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Abstract

Background: Core binding factor acute myeloid leukemia (CBF-
AML) comprises t(8;21) and inv(16) and usually has a favorable prog-
nosis. However, a wide spectrum of secondary genetic aberrations has 
been shown to be associated with worse outcomes with respect to over-
all survival (OS) and relapse. We aimed to identify secondary molecu-
lar and chromosomal aberrations within each group of CBF-AML, i.e., 
t(8;21) and inv(16), and to evaluate their prognosis with OS.

Methods: Using the Mitelman Database of Chromosome Aberrations 
and Gene Fusions in Cancer, we analyzed 193 cases of CBF-AML re-
ported between 2011 and 2021. We conducted a survival analysis to 
determine the 5-year OS, and we conducted univariate and multivariate 
Cox regression to identify independent genetic factors related to OS.

Results: Among the 193 cases with CBF-AML, structural and nu-
merical chromosome rearrangements were 25.9% and 40.9%, respec-
tively, and secondary genetic mutations were 54.9%. The 5-year OS 
for the presence of del(7) and trisomy 22 was significantly worse. 
NRAS mutations had a worse 5-year OS in the t(8;21) group in the 
univariate analysis but showed no significant difference in the multi-
variate analysis.

Conclusions: CBF-AML has heterogeneous cytogenetic characteris-
tics but no difference in the 5-year OS between the inv(16) and t(8;21) 
groups. Finally, the presence of del(7), trisomy 22 and NRAS muta-
tions showed a potential prognostic impact in CBF-AML patients. 
Secondary genetic findings may need to be identified to determine 
its association to a worse prognosis, and in the future develop better 
targeted therapies in patients with CBF-AML.
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mosome aberrations; Oncogenes; Prognosis

Introduction

Acute myeloid leukemia (AML) is a common and heteroge-
neous hematological malignancy with approximately 20,000 
new cases per year in the United States [1]. In recent years, 
the classification of AML has evolved based on cytogenetic 
and molecular analyses, which establish the risk category and 
guide management [2]. The most frequent subtypes of AML 
include AML with t(8;21)(q22;q22) and AML with inv(16)
(p13.1;q22), also known as core binding factor acute myeloid 
leukemia (CBF-AML) [3].

Core binding factor (CBF) is a heterodimeric transcription 
factor that regulates leukemogenesis and consists of RUNX1 
and CBFβ subunits [4]. In CBF-AML, t(8;21) and inv(16) re-
arrangements alter these subunits and form the fusion genes 
RUNX1-RUNX1T1 and CBFβ-MYH11, respectively, which 
block myeloid differentiation. However, experimental studies 
have demonstrated that additional genetic mutations are need-
ed to initiate leukemogenic transformation [5].

CBF-AML accounts for approximately 30% and 15% of 
pediatric and adult AML cases, respectively [6]. CBF with 
inv(16) accounts for approximately 8% of AML cases and is 
predominant in adult patients, while t(8;21) accounts for ap-
proximately 5% of AML cases and is more frequent among 
younger individuals [5]. According to the World Health Organ-
ization (WHO) 2008 classification, CBF-AML has a favora-
ble prognosis, with a 5-year overall survival (OS) of 50% and 
complete remission (CR) rates of 88% [7, 8]. Nevertheless, 
50% of patients relapse due to secondary molecular or chro-
mosomal aberrations that have been found in approximately 
52% of CBF-AML patients [7, 9].

The predominant additional chromosome abnormality 
found in CBF with t(8;21) is the loss of sex chromosomes, 
while in inv(16) is trisomy 22 [9, 10]. The most common mo-
lecular mutations found in CBF-AML are in the KIT, FLT3, 
TET2 and RAS genes [9]. KIT mutation is associated with an 
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adverse prognosis with the lowest OS rate and higher risk of 
relapse, especially in t(8;21) [11].

The wide diversity in secondary aberrations has led to per-
sistent challenges in defining the prognosis and establishing 
effective therapies in CBF-AML. Additionally, there is contro-
versy regarding group t(8;21) and inv(16) in CBF-AML due to 
clinical, pathological, and molecular heterogeneity [8]. In this 
secondary database study, we aimed to identify the prevalence 
of secondary molecular and chromosomal aberrations within 
each group of CBF-AML, i.e., t(8;21) and inv(16), and to eval-
uate their prognosis by 5-year OS analysis.

Materials and Methods

Study design and data sources

We conducted an observational and transversal study of second-
ary databases. The National Cancer Institute’s Mitelman Data-
base of Chromosome Aberrations and Gene Fusions was used 
to identify patients with CBF-AML. Each patient had a source 
study from which the data were collected. Finally, a new data-
base was created in Excel and then cleaned up in RStudio.

Participants

On the date of inquiry (March 21, 2022), 2,947 cases with 
CBF-AML were obtained. Only cases published between 2010 
and 2021 were included, leaving 411 cases. After the merger 
of duplicated cases because of relapse, 398 cases remained, 
of which 205 cases with missing data on relapse and OS were 
excluded. Ultimately, 193 cases were included in the current 
analysis (Supplementary Material 1, www.wjon.org).

Variables

The variables included for this study were CBF-AML group, 
sex, age at diagnosis, age group, French American British 
(FAB) classification, karyotype, number of chromosomes, 
structural rearrangements, numerical chromosome abnormali-
ties, secondary genetic mutations, relapse, status, and 5-year 
OS, which was the main outcome. A detailed glossary was 
made for the variables included in the study, and all structural 
rearrangements, numerical chromosomal abnormalities, and 
secondary genetic mutations are specified there (Supplemen-
tary Material 2, www.wjon.org).

Statistical analysis

The statistical analysis was performed using the programming 
language R, version 4.1.2, and the integrated development 
environment RStudio 2021.09.1 + 372. Continuous variables 
are presented as medians with interquartile ranges (IQRs), and 
categorical variables are presented as absolute frequencies and 
percentages. Significance was determined by the Chi-squared 

test, Wilcoxon rank sum test and Fisher’s exact test, where P < 
0.05 was considered statistically significant.

OS was defined as the length of time from diagnosis to 
death from any cause, based on available data from publica-
tions. Survival analysis was conducted for 5-year OS, and the 
differences between CBF-AML groups were described using 
Kaplan-Meier curves and compared by log-rank tests. Uni-
variate Cox regression analyses were performed on 5-year OS 
for the entire sample and for the inv(16) and t(8;21) groups 
separately, so we ended with three models per variable. Mul-
tivariable Cox analysis included sex, age group and relapse. 
The analysis to identify genetic factors related to OS was per-
formed for secondary genetic aberrations in general and for 
each variable separately. Kaplan-Meier curves of each aberra-
tion with a reduced frequency will not be presented with their 
confidence interval (CI) because of their amplitude.

Ethical considerations

This research did not involve human participation directly or 
biological samples. The data obtained from the reference studies 
of the cases registered in the Mitelman Database do not contain 
any information capable of identifying the included patients. This 
study was approved by the Institutional Ethics Committee in Re-
search of University of Piura in September 2021, and conducted 
in compliance with the ethical standards of the responsible insti-
tution on human subjects as well as with the Helsinki Declaration.

Results

Data from 193 cases with CBF-AML were extracted and 
analyzed from papers published between 2010 and 2021. We 
classified the study design into case reports, case series and 
cohort-like studies. The latter included cohort studies or stud-
ies based on patient samples but with the clinical data needed 
for our analysis. We found 38 cases (19.7%) from case report 
studies, 19 cases in both the inv(16) and t(8;21) groups. There 
were four cases (2.1%) in case series papers, one case in the 
inv(16) group and three cases in the t(8;21) group. The greatest 
number of cases were from cohort-like studies, with 151 cases 
(78.2%), 56 in the inv(16) group and 95 in the t(8;21).

There was a predominance of males (n = 120, 62.2%), with 
a median age at diagnosis of 43.0 years (IQR: 25.0 - 53.0). In 
regard to FAB classification, the majority was AML not other-
wise specified (NOS) (n = 128, 66.3%). Nevertheless, the sec-
ond category with more cases was different in each group of 
CBF-AML. In the inv(16) group, the most common category 
was acute myelomonocytic leukemia (M4) (n = 18, 23.7%), 
and in the t(8;21) group, the most common category was AML 
with maturation (M2) (n = 30, 25.6%) (Table 1).

We found 50 cases (25.9%) with structural chromosomal 
rearrangements, (9;22) and del(9), with total predominance in 
the inv(16) and t(8;21) groups, respectively. Approximately 
60% of the cases had 46 chromosomes (n = 112), and there 
was a significant difference in the categories (< 46, 46 and > 
46 chromosomes) between the CBF-AML groups (P < 0.001). 
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Table 1.  Characteristics of 193 CBF-AML Cases From Mitelman Database Between 2010 and 2021

Variable Overall (n = 193),  
n (%)

inv(16) (n = 76),  
n (%)

t(8;21) (n = 117),  
n (%) P value

Sex 0.404b

  Female 73 (37.8) 26 (34.2) 47 (40.2)
  Male 120 (62.2) 50 (65.8) 70 (59.8)
Age at diagnosis (median) 43.0 (25.0, 53.0)a 40.5 (28.8, 53.2)a 45.0 (23.0, 52.0)a 0.748c

Age group (years) 0.230b

  Pediatric (< 18) 31 (16.1) 8 (10.5) 23 (19.7)
  Adult (18 - 64) 142 (73.6) 59 (77.6) 83 (70.9)
  Elderly (≥ 65) 20 (10.4) 9 (11.8) 11 (9.4)
FAB classification < 0.001d

  AML without maturation (M1) 9 (4.7) 2 (2.6) 7 (6.0)
  AML with maturation (M2) 33 (17.1) 3 (3.9) 30 (25.6)
  Acute promyelocytic leukemia (M3) 1 (0.5) 0 (0.0) 1 (0.9)
  Acute myelomonocytic leukemia (M4) 20 (10.4) 18 (23.7) 2 (1.7)
  Acute monoblastic or monocytic leukemia (M5) 2 (1.0) 1 (1.3) 1 (0.9)
  AML not otherwise specified (NOS) 128 (66.3) 52 (68.4) 76 (65.0)
Chromosome number < 0.001b

  < 46 54 (28.0) 0 (0.0) 54 (46.2)
  46 112 (58.0) 55 (72.4) 57 (48.7)
  > 46 27 (14.0) 21 (27.6) 6 (5.1)
Structural chromosome rearrangements 50 (25.9) 22 (28.9) 28 (23.9) 0.437b

  del(7) 6 (3.1) 4 (5.3) 2 (1.7) 0.214d

  del(9) 12 (6.2) 0 (0.0) 12 (10.3) 0.004d

  t(9;22) 9 (4.7) 8 (10.5) 1 (0.9) 0.003d

Numerical chromosome abnormalities 79 (40.9) 21 (27.6) 58 (49.6) 0.002b

  +8 12 (6.2) 10 (13.2) 2 (1.7) 0.002d

  +22 10 (5.2) 10 (13.2) 0 (0.0) < 0.001d

  -X 11 (5.7) 0 (0.0) 11 (9.4) 0.004d

  -Y 42 (21.8) 0 (0.0) 42 (35.9) < 0.001b

Secondary genetic mutations 106 (54.9) 40 (52.6) 66 (56.4) 0.606b

  BCR-ABL1 12 (6.2) 12 (15.8) 0 (0.0) < 0.001d

  BRCC3 8 (4.1) 0 (0.0) 8 (6.8) 0.023d

  NRAS 8 (4.1) 4 (5.3) 4 (3.4) 0.714d

  KRAS 2 (1.0) 2 (2.6) 0 (0.0) 0.154d

  KIT 41 (21.2) 17 (22.4) 24 (20.5) 0.758b

  CCND1 3 (1.6) 0 (0.0) 3 (2.6) 0.280d

  CCND2 10 (5.2) 0 (0.0) 10 (8.5) 0.007d

  ASXL1 11 (5.7) 1 (1.3) 10 (8.5) 0.053d

  ASXL2 11 (5.7) 0 (0.0) 11 (9.4) 0.004d

  FLT3 11 (5.7) 5 (6.6) 6 (5.1) 0.755d

Relapse 134 (69.4) 61 (80.3) 73 (62.4) 0.008b

Status 0.266b

  Alive 143 (74.1) 53 (69.7) 90 (76.9)
  Dead 50 (25.9) 23 (30.3) 27 (23.1)
Overall survival (months) 28.8 (12.0, 60.0)a 23.2 (10.0, 50.6)a 36.0 (16.8, 60.0)a 0.009c

aMedian (IQR). bPearson’s Chi-squared test. cWilcoxon rank sum test. dFisher’s exact test. del(7): deletion of chromosome 7; del(9): deletion of 
chromosome 9; t(9;22): chromosomal translocation t(9;22); +8: trisomy 8; +22: trisomy 22; -X: loss of chromosome X; -Y: loss of chromosome 
Y; BCR-ABL1: BCR-ABL1 fusion gene mutation; BRCC3: BRCA1/BRCA2-containing complex 3 gene mutation; NRAS: neuroblastoma RAS viral 
gene mutation; KRAS: Kirsten rat sarcoma virus gene mutation; KIT: receptor tyrosine kinase gene KIT mutation; CCND1: cyclin D1 gene mutation; 
CCND2: cyclin D2 gene mutation; ASXL1: ASXL transcriptional regulator 1 gene mutation; ASXL2: ASXL transcriptional regulator 2 gene mutation; 
FLT3: FMS-like tyrosine kinase 3 gene mutation; CBF-AML: core binding factor acute myeloid leukemia; AML: acute myeloid leukemia.
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Numerical chromosome abnormalities were present in 79 cas-
es (40.9%), and loss of sex chromosomes (X and Y) was ex-
clusive to the t(8;21) group and trisomy 8 and 22 in the inv(16) 
group, except for one case with t(8;21) who had trisomy 8. 
A summary of all chromosomal alterations can be found here 
(Supplementary Material 3, 4 www.wjon.org).

Secondary genetic mutations were present in 106 cases 
(54.9%), where we identified four gene fusions: PML-RARα, 
BCR-ABL1 and the CBF-AML rearrangements (MYH11-CB-
FB, RUNX1-RUNX1T1) (Fig. 1). We found another 45 mu-
tations, but 30 of them were not recurrent. The BCRL-ABL1 
and KIT mutations were predominant at inv(16) and BRCC3, 
CCND2, ASXL1 and ASXL2 at t(8;21). A summary of all sec-
ondary genetic mutations can be found here (Supplementary 
Material 5, www.wjon.org).

Relapse occurred in 134 patients (69.4%), with a signifi-
cant difference between the inv(16) group (n = 61, 80.3%) and 
the t(8;21) group (n = 73, 62.4%) (P = 0.008). The percent-
age of deaths was 25.9%, and there was no difference between 
groups (P = 0.266).

The analysis of the characteristics of cases with a specific 
chromosomal alteration showed a significant difference in the 
OS of trisomy 22 (16.0 months, IQR: 1.7 - 28.0, P = 0.011) 
and loss of chromosome Y (48.0 months, IQR: 26.9 - 93.5, P = 
0.004). There was no difference in the rest of the variables except 
for sex in loss of sex chromosomes (X and Y) and chromosome 
number in numerical chromosome abnormalities (Table 2).

In the entire sample, including patients with or without 
additional mutations, the median OS was 28.8 months (IQR: 
12.0 - 60.0). In the inv(16) group, the median OS was 23.2 
months (IQR: 10.0 - 50.6), and the 5-year OS was 53.7 (95% 
confidence intervals (CI): 40.0-72.0%). In the t(8;21) group, 
the median OS was 36.0 months (IQR: 16.8 - 60.0), and the 
5-year OS was 73.4 (95% CI, 65.1-82.7%). There was no sig-
nificant difference between the CBF-AML groups in the sur-
vival analysis (log-rank test, P = 0.062) (Fig. 2).

The 5-year OS rates with and without structural chromo-
some rearrangements were 61.9% (95% CI: 45.1 - 84.9) and 
67.5% (95% CI: 59.2 - 77.0), respectively, with no significant 
difference (P = 0.88) and a hazard ratio (HR) of 0.95 (95% CI: 
0.50 - 1.80; P = 0.884). Cases with numerical chromosome 
abnormalities had a 5-year OS of 74.8% (95% CI: 64.8 - 86.2), 
while those without chromosome abnormalities had a 5-year 
OS of 60.4% (95% CI: 50.1 - 72.9) (P = 0.13), with an HR 
of 0.64 (95% CI: 0.36 - 1.20; P = 0.139). The 5-year OS of 
patients with and without secondary genetic mutations was 
64.5% (95% CI: 54.6 - 76.1) and 68.9% (95% CI: 57.5 - 82.4), 
respectively (P = 0.56), with an HR of 1.20 (95% CI: 0.67 - 
2.10; P = 0.568) (Fig. 2). In addition, the presence of secondary 
genetic aberrations did not lead to a difference in the 5-year OS 
rate between the inv(16) and t(8;21) groups.

However, among individual survival analyses of second-
ary genetic aberrations, we found a difference in the 5-year 
OS long-rank test with the presence of 7q deletion (“del(7)”), 
trisomy 22 (“+22”) and NRAS mutations (Fig. 3). The 5-year 
OS for the presence of del(7) was significantly worse (27.8% 
versus 67.7%, P = 0.029) in terms of 5-year OS in the Cox uni-
variate analysis (HR: 3.40; 95% CI: 1.00 - 11.00; P = 0.041). 
The 5-year OS of patients with and without trisomy 22 was 

38.6% and 67.9%, respectively (P = 0.038), thus indicating a 
shorter OS in the presence of the aberration (HR: 2.8; 95% CI: 
1.00 - 7.90; P = 0.049). In addition, we found that NRAS muta-
tion had a worse 5-year OS in the t(8;21) group (25.0% versus 
75.4%, PL = 0.014), with an HR of 4.00 (95% CI: 1.20 - 13.00; 
P = 0.025). However, when the total sample was included in 
this analysis, we found no significant difference.

We performed multivariable analysis adjusted for sex, age 
group and relapse. These results were consistent with the uni-
variate analysis except for NRAS mutation, which had no sig-
nificant association (HR: 3.0; 95% CI: 0.86 - 10.2; P = 0.084), 
in contrast with univariate analysis (Table 3).

Discussion

Among 193 cases extracted from the Mitelman Database, we 
found that the incidence in t(8;21) was higher than in inv(16), 
with a ratio of approximately 1.5:1. This is consistent with pre-
vious studies where this rate is even higher in children, ranging 
from 2:1 to 4:1 [6, 12]. The proportions of structural and numeri-
cal chromosome rearrangements in our study were 25.9% and 
40.9%, respectively, and the prevalence of secondary genetic mu-
tations were 54.9% among individuals with CBF-AML. These 
additional aberrations were more frequent in the t(8;21) sub-
group. A previous study hypothesized that RUNX1-RUNX1T1 
requires a higher number of additional genetic aberrations to ini-
tiate leukemogenesis [13]. Additionally, there were certain chro-
mosomal rearrangements that were predominant depending on 
each CBF-AML entity; t(9;22), del(7), trisomy 22 and trisomy 8 
were more frequent in patients with inv(16), whereas del(9) and 
loss of sex chromosomes were more frequent in t(8;21). These 
results are consistent with previous studies [8, 10, 14].

Even though CBF-AML has a good prognosis, there is het-
erogeneity in the results of many studies with respect to the dif-
ferences between inv(16)/CBFβ-MYH11 and t(8;21)/RUNX1-
RUNXIT1 CBF-AML subtypes. A study in Italy showed a 
poorer prognosis with t(8;21) chromosomal rearrangement, and 
a Chinese study identified a trend toward worse OS in t(8;21) 
patients [15, 16]. We found that inv(16) 5-year OS was slightly 
better than t(8;21), but the survival analysis showed no signifi-
cant difference between groups. Our results are consistent with 
the study of 91 Chinese children with newly diagnosed CBF-
AML (5-year OS rate: 72% vs. 88%, P > 0.05) and a study with 
537 CBF-AML patients from 12 institutions in the USA and 
Europe that found similar prognoses in the inv(16) and t(8;21) 
groups (5-year OS rate: 68% vs. 62%, P = 0.11) [10, 17].

The presence of structural chromosome rearrangements, 
numerical chromosome abnormalities and secondary genetic 
mutations were not associated with a significantly worse prog-
nosis. However, we found some secondary genetic aberrations 
that led to significant differences in the prognosis. Previous 
studies found no significant impact of del(7) in CBF-AML pa-
tients [10, 17]; in contrast, our study found a worse prognosis 
in the presence of del(7) but no significant difference in the 
CBF-AML subgroup survival analysis. Trisomy 22 showed an 
adverse impact on the prognosis of patients when analyzed in 
the total sample but had no significant difference in the inv(16) 
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group alone. This is consistent with a study that enrolled 370 
patients with CBF-AML in the USA that found no significant 
difference in survival in the presence of trisomy 22 [18], but 
other studies have reported an association between this aberra-

tion and improved outcomes [19]. These findings suggest the 
need for further investigation to identify the role of del(7) and 
trisomy 22 in the prognosis of patients with CBF-AML.

Studies conducted in the USA and Europe reported a bet-

Figure 1. Plot created with BioCircos package in R showing with sky-blue lines secondary genetic mutations and gene fusions 
found in core binding factor acute myeloid leukemia (CBF-AML) cases in Mitelman Database. Chromosomes are individually 
colored and arranged clockwise from chromosome 1 to Y. We showed only mutations with a frequency greater than 1, and 
there were no rearrangements involving the Y chromosome. NRAS: neuroblastoma RAS viral gene mutation; ASXL2: ASXL 
transcriptional regulator 2 gene mutation; RUNX1-RUNX1T1: RUNX1-RUNX1 partner transcriptional co-repressor 1 genes fu-
sion; BCR-ABL1: BCR-ABL1 fusion gene mutation; PTEN: phosphatase and tensin homolog gene mutation; CCND1: cyclin D1 
gene mutation; CCND2: cyclin D2 gene mutation; CBL: casitas B-lineage lymphoma gene mutation; KRAS: Kirsten rat sarcoma 
virus gene mutation; FLT3: FMS-like tyrosine kinase 3 gene mutation; IDH2R140: isocitrate dehydrogenase 2 R140 gene muta-
tion; CBFB-MYH11: core binding factor beta subunit-myosin heavy chain 11 genes fusion; PML-RARa: promyelocytic leukemia/
retinoic acid receptor alpha gene mutation; ASXL1: ASXL transcriptional regulator 1 gene mutation; ZRSR2: zinc finger, RNA-
binding motif and serine/arginine rich 2 gene mutation; BCORL1: BCORL1 gene mutation; BRCC3: BRCA1/BRCA2-containing 
complex 3 gene mutation.
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ter OS in the presence of del(9) [10, 19]. Nevertheless, the 
prognostic impact of del(9) in our study showed no significant 
difference in the 5-year OS, which is similar to previous find-
ings [18, 20]. There is no consensus on the impact of sex chro-
mosome deletion on the prognosis of CBF-AML, specifically 
in patients with t(8;21), where the incidence is higher. The loss 
of the X chromosome is associated with a better prognosis in 
some studies [21-23], whereas our study found no significant 
difference in the 5-year OS, similar to the findings of Han et 
al [10]. In loss of the Y chromosome, our results showed a 
longer 5-year OS in the total sample but no difference in the 
t(8;21) subgroup survival analysis. A Chinese study found a 
high relapse risk and a shorter OS in these patients [24], but 
other studies showed no significant difference [25]. In fact, Liu 
et al found a higher 5-year OS rate of CBF-AML children with 
sex chromosome deletion but with no statistical significance 
[17], similar to our results but in the pediatric population. The 

association between trisomy 8 and prognosis has also not been 
well established. Some studies have found an association with 
a longer OS, an adverse impact or no significant difference in 
prognosis, as we did in our study [13, 20, 26].

KIT mutations have the highest incidence in CBF-AML 
patients and were the most common secondary genetic muta-
tion in our study. Most previous studies showed that KIT muta-
tions were associated with a shorter OS and a high recurrence 
rate [15, 25, 27]. However, our study did not show a signifi-
cant impact in patients with KIT mutations in either inv(16) 
or t(8;21). These results are similar to the findings of Wu et al 
in the inv(16) group, but they contrast with the t(8;21) group, 
which is usually associated with poorer prognosis [15, 25]. 
NRAS mutations showed a significantly worse prognosis in the 
t(8;21) group, but previous evidence found an unclear role in 
the outcome. Some studies indicate that there is no impact on 
OS, and others show a better or worse prognosis [25, 26, 28]. 

Figure 2. (a) Kaplan Meier curves for core binding factor acute myeloid leukemia (CBF-AML) groups showed no significant dif-
ference between groups. Five-year survival data of CBF-AML cases with secondary genetic findings: (b) Numerical chromosome 
abnormalities (5-year OS: 74.8%, 95% CI: 64.8 - 86.2, versus 60.4%, 95% CI: 50.1 - 72.9); (c) Structural chromosome rearrange-
ments (5-year OS: 61.9%, 95% CI: 45.1 - 84.9, versus 67.5%, 95% CI: 59.2 - 77.0); (d) Secondary genetic mutations (5-year OS: 
64.5%, 95% CI: 54.6 - 76.1, versus 68.9%, 95% CI: 57.5 - 82.4). CI: confidence interval; OS: overall survival.
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Figure 3. Five-year survival data of CBF-AML cases with specific secondary genetic aberration: (a) 7q deletion “del(7)” (5-year 
OS in total sample: 27.8%, 95% CI: 5.39 - 100, versus 67.7%, 95% CI: 60.1 - 76.2); (b) Trisomy 22 “+22” (5-year OS in total sam-
ple: 38.6%, 95% CI: 13.5 - 100, versus 67.9%, 95% CI: 60.2 - 76.5); (c) Loss of chromosome X “-X” (5-year OS in t(8;21) group: 
72.7%, 95% CI: 50.6 - 100, versus 73.6%, 95% CI: 64.9 - 83.5); (d) Loss of chromosome Y “-Y” (5-year OS in t(8;21) group: 
80.4%, 95% CI: 68.2 - 94.9, versus 69.9%, 95% CI: 59.6 - 82.0); (e) KIT mutation (5-year OS in total sample: 63.5%, 95% CI: 
49.2 - 81.8, versus 67.4%, 95% CI: 58.7 - 77.4); (f) NRAS mutation (5-year OS in t(8;21) group: 25.0%, 95% CI: 4.58 - 100, versus 
75.4%, 95% CI: 67.1 - 84.7). -Y: loss of chromosome Y; KIT: receptor tyrosine kinase gene KIT mutation; NRAS: neuroblastoma 
RAS viral gene mutation. CI: confidence interval; OS: overall survival.
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Finally, we found no impact on prognosis with the presence of 
ASXL1, ASXL2, or FLT3 mutations, which is similar to other 
studies [15, 29, 30].

This study has some limitations. First, we exported the cases 
from a database of published papers, which means that our to-
tal number of cases could be affected by underreporting and can 
underestimate our results. Additionally, the year of publication 
could affect our results because the OS could improve by the de-
velopment of new therapies. Another limitation was the diversity 
in the reporting of the data, which reduced our sample mainly be-
cause some studies did not report OS as an outcome or reported it 
in groups or in conjunction with other types of AML, which did 
not provide access to participant data. In cases with KIT or FLT3 
mutations, we did not consider the subtypes because not all stud-
ies reported them. For the analysis, we only considered single 
aberrations and not whole karyotype abnormalities, which could 
underestimate or overestimate our conclusions. In addition, we 
found some mutations that were not very frequent, and several 
had one or two observations, which did not allow us to evaluate 
the differences in terms of OS in a significant way.

In conclusion, the use of a large and varied database such 
as Mitelman allowed our study to demonstrate that CBF-AML 
patients with inv(16) or t(8;21) have heterogeneous cytoge-
netic characteristics. However, this study found that patients 
with CBF-AML had a good prognosis but no difference in the 
5-year OS between the inv(16) and t(8;21) groups. Our find-
ings contribute to the knowledge about CBF-AML by high-
lighting that the presence of del(7), trisomy 22 and NRAS 
mutations showed a potential prognostic impact in CBF-AML 
patients. Further investigation with a larger sample is needed 
to clarify their role in the prognosis after excluding other sec-
ondary genetic aberrations and other factors.
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