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Allogeneic transplantation (allo-HCT) is a curative treatment in CLL whose efficacy including the most severe forms had led to
the 2006 EBMT recommendations. The advent after 2014 of targeted therapies has revolutionized CLL management, allowing
prolonged control to patients who have failed immunochemotherapy and/or have TP53 alterations. We analysed the pre COVID
pandemic 2009–2019 EBMT registry. The yearly number of allo-HCT raised to 458 in 2011 yet dropped from 2013 onwards to an
apparent plateau above 100. Within the 10 countries who were under the EMA for drug approval and performed 83.5% of those
procedures, large initial differences were found but the annual number converged to 2–3 per 10 million inhabitants during the 3
most recent years suggesting that allo-HCT remains applied in selected patients. Long-term follow-up on targeted therapies
shows that most patients relapse, some early, with risk factors and resistance mechanisms being described. The treatment of
patients exposed to both BCL2 and BTK inhibitors and especially those with double refractory disease will become a challenge in
which allo-HCT remains a solid option in competition with emerging therapies that have yet to demonstrate their long-term
effectiveness.
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Allogeneic hematopoietic cell transplantation (allo-HCT) in Chronic
Lymphocytic Leukaemia (CLL) remains a curative option [1]. Long
term analysis of the GCLLSG CLL3X trial demonstrated a 10-year
overall survival (OS) and PFS of 51% and 34%, respectively [2].
A recent prospective study, with post-allo-HCT MRD management
reported at 3 years 64% PFS, 9.5% NRM of 9.5% and 29.5%
cumulative incidence of relapse [3].

Following the first EBMT recommendations established in 2006,
the CIBMTR registered 400 to 500 cases per year in 2010 with
similar numbers in the EBMT database as described below [4].
The subsequent development of B‐cell receptor signalling

inhibitors (BCRi) [phosphatidylinositol‐3‐kinase inhibitors (PI3Ki) and
Bruton tyrosine kinase inhibitors (BTKi)] and BCL2 inhibitors (BCL2i)
led to major therapeutic advances, especially in relapse and for high-
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Fig. 1 Number and incidence of allo-HCT for CLL in the 2009-2019 EBMT registry. a Number of first allo-HCT procedures for CLL patients
older than 18 years, recorded in the EBMT registry between 2009 to 2019. Blue line: total number of allo-HCT; orange line: number of allo-HCT
performed on the 10 countries who performed more than 50 allo-HCT during this period; grey line: number of allo-HCT performed on the
remaining countries who performed less than 50 allo-HCT during this period. b Annual incidence of CLL transplants per year and per 10
million inhabitants recorded in the EBMT registry in the 10 countries who performed more than 50 allo-HCT between 2009 and 2019.

Table 1. Characteristics of CLL patients older than 18 years who received a first allo-HCT procedure recorded in the EBMT registry between 2009
and 2019.

Characteristics Group N (%) Missing

Age (y) Median (IQR) 57.6 (51.7–62.6) 0

Disease status at allo-HCT CR 559 (22.8%) 58 (2.3%)

PR/SD 1584 (64.5%)

PD 313 (12.7%)

Conditioning standard 569 (23%) 45 (1.8%)

reduced 1900 (77%)

Prior lines 0–1 371 (27.5%) 1167 (46.4%)

2 321 (23.8%)

3 307 (22.8%)

≥4 348 (25.8%)

Idelalisib No 1235 (93.1%) 1188 (47.3%)

Yes 91 (6.9%)

Ibrutinib No 1055 (79.6%) 1188 (47.3%)

Yes 271 (20.4%)

Venetoclax No 1228 (92.6%) 1188 (47.3%)

Yes 98 (7.4%)

Time between CLL diagnosis and allo-HCT (m) Median (IQR) 63 (31.6–101.3) 0

Time between 1st CLL treatment and allo-HCT (m) Median (IQR) 47.2 (18.5–82.1) 1130 (44.9%)

Donor MRD 775 (30.9%) 8 (0.3%)

MMRD 103 (4.1%)

MUD 936 (37.4%)

MMUD 389 (15.5%)

Unrelateda 303 (12.1%)

(y) years, (m) months, (IQR) Interquartile Range, CR Complete response, PR/SD Partial Response or Stable Disease, PD Progressive Disease, MRD Matched Related
Donor, MMRD Mismatched Related Donor, MUD Matched Unrelated Donor, MMUD Mismatched Unrelated Donor.
aNo HLA match data available.
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risk CLL subgroups. Ibrutinib was designated by the European
Medical Agency (EMA) as an orphan medicinal product on 12 March
2013. The EMA Committee for Medicinal Products for Human (CHMP)
gave a positive opinion for the use in CLL of both idelalisib and
ibrutinib on 24 July 2014 and of venetoclax on 14 October 2016
(www.ema.europa.eu), followed by the marketing authorisation
within the European community.
As a result, during the more recent years the majority of first-

line patients with 17p/TP53 alteration have been treated with
ibrutinib, with a median PFS exceeding 50% at 5 years. Patients
relapsing after chemoimmunotherapy (CIT) were also mainly
treated with ibrutinib with a median PFS of at least 50 months,
shorter if patients had multiple treatments, TP53 alteration or a
complex karyotype. In the case of relapse after prior exposure to
ibrutinib, venetoclax alone or in combination with rituximab led to
high overall response rates (ORR) and a median PFS of
25–30 months [5]. As a result, a new ‘category’ of patients
exposed to both BCRi and BCL2i is emerging, some being truly
double refractory to both agents and with a very poor prognosis
and an OS below 1 year [6, 7]. Considering these new paradigms,
the EBMT and the European Research Initiative on CLL (ERIC)
established new recommendations in 2014 at two levels which
were additionally modified in 2018 [8].
To describe the impact of the introduction of these novel drugs

on the allo-HCT rate over time, we analysed data from the EBMT
registry for CLL patients older than 18 years and undergoing a first
allo-HCT between 2009 to 2019. From 37 EBMT participating
countries, a total of 3011 allo-HCT were identified, including 23
transplants for a second cancer. For this population as a whole, the

number of allo-HCT increased in the first 3 years to 458 per year in
2011, yet decreased significantly after 2013, falling below 150
from 2017 onwards (Fig. 1a). We focused our analysis on the 10
countries under the regulation of the EMA for access to drugs and
having performed more than 50 allo-HCT for CLL during this
period. These countries, including Germany, France, the United
Kingdom, Italy, Spain, the Netherlands, the Czech Republic,
Belgium, Sweden and Denmark, performed 2514 (83.5%) of these
allo-HCT. The characteristics of these patients are reported in
Table 1. The median follow-up, determined by means of the
reverse Kaplan–Meier method, was 69 months (95% CI 65–72).
Overall survival (OS) and progression free survival (PFS) were
determined by Kaplan–Meier method. The OS (95% confidence
interval) of this population by 3 and 5 years is 58% (56–60%) and
50% (48–52%) and the PFS (95% confidence interval) by 3 and 5
years is 46% (44–48%) and 38% (35–40%) (Fig. 2a, b). Based on
Eurostat population data (https://ec.europa.eu/eurostat/) we
calculated the annual incidence of CLL transplants per year and
per 10 million inhabitants. This incidence has clearly decreased
over the years from a median of 8–11 per 10 million inhabitants in
the 3-year period 2009–2011 to 2-3 per 10 million inhabitants
during the 3 most recent years (2017–2019). The overall trend for
these 10 countries is the same as for all other countries reporting
to EBMT (Fig. 1b).
This survey shows that following the development of new agents

the number of allo-HCT dropped and seemed to have stabilised to
approximately 100 procedures per year for the 2017–2019 period.
We need to determine what types of CLL patients nowadays receive
allo-HCT for CLL, while also considering the impact of the pandemic
SARS-Cov-2 from 2020 onwards the allo-HCT indications.
The Heidelberg team reported their experience applying the

ERIC/EBMT 2014 recommendations in patients at least exposed to
BCRi and/or BCL2i [9]. Two recent retrospective studies have been
conducted in patients exposed to the newer agents [10, 11]. One
reported a PFS and NRM of 63 and 13% respectively in a
population of 65 patients who had received ≥1 new drug, with
exposure to ibrutinib and venetoclax in 17 cases [10]. In both
studies, the number of double refractory patients was very limited.
The EBMT CMWP has initiated a survey to analyse outcomes for
allo-HCT after multiple pathway inhibitors including patients who
discontinued ibrutinib for relapse or intolerance and treated with
venetoclax before and after allo-HCT.
Without mentioning Richter’s syndrome, which is a constant

concern (and the actual object of a separate EBMT survey), there is
no doubt that the emergence of truly double refractory patients,
including also patients who will be failing BTKi/BCL2 combinations
[5] pose a challenge. For such patients allo-HCT remains the
recommended option provided that a bridge can be found to
obtain a disease response. This refractory group is however a
moving target where allo-HCT will be put in competition with
other emerging therapeutics, especially CAR-T, non-covalent BTKi,
and bispecific antibodies.
While CAR-Ts have been developed for 10 years [12] with the

fascinating report that long term circulating CAR-T could be
demonstrated [13], no registration has been obtained yet in CLL.
Despite ORR of 60–95%, including substantial MRD clearance, only a
few durable responses have been reported. In the EBMT database, no
CAR-T for CLL have been recorded during the 2009 to 2019 period
and only 4 for the 2 following years. Barriers to the efficacy may be a
reduced capacity for sustained T-cell expansion [14]. However, we
believe that their underuse in Europe in CLL it is primarily due to the
lack of available studies and that if access to development
programmes were offered, CAR-T would be evaluated as a priority,
especially in double refractory patients in competition or potentially
in combination with allo-HCT.
Among reversible (non-covalent) BTKi, pirtobrutinib produces

ORR of up to 62%, in previously exposed to BCRi, whatever the
cause of previous interruption and independent of C481S BTK
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mutational status, however, the median PFS appears to be less
than 2 years [15, 16] and emerging mechanisms of resistance are
now described [17].
Finally, bispecifics T-cells engagers such as mosunetuzumab

(NCT05091424) and epcoritamab (NCT04623541) are in develop-
ment in patients pre-exposed to BCRi and/or BCL2i (but not
necessarily to both) although no robust data is available yet.
In conclusion, following a clear reduction of the annual number,

allo-HCT remained used for CLL at a stable rate of approximately
100/year in Europe 5 years after the approval of ibrutinib and
idelalisib and 3 years after the approval of venetoclax. Further real-
world evaluation to explore allo-HCT indications in the context of
competing/complementary strategies is required, for BCRi/BCL2i
double exposed and double refractory relapsed patients.
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