 2018: CAR-T's come into focus. Bone Marrow Transplant.
2020;55:1604-13.

. Passweg JR, Baldomero H, Chabannon C, Corbacioglu S, de la Camara R, Dolstra

H, et al. Impact of the SARS-CoV-2 pandemic on hematopoietic cell transplan-
tation and cellular therapies in Europe 2020: a report from the EBMT activity
survey. Bone Marrow Transplant. 2022;57:742-52.

. Shouval R, Fein JA, Labopin M, Kréger N, Duarte RF, Bader P, et al. Outcomes of

allogeneic haematopoietic stem cell transplantation from HLA-matched and
alternative donors: a European Society for Blood and Marrow Transplantation
registry retrospective analysis. Lancet Haematol. 2019;6:e573-84.

. Saccardi R, Putter H, Eikema DJ, Busto MP, McGrath E, Middelkoop B, et al.

Benchmarking of survival outcomes following Haematopoietic Stem Cell Trans-
plantation (HSCT): an update of the ongoing project of the European Society for
Blood and Marrow Transplantation (EBMT) and Joint Accreditation Committee of
ISCT and EBMT (JACIE)” BMT 2022. In press.

. Saccardi R, McGrath E, Snowden JA. JACIE accreditation of HSCT programs. The

EBMT handbook. 2019. p. 35-40.

. Chabannon C, Hildebrandt M, Scheding S, Humpe A, Lowdell M, Slaper-

Cortenbach I. Regulation of advanced therapy medicinal products will affect the
practice of haematopoietic SCT in the near future: a perspective from the EBMT
cell-processing committee. Bone Marrow Transplant. 2015;50:321-3.

. Yakoub-Agha I, Chabannon C, Bader P, Basak GW, Bonig H, Ciceri F, et al. Man-

agement of adults and children undergoing CAR t-cell therapy: best practice
recommendations of the European Society for Blood and Marrow Transplantation
(EBMT) and the Joint Accreditation Committee of ISCT and EBMT (JACIE). Hae-
matologica. 2020;105:297-316.

Bonini C, Mondino A. Adoptive T-cell therapy for cancer: the era of engineered
T cells. Eur J Immunol. 2015;45:2457-69.

Chabannon C, Kuball J, Bondanza A, Dazzi F, Pedrazzoli P, Toubert A, et al.
Hematopoietic stem cell transplantation in its 60s: a platform for cellular thera-
pies. Sci Transl Med. 2018;10:eaap9630.

Tolar J, Le Blanc K, Keating A, Blazar BR. Concise review: hitting the right spot with
mesenchymal stromal cells. Stem Cells. 2010;28:1446-55.

June CH, Sadelain M. Chimeric antigen receptor therapy. N Engl J Med.
2018;379:64-73.

Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et al. Chimeric
antigen receptor T cells for sustained remissions in leukemia. N Engl J Med.
2014;371:1507-17.

Schuster SJ, Bishop MR, Tam CS, Waller EK, Borchmann P, McGuirk JP, et al.
Tisagenlecleucel in adult relapsed or refractory diffuse large B-cell lymphoma. N
Engl J Med. 2019;380:45-56.

Shah NN, Fry TJ. Mechanisms of resistance to CAR T cell therapy. Nat Rev Clin
Oncol. 2019;16:372-85.

Hartmann J, SchiiBler-Lenz M, Bondanza A, Buchholz CJ. Clinical development of
CAR T cells-challenges and opportunities in translating innovative treatment
concepts. EMBO Mol Med. 2017;9:1183-97.

SPRINGER NATURE

657


https://doi.org/10.1038/s41409-022-01691-w
https://doi.org/10.1038/s41409-022-01691-w

JR. Passweg et al.

658

28. Greco R, Alexander T, Burman J, Del Papa N, de Vries-Bouwstra J, Farge D, et al.
Hematopoietic stem cell transplantation for autoimmune diseases in the time of
COVID-19: EBMT guidelines and recommendations. Bone Marrow Transpl.
2021;56:1493-508.

29. Orchard K, Dignan FL, Lee J, Pearce R, Desai M, McFarlane E, et al. The NICE
COVID-19 rapid guideline on haematopoietic stem cell transplantation: devel-
opment, implementation and impact. Br J Haematol. 2021;192:467-73. https://
doi.org/10.1111/bjh.17280.

30. Spanjaart AM, Ljungman P, de La Camara R, Tridello G, Ortiz-Maldonado V,
Urbano-Ispizua A, et al. Poor outcome of patients with COVID-19 after CAR T-cell
therapy for B-cell malignancies: results of a multicenter study on behalf of the
European Society for Blood and Marrow Transplantation (EBMT) Infectious Dis-
eases Working Party and the European Hematology Association (EHA) Lym-
phoma Group. Leukemia. 2021;35:3585-8.

31. Chatzikonstantinou T, Kapetanakis A, Scarfo L, Karakatsoulis G, Allsup D, Cabrero
AA, et al. COVID-19 severity and mortality in patients with CLL: an update of the
international ERIC and Campus CLL study. Leukemia. 2021;35:3444-54.

32. Ghorashian S, Malard F, Yuksel MK, Mauff K, Hoogenboom JD, Urbano-Ispizua A,
et al. Defining the impact of SARS-COV-2 on delivery of CAR T-cell therapy in
Europe: a retrospective survey from the CTIWP of the EBMT. Bone Marrow
Transplant. 2022;57:299-301.

33. Ljungman P, Mikulska M, de la Camara R, Basak G, Chabannon C, Corbacioglu S,
et al. The challenge of COVID-19 and hematopoietic cell transplantation; EBMT
recommendations for management of hematopoietic cell transplant recipients,
their donors, and patients undergoing CAR T-cell therapy. Bone Marrow Transpl.
2020;55:2071-6.

34. Shah NN, Ahn KW, Litovich C, He Y, Sauter C, Fenske T, et al. Is autologous
transplantation (autoHCT) in relapsed diffuse large B-cell lymphoma (DLBCL)
patients achieving only a PET/CT positive partial remission (PR) appropriate in the
CAR-T cell era? Blood. 2021;137:1416-23.

35. Shadman M, Pasquini MC, Ahn KW, Chen Y, Turtle CJ, Hematti P, et al. Autologous
transplant versus chimeric antigen receptor T-cell therapy for relapsed DLBCL in
partial remission. Blood. 2022;139:1330-9.

36. Gagelmann N, Sureda A, Montoto S, Murray J, Bolafios N, Kenyon M, et al. Access
to and affordability of CAR T-cell therapy in multiple myeloma: an EBMT position
paper. Lancet Haematol. 2022;9:786-95.

ACKNOWLEDGEMENTS

Special thanks go to the cooperation of all participating centers and their staff (listed
in the Supplementary Online Appendix). The staff at the EBMT Co-ordination offices;
Barcelona, Paris and London. The National Registries; Austria (ASCTR), Belgium, Czech
Republic, France (SFGM-TC), Germany (DRST) Italy (GITMO), The Netherlands, Spain
(GETH), Switzerland (SBST), Turkey and the United Kingdom (BSBMT). The authors
also thank D. John for database support.

SPRINGER NATURE

AUTHOR CONTRIBUTIONS

HB and JRP designed the survey and drafted the paper. HB collected and analyzed
the data. SG, RC, HD, BG, RG, MM, BN, RP, ZP, JAS and AS contributed to the writing of
the paper.

FUNDING

Open access funding provided by University of Basel.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41409-023-01943-3.

Correspondence and requests for materials should be addressed to Jakob R.
Passweg.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Bone Marrow Transplantation (2023) 58:647 - 658


https://doi.org/10.1111/bjh.17280
https://doi.org/10.1111/bjh.17280
https://doi.org/10.1038/s41409-023-01943-3
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Hematopoietic cell transplantation and cellular therapies in Europe 2021. The second year of the SARS-CoV-2 pandemic. A�Report from the EBMT Activity Survey
	Introduction
	Patients and methods
	Data collection and validation
	Participating centers
	Patient and transplant numbers
	Hematopoietic advanced cellular therapies other than hematopoietic cell transplantation
	Transplant and cellular therapy rates
	Analysis

	Results
	Participating centers in 2021
	Numbers of patients, transplants, and trends in 2021
	Pediatric transplantation
	Main indications
	Changes in allogeneic HCT 2020 to 2021
	Changes in donor type and stem cell source 2020 to 2021
	Changes in autologous HCT 2020 to 2021
	Changes during the pandemic
	Changes in transplant rates 2020 to 2021
	Cellular therapy

	Discussion
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




