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AVANT-PROPOS 
 
La leucémie aiguë myéloïde (LAM) est une hémopathie maligne agressive et de mauvais pronostic1 

caractérisée par un envahissement de la moelle osseuse par des cellules hématopoïétiques myéloïdes 

immatures, à l’origine d’un tableau d’insuffisance médullaire clinique et biologique. L’incidence de la 

LAM a augmenté en France au cours des années, passant de 1,6 à 2,6 pour 100 000 habitants chez 

l’homme et de 1,5 à 2,3 pour 100 000 habitants chez la femme entre les années 1980 et 2012, soit un 

sex-ratio de 1,1. La LAM est principalement une pathologie du sujet âgé, avec une médiane d’âge de 

71 ans au diagnostic et une augmentation de l’incidence avec l’âge avec respectivement des taux de 30 

et de 19 pour 100 000 habitants chez l’homme et la femme de plus de 85 ans.2 Le pronostic de la LAM 

reste très péjoratif avec une survie à 5 ans en moyenne de 20%. Néanmoins, on observe une 

amélioration progressive des taux de survie au cours de années en lien avec une optimisation des 

techniques de greffes de cellules souches hématopoïétiques et de la gestion des complications et en 

lien avec le développement de nouvelles thérapeutiques. 

L’allogreffe de cellules souches hématopoïétiques (CSH) constitue l’unique traitement curatif des 

LAM de haut risque.8 En effet, bien que les traitements actuels de première ligne permettent d’obtenir 

des taux de réponse importants, près de 80% des patients vont rechuter après la première induction ou 

vont présenter une maladie réfractaire.3,4 L’allogreffe est généralement indiquée quand on estime que 

l’incidence de rechute sans la procédure pourrait atteindre 35 à 40%.5 Il y a quelques années, 

seulement une minorité des patients traités pour une LAM pouvaient bénéficier d’une allogreffe, en 

raison des limitations liées à l’âge, les comorbidités, l’absence de contrôle de la maladie ou encore la 

disponibilité d’un donneur.7 Ce paradigme a significativement changé avec l’optimisation des 

techniques de conditionnement et avec le développement de greffons de sang de cordon et de donneurs 

non apparentés ou haplo-identiques permettant d’obtenir un donneur pour la grande majorité des 

patients.5 

La rechute après première allogreffe de CSH est de pronostic très médiocre5, 8-11 avec des taux de 

nouvelle rémission complète entre 10 et 30% en fonction du délai de rechute post-allogreffe.9 Les 

données de la littérature sont controversées en raison du caractère rétrospective des études, du nombre 

limité de patients, du court temps de suivi et également de l’hétérogénéité des diagnostics traités.14 

L’apport de la perfusion de lymphocytes de donneur (DLI-Donor lymphocyte infusion) est intéressant 

pour le traitement et la prévention des rechutes de LAM après allogreffe, cependant les taux de 

rémissions complètes sont bas (10 à 20%) et elles sont de courte durée.18 D'autres stratégies 

thérapeutiques peuvent également être mises en oeuvre en cas de rechute après première allogreffe tels 

que la diminution de l'immunosupression, une réinduction par une chimiothérapie de rattrapage ou 

encore l'utilisation de traitements hypométhylants. De nouveaux traitements sont actuellement en 

développement tels que les nouveaux agents cytotoxiques (l'inhibiteur de topoisomérase II Vosaroxin), 

la forme liposomale encapsulée de l'aracytine et de la daunorubicine (CPX-351), les inhibiteurs de 
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protéine kinase (inhibiteurs de FLT3 et de KIT), les thérapies pro-apoptotiques (inhibiteurs de Bcl-2), 

les modulateurs épigénétiques (inhibiteurs d'HDAC, inhibiteurs d'IDH1 et IDH2), les thérapies ciblant 

des protéines oncogéniques (NMP1, EVI 1), les anticorps dirigés contre les postes de contrôle 

immunitaires (PD-1, CTLA-4) ou encore les nouvelles immunothérapies de pointe (CAR-chimeric 

antigen receptor T cells).5, 8,12, 13 Cependant, toutes ces possibilités thérapeutiques sont en cours 

d'évaluation.  

La réalisation d'une deuxième allogreffe est une option thérapeutique possible pouvant permettre 

d'obtenir des rémissions prolongées.14 Ce choix thérapeutique a été exploré depuis plusieurs années 

dans différentes études. L'équipe de Barret et al39 montrait déjà l'obtention de rémissions prolongées 

après une deuxième allogreffe de CSH pour 90 leucémies en rechute, dans un groupe de patients 

sélectionnés, malgré une toxicité précoce majeure. Mrsíc et al36 ont montré chez 114 patients ayant 

reçu une deuxième allogreffe pour différentes hémopathies malignes en rechute (LAM, leucémie aiguë 

lymphoblastique, leucémie myéloïde chronique) des taux de survie sans leucémie à 2 ans de 21%, ce 

taux augmentant à 28% si la rechute avait eu lieu plus de six mois après la première allogreffe de 

CSH, avec une toxicité acceptable. Cependant, à l'heure actuelle, seul un nombre limité de patients ont 

pu bénéficier de ce traitement dans les différentes séries, notamment en raison de la toxicité 

cumulée.15-17 Différentes équipes ont déterminé des facteurs pronostiques associés à une incidence de 

rechute limitée et à une meilleure survie après une deuxième allogreffe, certaines établissant des 

scores pronostiques.9, 14, 23 Un des principaux facteurs influençant la survie après une deuxième 

allogreffe correspond au délai entre la première allogreffe et la rechute.8, 9, 12, 14, 16, 17, 19, 20 mais d'autres 

facteurs pronostiques ont été identifiés de manière hétérogène. 

Nous avons mené une étude rétrospective multicentrique sous l'égide de la Société Francophone de 

Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC) afin d'évaluer la survie de LAM allogreffées 

avec ou sans rechute post-première allogreffe (objectif principal), d'étudier la survie en termes de 

survie globale, de survie sans rechute et de mortalité liée à la transplantation après une deuxième 

allogreffe (objectifs secondaires) et d'identifier les modalités de sélection des patients pour une 

deuxième allogreffe (comparaison avec les patients en rechute ou réfractaires traités par traitements 

conventionnels) et des facteurs pronostiques de survie prolongée après une deuxième allogreffe de 

CSH.  

 

Les résultats de cette thèse sont présentés sous forme d’article écrit en anglais, selon les instructions 

du journal "Blood" afin d’aboutir à la soumission d’un article original (Original Research article). Le 

résumé contient 250 mots et l'article contient 3775 mots. 
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ABSTRACT 

 
Patients with relapsed or refractory acute myeloid leukemia (AML) after first allogeneic hematopoietic 

stem cell transplantation (HSCT1) face a poor prognosis. Second HSCT (HSCT2) can induce 

prolonged remission in selected patients. We aimed to evaluate the outcome of relapsed/ refractory 

AML patients after HSCT1 and to define prognostic factors for outcome after HSCT2. 

 

We performed a retrospective multicentric study on AML patients who received at least one HSCT 

from the SFGM-TC registry. We discriminated three groups: group 1 with patients without relapse, 

group 2 with relapsed/refractory patients after HSCT1 treated with conventional drugs and group 3 

who received a HSCT2. The primary endpoint was to evaluate overall survival (OS) in the three 

groups and secondary endpoints were to assess outcome after HSCT2 and prognosis factors of 

survival after HSCT2. 

 

We included 4071 AML patients. 2658 patients did not relapse. Among the relapsed/refractory AML, 

1204 patients received conventional therapy and 209 patients received a HSCT2. We observed 

significant characteristics differences between group 2 and 3. Group 3 had a significantly higher 5-

year OS compared to group 2: 31.7% versus 11.2% (p<0.0001). After HSCT2, 5-year OS of group 3 

was 18.6% with a median survival of 7.8 months. In univariate analysis, CR at HSCT1 (p=0.0117) and 

HSCT 2 (p<0.0001), younger age (p=0.0357), HLA-identical sibling donor (p=0.0221) or longer time 

to relapse after HSCT1 (p=0.0002) were favourable prognosis factors of OS after HSCT2. 

 

HSCT2 could rescue patients with relapsed/refractory AML after HSCT1. Strategies involving new 

therapies with or without HSCT2 should be evaluated. 
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INTRODUCTION 
 
Acute myeloid leukemias (AML) are the most aggressive and live-threatening hematologic 

malignancies1, characterized by the pathological proliferation of immature myeloid hematopoietic 

stem cells in the bone marrow. Since 1980, an increase of incidence rate has been observed in France: 

from 1.6 to 2.6 per 100 000 persons for male and 1.5 to 2.3 per 100 000 persons for female (sex ratio = 

1.1).2 The incidence rate of AML increases with age but these diseases occur principally in elderly 

with a median age of diagnosis of 71 years.  

Current treatments of AML can achieve important remission rates but 75-80% of patients will either 

be refractory or relapsed after frontline treatment, hence their prognosis remained very poor with a 

relative 5 year-survival of 20%.2, 3, 4 AML are the principal indication for allogeneic hematopoietic 

stem cell transplantation (HSCT).5,6 This procedure is the only curative treatment for high-risk AML.5 

Nevertheless, in current practice, a minority of patients underwent HSCT because of age, 

comorbidities, toxicity of previous treatment, inability to achieve complete remission (CR), early 

relapse or refractory disease.7 The development of HSCT with cord blood, mismatched, unrelated or 

haplo-identical donors allows more patients to benefit of this procedure.5 Moreover, the elaboration of 

reduced intensity conditioning (RIC) regimen enables HSCT in patients aged up to 75 years.5  

Disease relapse is the prominent cause of HSCT failure8, associated with an extremely poor 

prognosis5, 8-11 with a 10 to 32% second remission rate.9 In this population, evidence-based treatment 

strategies are not consensual; as most existing informations are derived from retrospective studies 

without direct comparisons, with heterogeneity of diagnosis, limited numbers of patients and short 

median follow-up.  

Patients with relapsed AML after first allogeneic HSCT (HSCT1) have many but non-consensual 

treatment options such as withdrawal of immunosuppression to elicit a therapeutic graft-versus-

leukemia (GVL) response, intensive chemotherapy or hypomethylating drugs alone or before donor 

lymphocyte infusions (DLI), or second HSCT (HSCT2). Clinical trials are ongoing in order to identify 

new promising agents to increase remission rate or survival.5, 8, 12, 13 Actually, outcome remains poor 

because patients fail to achieve long-lasting remission.  

HSCT2 is a curative therapeutic option for relapsed AML after HSCT1 and can induce prolonged 

remission in selected patients.14 However, HSCT2 is proposed to only a minority of patients in several 

series.15, 16 Indeed, transplantation related mortality (TRM) remains important and should be reduced.17 

Several studies tried to determine how to increase the number of patients most likely to benefit from a 

HSCT2 by evaluating significant prognostic factors of long-term remission.18 It has been showed that 

the time from HSCT1 to the AML relapse and the disease status at HSCT2 are the most prominent 

independent prognostic factors.8, 9, 12, 14, 16, 17, 19, 20 EBMT risk score21 and Sorror risk score22 can be used 

to predict outcome of HSCT 2.17,23  Others studies proposed specific risk scores.9,14  
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We performed a multicentric retrospective study on behalf of the Société Francophone de Greffe de 

Moelle et de Thérapie Cellulaire (SFGM-TC) to evaluate the outcome of relapsed or refractory AML 

patients after HSCT, to define prognostic factors for outcome after HSCT2 and consequently identify 

their eligibility to HSCT2. 

 

PATIENTS AND METHODS 
 

Inclusion criteria and data collection 

 

We identified all the patients treated for AML who underwent at least one HSCT in the ProMise 

database of the Société Francophone de Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC). 

Thirty-three French and Belgium hospital centers participated to the database. The studied period was 

January 2004 to January 2014. All the patients signed an informed consent before data collection. The 

inclusion criteria in this study were at least one HSCT, an age above 18 years and last news available. 

Data were collected and correspondents were requested to update the main outcomes, especially dates 

of relapse or death, and last follow-up. Data on 4087 patients were originally retrieved and sixteen 

patients were finally excluded for exclusion criteria or missing data; as a result, 4071 were included. 

The scientific committee of the SFGM-TC approved this study. 

Comprehensive data were collected: date of birth, sex, diagnosis date, cytological diagnosis, de novo 

or secondary AML, karyotype and fluorescence in situ hybridization, molecular biology if it had been 

made, first-line treatment, then for both HSCT: disease status at the time of allograft, HSCT date, type 

of conditioning regimen (reduced intensity conditioning, RIC or myeloablative conditioning, MAC), 

stem cell source (bone marrow, BM; peripheral blood stem cell, PB; cord blood; CB), type of donor 

(identical sibling, mismatch related, syngeneic, matched unrelated, mismatch unrelated, unrelated, 

other relative), engraftment, graft-versus-host disease (GvHD) prophylaxis, use of DLI after HSCT, 

acute graft-versus-host disease (aGvHD) outcome, chronic GvHD (cGvHD) outcome, best response at 

day 100 from HSCT (D100), date of relapse, post-transplant treatment, date of last follow-up, disease 

status at last follow-up, survival status at last follow-up and main cause of death. We classified the 

patients in cytogenetic prognostic groups (Favorable, Intermediate I, Intermediate II and Adverse) 

using the standardized reporting system for genetic abnormalities of the European LeukemiaNet. 

(Döhner 2010) 

We separated the patients into three groups: group 1 with patients who did not relapsed after a 

HSCT1, group 2 with patients who relapsed or were refractory after HSCT1 and were treated with 

conventional drugs with or without DLI and group 3 with patients in the same situation but who 

received a HSCT2 as salvage therapy. The decision of HSCT2 was made by physicians depending on 

patients’ general condition, comorbidities, status of the disease and graft availability. Patients who 
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received an HSCT2 for primary graft failure without relapse were included in the group 1 (19 patients, 

0.47%).  

 

End points 

 

The primary endpoint was to evaluate overall survival (OS) in all three groups. OS was measured from 

the date of HSCT1 to the date of death or last news.  

The secondary endpoints were outcome assessed after HSCT2: OS, relapse-free survival (RFS2) and 

TRM2. RFS2 was measured from the date of HSCT2 to the date of relapse. TRM2 was described as 

death from any cause related to HSCT without previous relapse or progression.  

Supplementary endpoints were to identify how patients were selected for HSCT2 and to determine 

predictive factors of outcome for patients who underwent a HSCT2. 

 

Statistical analysis 

 

The probabilities of OS and RFS were calculated using the Kaplan–Meier method. We performed log-

rank test for univariate analyses, a p value ≤ 0.05 was considered significant. The following criteria 

were analyzed in univariate analyses: at HSCT1, sex and cytogenetic prognostic classification, at time 

of both HSCT1 and HSCT2: disease status and occurrence of acute or chronic GvHD and, at HSCT 2, 

age, use of DLI before HSCT2, source of stem cells, type of donor (matched sibling donor (MSD) vs 

others), type of conditioning regimen, change of donor type, and time to Relapse (TTR) from HSCT1.  

Statistical analyses were performed using GraphPad Prism 7 software. 

 

RESULTS 
 

In our study, 4071 patients (2116 males, 1955 females, sex-ratio = 1.1) treated for AML received at 

least one HSCT. 3557 (87.4%) cases were de novo AML. During the follow-up, 2658 patients (65.3%) 

did not relapsed after a HSCT1, representing the group 1. Among 1413 patients (34.7%) who relapsed 

or were refractory after HSCT1, 1204 (85,2%)were treated with conventional drugs with or without 

DLI, composing the group 2, and only 209 patients (14.8%) received a HSCT2 with or without 

salvage therapy for relapsed or refractory AML, constituting the group 3.  

 

Characteristics' comparison of groups 2 and 3  

 

Among refractory and relapsed patients (group 2 and 3), the median follow-up was respectively 18.4 

months for group 2 and 36 months for group 3. Patients were similar in sex (p=0.23) and origin of 
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AML (p=0.99). Patients of the group 3 was significantly younger (50 years old versus 41 years old, 

p<0.0001), had more intermediate 2/adverse cytogenetics (57.9% versus 50.2%, p=0.043), displayed 

more complete remission at HSCT1 (87% versus 73.3%, p<0.0001), received more myeloablative 

regimen (57.4% versus 39.2%, p<0.0001), more bone marrow stem cells (36.8% vs. 22%, p<0.0001) 

and had more identical sibling donors (55.5% vs. 44.3%), p=0.0033). We observed significantly less 

acute Graft versus Host Disease (35.9% vs. 44.9%, p=0.0156) and more chronic GvHD (35.4% vs. 

22%, p<0.0001) in the group 3. Percentages of donor lymphocyte infusion (DLI) use after HSCT1 

were similar in the two groups (p=0.99).  

After HSCT1, patients of the group 2 relapsed earlier than patients of the group 3, with a median TTR 

of 4.9 months versus 7.9 months (p<0.0001). The patients’ characteristics are summarized in Table 1. 

 

Description of group 3  

 

For patients from group 3, the median time between the two transplants was 13.4 months (range, 1.8-

130.7). At HSCT2, slightly more than half of the patients (53.6%) achieved complete remission and 

46.4% had still an active disease. They received predominantly RIC regimen (72.2%) and peripheral 

blood stem cells (77.5%). There were missing data regarding donor identity at HSCT 1 and HSCT2, 

however we showed a change of donor type at HSCT2 (related for unrelated, mismatch for matched or 

inversely) in 47 patients (22.5%). The donor was an identical sibling, other related or unrelated in 87 

(41.6%), 13 (6.2%) and 109 (52.2%) cases, respectively. Acute GvHD occurred in 43.5 % of patients 

with 62.6% of grade II to IV, and chronic GvHD was present in 24% of patients after HSCT2. Table 2 

provides further details on HSCT1 and HSCT 2 of these patients. 

 

Outcome analysis of the 3 groups  

 

Patients who did not relapse after HSCT1 had the most favorable rates of OS of all groups with 

respectively 76.6% at one year and 67.3% at five years, with an unreached median OS. (Figure 1) The 

prognosis was consistently far worse for patients who relapsed after the HSCT1. At last follow-up, in 

the group 2, 14% of patients were alive. The main cause of death was principally relapse or 

progression (93.9%). In the third group, 112 patients (53.6%) relapsed after HSCT 2, with a median 

TTR of 4.6 months (range 0.1-144.3); among those patients, 105 patients died and 7 patients were 

alive at last follow-up with 5 patients in complete remission. Among the 97 patients who did not 

relapse, 36 patients were still alive at last follow-up. (Figure 2) Hence, in the group 3, 20.6% of 

patients were alive at last-follow-up. The rate of early death (D<100) was 27.3%. The causes of death 

were more balanced: 56.6% of relapse or progression of the disease, 40.4% of HSCT-related and 3% 

of others or unknown causes. TRM represents 32.1 % of group 3 patients. From HSCT1, patients 

rescued with a HSCT2 had a significantly better OS compared to patients who received conventional  
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Figure 1. Overall survival of the three groups from HSCT 1 
Median survival for group 1: unreached; for group 2: 10.3 months and for group 3: 29 months, 
p<0.0001. HSCT2: Second allogeneic hematopoietic stem cell transplantation. 

Figure 2. Flow-chart of outcome of group 3 patients 
Fifty-three point six percent of patients relapsed with a median TTR of 4.6 months. Causes of death 
were divided between relapse or progression and HSCT-related deaths. HSCT2: Second allogeneic 
hematopoietic stem cell transplantation; CR: Complete remission. 
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treatments with, respectively a 1-year OS of 77% and a 5-year OS of 31.7% compared to 44.8% and 

11.2%. There was a significant better median OS of 29 months in group 3 versus 10.3 months in group 

2 (p< 0.0001). (Figure 1)  

From HSCT 1, patients who had a HSCT 2 had significantly the higher 5-years TRM with a rate of 

38.5%, surely due to cumulative toxicity of the 2 transplants. (Figure 3) 

 

Outcome analysis of the group 3 
 
We analyzed survival data from second HSCT in the group 3. One-year, 2-year and 5-year OS were 

respectively 38.8%, 30.4% and 18.6% after HSCT2 with a median survival of 7.8 months. (Figure 4a) 

One-year, 2-year and 5-year RFS2 were respectively 52.7%, 43.9% and 34,5% with a median survival 

of 13.8 months. (Figure 4b) And finally, 1 year-TRM was 34,2%; this rate slightly increased after two 

(37.9%) and five years (40.6%). (Figure 4c) 

 
Univariate analysis of prognostic factors in the group 3 
 

We determined prognostic factors, in univariate analysis, by evaluating data from and after HSCT1 

and HSCT2 (Table 3). Concerning characteristics at the first HSCT, factors that improved OS and 

RFS 2 from HSCT 2 were complete remission at HSCT1 (respectively for OS: HR 0.5853, CI95% 

0.03475-0.9857), p=0.0117; for RFS2: HR 0.5176, CI95% 0.2488-1, p=0.0188). (Figure 5b et 6b) Sex, 

cytogenetic classification, conditioning regimen, use of DLI after HSCT1 and occurrence of acute 

GvHD after HSCT 1 were not significant but there was a trend for significance of chronic GvHD for 

OS (HR 0.7336, CI95% 0.5384-0.9996, p=0.0559).  

Concerning characteristics at the second allograft, factors that improved RFS 2 were: complete 

remission at HSCT2 (HR 0.2879 CI95% 0.1843-0.4497, p <0.0001), chronic GvHD (HR 0.486, 

CI95% 0.3170-0.7432, p=0.0035) and time to relapse post-HSCT1 superior to 6 months (HR 0.6472, 

CI95% 0.419-0.9994, p=0.0334). (Figure 5 et 6) Age, source of stem cell, conditioning regimen, HLA 

compatibility, acute GvHD and change of donor type were not significant for RFS2.  

Factors that improved OS from HSCT 2 were: age younger than 50 years old (HR 0.7102, CI95% 

0.5021-1, p=0.0357), complete remission at HSCT2 (HR 0.4528, CI95% 0.3283-0.6245, p<0.0001), 

use of HLA-identical sibling donor (HR 0.7007, CI95% 0.5168-0.9502, p=0.0221), chronic GvHD 

(HR 0.4533, CI95% 0.3291-0.6242, p<0.0001) and time to relapse post-HSCT1 superior to 6 months 

(HR 0.565, CI95% 0.4075-0.7834, p=0.0002). (Figure 5 et 6) Source of stem cell, conditioning 

regimen, acute GvHD and change of donor type were not significant for OS.  
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Figure 3. Transplant related mortality of the three groups from HSCT 1 
Group 2 patients had significantly the lower 1-year and 5-year TRM with respectively 1,36% and 
8,5%. For group 1 patients, 1-year TRM was 12,22% and 5-year-TRM was 31,6%. Group 3 patients 
had the higher 1-year TRM of 6% and 5-year TRM of 38,5% (p < 0.0001). HSCT2: Second allogeneic 
hematopoietic stem cell transplantation. 
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Transplant related mortality. 
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DISCUSSION 
 

 
Relapse is the main cause of failure after HSCT for patients with AML. There are still no consensual 

strategies to treat relapsed AML after HSCT1. One of the therapeutic alternatives is a second HSCT. 

However, well-defined indications are difficult to authenticate; prognostic factors of response and 

determination of risk factors for high toxicity are missing. We conducted a multicentric retrospective 

study in order to evaluate overall survival and toxicity of a HSCT2 carried out for relapsed or 

refractory AML after HSCT1, and to identify significant prognostic factors for long-term survival.  

The homogeneity of this large cohort of patients confers strength to our study, unlike several 

previously reported studies included patients with various diagnosis such as chronic myeloid 

leukemia, acute lymphoblastic leukemia (ALL), myelodysplastic syndromes or aplastic anemia.9, 24-27 

We acknowledge some limitations of this study as its retrospective nature limits the statistical strength 

of the results. Besides, patients who remained in remission long enough to get a HSCT2 represent a 

selected group. 

 

Actually, AML patients who achieved HSCT2 are highly selected patients. They represent only 14.8% 

of the relapsed and refractory patients of our study. It seems that physicians selected them by younger 

age, chemosensitivity at HSCT 1, bone marrow graft and disponibility of a sibling donor. In our study, 

patients of the group 2 received more RIC conditioning (60,8%) and patients of the group 3 received 

more MAC regimen (57,4%) at HSCT1. Group 3 patients had less toxicity at HSCT1 with less 

aGvHD but more cGvHD to control burden disease. These findings may explain the possibility of 

performing a HSCT2 in this population. Our study brings here new data. 

 

HSCT2 offers a potential cure to these patients. In our study, patients who received a HSCT2 had 

respectively a 1-year OS of 38.8% and a 5-year OS of 18.6 %, and 20.6% of patients are still alive. 

One hundred and twelve patients (53.6%) relapsed after HSCT2, with median TTR2 of 4.6 months 

(range, 0.1-144.3). Among those patients, 105 patients died and seven patients were alive at last 

follow-up (five were still in CR). Based on literature review, we observed similar or even poorer 

outcome in several studies. Ruutu et al.17 showed a 1-year OS of 40% (95% CI 38–42%), a 5-year OS 

of 20% (95% CI 18–22%) and only 15% were alive in 2632 patients with HSCT2 carried out for 

relapsed malignant hematopoietic diseases. Vrhovac et al.9 reported 234 patients with various 

hematologic malignancies (ALL, AML, biphenotypic or undifferentiated acute leukaemia) who 

received a HSCT2 with RIC regimen in a salvage therapy for relapse following HSCT1 and showed a 

2-year OS of 20.5% (14.9–26.1). In a cohort of 279 relapsed acute and chronic leukemias, Eapen et 

al.16 reported a 5-year OS of 28% with HSCT2, Orti et al.8 showed a 5-year OS of 32% and Andreola 

et al.14 reported a 5-year OS of 14%. However, Andreola et al.14 have shown for the first time, on a 
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cohort of 286 patients, that both relapse and non-relapse mortality are extremely rare events beyond 

five years from HSCT2. These findings highlight the curative potential of HSCT2 in selected patients. 

Nonetheless, some novel drugs are developing increasingly and will maybe be able to replace HSCT 

or to function as a ‘bridge to transplant’28, such as epigenetic modulators (azacytidine, alone or with 

DLI)29, 30, protein kinase inhibitors, mitochondrial inhibitors including apoptosis therapies, new 

cytotoxic agents (first generation FLT3 inhibitors)31, therapies targeting specific oncogenic proteins, 

therapeutic and immune checkpoint antibodies (Gemtuzumab ozogamicin)18 and cellular 

immunotherapies, and therapies targeting the AML microenvironment by restoring antitumor 

reactivity through a GVL effect.5, 32, 33  

 

After HSCT2, TRM2 is significant with an occurrence in 32.1% of patients and with median time of 

6.3 months (range, 1-104.5). In different series, NRM (Non relapse mortality) or TRM rates ranged 

from 26% to 40%.8, 9, 12, 14, 16, 17, 19, 34 In order to improve the efficiency of HSCT2, efforts have been 

made, such as performing RIC regimen to reduce NRM rates9, 27 or performing a T cell-replete HSCT 

after a first T cell-depleted transplantation, which did not prolong survival.35 None of these approaches 

appear to be superior. 

 

In our study, in univariate analysis, several factors significantly influenced OS in the group 3 such as 

age superior or inferior to 50 years, CR at HSCT1 or time to relapse after HSCT1 more or less than six 

months. Some prognostic factors influencing survival after a HSCT2 have been brought to light in 

different studies. Two factors are commonly found to be prognostic for successful HSCT2: ability to 

achieve CR with salvage therapy after relapse post-HSCT1 and duration of CR before HSCT2.4, 12, 16, 

19, 24, 26, 36-39 Several others factors have been reported to affect the outcome after HSCT2, such as 

younger age, using a female donor 40, type of stem cell source41, cGvHD occuring after HSCT237, 

disease status at HSCT2 and low or high leukemia burden.4, 8, 9, 14, 16, 17, 19, 26, 42-44 Orti et al.8 reported a 

5-year OS of 32%, significantly adversely associated with active disease, time to second 

transplantation inferior to 430 days (14 months) and donor other than an HLA-identical sibling. These 

results were in line with previous studies.4, 16, 24 Thus, patients with active disease or who had an early 

relapse were most unlikely to benefit from HSCT2.  

In most series found in the literature, TTR1 constitutes the most significant and determinant factor to 

the outcome of a HSCT24, 16, 18, 19, 24, 26, 36-39, usually found as statistically superior when ranged 

between 6 months and 1 year.4, 8, 9, 16, 19, 37, 42-44 Our results are comparable with data of the literature 

regarding the median TTR of 7.9 months (range 0.4-133.1). This is consistent with more favorable 

outcome for patients with chemosensitive and/or less progressive leukemia. Furthermore, Levine et 

al.45 showed that the median time between relapse and HSCT2 seems to affect LFS and OS rates: they 

were respectively 31% and 37% for patients who received HSCT2 more than 2.8 months after relapse 

versus 22% and 26% for those who received HSCT2 within 2.8 months after relapse. So, Orti et al.8, 
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Shaw et al.19 and Vrhovac et al9. have set as cut-off point the median of the variable time to second 

transplantation, respectively of 14,1 months, 11 months and 7.5 months, which clearly discriminated 

two populations according to OS.  

 

In the literature, the role of the graft source is controversial. Bosi et al.4 and Andreola et al.14 showed a 

significant lower rate of relapse and a better LFS with BM graft at HSCT2 than in transplantations 

with PBSC grafts, whereas Ruutu et al.17 reported that source of stem cells did not significantly predict 

survival or NRM after HSCT2. Orti et al.8 demonstrated that using an HLA-identical sibling donor for 

HSCT2 did result in a relevant improvement in OS and in NRM. Furthermore, haploidentical HSCT 

has recently undergone a significant rise, with less risk of acute and chronic GvHD and equivalent 

outcomes in terms of incidence of relapse, NRM and LFS in comparison with other types of donors.46, 

47 Some studies also showed the feasibility and efficacy of a haploidentical HSCT2 for relapsed AML, 

using a RIC regimen and a PBSC graft.48 Finally, some teams have evaluated the effect of a change of 

donor at HSCT2 on outcome. As previously published16, 18, 19, 42, 49, switching donors does not appear to 

influence the outcome. Thus, Ruutu et al.17 performed a retrospective study on 2632 patients receiving 

HSCT2 in different relapsed hematopoietic malignancies and displayed a non-significant trend to 

lower risk of relapse with use of another donor instead of the original one, but without difference in 

OS or RFS. In our study, change of donor (related for unrelated, mismatch for matched or inversely) 

was not significant for OS nor RFS.  

 

In our cohort, patients of the group 2 had more aGvHD but less cGvHD than those of the group 3. 

Chronic GVHD after HSCT2 was a significant factor of better outcome but this is a time-dependent 

event. Those results are in line with literature findings: some groups reported the occurrence of 

cGvHD after HSCT1 as a favorable prognostic factor for survival after HSCT2.9, 37, 38 Vrhovac et al.9, 

in a time-dependent analysis, showed that cGvHD favorably impact OS, decrease the incidence of 

relapse and could increase LFS.  

 

Most of our patients received RIC regimen at HSCT2, which was not significant for OS and RFS in 

univariate analysis. Christopeit et al.42 have studied 179 patients with relapsed acute leukemia treated 

with HSCT2, 33% of them received RIC at HSCT2 and showed a NRM rate of 31.8%. A retrospective 

study34 on 58 patients receiving HSCT2 for relapsed AML also reported a 3-year TRM of 31.4%, most 

of which occurred in the first six months following RIC-HSCT2. For Orti et al.8, the 5-year NRM was 

32%. They, as Ruutu et al.17, found that use of MAC regimen could significantly influence favorably 

NRM. 
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CONCLUSION 
 

Our findings could help to guide physicians to identify patients with relapsed or refractory AML after 

HSCT who would benefit from a second HSCT. Patients could be rescued by HSCT2 with significant 

better outcome and acceptable toxicity. The feasibility of a HSCT2 should be evaluated according to 

the general health and comorbidities of patients, disease status before and after salvage therapy 

(chemosensitive leukemia with a time to relapse over 6 months, with low residual burden leukemia) 

and availability of a donor. However, the rate of relapse remains strong. Strategies using new therapies 

such as targeted therapies, immune checkpoint inhibitors, new prevention of GVHD as post-transplant 

cyclophosphamide, with or without HSCT2, should be evaluated.  
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Figure 7. Kaplan Meier curves of Overall survival and Relapse-free survival after HSCT2-Univariate analysis of data from 
and after HSCT1 
7a. and b. Cytogenetic prognosis classification; 7c. and d. Occurrence of acute GvHD; 7e. and f.; Occurrence of chronic 
GvHD  
HSCT1: First allogeneic hematopoietic transplantation, GvHD: Graft versus Host disease 
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Figure 8. Kaplan Meier curves of Overall survival and Relapse-free survival after HSCT2-Univariate analysis of data from 
and after HSCT2  
8a. and b. Conditioning regimen; 8c. and d. Source of stem cells; 8e. and f. Occurrence of acute GvHD; 8g. and h. Change of 
donor type 
HSCT2: Second allogeneic hematopoietic transplantation, RIC: Reduced intensity conditioning, MAC: Myeloablative regimen, 
PBSC: Peripheral blood stem cell, BM: Bone marrow, CB: Cord Blood, GvHD: Graft versus Host disease. 
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ANNEXES 
  

INTRODUCTION 

RESULTATS 

CONCLUSION 

PATIENTS ET METHODES 

 Les leucémies aiguës myéloïdes (LAM) en rechute ou réfractaires 
après une première allogreffe de cellules souches hématopoïétiques 
(allo1) ont un pronostic sombre, avec une survie très courte. Leur prise 
en charge optimale reste controversée : DLI, deuxième allogreffe 
(allo2), chimiothérapie intensive, immunomodulation ou soins de 
support sont des alternatives thérapeutiques pour l’obtention d’une 
rémission complète (RC). 
L’objectif de cette étude est d’évaluer la tolérance et l’efficacité 
d’une deuxième allogreffe chez des patients avec une LAM 
réfractaire ou en rechute post-allo1.  

 Il s’agit d’une étude rétrospective multicentrique nationale réalisée 
chez 4071 patients issus du registre de la SFGM-TC, ayant reçu au 
moins une allogreffe de CSH entre janvier 2004 et janvier 2014. Trois 
groupes ont été distingués : le groupe 1 comprenant les patients sans 
rechute post-allogreffe, le groupe 2 comprenant les patients en rechute/
réfractaires après l’allo1 et traités avec des thérapies conventionnelles 
et le groupe 3 comprenant les patients en rechute/réfractaires après 
l’allo1 et traités avec une allo2.  
L’indication du traitement de rattrapage était posée selon l’état général 
du patient, ses comorbidités, le statut de la maladie et la disponibilité 
d’un greffon. La tolérance d’une allo2 a été évaluée sur la survenue 
d’une maladie du greffon contre l’hôte (GvHD) et sur le taux de 
décès précoces, l’efficacité a été évaluée sur le taux de rémission 
complète (RC) et de survie globale (SG).  

 Les patients présentant une LAM en rechute ou réfractaire après une 
première allogreffe de CSH peuvent être rattrapés par une deuxième allogreffe, 
avec un gain de survie significatif et une toxicité acceptable. Cependant, le 
taux de rechute reste élevé. Il convient de définir un profil de patients 
susceptibles de bénéficier de cette approche thérapeutique, et d’évaluer les 
nouvelles thérapeutiques telles que les CAR T-cells, les thérapies ciblées ou 
les nouveaux immunosuppresseurs.  

 Parmi les patients recevant une allo2, 57,4% ont reçu un 
conditionnement myéloablatif (MAC). 53,6% ont reçu des CSP, 36,8% de la 
moelle osseuse et 9,6% du sang de cordon. Le donneur était non apparenté 
dans 44% des greffes. Une RC post-allo2 a été obtenue chez 104 patients 
(49,8%). Après un suivi médian de 53,4 mois, il existe un gain de survie 
significatif en faveur d’une allo2 : la médiane de survie est mesurée à 36,9 
mois pour le groupe 3 versus 19,3 mois pour le groupe 2 (p<0,0001) (fig.1). 
La TRM était évaluée à 32,9%. Le taux de décès précoces (< J100) était 
de 27,3%. Les incidences de GvHD aiguë de grade 2-4 et chronique étaient 
respectivement de 59% et 35,4%. 
 
En analyses univariées, l’âge < 50 ans (p=0,0003), le sexe féminin (p=0,016), 
l’obtention d’une RC pré-allo1 (p=0,003), l’obtention d’une RC et d’un 
chimérisme total donneur à J100 post-allo1 (p<0,0001) et la durée de 
rémission post-allo1 > 6 mois (p<0,0001) (fig.2) apparaissent comme des 
facteurs prédictifs significatifs de réponse favorable à une allo2. 

 4071 patients allogreffés pour une LAM ont été inclus, avec un 
sex-ratio à 1,1. L’âge médian au diagnostic était de 48 ans (4-72 ans). 
Parmi les LAM en rechute ou réfractaires, 1204 patients (29,6%) ont 
reçu un traitement de rattrapage conventionnel et 209 patients (5,1%) 
ont reçu une allo2. Les caractéristiques des patients tels que l’origine de 
novo ou secondaire de la LAM (p=0,9), le pronostic cytogénétique 
(p=0,46), le type de conditionnement (p=0,097), le typage-HLA du 
donneur (p=0,26) ou la survenue d’une GvHD aiguë (p=0,75) étaient 
similaires entre les patients des groupes 2 et 3. Avant l’allo1, une RC 
était obtenue chez 73,3% des patients du groupe 2 et chez 87% des 
patients du groupe 3. Après l’allo1, la survenue d’une GvHD chronique 
était plus fréquente dans le groupe 3 (35,4%) que dans le groupe 2 
(22%).  
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Dans notre étude, en comparant, en analyses univariées, le groupe 1 
(patients sans rechute post-allo1) versus les groupes 2 et 3 (patients en 
rechute/réfractaire post-allo1), l’origine de novo ou secondaire de la LAM, le 
pronostic cytogénétique, le statut de la maladie à l’allo1, le type de 
conditionnement, l’origine du greffon, la réponse hématologique à J100 post-
allo1 et la survenue d’une GvHD aiguë ou chronique apparaissent comme des 
facteurs de risque significatifs de rechute. 
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LOMBION Naelle - Deuxième allogreffe de cellules souches hématopoïétiques en 
traitement de rattrapage des leucémies aiguës myéloïdes réfractaires ou en rechute 
après une première allogreffe : une étude de la SFGM-TC  
Th. : Méd. : Brest 2017 
RESUME : Les leucémies aiguës myéloïdes (LAM) en rechute ou réfractaires après une première 
allogreffe de cellules souches hématopoïétiques (allo1) ont un pronostic sombre. Une seconde allogreffe 
(allo2) peut permettre d'obtenir une rémission prolongée chez des patients sélectionnés. Nous 
souhaitions évaluer le devenir de patients traités pour une LAM en rechute ou réfractaires après une 
allo1 et définir des facteurs pronostiques de réponse après une allo2. Nous avons réalisé une étude 
rétrospective multicentrique chez des patients avec LAM ayant reçu au moins une allo à partir du 
registre de la SFGM-TC. Trois groupes ont été étudiés : les patients sans rechute post-allo1 (groupe 1), 
les patients en rechute/réfractaires après l’allo1 traités par thérapies conventionnelles (groupe 2) et les 
patients traités avec une allo2 (groupe 3). L’objectif principal était d'évaluer la survie globale (SG) dans 
les 3 groupes et les objectifs secondaires d'évaluer le devenir des patients après l'allo2 et des facteurs 
pronostiques de survie à long terme. 4071 patients ont été inclus. 2658 n'ont pas rechuté. Parmi ceux en 
rechute/réfractaires en post-allo1, 1204 patients ont reçu un traitement de rattrapage conventionnel et 
209 patients ont reçu une allo2. Nous avons observé des différences significatives entre les groupes 2 et 
3. Le groupe 3 avait une meilleure SG à 5 ans par rapport au groupe 2: 31,7% versus 11,2% (p<0,0001). 
Après l'allo2, la SG à 5 ans du groupe 3 était de 18,6% avec une médiane de survie de 7,8 mois. En 
analyse univariée, la rémission complète à l'allo1 (p=0,0117), et l'allo2 (p<0,0001), un âge inférieur à 50 
ans (p=0,0357), un donneur dans la fratrie HLA-identique (p=0,0221) et un délai de rechute après l'allo1 
supérieur à 6 mois étaient des facteurs pronostiques favorables pour la SG après l'allo2. L'allo 2 peut 
remettre en rémission des patients traités pour une LAM en rechute/réfractaires après une allo1. Des 
stratégies impliquant des nouveaux traitements avec ou sans allo2 devraient être évaluées.  
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RESUME 
 
 

Les leucémies aiguës myéloïdes (LAM) en rechute ou réfractaires après une première allogreffe de 

cellules souches hématopoïétiques (allo1) ont un pronostic sombre. Une seconde allogreffe (allo2) peut 

permettre d'obtenir une rémission prolongée chez des patients sélectionnés. Nous souhaitions évaluer le devenir 

de patients traités pour une LAM en rechute ou réfractaires après une allo1 et définir des facteurs pronostiques 

de réponse après une allo2.  

 

Nous avons réalisé une étude rétrospective multicentrique chez des patients avec LAM ayant reçu au 

moins une allo à partir du registre de la SFGM-TC. Trois groupes ont été étudiés : les patients sans rechute post-

allo1 (groupe 1), les patients en rechute/réfractaires après l’allo1 traités par thérapies conventionnelles (groupe 

2) et les patients traités avec une allo2 (groupe 3). L’objectif principal était d'évaluer la survie globale (SG) dans 

les 3 groupes et les objectifs secondaires d'évaluer le devenir des patients après l'allo2 et des facteurs 

pronostiques de survie à long terme.  

 

4071 patients ont été inclus. 2658 n'ont pas rechuté. Parmi ceux en rechute/réfractaires en post-allo1, 

1204 patients ont reçu un traitement de rattrapage conventionnel et 209 patients ont reçu une allo2. Nous avons 

observé des différences significatives entre les groupes 2 et 3. Le groupe 3 avait une meilleure SG à 5 ans par 

rapport au groupe 2: 31,7% versus 11,2% (p<0,0001). Après l'allo2, la SG à 5 ans du groupe 3 était de 18,6% 

avec une médiane de survie de 7,8 mois. En analyse univariée, la rémission complète à l'allo1 (p=0,0117), et 

l'allo2 (p<0,0001), un âge inférieur à 50 ans (p=0,0357), un donneur dans la fratrie HLA-identique (p=0,0221) et 

un délai de rechute après l'allo1 supérieur à 6 mois étaient des facteurs pronostiques favorables pour la SG après 

l'allo2.  

 

L'allo 2 peut remettre en rémission des patients traités pour une LAM en rechute/réfractaires après une 

allo1. Des stratégies impliquant des nouveaux traitements avec ou sans allo2 devraient être évaluées.  
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ABSTRACT 

 
Patients with relapsed or refractory acute myeloid leukemia (AML) after first allogeneic 

hematopoietic stem cell transplantation (HSCT1) face a poor prognosis. Second HSCT (HSCT2) can 

induce prolonged remission in selected patients. We aimed to evaluate the outcome of relapsed/ 

refractory AML patients after HSCT1 and to define prognostic factors for outcome after HSCT2. 

 

We performed a retrospective multicentric study on AML patients who received at least one HSCT 

from the SFGM-TC registry. We discriminated three groups: group 1 with patients without relapse, 

group 2 with relapsed/refractory patients after HSCT1 treated with conventional drugs and group 3 

who received a HSCT2. The primary endpoint was to evaluate overall survival (OS) in the three 

groups and secondary endpoints were to assess outcome after HSCT2 and prognosis factors of 

survival after HSCT2. 

 

We included 4071 AML patients. 2658 patients did not relapse. Among the relapsed/refractory AML, 

1204 patients received conventional therapy and 209 patients received a HSCT2. We observed 

significant characteristics differences between group 2 and 3. Group 3 had a significantly higher 5-

year OS compared to group 2: 31.7% versus 11.2% (p<0.0001). After HSCT2, 5-year OS of group 3 

was 18.6% with a median survival of 7.8 months. In univariate analysis, CR at HSCT1 (p=0.0117) and 

HSCT 2 (p<0.0001), younger age (p=0.0357), HLA-identical sibling donor (p=0.0221) or longer time 

to relapse after HSCT1 (p=0.0002) were favourable prognosis factors of OS after HSCT2. 

 

HSCT2 could rescue patients with relapsed/refractory AML after HSCT1. Strategies involving new 

therapies with or without HSCT2 should be evaluated. 

 
 


