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Abstract

Background: Acute myeloid leukemia (AML) with t(8;21) is gener-
ally classified as favorable-risk AML, with high-dose cytarabine con-
solidation considered standard post-remission therapy (PRT). How-
ever, relapse rates remain substantial in some populations, raising 
uncertainty about whether transplantation in first complete remission 
may benefit selected patients.

Methods: We performed a retrospective analysis of 59 patients with 
AML t(8;21) treated entirely at a single tertiary institution. Patients 

received standard induction chemotherapy followed by PRT with 
high-dose cytarabine chemotherapy, autologous hematopoietic cell 
transplantation, or allogeneic hematopoietic cell transplantation. Sur-
vival outcomes, relapse incidence, prognostic factors, non-relapse 
mortality, and healthcare resource utilization were analyzed.

Results: The median age was 23 years, and 93% achieved complete 
remission after induction therapy. The 10-year event-free survival and 
overall survival for the entire cohort were 47% and 50%, respectively. 
A white blood cell count < 20 × 109/L and diagnosis after 2005 were 
independently associated with improved overall survival. Among 49 
patients receiving adequate PRT in first remission, relapse was signif-
icantly higher with high-dose cytarabine alone compared with trans-
plantation: 5-year cumulative incidence of relapse was 71.1% versus 
31.6%, respectively. Five-year overall survival was 55.9% with high-
dose cytarabine, 77.5% with autologous transplantation, and 64.6% 
with allogeneic transplantation. Autologous transplantation was as-
sociated with lower first-year cost and reduced bed utilization.

Conclusion: In this cohort of predominantly young Middle Eastern pa-
tients with AML t(8;21), outcomes with high-dose cytarabine consolida-
tion alone were modest, with an unexpectedly high relapse rate. Trans-
plantation in first remission, particularly autologous transplantation, 
appeared feasible, safe, cost-effective, and associated with lower relapse 
risk. Prospective studies incorporating molecular risk stratification, min-
imal residual disease monitoring, gemtuzumab ozogamicin, quality-of-
life assessment, and cost-effectiveness analyses are warranted.
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Introduction

The core-binding factor (CBF) acute myeloid leukemias (AMLs) 
are among the most frequent subtypes of cytogenetically abnor-
mal AML; AML with t(8;21) constitutes approximately 5% of 
AML cases, is associated with an FAB M2 morphology, and is 
classified as a favorable-risk subtype in all cytogenetics-based 
risk classifications [1, 2]. Extended monitoring of a substantial 
cohort of CBF-AML patients has revealed a concerning relapse 
rate of up to 40%. Furthermore, the median overall survival 
(OS) for this group is less than 5 years, which reflects the con-
siderable clinical and genetic diversity within this subtype [3]. 
A number of presenting risk factors within this subgroup have 
been implicated to predict outcome, including a white blood 
cell count (WBC count > 20 × 109/L), c-KIT mutation, a WBC 
index, blast percentage, and CD56 expression, among others 
[4–8]. More recently, studies have demonstrated that minimal 
residual disease (MRD) response may be the most important 
post-treatment factor that predicts outcomes [9, 10].

Based on the CALGB 8461 study that demonstrated superior 
survival for patients who received sequential cycles of high-dose 
cytarabine (HIDAC), compared to those who only received a sin-
gle cycle, administration of HIDAC consolidation at doses of 2–3 
grams/square meter (g/m2) has been standard practice [11]. Sub-
sequent studies have failed to show a survival advantage of more 
intensive post-remission approaches. The UK MRC-AML15 
study reported an OS of 95% for patients with favorable risk who 
received fludarabine, cytarabine, granulocyte colony-stimulating 
factor (G-CSF), and idarubicin (FLAG-Ida) double induction fol-
lowed by HIDAC consolidation, while also demonstrating similar 
outcomes with 1.5 vs. 3 g/m2 in consolidation cycles [12]. Post-
remission consolidation with hematopoietic cell transplantation 
(HCT) has not demonstrated an OS benefit over chemotherapy to 
date and thus is not currently recommended [13].

When implementing a strategy of sequential HIDAC con-
solidation at our institution, we found an unacceptably high 
rate of relapse [14, 15]. Similarly, a number of Asian coun-
tries have reported similar suboptimal outcomes with chemo-
therapy alone, and ethnic differences in outcomes have been 
reported from North America [16–18]. We sought to analyze 
baseline features and post-treatment outcomes of patients with 
AML t(8; 21) treated at our institution, and to compare out-
comes of those who have received chemotherapy alone versus 
those who received either an autologous (autoHCT) transplant 
or allogeneic HCT (alloHCT) in CR1.

Materials and Methods

Patients

A retrospective analysis of two institutional research board 
(IRB)-approved AML registry studies was carried out. All pa-
tients with AML with karyotypic or fluorescence in situ hybridi-
zation (FISH) confirmation of t(8;21) were included. In order to 
minimize referral bias resulting from referral of high-risk cases to 
our tertiary referral center for further management or transplanta-

tion, only patients fully treated at our center and for whom full di-
agnostic and treatment data were available at our institution were 
included in the analysis, and patients who may have received in-
duction and/or consolidation therapy elsewhere were excluded.

Patients were diagnosed between August 1988 and Au-
gust 2016, and observation continued through last contact in 
June 2017; median follow-up, estimated among the 34 patients 
known to be alive at last contact, was 7.7 years (range 0.6–22.9 
years). This long accrual period spans considerable evolution 
in diagnostic and supportive care practice, addressed further in 
the Discussion.

Treatments

Induction therapy

Patients were treated according to our standard institutional 
protocol of idarubicin 12 mg/m2 days 1–3, cytarabine 100 mg/
m2 days 1–7 (3+7), and etoposide for 5 days (3+7 + etoposide 
or “ICE”). Etoposide was omitted in cases where toxicity of an 
added agent was a concern, or in the presence of myelodysplas-
tic features. A bone marrow response assessment was carried out 
at day 14 and patients received a re-induction in the presence of 
significant residual blasts. Re-induction strategies consisted of 
fludarabine and Ara-C (FA) if the excess was in the context of a 
hypercellular marrow, or reduced days of idarubicin and cytara-
bine (2+5) if the marrow was hypocellular.

Post-remission therapy (PRT)

Based on published reports, patients with what at the time were 
deemed to be potentially high-risk features, including CD56, 
extramedullary disease (EMD) or presence FLT3-ITD or KIT 
mutation were considered to be high risk and would have been 
offered an alloHCT transplant in the presence of a matched re-
lated donor. Otherwise, patients received 3–4 cycles of HIDAC 
at 3 g/m2 administered twice daily on days 1, 3, and 5.

After an observation of high relapse rates with those treat-
ed with HIDAC, a series of patients were treated with high-
dose Ara-C and mitoxantrone (HAM) consolidation and mobi-
lization (Ara-C 2 g/m2 twice daily days 1–4, and mitoxantrone 
10 mg/m2 days 1–3), and G-CSF 10 µg/kg daily from day 14 
(subsequently changed to day 7), followed by myeloablative 
conditioned (busulfan and etoposide) autoHCT. Patients who 
did not mobilize with initial HAM had attempted second mo-
bilization with cyclophosphamide + G-CSF.

There were therefore three PRT groups: HIDAC chemo-
therapy, autoHCT, and alloHCT.

Resource utilization

An institution-based system was used to calculate cost-to-pay-
er direct charges. The financial system was live since 2011 at 
our institution, and provided comprehensive itemized billing 
for each patient care episode. These data were normalized to 
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the Saudi Arabian monetary system and as presented are not 
consumer price index (CPI) adjusted. Bed utilization days, 
emergency room attendances, and clinic visits were obtained 
from the institutional electronic data warehouse.

Statistical analysis

Definitions for response and relapse were as per accepted crite-
ria [1, 19]. For investigating prognostic factors at presentation, 
categorical variables were summarized as frequency counts and 
percentages and compared using the chi-square test. Continuous 
variables were summarized as the median and range and com-
pared using the Mann–Whitney test. Probabilities of OS, disease-
free survival (DFS), and graft-versus-host disease (GVHD) and 
relapse-free survival (GRFS) were calculated using Kaplan–
Meier estimator and compared between the groups using the log-
rank test. Statistical analyses were carried out with IBM SPSS 
version 20.

OS was calculated for all patients including patients with 
refractory disease, while DFS was applied for patients who 
achieved complete remission (CR). Probabilities of non-re-
lapse mortality (NRM), relapse, and chronic GVHD (cGVHD) 
were calculated using cumulative incidence function account-
ing for competing risks and compared using Gray’s test using 
R. Cox proportional hazards regression model was utilized to 
assess the impact of proposed risk factors on OS. Risk fac-
tors that were tested for prognostic impact included: age, WBC 
count < or > 20 × 109/L and platelet count < or > 20 × 109/L, 
as a dichotomous variable; gender, period of diagnosis (before 
or after 2005), EMD, CD56 expression, c-KIT mutation, ad-
ditional cytogenetic abnormalities, deletion 9q, and the loss 
of sex chromosome, trisomy 8, number of courses to achieve 
CR1 (1 vs. > 1) in patients achieving CR, and MRD positivity.

Ethical considerations

This study was conducted based on the retrospective analy-
sis of institutional AML registry data, in accordance with the 
principles of the Declaration of Helsinki, and approved by the 
Institutional Review Board of King Faisal Specialist Hospital 
and Research Centre, Riyadh, Saudi Arabia. No animal sub-
jects were involved in this study.

Results

Outcomes of entire cohort

A total of 59 patients fulfilled the eligibility criteria. The median 
age of patients was 23 years (range 14–57), and most (85%) of 
the patients were adolescent and young adults, aged less than 
40 years. Patient characteristics are shown in Table 1. Baseline 
characteristics stratified by PRT arm are shown in Table 2; the 
three arms were broadly similar with respect to WBC > 20 × 
109/L, EMD, CD56 positivity, additional cytogenetic abnormal-
ities, del(9q), and sex (all P > 0.05), although patients receiving 

autoHCT were older on average than those receiving alloHCT 
(median 31 vs. 20.5 years, P = 0.029).

Of the patients, 31% had a WBC greater than 20 × 109/L, 
and 63.7% had additional cytogenetic abnormalities. c-KIT 
mutation status was only available in 21 patients and was mu-
tated in three of these 21 cases (14%). FLT3[ASOA2]-ITD 
mutation analysis was available in only 14 patients and was 
positive in only one out of these 14 cases (7%).

Responses

Thirty-nine (66%) patients received ICE and 17 (29%) re-
ceived 3+7 induction; one patient each received induction with 
FLAG-Ida, FA, and HIDAC (n = 3, 5%). Of all treated pa-
tients, 84% achieved a CR or complete remission incomplete 
count recovery (CRi), after a single cycle of induction. The 
overall remission rate after 1–2 cycles of chemotherapy was 
93%. Two additional patients achieved a CR after three cycles 
of chemotherapy and were included in the analysis of PRT. 
There were no induction deaths in this cohort.

Of the 55 patients achieving morphological remission af-
ter 1–2 cycles, three patients though being in morphological 
CR, had FISH positivity; all three had equivocal immature 
myeloid cells by flow cytometry. Six of 55 (11%) patients in 
CR were deemed positive by flow cytometry and none of these 
were FISH positive.

Molecular responses, assessed by RT-PCR of RUNX1/
ETO transcripts, were available from 2012 onward on a lim-
ited number of patients (n = 12). Of these, nine (75%) patients 
had > 2 log reduction in transcript levels.

Event-free survival (EFS) and OS

The 10-year EFS for the entire cohort was 47% (± 7). The 10-
year OS was 50% (± 7.6) (Fig. 1 and 2).

On univariate analysis, WBC < 20 × 109/L (Fig. 3), year of 
diagnosis after 2005 (Fig. 4), and the presence of EMD (Fig. 
5) were associated with an improved OS; patients with EMD 
had an OS of 100%. In multivariate analysis, only a WBC of 
< 20 and diagnosis after 2005 retained significance in predict-
ing a better outcome (P = 0.005 and 0.028, respectively). Ad-
ditional cytogenetic abnormalities, present in 63.7% of the 
cohort, were also formally tested: on univariate analysis, they 
were not associated with OS (log-rank P = 0.96, comparing 36 
patients with vs. 20 without an additional abnormality), and on 
multivariable analysis adjusting for WBC and era of diagnosis, 
they remained non-significant (hazard ratio (HR) 1.24, 95% 
confidence interval (CI) 0.53–2.92, P = 0.63).

Comparison of outcomes of PRT groups

Of the 59 patients, six did not receive adequate PRT: four due 
to patient choice (mainly refusals), one had poor physical per-
formance status, and one became pregnant. Four patients had 
early relapse prior to receiving PRT (Fig. 6).
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Of the 49 patients achieving a sustained first remission 
and receiving adequate PRT, 15 received an autoHCT, 20 re-
ceived an alloHCT, and 14 received chemotherapy.

Chemotherapy (HIDAC) arm outcomes

For the 14 patients who received HIDAC alone in CR1, the 
median number of total chemotherapy cycles was 4 (3–5). 
The median number of post-remission cycles of HIDAC was 
3 (2–4); only two patients had two cycles of post-remission 
HIDAC. Seven patients had an attempt at mobilization with 
either HAM or HIDAC but failed and proceeded with fur-
ther course of chemotherapy. There were no treatment-related 

deaths in the HIDAC arm. Only one patient (7%) developed 
central nervous system (CNS) toxicity in the form of cerebellar 
syndrome after the second cycle of HIDAC, complicating only 
one in 37 (2.7%) administered cycles.

The cumulative incidence of relapse (CIR) at 5 years was 
71.1%. The 5-year and 10-year EFS for this cohort were both 
29%. The 5-year and 10-year OS were 55.9% and 37.3%, re-
spectively.

AutoHCT outcomes

Fifteen patients received an autoHCT and conditioning regi-
mens were Bu/etoposide in 11 (73%) patients, total body ir-

Table 2.  Baseline Characteristics of the 49 Patients Receiving Adequate Post-Remission Therapy, by Treatment Arm

Characteristic AutoHCT (n = 15) AlloHCT (n = 20) Chemotherapy (n = 14) P-value*
Age, median (range), years 31 (16–57) 20.5 (14–45) 24 (14–56) 0.029
WBC > 20 × 109/L 4/15 (27%) 5/19 (26%) 5/14 (36%) 0.81
Extramedullary disease 4/15 (27%) 3/20 (15%) 4/14 (29%) 0.58
CD56 positive 10/12 (83%) 7/11 (64%) 6/12 (50%) 0.22
Additional cytogenetic abnormality 9/14 (64%) 14/20 (70%) 6/14 (43%) 0.26
Del(9q) 3/14 (21%) 2/20 (10%) 0/14 (0%) 0.18
Male sex 6/15 (40%) 12/20 (60%) 6/14 (43%) 0.44

*P-values from Kruskal–Wallis test (age) or chi-square test (categorical variables) across the three post-remission therapy arms. alloHCT: allogeneic 
HCT; autoHCT: autologous transplant; WBC: white blood cell count.

Table 1.  Patient Characteristics

Category Variable Value (percentage/range)
Demographics Sex Female 28 (47.46%) Male 31 (52.54%)

Median age, years (range) 23 (14–57)
Age under 40 years 50 (84%)

Laboratory and disease characteristics WBC count, median (range) 10 (1.06–104)
WBC count > 20 18/58 (31%)
Platelet count, median (range) 30 (5–477)
Additional cytogenetic abnormalities 37/58 (63.7%)
del(9q) 6/58 (10%)
Loss of sex chromosome 18/57 (14%)
Extramedullary disease 11/58 (19%)

Molecular and immunophenotypic features KIT mutation positive 3/21 (14%)
CD36 positive 26/40 (65%)
FLT3 mutation 1/14 (7%)
CD19 positive 36/45 (80%)

Induction treatment ICE 39 (66%)
3+7 16 (27%)
FA/FLAG-IDA 2 (3%)
ARAC 1 (2%)
Other 2 (3%)
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Figure 1. Overall survival for all patients.

Figure 2. Disease-free survival for patients achieving remission.
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Figure 3. Overall survival difference by white blood cell count > or < 20.

Figure 4. Overall survival by era of treatment, before or after 2005.
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radiation (TBI)-based in three (20%), and busulfan (Bu)/
cyclophosphamide (Cy) in one (6.7%). There were no proce-
dure-related deaths in this cohort (NRM 0%), and there were 
no incidences of CNS toxicity in these patients in whom 21 
cumulative cycles of HIDAC were administered.

EFS was 64.6% and 50.5% at 5 and 10 years, respectively. 
OS was 77.5% and 62% at 5 and 10 years, respectively. The 
CIR at 5 years was 35.8%.

AlloHCT outcomes

Of the 20 patients who had an alloHCT, indications for trans-

plant were variable and included contemporaneous practice (n 
= 5), CD56+ (n = 7), EMD (n = 1), and other indications (n = 
7). Thirteen of these patients were transplanted prior to 2005. 
At least one patient had an alloHCT after a failed mobilization 
attempt.

Sixteen patients received Bu/Cy, two patients received Cy/
TBI, one fludarabine (Flu)/TBI, and one Bu/Flu.

Probability of acute GVHD (aGVHD) (all grades) was 
30%; probability of cGVHD at 5 years was 45%. The CIR at 5 
years was 41% (found to be 28% in the new results). NRM at 5 
years was 20%. The 5- and 10-year EFS were 55%.

The 5- and 10-year OS were 64.6% in this cohort, and 
GRFS was 20% at 5 years.

Figure 5. Overall survival by presence or absence of extramedullary disease.

Figure 6. Consort diagram of treated patients. PRT: post-remission therapy.
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Comparison of PRT arms

While there was a trend towards better OS and EFS in the 
transplant arms, there was no statistical difference in OS or 
EFS between the three arms (Fig. 7).

The CIR was significantly higher for patients receiving 
chemotherapy versus those who received any form of HCT 
(autoHCT + alloHCT): 5-year CIR for HCT arm was 31.6% 
versus 71.1% for the chemo arm (P = 0.04).

The 5-year NRM for the HCT arm was 12%, compared 
with 0% for chemotherapy arm (P = 0.1) (Fig. 8; Table 3).

Resource utilization

The data presented show variations in treatment costs over the 
first year following diagnosis, comparing chemotherapy, au-
toHCT, and alloHCT. Notably, autoHCT emerges as the most 
cost-effective option, showing significant reductions in overall 
expenses compared to the other modalities (P = 0.05).

Hospitalization metrics such as the median number of ad-
missions and the duration of inpatient stays also vary across 
these treatments during both the initial year and the subsequent 
2 years. In the first year, autoHCT showed fewer admissions 
and shorter durations of inpatient stays, a trend that persisted, 
albeit marginally, over the following 2 years (P = 0.06). The 

reduction in inpatient stay for autoHCT was particularly nota-
ble in the first year (P = 0.05), and while these numbers saw 
a slight increase over 3 years, the differences remained non-
significant (P = NS).

While no formal quality of life assessment was conducted, 
the observational data suggest that patients receiving chemother-
apy tend to experience higher relapse rates, more frequent hos-
pital admissions, and longer hospital stays. These factors are sig-
nificant as they can adversely affect patient quality of life. Such 
insights are vital for informing strategies to optimize treatment 
outcomes and enhance patient care in hematological settings.

Discussion

We present a sizable number of young patients from a tertiary 
care center with AML with t(8;21) who have modest out-
comes, and unexpectedly high relapse rates with HIDAC con-
solidation alone. The findings of a higher WBC count (> 20 × 
109/L) being associated with a worse outcome are consistent 
with published literature, and the cut-off has been used to fur-
ther stratify patients with t(8;21) into favorable and intermedi-
ate risk [5, 18]. EMD was associated with a better outcome, 
despite small numbers in univariate but not multivariate analy-
sis. Of note, an analysis of over 3,000 patients in consecutive 
Eastern Cooperative Oncology Group (ECOG) studies demon-

Figure 7. Overall survival of patients by post-remission therapy arms.
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strated no independent prognostic impact of EMD across any 
of the AML subtypes [11].

The relapse rate in patients receiving chemotherapy alone 
was unacceptably high at 71%, even in patients receiving four 
cycles of HIDAC at a dose of 3 g/m2. This contrasts with the 
relapse rates of 35% and 42% in good-risk patients in MRC 
AML 10 trial and a combined US study of CBF, respectively 
[8, 19]. Of note, patients in those cohorts were older than in 
our report.

The reason for such a high relapse rate in our cohort is not 
entirely clear. Aplenc et al reported that Hispanic and black 
children with AML t(8,21) have worse survival than white chil-
dren in two Children’s Cancer Group (CCG) trials, and analy-

sis of the CALGB 8461 study of adult AML identified non-
white ethnicity as being significantly associated with a higher 
risk of failure to achieve remission and higher risk of death in 
patients with t(8;21) [17, 18]. In addition to ethnic disparities 
in these clinical studies, in vitro studies have suggested differ-
ential sensitivities of cell lines from different ethnic groups to 
Ara-C. Gene expression profiling studies demonstrate that up-/
downregulation of certain genes may affect susceptibility to 
Ara-C and population-specific genetic variants may play a role 
in Ara-C susceptibility [20]. CNS toxicity, especially cerebel-
lar toxicity, was also relatively low, affecting only one (1.6%) 
patient in the entire cohort and 3.4% in the HIDAC and au-
toHCT arms; this may also be related to differential sensitivity 

Figure 8. Cumulative incidence of relapse by post-remission therapy, hematopoietic cell transplantation vs. chemotherapy.

Table 3.  CIR and NRM by Post-Remission Therapy

PRT arm
CIR NRM

Prob-
ability

Standard 
error

95% 
LLC 95% ULC P-value Prob-

ability
Standard 
error

95% 
LLC 95% ULC P-value

HCT 0.28 21.875 148.00 233.75 0.044 0.12 0.058 0.0071 0.232 0.16
CHEMO 0.64 15.24 17.92 77.69 0 0 0 0

AutoHCT 0.33 34.361 111.74 246.442 0 0 0 0
AlloHCT 0.15 19.130 105.29 180.28 0.109 0.2 0.09 0.0236 0.376 0.19
CHEMO 0.64 15.249 17.92 77.695 0 0 0 0

CIR: cumulative incidence of relapse; LLC: lower limit of confidence; PRT: post-remission therapy; ULC: upper limit of confidence.
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or metabolism.
In our cohort, while patients receiving a transplant had 

a trend towards better survival, this was not statistically sig-
nificant. Relapse rates were much lower with a transplant, 
and were the lowest in those patients receiving an allograft as 
would be expected. CBF-AML patients may be more suscep-
tible to graft-versus-leukemia (GvL) effects, as suggested by 
these patients having the best outcomes with donor lympho-
cyte infusions (DLIs) in post-transplant relapses [21].

There were no significant differences in outcomes follow-
ing first relapse (data not shown), and management of these 
patients is challenging. Indeed, patients with relapse t(8;21) 
have been reported to fare worse than inversion 16 (inv16) pa-
tients in relapse [22].

A number of studies have shown an advantage to trans-
plantation in patients with CBF-AML; however, an allograft 
is not currently recommended in AML t(8;21) [2, 13]. While 
an autoHCT in CR1 was previously an option in the NCCN 
guidelines, this was subsequently removed as an option [2, 23]. 
We, however, show that in addition to having low toxicity and 
significantly reducing relapse risk, an autoHCT may be more 
cost-effective and is less burdensome on hospital resources, 
especially in the first year of treatment [24]. If a transplant 
is considered, there is no significant difference in outcomes 
between autoHCT and alloHCT in CBF-AML patients trans-
planted in first remission [25].

The European LeukemiaNet AML Working Party consen-
sus statement on alloHCT for patients with AML in remission 
cites a relapse rate for good-risk AML of 35–40%, for inter-
mediate of 50–55%, and for poor risk of 70–80% [26]. The 
relapse rate with HIDAC we report in our series for t(8;21) 
is much higher and approaches the relapse rates for poor risk 
disease in published literature. This merits consideration of a 
more intensive approach than repetitive HIDAC cycles [26].

There are a number of limitations to our study. Being a 
retrospective cohort of patients not on a trial, there was a vari-
ation in treatment based on perceived risk factors. In addition, 
the cohort spans a significant period of time over which prog-
nostic factors and treatment recommendations evolved, al-
though therapeutic agents had remained unchanged. Molecular 
profile, both for mutations such as c-KIT and FLT3, as well as 
for quantitative RUNX1-ETO transcripts, was limited to only 
a more recent group of patients and small numbers preclude 
replication of published MRD study conclusions [9, 10].

Notably, TP53 mutation status was not assessed in this 
cohort, as next-generation sequencing-based mutation panels 
were not part of routine diagnostic practice for the majority 
of the accrual period; this is an important additional limitation 
given the prognostic relevance of TP53 in AML more broadly. 
Similarly, granular data on infectious complications and, for 
autologous transplant recipients, stem cell mobilization yield 
(CD34+ cell dose) and time to engraftment were not uniformly 
captured in this retrospective registry and could not be ana-
lyzed in detail; NRM, reported above, is presented as a global 
surrogate for treatment-related toxicity. EMD was identified 
based on clinical assessment and imaging performed when 
clinically indicated rather than as part of a mandatory screen-
ing protocol in asymptomatic patients, which may have led to 
underestimation of its true prevalence. Given the absence of 

molecular MRD-based risk stratification in this cohort, and 
current guidelines that increasingly rely on MRD kinetics 
rather than baseline cytogenetics alone to guide PRT even in 
favorable-risk t(8;21) AML, our findings should be regarded 
as hypothesis-generating for a prospective, MRD-integrated 
comparison of transplantation versus chemotherapy consolida-
tion, rather than as a basis for an immediate change in practice.

With the recent approval of gemtuzumab ozogamicin 
(GO) in patients with CD33+ AML, GO is likely to be more 
widely used in induction. Addition of GO is associated with 
a significant improvement in survival both in upfront therapy 
and at relapse [22, 27]. However, given the ethnic variation 
in outcomes reported in CBF AML, and especially given the 
results we report, the role of incorporation of GO in induction 
where post-remission autoHCT is an option warrants investi-
gation [28]. Furthermore, incorporation of baseline mutation 
analysis using next-generation sequencing for KIT, RAS, and 
ASXL and other mutations KIT, RAS-pathway genes, ASXL1, 
and TP53, among other mutations and post induction MRD 
will further allow risk and response adapted therapy.

In conclusion, we report that young Middle Eastern patients 
with AML t(8;21) have modest outcomes, with a high relapse 
rate with HIDAC chemotherapy alone. In such a setting, trans-
plantation in first remission may be justified as a therapeutic 
option [28]; prospective studies in non-White populations are 
required to make further recommendations. Specific priorities 
for future research include: prospective, multi-center or pro-
pensity-matched comparison of transplantation versus HIDAC 
consolidation in non-White populations; incorporation of base-
line NGS-based mutation profiling (including KIT, FLT3, RAS-
pathway genes, ASXL1, and TP53) into risk stratification; serial 
RUNX1-RUNX1T1 transcript-based MRD monitoring to guide 
post-remission treatment selection; systematic, prospectively 
collected data on treatment-related toxicity (including infectious 
complications) and transplant-specific outcomes (stem cell mo-
bilization and engraftment); and formal quality-of-life and cost-
effectiveness assessment integrated within a randomized or pro-
pensity-matched trial design. Our protocol of single induction 
with 3+7 or ICE followed by HAM consolidation/mobilization 
and then Bu/etoposide autoHCT is safe, efficacious, and appears 
cost-effective in the first year of therapy. Quality of life and cost-
effectiveness need to be incorporated into studies of AML PRTs 
in order to better guide decision making especially where there 
is outcome equipoise [29].
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