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Introduction

Despite improvements in survival for pediatric acute  
myeloid leukemia (AML), relapse remains the most impor-
tant cause of treatment failure [1]. The long-term overall sur-
vival (OS) rate for relapsed patients reported previously was 
less than 30% [2-4], whereas more recent studies have shown 
incremental improvement to 30%-40% [5-8]. In contrast to 
changes in outcome, the key prognostic factors for relapsed 
AML patients have remained consistent irrespective of study 
group and period. An aggregate of risk factors reported in 
these studies predicting better survival include a longer  
duration from diagnosis to relapse, favorable genetic fea-
tures of the leukemic blast, prior omission of allogeneic  
hematopoietic stem cell transplantation (HSCT) in first com-
plete remission (CR), and treatment with allogeneic HSCT in 
second CR [2-8]. In addition, one study found that the early 
response of relapsed AML to salvage therapy, as determined 
by the bone marrow (BM) blast percentage on day 28, was 
the most significant prognostic factor [9].

With this background, our main objective in this study was 
to determine outcome and important prognostic factors for 
relapsed pediatric AML patients diagnosed during a period 
of 10 years at our institution.

Materials and Methods

1. Patient group
The study received approval from our institutional review 

board. Patients diagnosed with AML at the Department of 
Pediatrics, The Catholic University of Korea from April 2009 
to December 2018, who had received first-line therapy at our 
institution, and then subsequently relapsed were included. 
Primary refractory patients, and those diagnosed with a 
non-AML secondary malignancy after initial diagnosis and 
treatment for AML were excluded. The final study group 
consisted of 50 relapsed patients (Table 1). Seventeen of the 
patients had previously been reported as part of different 
studies [10,11]. 
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The median age at diagnosis was 10.6 years (range, 0.5 
to 18.8 years). The most common genetic abnormality was 
RUNX1-RUNX1T1 fusion, detected in 13 patients (26%). 
Seventeen patients (34%) had extramedullary involvement 
(EMI) at diagnosis, including leukemic involvement con-
firmed through cerebrospinal fluid study (n=3) and EMI 
diagnosed through imaging (n=14). Six of 13 patients with 
RUNX1-RUNX1T1 fusion had EMI diagnosed through  
imaging, as well as two of three patients with –5/del(5q)  
abnormality. The remaining patients with imaging-based 
EMI had the following genetic abnormalities: complex kar-
yotype (n=2), normal karyotype (n=2), RBM15-MKL1 (n=1), 
and other non-complex (n=1).

2. First-line chemotherapy
The first-line chemotherapy regimens that the patients 

received were reported previously [11]. Patients diagnosed 
from 2008 to 2011 received Regimen 2008, while those diag-
nosed from 2012 onwards received AML 2012 chemotherapy 
as part of a multi-center clinical trial. Both treatment regi-
mens classified patients into three risk groups (broadly low-, 
intermediate- and high-risk groups) on the basis of genetic 
abnormalities of the leukemic blast and response to initial 
chemotherapy. All patients in Regimen 2008 and intermedi-
ate-risk patients in AML 2012 underwent allogeneic HSCT 
in first CR if they had a human leukocyte antigen (HLA) 
matched donor. All high-risk patients in AML 2012 received 
allogeneic HSCT in first CR, regardless of presence of an 
HLA-matched donor. In the relapse study group, initial risk 
group classification was as follows: low eight (16%), interme-
diate 19 (38%), high 23 (46%). Thirty-two patients (64%) had 
received allogeneic HSCT in first CR.

Of the 14 core binding factor (CBF) AML patients, eight 
initially received chemotherapy only: for Regimen 2008, 
three low-risk patients who did not have an HLA-matched 
donor; for AML 2012, four intermediate-risk patients (KIT 
mutation (+) [n=3], delayed CR [n=1]) who did not have an 
HLA-matched donor, and one low-risk patient. Six patients 
received allogeneic HSCT in first CR: for Regimen 2008, two 
low-risk patients with an HLA-matched donor; for AML 
2012, three intermediate-risk patients (KIT mutation (+)) 
with an HLA-matched donor, and one high-risk patient (con-
current FMS-like tyrosine kinase 3 [FLT3]–internal tandem 
duplication [ITD] mutation (+)).

3. Study objectives
Key objectives of the study were to initially determine the 

estimated probability of OS in the main study group of 50  
patients. A second objective was to determine OS and risk 
factors for OS in the subgroup of patients who initially recei-
ved intensive chemotherapy after diagnosis of relapse. We 

analyzed the influence of the following risk factors deter-
mined at initial diagnosis of AML in these patients on OS: 
patient sex, age at diagnosis, initial white blood cell (WBC) 
count, EMI at diagnosis, CBF AML, presence of FLT3-ITD, 
complex karyotype, chemotherapy regimen, achievement of 
first CR after 1 course of remission induction chemotherapy, 
allogeneic HSCT in first CR. We further analyzed the impact 
of the following variables on OS: period of relapse and time 
from diagnosis to relapse. We also attempted to determine 
whether the following relapse-specific variables affected 
OS: age and WBC count at relapse, as well as, CBF AML, 
FLT3-ITD mutation, complex karyotype at relapse. We also 
calculated the disease-free survival (DFS) for patients who 
achieved a second CR, and the OS and DFS of the two sub-
groups of patients who either relapsed after receiving chem-
otherapy only, or relapsed after treatment with allogeneic 
HSCT in first CR. Finally, we calculated the event-free sur-
vival (EFS) for patients who underwent post-relapse HSCT, 
and compared outcome according to type of conditioning 
regimen.

4. Statistical analysis
Comparison of key prognostic factors at relapse (WBC 

count at relapse, and genetic abnormalities at relapse [CBF 
AML, FLT3-ITD, complex karyotype status]) between those 
who received chemotherapy only in first CR, and those who 
received allogeneic HSCT in first CR was done with the 
Mann-Whitney and chi-square tests. OS was determined 
from the date of relapse to death or last follow-up, while DFS 
was determined from the date of second CR to subsequent 
relapse, death, or last follow-up. The EFS of the patients who 
received post-relapse HSCT was calculated from the time of 
HSCT to relapse, death, or last follow-up. OS, DFS, and EFS 
were calculated with the Kaplan-Meier method. Univariate 
and multivariate study of risk factors for OS were done with 
the log-rank test and Cox proportional hazard regression,  
respectively. Patient follow-up was done up till December 31, 
2020. p-values < 0.05 were considered significant.

Results

1. Diagnosis of relapse
For the overall study group, the median time from diag-

nosis to relapse was 12.2 months (range, 2.8 to 62.2 months). 
Sites of relapse were as follows: BM 41, extramedullary (EM) 
2, BM and EM combined 7. Although 34 of 48 evaluable  
patients (71%) showed cytogenetic changes of the leukemic 
blast from diagnosis to relapse, changes in the recurrent 
genetic abnormalities with prognostic relevance were only 
found in six patients: normal karyotype to BCR-ABL1 (n=1), 
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FLT3-ITD (+) to FLT3-ITD (–) (n=1), complex karyotype to 
monosomy 7 (n=1), complex karyotype to non-complex kar-
yotype (n=2), non-complex karyotype to complex karyotype 
(n=1). One patient with concurrent RUNX1-RUNX1T1 fusion 
and FLT3-ITD mutation showed loss of FLT3-ITD mutation 
at relapse but retained the key RUNX1-RUNX1T1 fusion.

2. Treatment of relapse
Five patients did not begin treatment with intensive chem-

otherapy upon diagnosis of relapse: two patients who did 
not receive curative therapy and failed to achieve second 
CR, two patients who reached second CR after decrease and 
cessation of immunosuppression only, and one patient who 
received local radiotherapy only for treatment of isolated EM 
relapse.

Of the 45 patients who received intensive chemotherapy, 
41 patients were treated with a combination of fludarabine, 
cytarabine, and granulocyte colony stimulating factor with 
or without idarubicin (FLAG±IDA) as the first reinduction 

Table 1.  Patient characteristics

Characteristic No. (%) (n=50)

Sex 
    Male/Female 31 (62.0)/19 (38.0)
Age at diagnosis, median 10.6 (0.5-18.8)
  (range, yr)
Initial WBC count, median 17.10 (1.01-287.06)
  (range, ×109/L) 
EMI at diagnosisa) 
    Yes/No 17 (34.0)/33 (66.0)
Genetic abnormalitiesb) 
    RUNX1-RUNX1T1 13 (26.0)
    FLT3-ITD 7 (14.0)
    KMT2A rearrangement 3 (6.0)
    –5, del(5q) 3 (6.0)
    CBFB-MYH11 1 (2.0)
    DEK-NUP214 1 (2.0)
    FUS-ERG 1 (2.0)
    RBM15-MKL1 1 (2.0)
    NPM1 1 (2.0)
    Biallelic CEBPA 1 (2.0)
    Other complex karyotypec) 8 (16.0)
    Normal 5 (10.0)
    Others 5 (10.0)
Initial treatment regimen 
    Regimen 2008/AML 2012 21 (42.0)/29 (58.0)
First CR after 1 course of 
  remission induction 
    Yes/No 40 (80.0)/10 (20.0)
Risk group 
    Low/Intermediate/High 8 (16.0)/19 (38.0)/23 (46.0)
Allogeneic HSCT in first CR 
    Yes/No 32 (64.0)/18 (36.0)
Time from diagnosis to relapse,  12.2 (2.8-62.2)
  median (range, mo)

CR, complete remission; EMI, extramedullary involvement; 
HSCT, hematopoietic stem cell transplantation; WBC, white 
blood cell. a)Leukemic blasts in initial cerebrospinal fluid study 
(n=3), or myeloid sarcoma-like extramedullary involvement 
detected by imaging (n=14), b)Classification based on dominant 
genetic abnormality for patients with cooperating mutations,  
c)Defined as three or more unrelated chromosomal abnormalities 
in the absence of 1 of the World Health Organization–designated 
recurrent genetic abnormalities. 

Table 2.  Chemotherapy regimens utilized for first reinduction 
chemotherapy

Chemotherapy regimen No. (%) (n=45)

Fludarabine 30 mg/m2/day, days 1-5 41 (91.1)
Cytarabine 2-3 g/m2/day, days 1-5
G-CSF, days 0-4 
±Idarubicin 12 mg/m2/day, days 1-3
IT cytarabine
Cytarabine 2 g/m2 twice daily, days 1-5 1 (2.2)
Etoposide 100 mg/m2, days 1-5
IT cytarabine
Cytarabine 3 g/m2 twice daily, days 1-2, 8-9 1 (2.2)
Asparaginase 6,000 units/m2, days 3, 10
Cytarabine 3 g/m2 twice daily, days 1-2 1 (2.2)
Cytarabine 1.5 g/m2/day, days 1-4a) 1 (2.2)
Idarubicin 12 mg/m2/day, days 1-3
Sorafenib 200 mg/m2 twice daily, days 1-7
G-CSF, granulocyte colony stimulating factor; IT, intrathecal.  
a)As detailed in Ravandi et al. [12].

Fig. 1.  Flow chart of relapsed acute myeloid leukemia study 
group. CR, complete remission; DFS, disease-free survival; OS, 
overall survival.

Overall study group (n=50)
5-year OS: 40.1±7.1%

Intensive chemotherapy (n=45)
5-year OS: 44.9±7.6%

Without initial intensive
chemotherapy (n=5)

Refractory disease, death
during reinduction (n=11)

Second CR achieved (n=34)
5-year DFS: 52.8±9.2%

Cancer Res Treat. 2022;54(4):1230-1239



VOLUME 54 NUMBER 4 OCTOBER 2022     1233

regimen (Table 2). FLAG±IDA resulted in second CR in 28 
patients (68%), while none of the other four reinduction 
strategies resulted in second CR. The rate of second CR after 
the first course of chemotherapy was 62% (28/45), while the  
final, overall rate of second CR was 76% (34/45). Six patients 
achieved second CR after more than one salvage attempt,  
including four patients after the second reinduction, and one 
patient who showed CR of EM relapse after three courses 
of chemotherapy. One patient who failed to achieve second 
CR after two courses of reinduction chemotherapy went on 
to receive a second allogeneic HSCT without remission, and 
achieved second CR after transplant.

3. Outcome for overall study group and for those who  
received initial intensive chemotherapy

For the overall study group of 50 patients, the estimated 
probability of 5-year OS was 40.1%±7.1% (20/50) (Fig. 1). 
Among the subgroup of 45 patients who received initial  
intensive chemotherapy upon diagnosis of relapse, 11 pati-
ents died during reinduction chemotherapy or from refrac-
tory disease, and failed to achieve second CR. Among the 34 
patients who achieved second CR, 13 patients experienced a 
second relapse, and two patients died from treatment-related 
causes in second CR, resulting in a 5-year DFS of 52.8%±9.2% 
(19/34) (Fig. 2A). The 5-year OS for the 45 patients treated 
with initial intensive chemotherapy was 44.9%±7.6% (20/45) 
(Fig. 2B), with a median duration of follow-up of 36.6 months 
(range, 6.0 to 111.2 months) for those who achieved a second 
CR.

Regarding risk factors for OS in these 45 patients deter-
mined at the time of diagnosis, time from diagnosis to rela-
pse, EMI at diagnosis, presence of CBF AML and presence of 
complex karyotype proved significant (Table 3, Fig. 3A-D). 
When undertaking multivariate study with the two most 
significant variables, time from diagnosis to relapse and 

EMI at diagnosis, both factors proved significant (time from  
diagnosis to relapse: hazard ratio [HR], 2.66; 95% confidence 
interval [CI], 1.13 to 6.28; p=0.025; EMI at diagnosis: HR, 2.33; 
95% CI, 1.02 to 5.31; p=0.044).

Regarding risk factors determined at the time of relapse, 
persistent CBF AML and FLT3-ITD mutation at relapse were 
significant factors influencing OS (S1 Table). In multivariate 
study, FLT3-ITD mutation at relapse was significant (HR, 
3.35; 95% CI, 1.19 to 9.43; p=0.022).

4. Outcome according to treatment strategy in first CR
1) Initial chemotherapy only
Of the 45 patients who received intensive reinduction 

chemotherapy upon relapse, 18 had been previously treated 
with chemotherapy only without HSCT (Fig. 4). Fifteen of 
these 18 patients achieved second CR (83%), all of whom 
proceeded to allogeneic HSCT. For these 15 patients, the 
median number of post-relapse chemotherapy courses prior 
to HSCT was 2 (range, 2 to 3), and the median time from 
relapse to HSCT was 3.5 months (range, 2.4 to 4.6 months). 
Four patients relapsed post-HSCT and two patients died of 
treatment-related causes in CR, resulting in a 5-year DFS of 
52.4%±14.9% (9/15). For the overall subgroup of 18 patients 
treated with chemotherapy only prior to relapse, the 5-year 
OS was 50.8%±12.9% (9/18).

2) Allogeneic HSCT in first CR
Twenty-seven of 45 patients who received intensive chem-

otherapy upon relapse had received allogeneic HSCT in first 
CR. The FLT3-ITD mutation was found at relapse solely in 
these patients who had received HSCT in first CR, while 
there was no difference in other key prognostic factors found 
at relapse when comparing patients who had received HSCT 
in first CR with those who had received chemotherapy only 
in first CR (S2 Table).

Fig. 2.  (A) Estimated disease-free survival (DFS) for the 34 patients who received intensive chemotherapy and achieved second complete 
remission. (B) Estimated overall survival (OS) for the 45 patients who received intensive chemotherapy. 
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Nineteen of 27 patients achieved second CR (70%), and 
there was no difference in 5-year DFS when comparing the 
HSCT in first CR and chemotherapy only subgroups (5-year 
DFS 52.6±11.5% vs. 52.4±14.9%, p=0.572). Four of these 19  
patients proceeded to second allogeneic HSCT in second CR 
at a median time from relapse to HSCT of 4.2 months (range, 
3.5 to 5.8); of these patients, one patient relapsed and the  
remaining three patients survive without event.

Of the remaining 15 patients, 14 were treated with chem-
otherapy only, either completing the planned treatment 

(n=11), or until early second relapse (n=3), while one patient 
received a second allogeneic HSCT without CR.

For the 11 patients who completed treatment with chemo-
therapy only, the median number of chemotherapy courses 
was 4 (range, 2 to 4). Seven survived without further event, 
and the genetic abnormalities of these patients at initial  
diagnosis were as follows: RUNX1-RUNX1T1 (n=3), FLT3-
ITD (n=2), and normal karyotype (n=2) (Table 4). For these 
seven patients, changes in key genetic abnormalities at  
relapse were observed in two patients (FLT3-ITD (+) with 

Table 3.  Univariate study of risk factors for 5-year OS in patients initially treated with intensive chemotherapy upon relapse diagnosis

 Patients (deceased) 5-Year OS (±SE) (%) p-value

Sex   
    Male 26 (13) 53.3±9.9 0.363
    Female 19 (12) 31.7±11.7 
Age at diagnosis (yr)a)   
    < 11 23 (13) 46.8±10.6 0.596
    ≥ 11 22 (12) 42.6±11.1 
WBC at diagnosis (×109/L)a)   
    < 17 22 (11) 54.5±10.6 0.539
    ≥ 17 23 (14) 35.5±10.5 
EMI at diagnosis   
    No 31 (14) 55.7±9.3 0.012
    Yes 14 (11) 21.4±11.0 
CBF AML   
    No 31 (21) 34.0±8.8 0.025
    Yes 14 (4) 69.6±12.7 
FLT3-ITD   
    No 37 (19) 49.4±8.5 0.057
    Yes 8 (6) 25.0±15.3 
Complex karyotype   
    No 35 (16) 52.3±8.7 0.030
    Yes 10 (9) 20.0±12.6 
Chemotherapy regimen   
    Regimen 2008 17 (13) 29.4±11.1 0.051
    AML 2012 28 (12) 54.3±9.9 
First CR after 1 course of remission induction   
    No 9 (6) 33.3±15.7 0.670
    Yes 36 (19) 47.9±8.6 
HSCT in first CR   
    No 18 (9) 50.8±12.9 0.617
    Yes 27 (16) 40.7±9.5 
Period of relapse   
    2010-2014 23 (17) 30.4±9.6 0.072
    2015-2020 22 (8) 62.2±10.6 
Time from diagnosis to relapsea)   
    < 12 mo 22 (17) 27.3±9.5 0.008
    ≥ 12 mo 23 (8) 62.6±10.6 
CBF AML, core binding factor acute myeloid leukemia; CR, complete remission; EMI, extramedullary involvement; HSCT, hematopoietic 
stem cell transplantation; OS, overall survival; SE, standard error; WBC, white blood cell. a)Cutoff threshold based on median values. 
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VOLUME 54 NUMBER 4 OCTOBER 2022     1235

Fig. 4.  Disease characteristics, treatment in first complete remission (CR), response to reinduction chemotherapy and outcome for the 45 
patients who received intensive chemotherapy. CBF, core binding factor; RI, remission induction. a)Genetic abnormalities at diagnosis of 
acute myeloid leukemia (AML), b)Achieved complete remission after one course of chemotherapy after initial diagnosis, c)Patient 20 did 
not achieve second CR after reinduction chemotherapy, and only achieved second CR after the second allogeneic hematopoietic stem cell 
transplantation (HSCT).

Patient No. 2 5 8 27 30 33 41 44 1 4 16 7 19 23 28 32 35 43 6 17 29 31 34 38 3 9 10 14 26 39 42 11 18 21 24 40 12 13 15 20 22 25 36 37 45

First CR treatment
CBF AMLa)

FLT3-ITDa)

Complex karyotypea)

EMI at diagnosis
CR after RIb)

Time to relapse
Second CRc)

Post-relapse HSCT
Type of event

Survival

Chemotherapy only
HSCT in first CR

First CR treatment
< 12 mo from diagnosis
≥ 12 mo from diagnosis

Time to relapse
Alive
Deceased

Survival
Relapse
Treatment-related death in 2nd CR
Refractory or death during reinduction

Type of event

Fig. 3.  Estimated overall survival for the 45 patients who received intensive chemotherapy according to time from diagnosis to relapse  
(< 12 months from diagnosis to relapse vs. ≥ 12 months from diagnosis to relapse) (A), extramedullary involvement (EMI) at diagnosis (B), 
presence of core binding factor (CBF) acute myeloid leukemia (AML) (C), and presence of complex karyotype (D). 
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normal karyotype to FLT3-ITD (–) with non-complex karyo-
type [n=1] and normal karyo type to non-complex karyo-
type [n=1]), resulting in the follow ing at relapse: RUNX1-
RUNX1T1 (n=3), non-complex karyotype (n=2), FLT3-ITD 
(+) (n=1), and normal karyotype (n=1). The one patient who 
showed persistent FLT3-ITD mutation at relapse survives 
disease-free after 4 cycles of FLAG chemotherapy without 
FLT3 inhibitor therapy.

For the overall subgroup of patients who relapsed post-
allogeneic HSCT in first CR, the 5-year OS was 40.7%±9.5% 
(11/27), with no difference in OS when compared with 
patients treated with chemotherapy only prior to relapse 
(p=0.617).

5. Post-relapse allogeneic HSCT
Overall, 20 patients (40%) received allogeneic HSCT after 

relapse at a median of 3.7 months from relapse (range, 2.4 to 
5.8 months), 15 as the first transplant, and five as the second 
transplant after receiving HSCT in first CR. A haploidentical Ta
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Table 5.  Characteristics of post-relapse allogeneic HSCT

 No. (%) (n=20)

Disease status 
    Second CR 19 (95.0)
    Relapsed 1 (5.0)
Donor type 
    MSD 2 (10.0)
    MUD 3 (15.0)
    HFD 15 (75.0)
Cell source 
    BM 2 (10.0)
    PBSC 18 (90.0)
Conditioning intensity 
    Myeloablative 20 (100)
Conditioning type 
    Bu-Flu-ATGa) 7 (35.0)
    TBI-Bu-Flu±(ATG or PTCy)b) 13 (65.0)
ATG, anti-thymocyte globulin; BM, bone marrow; Bu, busufan; 
CR, complete remission; Flu, fludarabine; HFD, haploidentical 
family donor; HSCT, hematopoietic stem cell transplantation; 
MSD, matched sibling donor; MUD, matched unrelated donor; 
PBSC, peripheral blood stem cells; PTCy, post-transplantation 
cyclophosphamide; TBI, total body irradiation. a)Busulfan 130 
mg/m2/day for 4 days, fludarabine 40 mg/m2/day for 4 days, 
rabbit ATG 2.5 mg/kg/day for 3 days for unrelated donor 
HSCT, 2.5 mg/kg/day for 4 days for HFD HSCT, b)Total body  
irradiation dose of 800 cGy over 2 days, busulfan 130 mg/m2/
day for 2 days, fludarabine 40 mg/m2/day for 4 days, rabbit 
ATG (thymoglobuline) 1.25-2.5 mg/kg/day for 3 days for unre-
lated donor HSCT, 1.25 mg/kg/day for 4 days for HFD HSCT. 
For PTCy, 50 mg/kg/day for 2 days.
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family donor (HFD) was utilized in 15 of 20 HSCTs (Table 
5), with rabbit anti-thymocyte globulin (ATG, thymoglobu-
line, Sanofi, Paris, France)-based T cell depletion given in 
13 patients, and post-transplantation cyclophosphamide in 
the remaining two patients. Since 2014, we have utilized a 
conditioning regimen of total body irradiation (TBI) 800 cGy,  
busulfan (Bu, 130 mg/m2/day for 2 days) and fludarabine 
(Flu, 40 mg/m2/day for 4 days) for relapsed AML patients, 
whereas the previous conditioning regimen consisted of 
Bu (130 mg/m2/day for 4 days) and Flu (40 mg/m2/day 
for 4 days). Patients who received a TBI-Bu-Flu regimen 
had better outcome than those who received the previous 
Bu-Flu regimen (5-year EFS, 72.5%±14.1% for TBI-Bu-Flu 
vs. 28.6%±17.1% for Bu-Flu; p=0.041), although the differ-
ent doses of ATG administered for each conditioning regi-
men may also have influenced transplant outcome (Table 5). 
Evaluating a limited number of patients, those who received 
a matched sibling donor or matched unrelated donor HSCT 
had better 5-year EFS than those who received an HFD HSCT 
(80.0%±17.9% vs. 47.6%±14.3%, p=0.369).

Discussion

Of the 34 patients who achieved second CR, 28 patients 
reached CR after the first course of reinduction chemothera-
py, while 32 patients overall achieved CR within two courses 
of reinduction chemotherapy. Hence, the vast majority of  
patients who achieved second CR did so within the initial  
attempts of salvage chemotherapy, as reported previously 
for relapsed or refractory AML [13].

Several reinduction regimens may be given for relapsed 
AML, with none being standard therapy. The majority of  
patients in our study received FLAG±IDA, the efficacy of 
which has been shown for relapsed patients [14]. This rein-
duction strategy resulted in second CR in 68% of patients 
treated with FLAG±IDA. Utilization of targeted or novel 
therapies such as gemtuzumab ozogamicin or venetoclax 
may further increase the rate of second CR [15,16].

In terms of outcome, the 5-year OS rates of 40.1%±7.1% 
and 44.9%±7.6% for the overall study group and for those 
who received reinduction chemotherapy, respectively were 
similar to those reported in more recent studies [5-7]. Time 
from diagnosis to relapse was the most significant prognostic 
factor for OS, reflecting consensus on the key role of this vari-
able in post-relapse survival [2-7].

Of note, we found that patients with EMI at diagnosis 
had significantly worse outcome than those who lacked 
EMI. Studies on the role of EMI in pediatric AML outcome 
are conflicting. Recent studies based on a large number of  
patients showed that patients with EMI had a higher risk of  

induction death, and that EMI was not a prognostic factor for 
patients who undergo HSCT [17,18]. The incidence of EMI at 
diagnosis in our study group was 34%, higher than the 23% 
found in both recent studies [17,18]. Our strategy of active 
imaging-based surveillance for EMI at diagnosis as reported 
previously may have contributed to a greater incidence of 
EMI in our study group [11].

In terms of genetic abnormalities, we were able to con-
firm improved outcome in relapsed CBF AML patients, as 
shown in previous studies [5,6]. Furthermore, patients with 
a complex karyotype had lower survival compared with 
those lacking this genetic abnormality. Although past stud-
ies have shown that high-risk genetic features at diagnosis, 
such as the FLT3-ITD mutation, may result in poor outcome  
after relapse [6,19], none has focused on the prognostic role of 
complex karyotype in relapsed AML. The potential adverse 
effect of a complex karyotype on outcome of newly diag-
nosed pediatric AML lacks the consensus observed for other 
poor prognosis genetic abnormalities. However, a study 
of 454 pediatric AML patients showed that patients with a 
complex karyotype had significantly worse EFS than other  
patients [20]. Further study with a larger number of patients 
is necessary to confirm whether novel prognostic factors in 
the relapsed pediatric AML setting, such as EMI or a complex 
karyotype at diagnosis, define a high risk group of patients 
with inferior outcome after relapse. Regarding the influence 
of relapse-specific variables on patient outcome, persistent 
FLT3-ITD mutation at relapse predicted worse OS in multi-
variate study, consistent with the established poor prognosis 
of this genetic abnormality.

The data in this study derive from patients initially treated 
for AML using two consecutive, institutional protocols, Regi-
men 2008 and AML 2012 [11]. In both of these treatment regi-
mens, many high-risk patients underwent allogeneic HSCT 
in first CR, while intermediate-risk patients also received 
allogeneic HSCT if they had HLA-matched donors. Hence, 
in our relapsed patient study group, the majority of patients 
(64%) had received allogeneic HSCT in first CR, in contrast to 
recent studies on relapsed, pediatric AML in which the pro-
portion of patients who had received HSCT in first CR was a 
clear minority [5,7].

In the subgroup of patients who had been treated with 
chemotherapy only prior to relapse, all patients who achieved 
second CR proceeded to HSCT after a median of two chemo-
therapy courses. A previous study also showed that relapsed 
AML patients who received 2 cycles of pre-transplant chem-
otherapy had better OS than those who received 1 or 3 or 
more cycles of chemotherapy, possibly by lowering disease 
burden while minimizing treatment-related toxicity prior to 
transplant [21].

For patients who relapse after allogeneic transplant in first 
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CR, curative treatment incorporates a second HSCT. A recent 
study based on 333 AML children who relapsed after HSCT 
showed 4-year OS rates of 14% for the entire cohort and 31% 
for 122 children who received a second HSCT [22]. In our 
study group, the decision as to whether a patient would 
proceed to a second transplant was individualized, rather 
than based on a pre-planned strategy. Factors contributing 
to the decision were our attempts to minimize the number 
of patients who proceeded to second transplant during the 
treatment period of our study, due mostly to concern for late 
effects. We also aimed to forgo a second transplant for the 
good prognosis CBF AML patients who had received alloge-
neic HSCT in first CR.

As a result, in our subgroup of patients who relapsed  
after allogeneic HSCT in first CR, most of the patients who 
achieved a second CR completed a salvage strategy based 
on chemotherapy only (11 of 19 patients), with a median 
number of four chemotherapy courses, rather than receiving 
a second HSCT; of these 11 patients, seven survive disease-
free. Some of the patients who were cured with a chemother-
apy-only strategy had favorable genetic features, such as 
RUNX1-RUNX1T1. As these low risk patients would likely 
not have received allogeneic HSCT in first CR in other coop-
erative studies, whether this possibility of achieving disease-
free status without a second HSCT is specific to our institu-
tional context, rather than being broadly applicable requires 
further evaluation.

For all relapsed patients, allogeneic HSCT in second CR is 
a key component of curative therapy. Most of the 20 patients 
who proceeded to allogeneic HSCT after relapse received an 
HFD transplant. Also, patients who received a conditioning 
regimen consisting of TBI-Bu-Flu had better outcome than 
those who received Bu-Flu, although the differing doses of 
ATG given in each conditioning regimen confound the com-
parison. The feasibility of TBI-Bu-Flu in the HFD transplant 
setting was shown in adult AML patients [23]. Further stud-
ies are necessary to confirm the efficacy of this regimen in 
high-risk or relapsed pediatric AML patients.

Overall, there was no difference in either 5-year OS or DFS 
between the chemotherapy only and first CR HSCT sub-
groups who received intensive reinduction chemotherapy, 
in contrast to previous reports which showed that HSCT 
prior to relapse had a significant, negative effect on outcome 
[4,5]. In an earlier study, some of the patients who relapsed 
early after HSCT received supportive care only rather than 
intensive chemotherapy, contributing to the discrepancy in 
survival between post-HSCT and transplant-naïve relapsed 
patients [4]. Our study supports the role of intensive chem-
otherapy post-relapse in curing a significant proportion of 
patients, regardless of prior treatment methods. We also note 
that with regards to patients who relapsed after allogeneic 

HSCT, 5-year OS and DFS have improved since our previous 
report on a historical cohort (OS, 41% vs. 32%; DFS, 53% vs. 
33%), with the caveat that some of the patients in this past 
cohort had received the first HSCT in second CR [10].

We emphasize the main limitations of our single institu-
tion study: that is, retrospective in nature, and based on a 
small number of patients. However, we confirmed the well-
established prognostic role of duration from diagnosis to  
relapse in our relapsed AML study group. Further study is 
necessary to validate whether factors such as EMI or a com-
plex karyotype at diagnosis can be added to the variables 
that may affect outcome post-relapse. Our results also indi-
cate that for relapsed pediatric AML patients, intensive ther-
apy may result in long-term survival in 40%-50% of patients, 
and in 50% of patients who achieve second CR, irrespective 
of prior treatment modalities in first remission.
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