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Summary

Outcome of 333 children with acute myeloid leukaemia relapsing after a first allo-

geneic haematopoietic stem cell transplantation was analyzed. Four-year probability

of overall survival (4y-pOS) was 14%. 4y-pOS for 122 children receiving a second

haematopoietic stem cell transplantation was 31% and 3% for those that did not

(P = <0�0001). Achievement of a subsequent remission impacted survival

(P = <0�0001). For patients receiving a second transplant survival with or without

achieving a subsequent remission was comparable. Graft source (bone marrow vs.

peripheral blood stem cells, P = 0�046) and donor choice (matched family vs.

matched unrelated donor, P = 0�029) positively impacted survival after relapse. Dis-

ease recurrence and non-relapse mortality at four years reached 45% and 22%.

Keywords: allogeneic hematopoietic stem cell transplantation, children,

relapse, acute myeloid leukemia, second hematopoietic stem cell

transplantation.
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Haematopoietic stem cell transplantation (HSCT) has con-

tributed substantially to the cure of children with high-risk

acute myeloid leukaemia (AML) (Kaspers et al., 2013; Rasche

et al., 2018). Nevertheless, relapse after HSCT remains the

main reason for treatment failure (Pession et al., 2013;

O’Hare et al., 2017). Here, we retrospectively identified 333

children and adolescents from 15 countries that had experi-

enced AML relapse after a first allogeneic HSCT.

Patients and methods

A retrospective data analysis across national study groups

participating in the I-BFM consortium was performed. A

questionnaire was submitted to the representatives of each of

the national study groups that had accepted to participate.

Relapse was defined as cytological proof of leukaemia in

the bone marrow, central nervous system or other extrame-

dullary sites. Complete remission was defined as the presence

of normal haematopoiesis and ≤5% blasts in the bone mar-

row. Patients with t(8;21), t(15;17) or inv(16) were defined

to be standard-risk (Grimwade et al., 2010).

Probabilities of OS were estimated according to the

Kaplan–Meier method and comparisons were done with the

log-rank test (Kaplan & Meier, 1958). A Cox regression anal-

ysis was performed to identify predictors of survival. Treat-

ment- and disease-related mortality were calculated as

cumulative incidences according to Kalbfleisch and Prentice

(Kalbfleisch & Sprott, 1974; Prentice et al., 1978). Multivari-

ate analysis was performed for risk factors reaching a P

value < 0�1 in univariate analysis.

Results

Patient characteristics

For this study, 333 children were identified with a median

follow-up of 22�1 months (range 0–60); 122 (36�6%) of these

patients had a second HSCT. Median age was 8�5 years.

There were 176/309 patients (57�0%) younger than 10 years

and 198/333 (59�5%) children were male. Information on

cytogenetic lesions was available for 209 children. Of them,

180 (86�1%) were stratified as high -risk (HR) and 29

(13�9%) as standard -risk (SR) according to the definition

given above. Of 326 patients with known remission status at

first HSCT, 156 (47�9%) had been transplanted in first

complete remission (CR1), 145 (44�5%) in second complete

remission (CR2) and 25 (7�7%) did not achieve remission

(NR). Median time between first HSCT and relapse was

6�64 months (Q1: 3�6, Q3: 12�4). Among the 181 patients

for whom information was available, a subsequent remis-

sion after post-HSCT relapse was achieved in 74 patients

(40�9%). Information on whether the same or a different

donor was used for the second HSCT was available for 15

patients only.

Total outcome

The probability of overall survival at four years for the total

cohort was 14% (standard error, SE = 0�02, Fig 1A). HSCT

in CR1 (4y-pOS 14%) versus CR2 (4y-pOS 16%) did not

impact survival. Achievement of a subsequent remission was

important (4y-pOS 33% vs. 5%, Fig 1B).

Time between first HSCT and relapse (<6 months) was

associated with inferior 4y-pOS (6% vs. 21%, P < 0�0001,
Fig 1C). This was confirmed in multivariate analysis [(relapse

≥6 months after first HSCT): HR, 0�58; 95% CI, 0�41–0�83;
P = 0�003].

Overall survival was comparable for children originally

presenting with SR versus HR cytogenetic lesions, both for

the total cohort (4y-pOS 13% for HR vs. 4y-pOS 13% for

SR; P = 0�71), and those proceeding to a second HSCT (4y-

pOS 28% for HR vs. 4y-pOS 40% for SR; P = 0�31).
Neither age (<10 years vs. ≥10 years; P = 0�38), nor gen-

der (P = 0�20) were relevant.
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Outcome after second HSCT

The 4y-pOS for the 122 children proceeding to a second

HSCT was 31% and 3% for those that did not (P < 0�0001,
Fig 1D). In all, 55/74 children (74�3%) achieved another

remission; 19 had residual disease. For the latter survival was

similar to that of patients who achieved a subsequent remis-

sion (4y-pOS 31% with no remission vs. 4y-pOS 39% with

remission; P = 0�45; Fig 2A). Second HSCTs were performed

at a median of 2�9 months (Q1: 2�1, Q3: 3�8) after relapse

and were an independent prognostic factor in multivariate

analysis [(second HSCT performed): HR, 0�27; 95% CI,

0�18–0�41; P = <0�001].
Poor performance prevented a second HSCT for 10�5% of

children only. Major reasons were insufficient disease control

(55�2%). Parental choice, early decision for palliative care or

not further specified reasons accounted for 34�3%.

Graft sources for second HSCT were bone marrow (BM,

43/119 patients, 36�1%), peripheral blood stem cells (PBSC,

65/119 patients, 54�6%), and umbilical cord blood (CB, 11/

119 patients, 9�2%). Matched unrelated donors (MUDs) were

used for the majority of children (53/114 patients, 46�5%),

matched family donors (MFDs) for 28/114 (24�6%), partially

(p-)MFDs for 17/114 (14�9%), and haplo donors for 16/114

(14�0%) patients.

Bone marrow was associated with significantly better

survival in case the second HSCT was done ≥6 months

after relapse [4y-pOS 56% for BM vs. 4y-pOS 44% for CB

vs. 4y-pOS 28% for PBSC, P(BM vs. PBSC) = 0�046, Fig
2B].

Children receiving their second transplant from a MFD

(4y-pOS 44%) fared better than MUD [4y-pOS 32%, P(MFD

vs. MUD) = 0�029] or pMFD recipients [4y-pOS 15%, P

(MFD vs. pMFD) = 0�0023, Fig 2C, multivariate analysis

[donor type = MFD]: HR, 0�42; 95% CI, 0�21–0�82;
P = 0�011]. Outcome for MUD transplants improved after

2010 (4y-pOS 18% for HSCT before 2010 vs. 4y-pOS 41%

for HSCT in or after 2010; P = 0�045; Fig 2D).

With a four-year cumulative incidence (4y-CI) of 45%,

relapse remained the main reason for treatment failure. The

4y-CI of transplant-related mortality (TRM) was 22% (9%

for MFDs, 14% for haplo donors, 28% for MUDs, and 38%

for pMFD) [P(MFD vs. MUD) = 0�016, P(MFD vs.

pMFD) = 0�018].

Fig 1. Overall survival for children relapsing after a first allo-HSCT [four-year probability of overall survival (pOS)]. CR, complete remission;

HSCT, haematopoietic stem cell transplantation.
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Discussion

Leukaemic relapse after HSCT has been repeatedly addressed

by several groups, but several aspects remain unsatisfactory.

First, several larger cohorts combine adult and paediatric

patients. Since these cohorts are dominated by adult patients

this might lead to conclusions being less relevant for children

(Christopeit et al., 2013; Bejanyan et al., 2015; Ruutu et al.,

2015; Orti et al., 2016). Second, collecting these patients over

very long time intervals pools patients from eras in which

risk stratification for transplant, donor HLA-typing technolo-

gies, graft-versus-host disease prophylaxis and supportive

care differ substantially (Bejanyan et al., 2015). Third, the

majority of larger paediatric analyses on second HSCTs com-

bine acute lymphocytic leukaemia (ALL) and AML relapses

(Menon et al., 2016; Roux et al., 2017; Yaniv et al., 2018;

Lund et al., 2019). In regard of the potentially higher suscep-

tibility of AML to graft versus leukaemia effects and the deci-

sively defined role of minimal residual disease (MRD) before

HSCT in ALL (Bader et al., 2002), it might be relevant to do

this analysis separately.

The most important reason for treatment failure after a

second HSCT remained disease recurrence and TRM. Most

TRM events occurred during the first year whereas relapses

plateaued after 2–3 years. This was comparably reported by a

recent US American combined cohort of paediatric ALL and

AML children (Lund et al., 2019).

Remission status prior to second HSCT was classified in a

dichotomous manner (yes/no) according to the local centre’s

morphological evaluation. For those children finally trans-

planted after re-induction without achieving remission, sur-

vival at four years surprisingly reached 31%. Although

numbers are low, this might reflect an important difference

to ALL patients in whom achieving a deep molecular remis-

sion before transplant has shown to be a prerequisite for leu-

kaemia-free survival (Bader et al., 2002).

As reported by others, the interval between first HSCT

and relapse was a strong predictor for survival (Bosi et al.,

2001, Eapen et al., 2004; Ruutu et al., 2015). Notably, Lund

et al. (2019) presented an analysis contradicting this. They

identified the interval between relapse and second HSCT as

being more relevant.

For our analysis, information on whether the same or an

alternative donor was used for the second HSCT could be

obtained for 15 children only. A series of studies conclude

that recruiting a different donor than the one used for the

Fig 2. Overall survival for patients that received a second allo-HSCT [four-year- probability of overall survival (pOS)]. CB, cord blood; CR, complete

remission; HSCT, haematopoietic stem cell transplantation; MFD, matched family donor; MSD, matched sibling donor; MUD, matched unrelated

donor; Haplo, haploidentical donor; PBSC, peripheral blood stem cells; pMFD, partially matched family donor.
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first transplant was not advantageous (Christopeit et al.,

2013; Ruutu et al., 2015).

Consistent with previous reports, the use of BM versus

PBSC had no significant impact on survival (Guardiola et al.,

2000; Lund et al., 2019). Nevertheless, after late relapses the

use of BM seemed beneficial.

Poor performance status in children has recently been

reported to negatively impact outcome after first HSCT

(Bitan et al., 2014). Of interest, poor performance status was

indicated as a reason for not performing a second HSCT in

10�5% of our cohort only.

Data on the conditioning regimen used were not available

for all children. The majority received a myeloablative total

body irradiation-free preparative regimen for their second

HSCT. Previous studies did not find an association between

the intensity of conditioning with relapse or OS (Yaniv et al.,

2018; Lund et al., 2019). When differences were reported this

might have been attributed to the inclusion of adults (Ruutu

et al., 2015).

Despite the fact that this analysis, to our knowledge, repre-

sents the largest cohort of children experiencing AML relapse

after a first HSCT, our study has clear limitations in terms of

its retrospective nature and limited access to more specific

transplant-relevant information. With a certain degree of cau-

tion, however, some conclusions might be drawn. First, with-

out a second HSCT, there is currently almost no chance for

survival. Second, a second HSCT is often not performed

despite disease control and acceptable performance status, and

third, even for some patients with residual disease a second

HSCT might be a relevant treatment option.
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