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72.1  Introduction

Although the majority of children and adoles-
cents with acute lymphoblastic leukemia (ALL) 
are curable with current chemotherapy regimens, 
poor outcome persists in some individuals (Eckert 
et al. 2011; von Stackelberg et al. 2011; Schrappe 
et al. 2012). Allo-HSCT is the most established 
treatment to control leukemia by means of the 
GVL effect. During the last decade, it was dem-
onstrated in prospective trials that HSCT from 
HLA-MSD and from HLA-MURD results in 
similar outcomes.

Standardized MAC for paediatric patients 
with high relapse risk produced a low incidence 
of TRM and effective control of leukemia (Mann 
et  al. 2010; Pulsipher et  al. 2011; Peters et  al. 

2015). Currently, also HSCT from HLA haplo-
identical family donors or mismatched CB gives 
promising results (Rocha et  al. 2009; Luznik 
et  al. 2012; Ruggeri et  al. 2012; Berger et  al. 
2016; Klein et al. 2017; Locatelli et al. 2017).

To offer the patients the best available treat-
ment options, a close collaboration between 
international therapy study groups and transplant 
consortia are necessary. This is realized within 
the big treatment consortia for childhood leuke-
mia (e.g. IBFM-SG, IntReALL, NOPHO, 
UKALL, AIEOP, FRALLE and others) and the 
paediatric transplant community (e.g. EBMT-PD 
WG, IBFM-SC SCT, GETMON, GITMO). The 
study groups for ALL treatment evaluate out-
come according to their chemotherapy protocols 
and stratify patients to relapse standard-risk, 
medium-risk and high-risk groups. In contrast to 
adult patients, only patients with high-relapse 
risk are eligible for allo-HSCT to protect children 
from the potential long-term consequences of 
myeloablation and GVHD.

72.2  Prognostic Factors 
and Indications for HSCT

HSCT indications have to be defined prospec-
tively and must be re-evaluated and reconfirmed 
at intervals dependent on modifications and 
improvements in non-transplant approaches for 
both front-line and relapse protocols. Some risk 
factors conveying a dismal prognosis in  childhood 
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ALL can be identified even at diagnosis 
(Moorman 2016; O’Connor et  al. 2018). 
Additionally, response to induction treatment 
measured by MRD has a strong predictive value 
and defines nowadays many indications or HSCT 
(Bader et al. 2009; Conter et al. 2010; Schrappe 
et al. 2011; Eckert et al. 2013).

72.2.1  Indications: CR1

Only patients with high-risk cytogenetic features 
or insufficient response to chemotherapy are eli-
gible for HSCT in first remission. In contrast to 
earlier recommendations, for these patients a 
MSD and a MURD and for the highest relapse 
category also mismatched donors are an option 
(Table 72.1).

72.2.2  Indications: CR2 and Later

All patients with relapse of T-ALL and patients 
who relapse during or within 6 months of cessa-
tion of chemotherapy (very early and early 
relapse) have a dismal prognosis when treated 
with conventional chemotherapy. Allo-HSCT 

from any donor type is the contemporary stan-
dard approach (Table 72.2).

If patients achieve a third or higher remission, 
allo-HSCT should be considered if the physical 
state allows such a procedure. Patient not in mor-
phological remission should not receive 
allografts except in extraordinary experimental 
situations.

72.3  Donor Selection and Stem 
Cell Source

OS and incidence of NRM have constantly 
improved; however it has been shown that in 
children, a BMT from a HLA-identical sibling 
results in quicker myeloid engraftment, immu-
noreconstitution and less severe infections and 
should be therefore the preferred option (Peters 
et  al. 2015). As only 25% of patients have a 
MSD, HSCT from other donors is the most 
applied method. Several groups have demon-
strated that HSCT from unrelated donors, identi-
fied by HLA high- resolution typing and 
matching, has similar outcome results as MSD-
HSCT (Zhang et  al. 2012; Fagioli et  al. 2013; 
Burke et al. 2015).

Table 72.1 Indications for allogeneic HSCT in CR1 according to AIEOP-BFM ALL 2009-trial

PCR-MRD resultsa

MRD-SR
MRD- 
MRb

MRD-HR
No MRD 
result

MRD  
TP2 ≥ 10−3 to <10−2

MRD 
TP2 ≥ 10−2

Criteria 
hierarchical

No CR d33 Noc MMD MMD MMD MMD
t(4;11)d No MD MD MMD MD
Hypodiploidy < 44 
chromosomese

No MD MD MMD MD

PPR + T-ALL No No MD MMD MD
None of the above 
featuresf

No No MD MMD No

PPR Prednisone Poor Response on day 8, NRd33 No Remission day 33 MRDMinimal Residual Disease, no Allo HSCT 
not indicated, MD Permitted donor: HLA-matched sibling or non-sibling donor, MMD Permitted donor: HLA-matched 
or HLA-mismatched donor
aFCM-MRD results have no impact on the allo-HSCT indication
bIncluding MRD-MR SER (MRD TP1 ≥ 10−3 and TP2 10–4/−5)
cNon-remission in patients with this rare constellation should be due to extramedullary disease. Allo-HSCT indication 
in these cases should be discussed with the national study coordinator
dIndependent of prednisone response
eThe finding of exactly 44 chromosomes qualifies for HR treatment but has no impact on allo-HSCT indication
fIncluding patients with 44 chromosomes
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Several methods were developed to overcome 
the HLA barriers. Today it is not clearly proven 
whether HSCT from HLA-mismatched CB, TCD 
(alpha-beta depleted, CD34+ selected or CD3/
CD19 depleted) haplo-identical grafts or PT-CY 
approaches will result in the best outcome (Lang 
and Handgretinger 2008; Smith et  al. 2009; 
Ruggeri et al. 2014; Locatelli et al. 2017) (Tables 
72.3 and 72.4).

72.4  Conditioning Regimen

Most children receive a MAC.  This consists 
either of TBI and VP and/or CY or—especially 
for children below 4 years of age—of BU-/FLU- 

Table 72.2 Indication for HSCT according to IntReALL SR 2010 and HR protocol criteria

Relapse risk group Phenotype Time of relapse Site of relapse MRD-status Donor type
Very High T-ALL Any time I-BM, C-BM, I-EM MSD, MD, MMD

Non-T-ALL
Very early I-BM, C-BM, I-EM
Early I-BM, C-BM PR, ND

High Non-T-ALL MSD, MD
Late I-BM, C-BM PR, ND
Early C-BM GR

I-EM
Late I-BM PR, ND

C-BM ND

I-BM isolated bone marrow, C-BM combined bone marrow and extramedullary site, I-EM isolated extramedullary, 
MRD: GR good response as defined by the specific chemotherapy-protocol, PR poor response, ND not detectable.

Table 72.3 Matching criteria according to HLA typing/
matching and stem cell source for children and AYAs with 
ALL

MSD HLA-genotypically matched sibling, 
or 10/10 allelic match (if parental 
haplotypes unknown)

BM, 
PBSC

MSD 6/6 or 8/8, 5/6 or 7/8a CB
MD 9/10 or 10/10 allelic matched related 

or unrelated
BM, 
PBSC

MD 5–6/6 unrelated or 6–7-8/8 unrelated CB
MMD Less than 9/10 matched BM, 

PBSC
MMD Less than 5/6 or 6/8 UCB CB

MSD matched sibling donor, MD matched donor, MMD 
mismatched donor.
a4 digits high-resolution typing recommended also for CB 
matching definition.

Table 72.4 Donor hierarchy—further selection criteria

Variable/
order Priority
CMV-status
Patient CMV IgG positive
1 Donor CMV IgG positive
2 Donor CMV IgG negative
Patient CMV IgG negative
1 Donor CMV IgG negative
2 Donor CMV IgG positive
Gender
Female patient
1 Male or female (preferentially not 

allo-immunized by prior pregnancy) donor
Male patient
1 Male Donor
2 Female (preferentially not allo-immunized 

by prior pregnancy) donor
Age
1 Younger donor if body weight enables 

sufficient SC harvest
2 Older donor
Stem cell source
HSCT from MSD or MD
1 Bone marrow
2 PPBSC (CAVE: adjust GvHD-prophylaxis 

for matched siblings)
2 Cord blood with sufficient cell number 

(>3 × 107 NC/kg)
HSCT from MMD: possible options

BM, 8/10 matches, unmanipulated
PBSC, haploidentical, CD3/CD19 
depleted, α/β depleted
CB, sufficient stem cell dose
PBSC, haploidentical, CD34+ selection
PT-CY

72 Acute Lymphoblastic Leukemia in Children and Adolescents



542

containing regimen, often combined with TT. An 
increasing use is recognized for TREO which 
results also in myeloablation but seems to have 
less toxic side effects (Wachowiak et  al. 2011; 
Boztug et al. 2015; Lee et al. 2015; Peters et al. 
2015).

To reduce acute organ toxicity, the interval 
between the end of the last chemotherapy and the 
start of conditioning is 3 or at most 6 weeks. If 
infection or toxicity requires a delay of condi-
tioning, patients receive risk-adjusted chemo-
therapy to bridge the time until transplantation. 
Currently, a multinational trial comparing TBI/
VP with either FLU/TT/BU or FLU/TT/TREO 
investigates in a randomized study the value of 
both conditioning regimens (FORUM study: 
allogeneic HSCT for children and AYAs with 
ALL comparing TBI with myeloablative chemo- 
conditioning) (Willasch et al. 2017).

72.5  GVHD Prophylaxis

Children transplanted with BM from matched 
sibling donors might benefit from an augmented 
GVL effect if only single and short GVHD pro-
phylaxis is given (Locatelli et al. 2000). However 
careful monitoring and rapid treatment interven-
tion are crucial to prevent severe GVHD. After 
HSCT from non-sibling donors, a combination of 
CNI and ATG with or without short MTX is given 
in most patients (Veys et  al. 2012; Peters et  al. 
2015).

72.6  Post-transplant Follow-Up 
and Interventions

72.6.1  Mixed Chimerism (MC) 
and MRD

Mixed chimerism (MC) and MRD strongly pre-
dict risk for relapse in children (Bader and 
Kreyenberg 2015).

Preemptive immunotherapy, e.g. withdrawal of 
IS or DLI guided by chimerism and MRD moni-
toring, can prevent impending relapse. However, 
the dynamic of leukaemic reappearance hampers 
the final success of these methods. Therefore, new 
post-transplant intervention strategies with less 
risk for severe complications like bi-specific anti-
bodies or CAR-T-cell interventions may expedite 
the control of impending relapse (Handgretinger 
et al. 2011; Maude et al. 2018).

72.6.2  Children with Ph+

Children with Ph + should receive post- transplant 
TKIs: Whether the prophylactic approach (all 
Ph + patients will receive TKIs) or a preemptive 
therapy (only patients with a Ph  +  signal peri- 
HSCT) is more effective has to be prospectively 
proven (Schultz et  al. 2010; Bernt and Hunger 
2014). Both TKI options are currently under 
investigation.

72.6.2.1  The Amended EsPhALL 
Recommendation

Administration of imatinib prophylaxis post 
HSCT when more than 50,000 platelets are 
reached. Duration, 365 days after HSCT.

72.6.2.2  TKI According to MRD Result
Administration of imatinib post HSCT for all 
MRD-positive patients until two negative results 
are achieved. FACS- and PCR-MRD analyses are 
accepted.

72.7  Results

Figure 72.1 shows the event-free survival (EFS), 
overall survival (OS), relapse incidence (RI) and 
non-relapse mortality (NRM) of the prospective 
international multicentre trial comparing MSD 
with MURD (Peters et al. 2015).
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Key Points
• Only children and adolescents with very 

high or high relapse risk should be can-
didates for allo-HSCT. The definition of 
relapse risk depends on the leukaemic 
phenotype, response to chemotherapy 
and—if applicable—time and site of 
relapse.

• MRD levels during chemotherapy but 
also pre- and post-HSCT are powerful 
predictors for outcome after HSCT.

• Patients who are not in morphological 
remission before conditioning should 
not undergo allogeneic HSCT except in 
extraordinary situations.

• MAC is recommended for children with 
ALL. Whether TBI is necessary to con-
trol leukemia is subject of a prospective 
randomized EBMT/IBFM trial.

1.0

0.8

a b

c d

0.6

0.4

E
F
S

R
I

0.2

0 1 2 3 4

Time (years)

Patients

MSD
MUD

Difference in 4-year EFS
Upper limit of one-sided 95% CI

5%
13%

105
305

30
100

0.71±0.05 -405
0.57±0.03

Events 4yr.EFS P*

Patients

MSD
MUD

105
305

24
55

0.24±0.04 -732
0.22±0.02

Events 4yr.CI P*

Patients

MSD
MUD

105
305

22
81

0.79±0.04 -203
0.73±0.03

Events 4yr.OS P*

Patients

MSD
MUD

105
305

3
30

0.03±0.02 -017
0.10±0.02

Events 4yr.CI P*

5 6 7 8 9 10

1.0

0.8

0.6

0.4

0.2

0 1 2 3 4

Time (years)

5 6 7 8 9 10

1.0

0.8

0.6

0.4

O
S

0.2

0 1 2 3 4

Time (years)

5 6 7 8 9 10

1.0

0.8

0.6

0.4

N
R
M

0.2

0 1 2 3 4

Time (years)

5 6 7 8 9 10

Fig. 72.1 Four-year event-free survival (EFS), overall 
survival (OS), relapse incidence (RI) and non-relapse 
mortality (NRM) of the prospective international multi-
centre trial comparing sibling donors with matched unre-

lated donors – the ALL-SCT-BFM-2003 trial on behalf 
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the EBMT Paediatric Diseases Working Party (Peters 
et al. 2015)
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