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Abstract
Background: Children with poor response acute myeloid leukaemia (AML) generally have a very poor
outcome. Allogeneic stem cell transplantation (SCT) is often recommended for these children but the
benefit is unclear. The aim of this study was to investigate survival for poor response AML patients
treated with SCT. Material and Methods: Treatment was given according to the NOPHO-AML 2004
protocol. All patients received AIET (Cytarabine, Idarubicin, Etoposide, Thioguanine) and AM (Cytarabine,
Mitoxantrone) as induction. We included poor response defined as > 15% blasts on day 15 after AIET
(n = 17) or > 5% blasts after AM (n = 14, refractory disease). Poor response patients received intensively
timed induction and proceeded to SCT when a donor was available. Results: Thirty-one of 267 evaluable
patients (12%) had a poor response. SCT was performed in 25; using matched unrelated donors in 13,
matched sibling donors in 6, cord blood donor in 4, and haploidentical donor in two. The median follow-up
for the 31 poor responding patients was 2.6 years (range 0.4 – 8.1 years) and 3-year probability of survival
70% (95% CI 59-77%). Conclusions: The poor responders in the NOPHO-AML 2004 protocol had a
favourable prognosis treated with time-intensive induction followed by SCT.
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The role of stem cell transplantation (SCT) in the treatment of acute myeloid leukaemia (AML) in children is
controversial. There is consensus not to advocate autologous (auto) SCT as most studies show no beneﬁt of autoSCT compared with chemotherapy alone. However, the
possible beneﬁt of allogeneic SCT (SCT) is unclear. Some
studies have found a beneﬁt of SCT compared with chemotherapy alone, while others have found no signiﬁcant
difference between the two treatments or only improvement in subgroups of AML (1, 2). However, methodological difﬁculties complicate interpretation of results and, in
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particular, comparability of results between the different
AML trials may be problematic. In Europe, many investigators prefer chemotherapy alone in the treatment of
paediatric AML in ﬁrst complete remission (CR1) and recommend SCT only to patients who have a poor prognosis
genetic aberrations or in second CR (2).
However, the deﬁnition of the patients with a poor
prognosis is not consistent throughout the different AML
treatment protocols. Most investigators agree that speciﬁc
genetic aberrations, such as FLT3-ITD (3) and monosomy
7 (4), and high blast count after initial treatment (2, 5, 6)
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predict a poor prognosis but the exact deﬁnition vary
among the trials.
Recent data also demonstrate the important prognostic role of
minimal residual disease (MRD) in patients with AML (7–11).
The NOPHO-AML 2004 protocol introduced a deﬁnition
of poor response based upon evaluation after the ﬁrst and
second induction course. The poor responders were treated
time intensively and allocated to SCT with the best available
donor. Here, we report the results of the time-intensive therapy and early SCT in children with AML and poor response
to the ﬁrst induction or with refractory disease.
Patients and methods
Eligibility

Since 1984, all children in the Nordic countries under the
age of 15 yr and diagnosed with AML have been treated
according to the NOPHO-AML protocols. Some centres
have included children up to the age of 18 yr. Since late
2007 also patients from Hong Kong have been included.
Here, we report on patients diagnosed between 1 January
2004 and 31 December 2011 and treated according to the
NOPHO-AML 2004 protocol (12). The patients were
followed until March 2012. Informed consent and ethical
approval were obtained according to national regulations.
Diagnosis

The diagnosis and therapy was centralised to the 23 University Hospitals in the ﬁve Nordic countries and Hong Kong.
SCT was performed in eight transplant centres. Diagnosis
was achieved by morphologic analysis of bone marrow aspirates according to FAB and WHO classiﬁcations (13, 14).
Patients with Down syndrome and promyelocytic leukaemia
were not included.
Treatment

The protocol included two anthracycline and low-dose cytarabine-based induction courses followed by four high-dose

Evaluation (BM day 15)

AIET

SCT

cytarabine-based consolidation courses. Treatment has
recently been described in details by Abrahamsson et al.
(12) and will only be presented in short here. The induction treatment consisted of AIET: cytarabine 200 mg/m2
continuous infusion day 1–4; idarubicin 12 mg/m2 day 2, 4
and 6; etoposide 100 mg/m2 continuous infusion day 1–4;
and 6-thioguanine 100 mg/m2 bid orally day 1–4; and AM:
cytarabine 100 mg/m2 continuous infusion day 1–5 and
mitoxantrone 10 mg/m2 day 1–3. Patients with >5% blasts
day 15 after AIET were recommended to start AM immediately, whereas those with <5% blasts were allowed time for
hematologic recovery before AM. Children not in remission
after AIET and AM (refractory disease) proceeded to
FLAG (ﬂudarabine, cytarabine, granulocyte colony-stimulating factor). The treatment outline is illustrated in
Fig. 1(15).
HLA typing of the patient and family was recommended
to be performed at diagnosis for all patients. Patients with
poor response to induction treatment were eligible for SCT
as consolidation. Matched sibling donors (MSD), matched
(9/10 or 10/10) unrelated donors (MUD) or cord blood
donors (CBD) were accepted. In cases where matched
donors were not available, HLA-mismatched and haploidentical donors were accepted at the discretion of the treating
clinicians. Poor responders were scheduled for SCT after the
ﬁrst and before the last consolidation course. SCT was
encouraged to be performed after a total of three courses.
Conditioning regimens before SCT and graft versus host disease (GvHD) prophylaxis were according to local guidelines
and varied. Conditioning regimen was myeloablative in all
patients and consisted of various combinations of busulfan
(Bu), cyclophosphamide (Cy), melphalan (Mel), ﬂudarabine
(Flu) and total body irradiation (TBI).
MRD monitoring

Minimal residual disease monitoring was performed prior to
SCT when possible. Leukaemia-associated immunophenotypes (LAIP) were identiﬁed in bone marrow specimens at
diagnosis and pre-SCT by ﬂow cytometry with a detection
limit around 10 4. Fusion genes and WT1 gene expression
were detected by quantitative RT-PCR as previously
described by Ommen et al. (16).

AM

Definitions
CR

HA1M + HA2E + HA3 + HA2E +/– GO

AM

FLAG

Figure 1 Treatment outline for the NOPHO-AML 2004 protocol. Poor
responders were scheduled for allo-SCT after the first and before the
last consolidation course. SCT was not recommended for non-poorresponding patients. The figure is adapted from Hasle et al. (15).
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Early response was evaluated day 15 post-AIET. Patients
with more than 5% blasts were treated immediately, whereas
patients with good response had repeat bone marrow examinations performed following hematologic regeneration, and
CR was assessed according to international recommendations (17, 18).
Resistant (refractory) disease was deﬁned as no CR after
two induction courses.
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Patients were classiﬁed as good responders, if they were in
CR after ﬁrst induction course with AIET or if they had
5–15% blasts after AIET but achieved remission after the second induction course. Patients were considered as poor
responders if they had more than 15% blasts on day 15 after
AIET and/or achieved no CR after AM. Blast count was based
on morphologic assessments of bone marrow smears and conﬁrmed by ﬂow cytometry. Patients with favourable cytogenetics, deﬁned as t(8;21)(q22;q22), inv(16)(p13;q22) and t(9;11)
(p21;q23), were not candidates for SCT in CR1 if they
achieved CR after AM regardless of the day 15 response (12).
Statistical analysis

Probability of overall survival (OS) was calculated from
time of diagnosis to death of any cause. Probability of event
free survival (EFS) was calculated from time of diagnosis to
the last date the patient was known to be alive without an
event. Relapse, second malignancy, resistant disease and
death were considered as events. Probability of relapse free
survival (RFS) was calculated from time of diagnosis to the
time of relapse or the last date the patient was known to be
alive without a relapse (death during induction or in complete remission and second malignancy were censored at the
time of the event). Probability of disease free survival (DFS)
was calculated from time of SCT to the last date the patient
was known to be alive. Relapse, second malignancy, and
death was considered as events.
The median follow-up times were calculated for those alive.
SPSS (IBM, New York, NY, USA) Statistics Data Editor 18
software was used for the statistical analysis. Differences in
subgroups were calculated using the Pearson’s chi-squared
test. The Kaplan–Meier method was used to estimate OS,
EFS, RFS and DFS. Differences in subgroups were assessed
using the log-rank test. Data are analysed according to the
intention to treat principle (ITT).
Results
Patient characteristics and overall outcome

A total of 274 patients were treated according to the
NOPHO-AML 2004 protocol. Seven patients died during the
ﬁrst 15 d of induction treatment and were excluded as evaluation for treatment response was not possible. The characteristics of the 267 patients are summarised in Table 1. The
male/female ratio was 1.3, and the median age at diagnosis
was 6.0 yr (range, 0–17 yr). The median white blood cell
count (WBC) at presentation was 20.8 9 109 /L (range,
0.6–427 9 109 /L). Favourable cytogenetics was found in
98 patients (37%), 31 patients (12%) had 11q23 other than
t(9;11) and 58 (22%) had normal karyotype. The median follow-up for all of the 267 patients alive was 3 yr (range,
0.17–8.12) and the estimated 5-yr OS 72% (SE 3).
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Table 1 Characteristics of the 267 patients with evaluable day 15
response
Characteristics
Sex
Male
Female
Age
0–1 yr
2–9 yr
10 + yr
Median age
White blood count
0–9.9 9 109 /L
10–100 9 109 /L
>100 9 109 /L
Median
FAB classification
M0
M1
M2
M4
M5
M6
M7
Other/unclassified
CNS disease
Yes
No
Data missing
Cytogenetics
t(8;21)
inv(16)
t(9;11)
11q23 non t(9;11)
Other abnormalities
Normal karyotype
FLT3
FLT3-ITD
Wild type
Not tested
ALM (D835/I836)
SCT
Yes
No
Outcome
3-yr EFS
3-yr RFS
3-yr OS

Good response1
N (%)

Poor response2
N (%)

130 (55)
106 (45)

19 (61)
12 (39)

0.57

61 (26)
92 (39)
83 (35)
6.0

3 (10)
13 (42)
15 (48)
9.0

0.11

83 (35)
121 (51)
32 (14)
19.8

12 (39)
10 (32)
9 (29)
30.5

0.43

15
27
61
41
56
4
19
13

(6)
(11)
(26)
(17)
(24)
(2)
(8)
(6)

(10)
(13)
(16)
(16)
(13)
(0)
(6)
(26)

0.09

4 (13)
27 (87)
0 (0)

0.83

(18)
(11)
(12.5)
(11.5)
(28)
(19)

0
0
0
5
13
13

(0)
(0)
(0)
(16)
(42)3
(42)

0.00
0.05
0.03
0.77
1.00
0.01

(6)
(60)
(29)
(5)

3
15
13
0

(10)
(48)
(42)
(0)

0.21

25 (77)
6 (23)

0.00

22 (9)
210 (89)
4 (2)
43
26
29
27
66
45
14
141
69
12

15 (6)
221 (94)
54%
58%
74%

3
4
5
5
4
0
2
8

P- value

26%
66%
70%

1
Good response (N = 236): <5% after AIET or 5–15% blasts after
AIET and <5% after AM.
2
Poor response (N = 31): >15% after AIET and/or >5% after AM.
3
Including monosomy 7 in three, del(7q) in two, and trisomy 8 in two
patients.

Response to induction treatment

Thirty-one of 267 patients (11.6%) had a poor response after
induction treatment. A ﬂow chart of the response to therapy
is presented in Fig. 2.
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1st
Induction
AIET

2nd
Induction
AM
Blasts

274 pt treated
according to
NOPHO-AML
2004

7
died during
induction

24

>15%

Blasts

7

50

17

5–15%

43
193

>5%

7

<5%

Response
Classification

Poor response:
N = 31
Good response:
N = 236

<5%

193

Figure 2 Flow diagram of patient responses. Seven patients died during induction and were excluded as evaluation of their responses was not
possible. Eleven of 14 with >5% blasts after AM proceeded to FLAG and nine of these achieved remission subsequently. Poor response
(N = 31): >15% after AIET or no remission after AM and no favourable cytogenetics. Good response (N = 236): blasts <15% after AIET and
remission after AM.

Figure 3 Overall survival (OS) for good responders (N = 236) and poor responders (N = 31) in NOPHO-AML 2004. The 3-yr OS for good responders and poor responders was 73.7% (SE 3.3) and 70.1% (95% confidence interval 59 –77%) (P = 0.47), respectively.

Twenty-four patients had more than 15% blasts after
AIET, and seven patients had less than 15% blasts but did
not achieve CR after AM.
The median time from start of AIET to start of AM was
only 21 d (range, 13–47 d) for the poor responders compared to 32 d (range, 15–141 d) for the good responders.
Characteristics and outcome of poor responders

There was no signiﬁcant difference between the poor responders and the good responders in terms of sex, age, WBC at
diagnosis and CNS disease. None of the poor responders had
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favourable cytogenetics at diagnosis, but 13/31 had normal
karyotype (Table 1). FLT3-ITD was found in three of 18 poor
responders tested vs. 14 of 167 tested in the total cohort (3).
The median follow-up time for the 31 poor-responding
patients was 2.6 yr (range, 0.4–8.1 yr), and the 3-yr OS was
70% (95% conﬁdence interval 59–77%), Fig. 3. The EFS
was only 26% (95% conﬁdence interval 18–33%) due to
inclusion of patients with refractory disease (N = 14). The
RFS was 66% (95% conﬁdence interval 57–73%).
In total, 25 poor responders received SCT (Table 2). Thirteen (52%) of 25 achieved remission after two courses, nine
(36%) after three and three (12%) did not achieve remission
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Table 2 Characteristics of poor-responding patients (n = 25) undergoing SCT
Characteristics
Response
>15% after AIET and >5% after AM
>15% after AIET and <5% after AM
5–15% after AIET and >5% after AM
Courses before SCT
AIET + AM
AIET + AM + FLAG
AIET + AM + FLAG + HA1M
AIET + AM + FLAG 9 2 + HA2E1 + HA3
AIET + AM + HA1M
AIET + AM + HA1M + HA2E
AIET + AM + HA1M + HA2E + HA3
AIET + AM + HA1M + HA2E1 + HA3 + HA2E2
% Blasts by morphology at SCT
>15%
5–15%
<5%
MRD before SCT
>1%
0.1–1%
0.01–0.1%
<0.01%
Missing/not done/non-evaluable
Interval from diagnosis to SCT
<3 month
3–6 months
>6 months
Median interval in months
Donor type
Matched unrelated donor1
Matched sibling donor
Cord blood donor
Haploidentical paternal donor
Stem cell source
Peripheral blood
Bone marrow
Cord blood
Conditioning regimen
BuCyMel
BuCy
TBI Cy
Other2

N

5
13
7
1
9
1
1
7
4
1
1
2
1
22
7
4
4
1
9
2
17
6
4.8
12
6
5
2
5
15
5
9
9
1
6

HA, High-dose Cytarabine; M, Mitoxantrone; E, Etoposide; Bu, Busulfan; Cy, Cyclophosphamide; TBI, total body irradiation; Mel, Melphalan.
1
One patient with HLA-match 8/10.
2
Fludarabine based in four patients and Bu+Mel based in one patient.
One received Clofarabine, Thiotepa and Melphalan.

after induction. The median time from diagnosis to transplantation was 143 d (range, 81–259 d), and a median of
three courses (range 2–6) was given before SCT. The donors
were MUD (48%), MSD (24%), CBD (20%) or haploidentical donor (8%). One patient received MUD with 8/10 match,
all other MUD had 9/10 or 10/10 matches. Time from diag-
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nosis to transplantation was for MUD 4.8 months, for MSD
3.2 months and for CBD 5.5 months. The conditioning regimen was based on Bu in 19 (76%) (BuCy in 9, BuCyMel in
9 and BuMel in 1), TBI in one (4%) and Flu in four (16%)
patients. Clofarabine, thiotepa and Mel were used in one
patient (4%).
The median follow-up for the poor responders receiving
SCT (N = 25) was 3.8 yr (range, 0.4–8.1 yr), and the 3-yr
OS was 78% (95% conﬁdence interval 70–87%). Probability
of DFS from time of SCT for the 25 patients was 74%
(95% conﬁdence interval 65–83%). Five patients (20%) died
after relapse following SCT. There were no treatment-related
deaths (TRD).
Prior to SCT, three patients had morphologic residual disease including two patients with overt disease (more than 40%
blasts) who both remained alive in long-term remission.
MRD before SCT was assessed and evaluable in 16 of 25
patients. Most patients had MRD assessed by ﬂow cytometry
(14/16). Nine of eleven patients with MRD levels  0.1%
and four of ﬁve patients with MRD  0.1% blasts are alive
and in remission. Three of the patients who relapsed after
SCT had MRD levels of 10%, 1.1% and 0.03% at SCT. The
last three patients who relapsed after SCT did not have
MRD measured but had <5% blasts based on morphology.
Acute GvHD occurred in 16 of 25 patients; grade 1 in
seven, grade 2 in two, grade 3 in six, grade 4 in one.
Chronic GvHD was reported in 10 of 25 patients; limited in
seven and extensive in three patients.
Six of 31 poor responders did not receive SCT. Three of
these died of progressive disease before SCT could be performed, two relapsed before SCT and were transplanted in
second CR (both were alive at last follow-up), and no eligible donor was available for the last patient who relapsed
1 yr after diagnosis.
Outcome of good responders

The median follow-up for the good responders was 3 yr
(range, 0.0–7.9 yr). The 5-yr OS and EFS were 73% (SE 3)
(Fig. 3) and 52% (SE 4), respectively. Seven patients died
in CR, 85 relapsed (of these 44 patients died) and two experienced a second malignancy.
Discussion

We report outcome for paediatric AML patients with a poor
response to initial therapy and treated according to the
NOPHO-AML 2004 trial. A previous study from Abrahamson
et al. has presented results from the NOPHO-AML 2004 trial
(12). However, the present study focuses on patients with poor
response. We include more patients with poor response, more
details about response, therapy and conditioning regimens,
and a longer follow-up than the study from Abrahamsson
et al. The previous NOPHO-AML 93 trial found that the
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patients with a poor response to initial therapy and treated with
SCT only if a MSD was available had a very poor outcome
(OS 44%) (5). In the NOPHO-AML 2004 protocol, patients
with poor response were treated more intensively with a short
interval between the two induction courses with median 21 d
vs. 32 d in the good responder group (12). Only sibling
donors were recommended in the NOPHO-AML 93 trial in
contrast to the best available donor for all poor responders in
NOPHO-AML 2004. HLA typing was recommended at time
of diagnosis and succeeded in identifying a donor in 30/31
from this mainly (77%) Caucasian population and allowed us
to perform SCT early (median time = 4.8 months).
The aggressive induction approach and consolidation were
successful resulting in complete remission after the second
course of chemotherapy in half of the poor responders and
before SCT in 22/25. The subsequent SCT was well tolerated without any TRD and relapse in only 6/25.
The burden of the long-term effects of SCT was limited
as only three of the patients had extensive cGvHD.
Our results showed a very low EFS and a large difference
between EFS and OS for poor-responding patients. Fourteen
of the poor-responding patients had refractory disease as
they did not achieve remission after two induction courses
and by deﬁnition had event day zero and an EFS of zero.
Most of our patients were treated with a MUD (12 of 25)
compared with MSD in the previous protocol, and the good
outcome in the present study may in part be due to the early
SCT and also the beneﬁt of a graft vs. leukaemia (GvL)
effect. Accordingly, recent trials have presented favourable
outcome of MUD transplant in children (19–22) in contrast
to previous studies (23–25). The improved results in MUD
SCT may be due to better supportive care and donor selection by genomic typing technology, and MUD seems now to
be an equivalent alternative to MSD in the treatment of paediatric patients with AML.
Conditioning regimens varied according to local guidelines.
The low number of patients did not allow a comparison of the
different conditioning regimens. However, most of the
patients had received regimens based on BuCy and BuCyMel,
which are known to have a powerful myeloablative effect and
may have contributed to the good survival. BuCyMel was
introduced by Locatelli et al. (26, 27) and found to be an
effective preparative regimen especially used in juvenile myelomonocytic leukaemia and myelodysplastic syndrome.
In general, patients with refractory disease have a very
dismal prognosis (28, 29), and SCT seems to be the only
therapy with a curative potential. This was suggested in a
study of children with AML and monosomy 7 where
patients with refractory disease treated with SCT (N = 17)
had an OS of 31%, while all non-SCT-treated refractory
patients (N = 58) died within 17 months (4).
Three patients in the present trial had persistent disease
based on morphology when receiving SCT. One died of progressive disease less than a year after SCT and two with
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Table 3 Survival of poor responders in six paediatric AML trials

Trials
NOPHO-AML
93 (5)
NOPHO-AML
2004 (present
study)

BFM-AML
98 (30)
MRC-AML
12 (31)
CCG 213 (32)
AML02 (7)

Definition
of poor
responders

N

% poor
responders
in the
protocols

>5% on day 15

57

23

>15% blasts on
day 15 or 5–15%
blasts on day
15 and/or >5%
after second
induction course
>5% on day 15,
or other high-risk
criteria
>15% blasts on
day 15
>15% blasts on
day 14
>25% blasts after
initial course or
persistent MRD
after three
courses

31

12

281

59

5-yr OS:
54%

93

16

180

36

79

34

10-yr OS:
39%
7-yr OS:
27%
3-yr OS:
55%

Survival ITT
5-yr OS:
44%
3-yr OS:
70%

approximately 40% blasts at SCT are still alive in remission
with a median follow-up of 45 months.
MRD prior to SCT was assessed when possible; however,
data were too sparse to make any statistical conclusions.
Nonetheless, nine of eleven patients with MRD higher than
0.1% remain alive without disease, indicating that also in
the present study, SCT is effective in AML with signiﬁcant
levels of residual disease.
The favourable outcome of the NOPHO-AML 2004 trial
seems to exceed results presented earlier for patients with high
blast count in the bone marrow after initial treatment
(Table 3). The Berlin-Frankfurt-M€
unster-98 trial (BFM-AML
98) found a survival of 55% (30); the Medical Research Council 12 trial (MRC-AML 12) a survival of 39% (31); the Children’s Cancer Group trial (CCG 213) a survival of 27% (32);
and in the recent AML02 trial a survival of 55% (7). Finally, a
large study by Horan et al. with patients from COG and MRC
found a survival of only 33% in high-risk patients deﬁned by
poor response or cytogenetics (33).
The potential superior outcome in the present study may
have many reasons, especially, since several protocol components differ between our trial and those mentioned above.
Regarding the protocol, the most important differences, may
be the short time interval between ﬁrst and second induction
course and treatment with early SCT with the best available
donor in NOPHO-AML 2004. The BFM-AML 98 trial, the
MRC-AML 12 trial, NOPHO-AML 93 and the CCG 213 trial,
offered SCT only if a MSD was available (5, 30–32).
In contrast to our ﬁndings, the BFM-AML 98 trial, the
MRC-AML 12 trial and the AML02 trial found no beneﬁt
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of SCT compared with chemotherapy in the poor-responding
group (7, 30, 31). AML02, however, found a beneﬁt when
limiting analysis for high-risk patients with MRD above 1%
after induction 1.
The study by Horan et al. also concluded that high-risk
AML did not beneﬁt from SCT (33). However, the total
number of high-risk patients treated with SCT was only nine
and too low for a conclusion of SCT in high-risk AML.
As stated in the introduction, a comparison between different studies may be problematic.
Furthermore, our study was limited by the small number
of patients, which made the differences in survival between
the present study and the studies above non-signiﬁcant.
The potential superior outcome in the present study could
be that the treatment strategy in the NOPHO-AML 2004 protocol was superior. It could, however, also be that the patients
in our study simply had a better prognosis than the patients in
the studies above. Nonetheless, 11 of our patients were MRD
positive at SCT, which strongly indicates a poor prognosis.
Most of the studies mentioned above do not speciﬁcally
look at poor-responding patients who eventually achieve
remission as for most of the patients in our study, which
may also inﬂuence the results.
We included all poor-responding patients regardless of their
disease state at SCT, however, we managed to bring almost all
patients in morphologic remission by SCT, and the survival
was very good with very few relapses and no TRD.
Over the past few years, SCT procedures have improved
and are associated with lower treatment-related mortality
now than before. Genomic typing, availability of unrelated
donors and supportive care including better virus surveillance have also improved over the past few years and made
SCT a better option in the treatment of paediatric AML.
The strategy in our study, with SCT being an important
component of treatment, resulted in a 3-yr survival of 78%
and indicates a beneﬁt of SCT for patients with a poor
response in the NOPHO-AML 2004 protocol.
Acknowledgements

Research support: The Danish Cancer Society, The Danish
Childhood Cancer Society, The Swedish Childhood Cancer
Society, The Beckett Foundation, The Torben & Alice
Frimodt’s Foundation, The Tryg Foundation.
Conflict of interest

None.
References
1. Kaspers GJ, Creutzig U. Pediatric acute myeloid leukemia:
international progress and future directions. Leukemia
2005;19:2025–9.

© 2012 John Wiley & Sons A/S

Outcome of poor response paediatric AML

2. Niewerth D, Creutzig U, Bierings MB, Kaspers GJ. A
review on allogeneic stem cell transplantation for newly
diagnosed pediatric acute myeloid leukemia. Blood
2010;116:2205–14.
3. Staffas A, Kanduri M, Hovland R, et al. Presence of FLT3ITD and high BAALC expression are independent prognostic
markers in childhood acute myeloid leukemia. Blood
2011;118:5905–13.
4. Hasle H, Alonzo TA, Auvrignon A, et al. Monosomy 7 and
deletion 7q in children and adolescents with acute myeloid
leukemia: an international retrospective study. Blood
2007;109:4641–7.
5. Lie SO, Abrahamsson J, Clausen N, Forestier E, Hasle H, Hovi
L, Jonmundsson G, Mellander L, Gustafsson G. Treatment stratiﬁcation based on initial in vivo response in acute myeloid leukaemia in children without Down’s syndrome: results of
NOPHO-AML trials. Br J Haematol 2003;122:217–25.
6. Klusmann JH, Reinhardt D, Zimmermann M, Kremens B,
Vormoor J, Dworzak M, Creutzig U, Klingebiel T. The role
of matched sibling donor allogeneic stem cell transplantation
in pediatric high-risk acute myeloid leukemia: results from the
AML-BFM 98 study. Haematologica 2012;97:21–9.
7. Rubnitz JE, Inaba H, Dahl G, et al. Minimal residual diseasedirected therapy for childhood acute myeloid leukaemia:
results of the AML02 multicentre trial. Lancet Oncol
2010;11:543–52.
8. Kern W, Voskova D, Schoch C, Hiddemann W, Schnittger S,
Haferlach T. Determination of relapse risk based on assessment of minimal residual disease during complete remission
by multiparameter ﬂow cytometry in unselected patients with
acute myeloid leukemia. Blood 2004;104:3078–85.
9. Coustan-Smith E, Ribeiro RC, Rubnitz JE, et al. Clinical signiﬁcance of residual disease during treatment in childhood
acute myeloid leukaemia. Br J Haematol 2003;123:243–52.
10. Rizzari C, Cazzaniga G, Coliva T, De AC, Conter V. Predictive factors of relapse and survival in childhood acute myeloid
leukemia: role of minimal residual disease. Expert Rev Anticancer Ther 2011;11:1391–401.
11. Walter RB, Gooley TA, Wood BL, et al. Impact of pretransplantation minimal residual disease, as detected by multiparametric ﬂow cytometry, on outcome of myeloablative
hematopoietic cell transplantation for acute myeloid leukemia.
J Clin Oncol 2011;29:1190–7.
12. Abrahamsson J, Forestier E, Heldrup J, Jahnukainen K, Jonsson OG, Lausen B, Palle J, Zeller B, Hasle H. Responseguided induction therapy in pediatric acute myeloid leukemia
with excellent remission rate. J Clin Oncol 2011;29:310–15.
13. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA,
Gralnick HR, Sultan C. Proposed revised criteria for the classiﬁcation of acute myeloid leukemia A report of the FrenchAmerican-British Cooperative Group. Ann Intern Med
1985;103:620–5.
14. Vardiman JW, Thiele J, Arber DA, et al. The 2008 revision
of the World Health Organization (WHO) classiﬁcation of
myeloid neoplasms and acute leukemia: rationale and important changes. Blood 2009;114:937–51.

193

Outcome of poor response paediatric AML

15. Hasle H, Abrahamsson J, Forestier E, Ha SY, Heldrup J, Jahnukainen K, Jonsson OG, Lausen B, Palle J, Zeller B. Gemtuzumab ozogamicin as postconsolidation therapy does not
prevent relapse in children with AML: results from NOPHOAML 2004. Blood 2012;120:978–84.
16. Ommen HB, Nyvold CG, Braendstrup K, Andersen BL,
Ommen IB, Hasle H, Hokland P, Ostergaard M. Relapse prediction in acute myeloid leukaemia patients in complete
remission using WT1 as a molecular marker: development of
a mathematical model to predict time from molecular to clinical relapse and deﬁne optimal sampling intervals. Br J Haematol 2008;141:782–91.
17. Cheson BD, Bennett JM, Kopecky KJ, et al. Revised recommendations of the International Working Group for Diagnosis,
Standardization of Response Criteria, Treatment Outcomes,
and Reporting Standards for Therapeutic Trials in Acute
Myeloid Leukemia. J Clin Oncol 2003;21:4642–9.
18. Creutzig U, Kaspers GJ. Revised recommendations of the
International Working Group for diagnosis, standardization of
response criteria, treatment outcomes, and reporting standards
for therapeutic trials in acute myeloid leukemia. J Clin Oncol
2004;22:3432–3.
19. Basara N, Schulze A, Wedding U, et al. Early related or unrelated haematopoietic cell transplantation results in higher overall survival and leukaemia-free survival compared with
conventional chemotherapy in high-risk acute myeloid leukaemia patients in ﬁrst complete remission. Leukemia
2009;23:635–40.
20. Lee DH, Kwon YJ, Lim J, Kim Y, Han K, Chung NG, Jeong
DC, Cho B, Kim HK. Comparable outcomes of HLA-matched
unrelated and HLA-identical sibling donor bone marrow transplantation for childhood acute myeloid leukemia in ﬁrst remission. Pediatr Transplant 2009;13:210–16.
21. Moore J, Nivison-Smith I, Goh K, et al. Equivalent survival
for sibling and unrelated donor allogeneic stem cell transplantation for acute myelogenous leukemia. Biol Blood Marrow
Transplant 2007;13:601–7.
22. Saarinen-Pihkala UM, Gustafsson G, Ringden O, Heilmann C,
Glomstein A, Lonnerholm G, Abrahamsson J, Bekassy AN,
Schroeder H, Mellander L. No disadvantage in outcome of
using matched unrelated donors as compared with matched sibling donors for bone marrow transplantation in children with
acute lymphoblastic leukemia in second remission. J Clin Oncol
2001;19:3406–14.
23. Gustafsson A, Remberger M, Winiarski J, Ringden O. Unrelated bone marrow transplantation in children: outcome and a
comparison with sibling donor grafting. Bone Marrow Transplant 2000;25:1059–65.

194

Wareham et al.

24. Remberger M, Mattsson J, Hentschke P, Aschan J, Barkholt
L, Svennilson J, Ljungman P, Ringden O. The graft-versusleukaemia effect in haematopoietic stem cell transplantation
using unrelated donors. Bone Marrow Transplant
2002;30:761–8.
25. Ringden O, Pavletic SZ, Anasetti C, et al. The graft-versusleukemia effect using matched unrelated donors is not superior to HLA-identical siblings for hematopoietic stem cell
transplantation. Blood 2009;113:3110–18.
26. Locatelli F, Nollke P, Zecca M, et al. Hematopoietic stem cell
transplantation (HSCT) in children with juvenile myelomonocytic leukemia (JMML): results of the EWOG-MDS/EBMT
trial. Blood 2005;105:410–19.
27. Locatelli F, Zecca M, Niemeyer C, et al. Role of allogeneic
bone marrow transplantation for the treatment of myelodysplastic syndromes in childhood. The European Working
Group on Childhood Myelodysplastic Syndrome (EWOGMDS) and the Austria-Germany-Italy (AGI) Bone Marrow
Transplantation Registry. Bone Marrow Transplant 1996;18
(Suppl 2):63–8.
28. Ravandi F, Cortes J, Faderl S, et al. Characteristics and outcome of patients with acute myeloid leukemia refractory to 1
cycle of high-dose cytarabine-based induction chemotherapy.
Blood 2010;116:5818–23.
29. Song KW, Lipton J. Is it appropriate to offer allogeneic hematopoietic stem cell transplantation to patients with primary
refractory acute myeloid leukemia? Bone Marrow Transplant
2005;36:183–91.
30. Creutzig U, Zimmermann M, Lehrnbecher T, et al. Less toxicity by optimizing chemotherapy, but not by addition of
granulocyte colony-stimulating factor in children and adolescents with acute myeloid leukemia: results of AML-BFM 98.
J Clin Oncol 2006;24:4499–506.
31. Gibson BE, Webb DK, Howman AJ, De Graaf SS, Harrison
CJ, Wheatley K. Results of a randomized trial in children
with Acute Myeloid Leukaemia: medical research council
AML12 trial. Br J Haematol 2011;155:366–76.
32. Smith FO, Alonzo TA, Gerbing RB, Woods WG, Arceci RJ.
Long-term results of children with acute myeloid leukemia: a
report of three consecutive Phase III trials by the Children’s
Cancer Group: CCG 251, CCG 213 and CCG 2891. Leukemia
2005;19:2054–62.
33. Horan JT, Alonzo TA, Lyman GH, Gerbing RB, Lange BJ,
Ravindranath Y, Becton D, Smith FO, Woods WG. Impact of
disease risk on efﬁcacy of matched related bone marrow transplantation for pediatric acute myeloid leukemia: the Children’s
Oncology Group. J Clin Oncol 2008;26:5797–801.

© 2012 John Wiley & Sons A/S

