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RELAPSE AFTER SCT = MAJOR CAUSE OF TREATMENT FAILURE
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PROGNOSIS OF RELAPSE
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36%

14%

3%

Thanarajasingam et al., BBMT 2013

Post-relapse OS Prognostic factors
• Time to relapse

• > 24 mo (0), 6-24 mo (1), 3-6 mo (2), 
<3 mo (3)

• Disease-risk index
• Low: indolent NHL, CLL, CP-CML (0)
• Int: aggressive NHL, MDS (1)
• High: high-risk AML (2)

• Myeloabaltive conditioning (1)
• Prior GvHD (1)



PROGNOSIS OF RELAPSE
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Bejanyan et al., BBMT 2015Zuanelli Brambilla et al., TCT 2021



TIMELINE OF RELAPSE
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Allo-SCT Relapse

PREVENT DETECT TREAT CONSOLIDATE

WHEN?
DISEASE?

GvHD?



TKI AFTER ALLO FOR PH+ ALL
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PREVENT

Warraich et al. BBMT 2020



TKI FOR FLT3 mutated AML
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PREVENT

Burchert et al. JCO 2020



AZA MAINTENANCE FOR MDS/AML

Relapse after Tx                          8

PREVENT

Oran et al. Blood Adv 2020



AZA + APR-246 in TP53 mutated AML
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PREVENT

Mishra et al, JCO 2022



PROPHYLACTIC DLI FOR AML
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PREVENT

Schmid et al, BMT 2022

CONTROLS pDLI P-value

LFS 35.3%[14.9-55.8] 62.1%[43.5-80.7] 0.118

OS 40.2%[19.3-61] 69.8%[52.2-87.3] 0.036



TIMELINE OF RELAPSE
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Allo-SCT Relapse

DETECT



MRD

Kaeda et al. Blood 2006

D+90

MRD-

MRD < 10-4

MRD > 10-4

Bader et al. JCO 2015

Yoon et al. BBMT 2015Ivey et al. NEJM 2016
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DETECT
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CHIMERISM
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Lee et al BBMT 2015 Koreth et al BBMT 2014

DETECT



Kinetics of chimerism to detect relapse
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Tang et al BBMT 2014

DETECT



DONOR LEUKOCYTE INFUSION TO PREVENT RELAPSE
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PREVENT

Low (~106 CD3+/kg) High (~107 CD3+/kg)

− MRD 

− Mixed Chimerism

− Indolent disease

− Unrelated

− Early after SCT

− History of GvHD

− Frank Relapse

− Aggressive disease

− Sibling

− Late after SCT

− No history of GvHD



ESCALATED-DOSE OF DLI TO AVOID GvHD 
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PREVENT

Dazzi et al. Blood 2000



MRD MONITORING VERSUS CHIMERISM? 
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PREVENT

Wethmar et al, BMT 2020

21 relapses within 2 years (N=94)

12 relapse detected by qPCR and/or sDCC

Median time to relapse 47 days

Sensitivity
75% for combined qPCR/sDCC

69% for qPCR
56% for sDCC



TIMELINE OF RELAPSE
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Allo-SCT Relapse

TREAT

WHEN?
DISEASE?

GvHD?



MECHANISMS OF RELAPSE
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Sauerer et al. Mol Cancer 2023



WITHDRAWAL OF IMMUNOSUPPRESSION (WIS)
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TREAT

Kekre et al. Haematologica 2015

463 relapses 
after SCT

123 WIS

34 
responders

67.6% CR

Any GvHD 
97%

GVHD in the absence of DLI or a second HCT.  Five of the
34 responders to immune suppression tapering (14.7%)
died from GVHD or its complications. Six patients (17.6%)
relapsed again after an initial response to immune suppres-
sion tapering at a median of 2 years after the first relapse
(range, 0.9-3.8). The median overall survival and relapse-
free survival of the 34 patients who responded to immune
suppression tapering was 5.1 years (range, 1.9-not
estimable) and 3.7 years (range, 1.1-not estimable), respec-
tively. The median follow -up time among survivors was 4.2
years (range, 1.6-9.3).  The 1- and 2-year cumulative inci-
dence of non-relapse mortality after immune suppression
tapering was 26.5% and 32.4%, respectively (Table 2).  

Of 123 patients undergoing immune suppression tapering
without chemotherapy or radiation, 89 did not have an ini-
tial response to this tapering. Of these non-responders, 21
went on to receive DLI and eight went on to receive  a sec-
ond HCT.  The median time to DLI or second HCT was 58
days (range, 15-466). The time to DLI or second HCT was
not different for patients w ith myeloid or lymphoid dis-
eases, being 56 days (range, 29-466) and 59.5 days (range,
15-119), respectively (P=0.72).  Of note, 24/29 (82.8%)
underwent DLI or second HCT before the median time of
documented response to immune suppression tapering (82
days).

In univariable analysis of patients w ith documented
relapse who underwent immune suppression tapering
alone (n=123), diagnosis and conditioning regimen intensity
were the only factors associated w ith response to this taper-
ing. Seventeen of 95 patients (17.9%) w ith myeloid disease
and 17/28 (60.1%) w ith lymphoid disease responded to
immune suppression tapering alone (P<0.0001). As regards
conditioning regimen, 33/101 patients (23.7%) given RIC
and 1/22 (4.5%) given MAC responded to immune sup-
pression tapering alone (P=0.007). Of note, the median
bone marrow blast percentage of patients w ith acute
myeloid leukemia or myelodysplastic syndrome who
responded (n=14) or not (n=50) to immune suppression
tapering alone was 9% (range, 1-47%) and 12% (range, 2-
92%), respectively (P=0.12). There were an additional 21
non-responders who did not have a bone marrow biopsy
performed at relapse because of circulating disease. In these
patients, the median blast percentage in the peripheral
blood was 21% (range, 3-79%). Looking at blasts in the
bone marrow or peripheral blood, there was a trend
towards a higher blast count in the non-responders to
immune suppression tapering than in the responders (15%
versus 9%; P=0.056).  Patients’ age and gender, donor gen-
der, donor type, graft source, GVHD prophylaxis,
cytomegalovirus status and disease risk index were not sig-
nificantly different between responders and non-responders
to immune suppression tapering, although there was a
trend towards higher disease risk index in the non-respon-
ders (P=0.054) (Table 3). In the multivariable model,
myeloid disease (OR=0.14, 95% CI 0.054-0.37; P<0.0001)
and MAC (OR=0.1, 95% CI 0.012-0.83; P=0.033) were
associated w ith a lower likelihood of responding to
immune suppression tapering alone. Factors included in the
multivariable models were patients’ age at relapse, donor
and recipient gender, donor type (HLA-matched related or
unrelated, HLA-mismatched related or unrelated and
umbilical cord blood donors), graft source (peripheral blood
stem cells or bone marrow), cytomegalovirus status of
donor and recipient, conditioning intensity (MAC or RIC),
disease (myeloid versus lymphoid), high disease risk index,

and GVHD prophylaxis. Examining the impact of
chimerism in patients given RIC, responders had a higher
level of total donor cell chimerism compared to non-respon-
ders (median 93 versus 80%, respectively; P=0.009) and a
higher proportion of patients w ith chimerism of 90% or
higher at the time of tapering immune suppression (63.3%
versus32.3%; P=0.007). 

In univariable analysis for overall survival, response to
immune suppression tapering as a time-dependent variable
was significantly associated w ith better overall survival
(HR=0.52, 95% CI 0.28-0.97; P=0.039). In a multivariable
model for overall survival, a diagnosis of myeloid versus
lymphoid disease (HR=5.12, 95% CI 2.71-9.66; P<0.0001),
MAC versus RIC (HR=2.22, 95% CI 1.35-3.68) and HLA-
mismatched unrelated versus HLA-matched related donor

Table 3. Patients with documented relapse who underwent immune suppres-
sion tapering without chemotherapy or radiation, divided by response to the
tapering.

Characteristic (n. %) Non-responders Responders P
(n=89) (n=34)

Age at HCT, median  (range) 58 (21-71) 58 (27-70) 0.28

Patients’ gender
Male 59 (66.3) 24 (70.6) 0.83
Female 30 (33.7) 10 (29.4)

Diagnosis
Acute myeloid leukemia 61 (68.5) 9 (26.5) <0.0001
CLL/SLL/PLL 1 (1.1) 4 (11.8)
Hodgkin disease 3 (3.4) 4 (11.8)
MM/PCD 1 (1.1) 2 (5.9
Acute lymphocytic leukemia 2 (2.2) 0
MDS 10 (11.2) 8 (23.5)
MPD 6 (6.7) 0
Mixed MDS/MPD 1 (1.1) 0
Non-Hodgkin disease 4 (4.5) 7 (20.6)

Myeloid diagnosis 78 (87.6) 17 (50.0) <0.0001

HLA type (at A, B, DRB1)
Matched unrelated 48 (35.9) 19 (55.9) 0.6
Matched related 25 (28.1) 12 (35.3)
Mismatched unrelated 15 (16.9) 3 (8.8)
Mismatched related 1 (1.1) 0

Conditioning intensity
Myeloablative 21 (23.6) 1 (2.9) 0.007
Reduced intensity 68 (76.4) 33 (97.1)

Graft source
Bone marrow 6 (6.7) 0 0.14
PBSC 76 (85.4) 34 (100)
Bone marrow & PBSC 2 (2.2) 0
Umbilical cord blood 5 (5.6) 0

GVHD prophylaxis
Tacrolimus/sirolimus/methotrexate40 (44.9) 16 (47.1) 0.75
Tacrolimus/methotrexate 21 (23.6) 7 (20.6)
Tacrolimus/sirolimus 18 (20.2) 8 (23.5)
Tacrolimus/other 6 (6.7) 3 (8.8)
MMF/other 4 (4.5) 0

Disease risk index
Low 1 (1.1) 4 (11.8) 0.054
Intermediate 40 (44.9) 16 (47.1)
High 40 (44.9) 12 (35.3)
Very high 8 (9.0) 2 (5.9)

CLL: chronic lymphocytic leukemia; SLL: small lymphocyte lymphoma; PLL: prolymphocytic

leukemia; MM/ PCD: multiple myeloma/ plasma cell disorder; MDS: myelodysplastic syndrome;

MPD: myeloproliferative disease; PBSC: peripheral blood stem cells; MMF: mycophenolate mofetil.

Tapering immunosuppression to treat relapse after HCT

haematologica | 2015; 100(9) 1225
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70). Half of patients (50.0%) underwent HCT for acute
myeloid leukemia or myelodysplastic syndrome. Fourteen
patients (41.2%) had a high or very high disease risk index
at the time of HCT. The transplant was from a matched,
related donor in 12 patients (35.3%), a matched, unrelated
donor in 19 patients (55.9%) and a mismatched, unrelated
donor in three patients (8.8%). All patients received a
tacrolimus-based regimen for GVHD prophylaxis. At the
time of starting immune suppression tapering, 21 patients
(61.8%) were on tacrolimus and sirolimus, eight patients
(23.5%) were on only tacrolimus, two patients (5.9%) were
on only sirolimus, one patient (2.9%) was on tacrolimus
and prednisone, one patient (2.9%) was on prednisone and
mycophenolate mofetil and one patient (2.9%) was on
tacrolimus, prednisone and mycophenolate mofetil. Three
patients had active GVHD at the time of relapse.  

Of the 34 patients who responded to immune suppres-
sion tapering alone, 23 attained a complete response (Table
2). The median time to response was 82 days (range, 16-
189). The median time between starting to taper immune
suppression and coming off immune suppression complete-
ly was 28 days (range, 0-837). Six patients (17.6%) could
not come off immune suppression completely because of
the development of GVHD during tapering of the immune
suppression. Thirty-three patients (97.1%) had develop-
ment or progression of acute and/or chronic GVHD at a
median time of 39 days (range, 16-98) after starting to taper
the immune suppression. Out of 22 patients who devel-

oped acute GVHD, eight (36.4%) had grade III-IV GVHD.
The median times to onset of acute GVHD and chronic
GVHD after tapering immune suppression were 31 days
(range, 16-98) and 57 days (range, 21-486), respectively. In
contrast, among the patients who did not respond to
immune suppression tapering alone, 40% developed

N. Kekre et al.

1224 haematologica | 2015; 100(9)

Figure 1. Overall survival of patients responding to immune suppres-
sion tapering (IS taper) alone. Overall survival from the initiation of IS
taper.  The median overall survival of patients with frank relapse and
those with impending relapse (patients with falling chimerism) was
not different, being 5.1 years (range 1.9-not estimable) and 3.9 years
(range 0.24-not estimable), respectively.

Table 2. Results of patients responding to immune suppression (IS) tapering alone.

                                                                                          Documented relapse                                 Falling chimerism                                  P
                                                                                                      (n=34)                                                     (n=14)                                            

Age at relapse (years)                                                                                58 (27-70)                                                           62 (49-73)                                                0.09

Time from starting to completing IS tapering*                              28 days (0-837)                                                 106 days (9-243)                                          0.06

Response to IS tapering                                                                                                                                                                                                                            

Complete response                                                                                  23 (67.6%)                                                          12 (85.7%)                                                   

Partial response                                                                                        11 (32.4 %)                                                          2 (14.3 %)                                                    

Time to documented response                                                        82 days (16-189)                                                48 days (14-182)                                          0.29

GVHD from IS tapering                                                                                                                                                                                                                              

Acute grade I-IV                                                                                       22 (64.7%)                                                       8 (57.1%)                                              0.75

Time to developing acute GVHD after IS tapering                        31 days (16-98)                                                 38 days (14-183)                                          0.66

Chronic                                                                                                       24 (70.6%)                                                       9 (64.3%)                                              0.74

Time to developing chronic GVHD after IS tapering                   57 days (21-486)                                             126 days (14-1186)                                        0.72

Any GVHD**                                                                                                33 (97.1%)                                                          13 (92.9%)                                                 0.5

Time to developing any GVHD after IS tapering                            39 days (16-98)                                                 53 days (14-261)                                          0.49

Relapse after IS tapering                                                                                                                                                                                                                          

Second relapse after IS tapering                                                           6 (17.6%)                                                            3 (21.4%)                                                   1

Median time to second relapse                                                        2 years (0.9-3.8)                                              3.9 years (2.4-3.9)                                        0.053

Median relapse-free survival                                                           3.7 years (1.1-NE)                                          3.9 years (0.24-NE)                                           

4-year relapse-free survival                                                                           46%                                                                      38%                                                     0.87

Overall survival from time of IS tapering                                                                                                                                                                                               

Median overall survival                                                                      5.1 years (1.9-NE)                                          3.9 years (0.24-NE)                                           

4-year overall survival                                                                                      59%                                                                      48%                                                     0.58

Cause of death                                                                          Disease (n=4),  GVHD (n=5),                     Disease (n=2),  GVHD (n=4),                             0.69
                                                                                                        Infection (n=5), CHF (n=1),                                   Infection (n=2)
                                                                                                          IPS (n=1), Unknown (n=1)

* : 12 patients could not come off IS completely due to GVHD; * * : either I-IV acute or chronic GVHD whichever occurs first; NE: not estimable; CHF: chronic heart failure; IPS: idiopathic

pneumonia syndrome.
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ACHIEVING REMISSION
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TREAT

Gokbuget et al., Blood 2012

CR

No CR



TIMELINE OF RELAPSE
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Allo-SCT Relapse

CONSOLIDATE



CELL-BASED THERAPY TO IMPROVE SURVIVAL
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CONSOLIDATE

31%

13%

All diseases AML

DLI/2d SCT

Chemo alone

Schmid et al., Blood 2012Thanarajasingam et al., BBMT 2013



DLI VS SECOND ALLO
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2d ALLO

DLI

Schmid et al., Haematologica 2018

LONGER REMISSION 
AFTER 1ST ALLO

CONSOLIDATE



DLI
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− Mixed chimerism/MRD+ 80%
− CML

− Chronic Phase 60-80%
− Accelerated/blastic 35%

− Low grade lymphoma 70-80%
− CLL 75%
− MM 45%
− Hodgkin lymphoma 40-45%
− AML/MDS 15-30%
− ALL 0-20%
− Aggressive lymphoma 10-20%

Decreased
Efficacy

Single leukapheresis of the donor with peripheral leukcocytes product 
containing lymphocytes, granulocytes, monocytes…

Complications :
- GvHD
- Aplasia
- TRM 5-44%

CONSOLIDATE



SECOND ALLO
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Ruutu et al, BMT 2015

Risk factors for OS:
• Age > 35  yo
• Shorter duration of first remission
• Interval between SCT < 1 y
• Grade II-IV aGVHD
• Chronic GvHD
• Higher disease burden
• EBMT score
• Type of donor

N=2632

CONSOLIDATE



MAC VS RIC
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Shaw, BMT 2008 Michallet, BJH 2000

RIC MAC

At the second allograft, 89% of the conditioning regimens
were fludarabine containing (Table 1). The majority of the
transplants were performed in patients with leukaemia and
M DS (57); however, a transplant was performed for a
lymphoproliferative disease in nine patients, myeloma in
two patients and myeloproliferative disease (M PD) in three
patients. The median age of the patients at the first and
second transplants was 39 (range: 8–69 years) and 43 years,
respectively. The donor was an identical sibling, other
related or unrelated in 50, 18 and three patients at the first
transplant; and 49, 18 and four patients at the second
transplant, respectively. Of the 14 patients who had a
different donor at the second transplant, six had a different
identical sibling donor, six had a different unrelated donor,
one had another related donor (following an identical
sibling) and one had an unrelated donor (following a
syngeneic donor). The median time to relapse following the
first transplant was 11 months (2 months to 12.3 years).
The median time between the two transplants was 1.4 years
(2 months to 12.6 years) and the median time from relapse
to the second transplant was 3 months (o 1 –5.5 months).
The majority of patients received one or more interventions
before thesecond transplant: chemotherapy (± monoclonal
antibodies) in 27 and DLI (± chemotherapy) in 24 patients.

Engraftment
A total of 1.5% (1/66) of patients had primary graft failure
following the second allograft (defined as a failure to
achieve a neutrophil count of 0.5 109/l in those surviving
at least 28 days after the transplant). The patient with
primary graft failure died on day 68 of progressive disease.

GVHD
All patients who achieved neutrophil engraftment were
considered eligible for analysis. The incidence of grade I I–
IV acute GVHD (aGVHD) following the first and second
transplants was 8/69 (11%) and 17/65 (26%), respectively.
Chronic GVHD (cGVHD) was present in 13/68 (19%;
extensive in two patients) patients following the first
allograft and 20/48 (42%; extensive in seven patients)
following the second procedure. The incidence of GVHD
was not significantly different dependent on the use of
T-cell depletion, donor type or the source of stem cells for
either transplant. Furthermore, the incidenceof aGVHD or
cGVHD was not significantly different following the
second transplant compared to the first transplant. This
finding also applied to those transplants where a different
donor was used.

TRM
TRM following the second transplant was 15 and 23% at
day 100 and 1 year, respectively (Figure 1). The only
significant factor affecting TRM was early relapse. The risk
of TRM was significantly higher in those who had relapsed
early (o 11 months) following thefirst transplant compared
with those with late relapse (2 years: 38 vs 17%; P ¼0.03;
Figure 2). There was no significant difference dependent on
age, type of conditioning for the first allograft, use of BM
or PBSC (either allograft), disease type, diseasestatus at the
second allograft or donor type.

In total, 47 patients have died. The causes of death are
relapse (29, 60%), GVHD (four, 9%), infection (12, 27%)
or other (two, 4%).

Relapse
The median time to relapse following the second allograft
was 134 days (7–1692) and the cumulative incidence was 48
and 56% at 1 and 2 years, respectively (Figure1). At 1 year,
the relapse risk was 18% in the lymphoproliferative
disorders, 62% in AM L, 50% in ALL, 57% in CM L,
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Relapse mortality rate

Transplant mortality rate and

relapse mortality rate

Figure 1 The cumulative incidence of disease relapse and TRM following

the second reduced-intensity conditioning (RIC) allograft.

Transplant related mortality rate

by length of prior remission
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Figure 2 TRM dependent on length of remission. The TRM in patients

relapsing before 11 months post transplant is significantly worse than in

those relapsing later.

Second allogeneic transplants using RIC for relapse

BE Shaw et al

785

Bone Marrow Transplantat ion

CONSOLIDATE



DONOR’S CHANGE
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p=0.3
p=0.28

Shimoni et al. BCJ 2019

CONSOLIDATE



OTHER CELL-BASED THERAPIES
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CONSOLIDATE



CONCLUSIONS
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Allo-SCT Relapse

PREVENT DETECT TREAT CONSOLIDATE

WHEN?
DISEASE?

GvHD?

Maintenance?
pDLI?

MRD?
Chimerism?

WIS?
Chemo?

Targeted Tx?
Immunotherapy?

DLI?
Second allo?

RIC?
Donor?
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