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ABSTRACT

A

llogeneic hematopoietic stem cell transplantation (HSCT) remains
a potentially curative and useful strategy in high-risk relapsing
chronic lymphocytic leukemia (CLL). Minimal residual disease
(MRD) assessment at 12 months (M12) post-HSCT is predictive of
relapse. This phase II study aimed to achieve M12 MRD negativity
(MRD ) using an MRD-driven immune-intervention (Md-PII) algorithm
based on serial flow-cytometry blood MRD, involving cyclosporine
tapering followed in case of failure by donor lymphocytes infusions.
Patients had high-risk CLL according to the 2006 European Society for
Blood and Marrow Transplantation consensus, in complete or partial
response with lymphadenopathy <5 cm and comorbidity score ≤2.
Donors were HLA-matched sibling or matched unrelated (10/10). Fortytwo enrolled patients with either 17p deletion (front-line, n=11; relapse
n=16) or other high-risk relapse (n=15) received reduced intensity-conditioning regimen before HSCT and were submitted to Md-PII. M12MRD status was achieved in 27 of 42 patients (64%) versus 6 of 42
(14.2%) before HSCT. With a median follow-up of 36 months (range, 1953), 3-year overall survival, non-relapse mortality and cumulative incidence of relapse are 86.9% (95% Confidence Interval [CI]: 70.8-94.4),
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9.5% (95% CI: 3.7-23.4) and 29.6% (95% CI: 17.3-47.7). Incidence of 2-year limited and extensive chronic graft versus host disease (cGVHD) is 38% (95% CI: 23-53) and 23% (95% CI: 10-36) including two
cases post Md-PII. Fifteen patients converted to MRD either after cyclosporine A withdrawal (n=12) or
after cGvHD (n=3). As a time-dependent variable, MRD achievement at any time-point correlates with
reduced relapse (Hazard ratio [HR] 0.14 [range, 0.04-0.53], P=0.004) and improvement of both progression free (HR 0.18 [range, 0.06-0.6], P<0.005) and overall (HR 0.18 [range, 0.03-0.98], P=0.047) survival.
These data highlight the value of MRD-driven immune-intervention to induce prompt MRD clearance in
the therapy of CLL (clinicaltrials gov. Identifier: NCT01849939).
neg
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Introduction
Until recently, patients with refractory chronic lymphocytic leukemia (CLL) or who relapse early after purine
analogs and rituximab-based chemoimmunotherapy or
those harboring 17p deletion (del(17p)) and/or TP53 mutations were considered high-risk patients with reduced overall survival (OS). Better understanding of the molecular and
genetic aspects of CLL brought novel and highly active
strategies such as targeting kinases downstream of the Bcell receptor (BCR) pathway.1-3 These therapies have profondly modified the CLL therapeutic landscape, thanks to
improved efficacy and better tolerability. However, the disease is still incurable and allogeneic hematopoietic stem cell
transplantation (HSCT) remains a valid option in selected
high-risk patients.4,5
Prospective studies have shown that allogeneic HSCT
can offer long progression free survival (PFS) and even a
cure in 35% to 45% of high-risk patients. Reduced intensity
conditioning (RIC) HSCT can be proposed to older patients
and patients with comorbidities who represent the bulk of
the CLL population. However disease recurrence, recorded
in 22% to 46% patients, is still a major issue.6-9 Pre-transplantation refractoriness and bulky disease is associated
with higher risk of post-transplantation progression.9,10 The
level of post-transplantation minimal residual disease
(MRD) is widely associated with the risk of further progression. In several studies, a negative MRD (MRD ) status at 6
to 12 months translated into a progression incidence below
10%.11-14 Moreover, the MRD status may be reached by
post-transplantation immunomodulation such as
cyclosporine A (CsA) tapering or donor lymphocyte infusion (DLI).15 These data led us to conduct a prospective
study evaluating an approach of RIC HSCT followed by a
preemptive MRD-driven immune-intervention with the
aim to achieve a MRD status at 12 months post-transplantation.
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Methods

comorbidity score ≤ 2. Donors were HLA-matched sibling or unrelated (10/10).17 All responsible Institutional Review Boards in
accordance with the Declaration of Helsinki approved the protocol including the study-specific informed consent form. The study
was declared to the French Authorities (reference ID-RCB 2011A00906-35) and registered on clinicaltrials gov. Identifier:
NCT01849939.

Transplantation modalities
Conditioning regimen was fludarabine, 30 mg/m2/day, from
day (D) D-5 to D-1, intravenous busulfan 3.2 mg/kg/day from D4 to D-3 and ATG (thymoglobuline) 2.5 mg/kg/day from D-3 to
D-2.18 Stem cell source was G-CSF mobilized peripheral blood
cells. Graft-versus-host disease (GvHD) prophylaxis was based on
CsA with a short course of methotrexate in case of minor
donor/recipient ABO mismatch.

Response and minimal residual disease evaluation
Response evaluation was performed according to 2008 iwCLL
criteria including computed tomography scan (CT-scan)19 before
and 3 months (M3), 6 months (M6) and 12 months (M12) after
transplantation.
MRD analysis was centrally performed on blood and/or bone
marrow by 10-color multiparameter flow cytometry.20-22 MRD
definition was <1 CLL cell detectable per 10,000 leukocytes
(<1.10-4).19 MRD (MRD ) definition was ≥1 CLL cell detectable
per 10,000 leukocytes. Clusters of <20 events were considered as
undetectable MRD (UD). Blood MRD evaluation was planned
before transplantation, then monthly until M6, at M9 and M12.
Once achieved, the blood MRD status was confirmed 1 month
later in both blood and bone marrow.
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Preemptive immune-intervention
Preemptive immune-intervention was applied in the absence of
significant GvHD, defined by either acute GvHD (aGVHD) ≥
grade 2 or extensive chronic GvHD (cGvHD). The algorithm
based on response and blood MRD assessment included acceleration of CsA tapering and withdrawal followed in case of failure by
escalating DLI. The algorithm also included extension of CsA
treatment in case of early achievement of MRD status (Online
Supplementary Appendix; Figure A)

Study design
The ICLL03 RICAC-PMM (Reduced Intensity Conditioning
Allogeneic Transplantation for CLL with Preemptive MDR
Management), a joint FILO (French Innovative Leukemia
Organization) and SFGM-TC (Société Francophone de Greffe de
Moelle et de Thérapie Cellulaire) multicenter phase II trial evaluated the efficacy and safety of a preemptive immune-intervention
based on MRD assessment in high-risk CLL. Eligible patients were
18 to 70 years old, with CLL (Matutes score 4 or 5) or lymphocytic
lymphoma, and high-risk features according to the 2006 European
Society for Blood and Marrow Transplantation (EBMT) consensus16 (see Online Supplementary Appendix). Patients had to be in
complete or partial response with lymphadenopathy <5 cm and a
1868

Chimerism and graft-versus-host disease assessment
Chimerism studies were performed on peripheral blood at M1,
M2, M3, M6, and M12 post HSCT by multiplex fluorescent polymerase chain reaction using Short Tandem Repeat analysis.
(Online Supplementary Appendix). The diagnosis of GvHD was
made according to published criteria.23,24

Trial objectives and statistical analysis
The primary objective was to evaluate the efficacy of a preemptive immune-intervention to achieved MRD at M12. The
probabilities of OS, and PFS were calculated using the KaplanMeier estimator. The probability of non-relapse mortality
neg
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(NRM) and relapse/progression were calculated using the Fine
and Gray approach, considering death as competing risks. In
order to evaluate the impact on outcomes of MRD achievement, we performed time dependent analyses considering
MRD occurrence as a time-dependent event. Outcome data
were estimated by the Mantel-Byar method and graphically
illustrated by Simon-Makuch plots25,26 (Online Supplementary
Appendix).
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Results
Patients’ characteristics, donor type and protocol
adherence
Between September 2012 and February 2015, 43 patients
fulfilling the 2006 EBMT consensus criteria were recruited
in 16 French centers; due to donor comorbidities, one
patient included was not eventually transplanted. The present analysis includes the remaining 42 patients (32 male and
10 female). Patients’ characteristics are depicted in the Table
1. Before HSCT, patients had received a median of two

lines of treatment (range, 1-5); the last one being alemtuzumab for 17 patients, immunochemotherapy for 21 and
BCR inhibitors for four. Details of previous lines of treatment per patients are reported in the Online Supplementary
Table S1. Eight patients were in CR/CRi (including six with
blood MRD status) and 34 in PR pre-transplantation.
Donors were HLA-identical siblings (n=16) or HLAmatched (10/10) unrelated donors (n=26).
The trial profile of the immune-intervention applied in
this study and the representative protocol adherence is
shown in the Online Supplementary Appendix (Online
Supplementary Figure 1B). One patient died before D30.
Among the 41 remaining patients, seven were not treated
strictly according to study protocol: four patients had an
unplanned early CsA withdrawal for primary (n=1) or secondary (n=1) graft failure or mixed chimerism (n=2). One of
these last two patients relapsed at 13 months, whereas the
second, who later received DLI, was still in mixed
chimerism without relapse at 18 months. For two patients,
CsA was tapered early, despite MRD status, due to renal
failure in one patient. Finally CsA was reduced at D120
instead of D90 for one patient with D90 MRD status.
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Post-transplantation response and outcomes

Table 1. Patients’ characteristics

Patients (n=42)
Sex
Female
10
Male
32
Median age at transplant: y (range)
58.6 (40.6 - 68.6)
Median time between diagnostic and HSCT: y (range)
4.5 (0.2 - 14.7)
Indication for HSCT: n
del(17)p and/or TP53 mutation, 1st line
11
del(17)p and/or TP53 mutation, in relapse
16
Purine analogs refractoriness without TP53 abnormality
3
Early relapse (<2 y) after fludarabine based combination or
autologous transplant without TP53 abnormality
12
Median prior treatment lines: n (range)
2 (1-5)
Last line before HSCT: n
Alemtuzumab (+/- Dexamethasone)
17
Bendamustine based combination (B, BR, BOMP)
14
R-DHAC
6
Ibrutinib
3
Idelalisib + rituximab
1
Rituximab
1
Median time between last line and HSCT: d (range)
63 (7-179)
Prior exposure to alemtuzumab: n
20
Median interval between alemtuzumab (last line) and
85 (37-179)
HSCT: d (range)
HSCT done ≤ 60 days post alemtuzumab: n
6
Disease status at transplantation: n
CR/CRi
8
PR
34
Lymph node > 15 mm*
25
Lymph node ≤ 15 mm
17
Blood MRD at transplantation
Median MRD level: % (range)
0.78 (<10-4 - 70)
Negative MRD: n
6
Donor type (HLA 10/10): n
HLA Matched sibling
16
HLA Matched unrelated
26
HSCT: hematopoietic stem cell transplantation; B: bendamustine; BR: bendamustine, rituximab;
BOMP: bendamustine, ofatumumab, méthylprednisolone; R-DHAC: rituximab, carboplatin,
cytarabine, dexamethasone; CR: complete remission; PR: partial remission; MRD: minimal residual disease. n: number, d: days, m: months, y: years. * No patient with lymph node >50 mm.
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Engraftment occurred in 40 of the 42 transplanted
patients while two presented graft failure. In the latter
patients, both in PR at transplantation, the last line were
alemtuzumab plus dexamatasone, interrupted 49 days
before transplant in one patient and ibrutinib interrupted 9
days before transplant in the other. Assessment of the
response according to the iwCLL criteria between 3 and 6
months found CR/CRi and PR for 13 (31%) and 26 (62%)
patients, respectively. Response was not evaluated for three
patients because of early death (n=1) or graft rejection
(n=2). Response was classified as partial when there was
lymph node >15 mm persistence (n=6), spleen enlargement
(n=4), both (n=3) or incomplete evaluation (n=13) (Online
Supplementary Table S2).
Seventeen patients developed grade 1 (n=8), 2 (n=6) and
3 (n=3) aGvHD. Limited and extensive cGvHD occurred in
15 and nine of the 39 patients who engrafted and were still
alive at D100, translating into a cumulative incidence at 2
years of cGvHD of 61% (95% Confidence Interval [CI]: 5468), including limited and extensive cGvHD in 38% (95%
CI: 23-53) and in 23% (95% CI: 10%-36%) patients respectively. Two cases of primary cGvHD were diagnosed following planned immune-intervention: one was a limited
cGVHD after DLI administration for early progression at
D35 and one was an extensive cGvHD after cessation of
CsA due to D90 MRD positivity.
Seven of the 42 patients died. Causes of death were
extensive cGvHD (n=2), pulmonary aspergillosis plus
Pneumocystis jiroveci pneumonia associated with limited
cGvHD (n=1) and early cytomegalovirus infection (n=1) in
a patient who received alemtuzumab in the last weeks prior
to transplantation. The three remaining deaths were related
to disease progression with Richter transformation.
Moreover three patients presented severe complications,
namely two polyradiculopathy and one Epstein–Barr virusinduced lymphoproliferative disease.
With a median follow-up of survivors of 36 months
(range, 19-53) the 3-year OS, PFS, and NRM were 86.9%
(95% CI: 70.8-94.4), 62.9% (95% CI: 45.8-75.9) and 9.5%
(95% CI: 3.7-23.4) respectively. Ten patients had progression occurring after a median of 12 months (range, 1-34).
1869
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The 3-year cumulative incidence of relapse was 29.6%
(95% CI: 17.3-47.7) (Figure 1). Salvage therapy was delivered in patients who relapsed after donor engraftment;
eight patients received ibrutinib; six of them are still in
remission at the last follow-up (32 to 52 months) while two
had a transient response followed by progression with
Richter transformation. (Table 2).

At M12, 27 patients achieved MRD status, including
23 patients with an undetectable MRD (MRD < limit of
detection), seven patients remained MRD , eight patients
were not evaluable because either early toxic death (n=4)
or other reason including graft rejection (n=2), EppsteinBarr virus-induced lymproliferation (n=1) and early
relapse (n=1). Thus, at M12, MRD status was achieved
in 64% (27 of 42) if we consider all patients and in 77%
(27of 35) if we take into consideration all 34 patients
assessed at this time point and the patient who experienced a clinical relapse at 1 month (and thus not subject
to systematic MRD assessment but considered as failure)
versus 14.2% before transplantation. Most patients
remained MRD early after transplantation and progressively translated to MRD within the first 6 months posttransplantation. (Figure 2). Nine of the 13 (69%) D90

MRD patients who had no significant GvHD but who
had an early CsA withdrawal according to the protocol,
managed to reach a MRD status.
For the 39 patients who engrafted and were alive after
M1, MRD kinetics followed four distinctive patterns.
(Figure 3). The pattern A (n=6) is constituted of the pretransplantation MRD patients. Two of these patients
relapsed, one at 12 and one at 19 months. The pattern B
(n=11) comprised the patients who converted from pretransplantation MRD to post-transplantation MRD
status within 3 months without any immune-intervention. One pattern-B patient with M12 MRD close to the
positivity threshold relapsed at 13 months. The pattern
C (n=15) is constituted of the patients with pre-transplantation MRD who remained MRD during the first
3 months but became MRD either after CsA tapering
and withdrawal (n=12) or after cGvHD (n=3). Two pattern-C patients relapsed at 23 and 34 months. The pattern D (n=7) comprised the patients with a pre-transplantation MRD status who remained MRD despite
cGvHD (n=1) or immune-intervention including CsA
tapering and withdrawal (n=6) followed by DLI for five
of them. Progression was observed in five pattern-D
patients including three Richter transformations, each
occurring within the first 13 months. The outcome of all
four panels is represented in the Online Supplementary
Table S3.

A

B

C

D

Minimal residual disease (MRD) status at 12 months
and MRD kinetics after hematopoietic stem cell
transplantation
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Figure 1. Post-transplant outcome of the 42 chronic lymphocytic leukemia transplanted patients. Kaplan-Meier estimates of (A) overall survival, (B) progressionfree survival. Calculated probability of (C) non relapse mortality and (D) cumulative incidence of relapse after hematopoietic stem cell transplantation.
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Impact of minimal residual disease on outcome
In Mantel-Byar analysis, evaluating MRD as a timedependent variable, achievement of the MRD status
regardless of the time point, was predictive of an
improved PFS, Hazard ratio (HR) 0.18 (range, 0.06-0.60),
P=0.005, and OS, HR 0.18 (range, 0.03-0.98), P=0.047
along with a reduction of CIR, HR 0.14 (range, 0.040.539, P=0.004. (Figure 4).

relapse risk, HR 0.16 (range, 0.02-1.22) P=0.08 but had no
impact on OS, P=0.18.

neg

Chimerism evaluation
The chimerism analyzed on unselected blood cells had
no impact on outcome. Conversely T-cell donor engraftment (≥95% donor T cells) tended to be associated with
higher PFS, HR 0.16 (range, 0.02-1.37), P=0.09, and lower

Discussion
Since the first descriptions, allogeneic HSCT has long
been the only curative treatment for CLL. Its development
has benefited greatly from the advent of reduced-intensity
conditioning that can be proposed until the age of 70. The
availability of new alternative therapies, including both
BCR and BCL-2 inhibitors have in high-risk patients taken
the place of allogeneic HSCT and delayed this strategy until
later in the management of the disease. Consequently, the

Table 2. Treatment and follow-up of patients in relapse after hematopoietic stem cell transplantation.

Pt#

T1

T2

Relapse treatment

35
2
8
19
29
13
4
15
28
18

12
19
12
34
23
11*
1
12
12
9

13
34
15
34
23
19
6
12
13
10

Ibrutinib (M13-ongoing)
DLI(1), failure followed by ibrutinib (M36-ongoing)
DLI(3) followed by Ibrutinib (M18 - ongoing)
Ibrutinib (M34 - ongoing)
DLI(2) response, followed by ruxolitinib (ongoing) for GvHD
RCHOP, with initial PR, RDHAP, irradiation
°Ibrutinib (M15-M45) with initial PR then PD*, RDHAC
°Ibrutinib (M13-M24) with initial PR then PD*, RCHOP
Ibrutinib (M13-ongoing)
Ibrutinib (M10-ongoing)

Last FU

Status

29+
52+
48+
42+
36+
35
47
43
32+
41+

PR, MRD
CR, MRD
CR, MRD
CR, MRD
CR, MRD
PD*
PD*
PD*
CR, MRD
PR, MRD

pos
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Pt#: patient number ; ASCT: allogenic hematopoietic stem cell transplantation; T1: time from ASCT to relapse (months) ; T2: time from ASCT to relapse treatment (months) ; CR:
complete response ; PR: partial response ; PD: progressive disease ; *: Richter transformation ; DLI: donor lymphocytes infusion (number) ; R-CHOP: rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone ; R-DHAC: rituximab, dexamethasone, cytarabine, carboplatinum; GvHD: graft versus host disease; FU: follow-up; M13: 13 months; M15: 15
months; M24: 24 months; M34: 34 months; M45: 45 months. , ° Patients#4 and #15 had received preemptive DLI before relapse treatment as part of the immune-intervention as per
study protocol.

Figure 2. Post-transplantation minimal residual disease evaluation. At 12 months (M12), 27 of 42 (64%) patients were minimal residual disease negative (MRDneg),
7 of 42 (17%) patients remained MRD positive (MRD ), 8 of 42 (19%) patients were not evaluable because either prior early toxic death (n=4) and 4 of 42 patients
(9.5%) or other reasons including graft rejection (n=2), Eppstein-Barr virus lymproliferation (n=1) and early relapse (n=1).
pos

haematologica | 2021; 106(7)

1871

O. Tournilhac et al.
A

B

C

D

Figure 3. Patterns of minimal residual disease response of the 39 patients who engrafted and were alive after 1 month. Pattern A: patients with pre-transplant minimal residual disease negative (MRDneg) status (n=6), Pattern B: patients who converted to MRDneg within 3 months post-transplant without any immune-intervention
(n=11). Pattern C : patients who converted to MRD upon immune-intervention (cyclosporine A [CsA] withdrawal only) or graft-versus-host disease (GvHD) (n=16)
Pattern D: patients who remained MRD positive (MRD ) during follow-up despite immune-intervention (CsA withdrawal and donor lymphocyte infusion [DLI]) or GvHD
(n=7). Solid blue line: negativity limit of MRD (<0.01%). UD : undetectable MRD (MRD < limit of detection [LOD]).
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number of allogeneic HSCT for CLL has considerably
decreased since 2015, both in the United States27 and
Europe.28 BCR and BCL-2 inhibitors allow control of
relapsed CLL with a response duration exceeding those
reported after immunochemotherapy.29,30 However, relapses
are the rule, particularly in patients with adverse molecular31,32 and/or complex karyotype.33,34 For such patients,
CAR-T cells are also a hope.35,36 However, while this new
option is very promising in several hematological diseases,
in the 134 highly pre-treated CLL reported to date, the complete response rate remains 20 to 30%, with a median PFS
of 18% at 18 months.37 This approach is associated with
significant acute toxicity, but does not present, in contrast
to allogeneic HSCT, a risk of GvHD. Hence, long-term
results in large cohorts of CLL patients treated by CAR-T
cells are currently needed, and allogeneic HSCT is still a
valid option in CLL for selected patients.38
We report the first trial evaluating prospectively an
approach of post-transplantation MRD-driven immuneintervention for CLL. M12 MRD associated with a
reduced risk of relapse and an improvement of disease-free
survival, was chosen as the primary endpoint.10-14 We
hypothesized that early CsA tapering potentially followed
by DLI in case of a post-transplantation MRD status could
increase the incidence of MRD status at M12 and as a consequence could reduce the risk of relapse. Conversely, for
neg
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patients with a post-transplantation MRD status, CsA
administration would be extended for a longer period to
reduce the risk of chronic GvHD.
In order to minimize severe GvHD incidence, we selected
the same ATG containing conditioning regimen as previously evaluated in a large multicenter study performed in a similar age population.18 Overall, in this population with a median age close to 60 years, we observed less than 25% extensive cGvHD which appears lower than in previous series of
HSCT in CLL and can be considered very acceptable in the
context of allogeneic treatment of high-risk diseases.7-10
Moreover, only four deaths were related to either GvHD
or infection and the 2-year NRM less than 10%, favorably
compares with those varying from 17% to 27% reported in
the main series of reduced intensity conditioning transplant
in CLL.7-10 In this trial low NRM highly contribute to impressive 3-year OS close to 90%.
We show that post-transplantation MRD-driven
immune-intervention is feasible in the setting of a multicenter trial. MRD evaluation was centralized and performed by
a sensitive method of high-resolution ten-color flow cytometry. Results were available within 48 hours, allowing a
rapid adaptation of the immunosuppressive therapy.
Immune-intervention was conducted in accordance to the
protocol in 83% of the evaluable patients; in the remaining
patients CsA was withdrawn earlier due to graft-failure,
neg
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A

B

C

Figure 4. Impact of minimal residual disease negative (MRD ) status achievement on post transplant outcome according to the Mantel-Byar method illustrated by Simon-Makuch plots (MRD status as a time-dependent event). (A)
overall survival, (B) progression-free survival and (C) cumulative incidence of
relapse.
neg

mixed chimerism or renal failure. The immune-intervention
related toxicity was low, with only two cases of GvHD
occurring after CsA withdrawal or DLI applied as per protocol.
In an Intent-To-Treat analysis, the primary end-point of
M12 MRD status has been achieved in 64 % of the 42
transplanted patients and in 79% of the 34 patients who
actually had a M12 MRD evaluation. This result favorably
compares with both prospective10 and retrospective11-14 studies reporting 48% to 71% MRD status at 6 to 12 months
after HSCT.10-14 Particularely our results are in line with one
large single-center retrospective analysis of 77 allografted
CLL patients submitted to immune modulation based on
MRD evaluation.6 In this latter study M12 MRD clearance
was achieved in 56% overall and 84% of all patients evaluable for M12 MRD status and the 3-year relapse incidence
was 26%. Our data argue for the benefit of an early preemptive immune-intervention based on MRD evaluation.
Thus, early CsA withdrawal applied in D90 MRD patients
translated into MRD status at M12 in 69% of them.
Moreover, most patients with D90 MRD status and
GvHD, spontaneously switched to MRD at M12, highlighting the role of allogeneic reaction in the control of the
disease. Conversely, in this context of early preemptive
immune-intervention we failed to show a benefit of DLI to
convert MRD from positive to negative, but three of five
patients were already in clinical progression at the time of
infusion. Finally, considering the non-randomized nature of
neg

neg

pos

neg

pos

neg

haematologica | 2021; 106(7)

the trial, our data suggest that a MRD-driven CsA withdrawal can provide durable MRD clearance, improve
GvHD leukemia effect and avoid progression.
In several studies, the M12 MRD status was associated
with lower incidence of relapse.13-15,39 As half of the progression occurred before M12 in our series, we chose to analyze
the impact of MRD using MRD as a time dependent variable. We confirm here the strong correlation between an
MRD status achievement regardless of time point and
both low progression and better PFS. Interestingly, we also
show that MRD status achievement translates into better
survival. The impressive post-transplant OS closed to 90%
at 3 years in this high-risk CLL population could also be
explained by the possibility opened to physician of treating
post-allograft relapses with ibrutinib. It should also be
noted that the three patients who died from CLL-related
cause had Richter's syndrome, including two escaping therapy with ibrutinib.
These data lead us to propose early additional therapy in
patients who display an MRD status despite either MRDdriven CsA withdrawal or chronic GvHD, or in the rare
patients who could experience disease despite MRD status
achievement. Recent reports show the efficacy of ibrutinib
in post-HSCT CLL relapse without limiting toxicity or
GvHD, as also observed in our series.40,41 This treatment
should be evaluated preemptively in patients who fail to
achieve negative MRD after CsA cessation.
In conclusion, this report shows the feasibility of MRDneg

neg

neg

pos

neg

1873

O. Tournilhac et al.

driven immune-intervention following ATG-based RIC
allogeneic HSCT in CLL. These data highlight the importance to repeatedly monitor post-HSCT MRD to guide
early CsA discontinuation in patients with D90 MRD
and without GvHD. However, as we report the results of
this study in 2020, we must emphasize that the entry criteria were based on the EBMT 2007 recommendations,
which no longer represent current practice. Particularly,
this is the case for untreated patients with del(17p) and/or
TP53 mutation who represent 26% of the study's enrollment. A presentation of post-transplant outcome excluding these 11 patients is shown in the Online Supplementary
Appendix (Online Supplementary Figure S3). Allogeneic
HSCT indications have evolved in 2014 under the impulse
of the European Research Initiative on CLL (ERIC) and
EBMT with of a new decisional algorithm according to
patient biology and prior treatment with BCR and BCL-2
inhibitors,42 the feasibility of which has just been reported
in a recent analysis.43 The pre-emptive immune modulation based on post-transplant MRD, as described in our
study in patients who were 90% naive of BCR and/or
BCL-2 treaments, should also be effective in patients pretreated with such agents, but this will have to be demonstrated.
pos
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