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CHAPTER 5

Characteristics and outcomes of pediatric 
patients with t(16;16)-acute myeloid 
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ABSTRACT

Studies evaluating clinical characteristics and potential risk factors associated with 
outcome in pediatric patients with acute myeloid leukemia (AML) harboring t(16;16)
(p13.1;q22)/CBFβ-MYH11 [t(16;16)] are lacking. We collected and evaluated data on 
baseline characteristics, fusion type, treatment details, and follow-up in an international, 
relatively large cohort of 46 patients. 
Most patients had fusion type A (57%). Gain of chromosome 8 was the most common 
additional chromosomal aberration (11%). Distribution of age, sex, and additional 
cytogenetic aberrations was similar between patients with fusion type A and non-type A. 
Our results confirm pediatric t(16;16)-AML as a favorable-risk entity, with excellent survival 
rates. Due to the low number of events, risk factors for events could, however, not been 
identified.
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BACKGROUND

Inv(16)(p13.1q22)/t(16;16)(p13.1;q22)/CBFβ-MYH11 [inv(16)/t(16;16)] in acute myeloid 
leukemia (AML) is associated with a relatively favorable outcome.1-3 Aberrations inv(16) 
and t(16;16) result in fusion of the CBFβ subunit at 16q22 and the myosin-11 heavy 
chain gene (MYH11) at 16p13 and are thought to be biologically and clinically similar4-6, 
but CBFβ-MYH11 fusion transcripts are heterogeneous and may subtly vary in biological 
activity.7,8 
Although the current overall survival (OS) of children with inv(16)/t(16;16)-AML 
approaches 90%2, a subset of patients still relapse. A number of risk factors have been 
identified in inv(16)/t(16;16) adult cohorts, but studies on pediatric t(16;16)-AML are 
lacking. In the current international study we evaluated clinical characteristics, potential 
prognostic features, and outcomes in this specific subgroup. 

METHODS

Patients (0-19 years old) with cytogenetically/molecularly confirmed de novo t(16;16)-
AML diagnosed between 1990 and 2015 by one of the study groups participating in 
the international BFM study group were eligible for inclusion. Patients with a history 
of chemotherapy/radiotherapy or suspected secondary AML were excluded. Data on 
baseline characteristics, genetics, treatment delivered, and follow-up were collected 
using standardized case report forms. In patients with missing data on the CBFβ fusion 
type, real-time quantitative PCR analysis for the common fusion types A, D, and E7,8 
was performed on biobank material according to methods described by the Europe 
Against Cancer Program9. Definitions and response assessments were adopted from 
standard recommendations (see Supplementary Table S5.1).3 Associations between 
clinical characteristics and two subgroups were evaluated by the non-parametric Mann-
Whitney U test (all skewed distributions) for continuous variables and by the one-way 
ANOVA test (normal distribution) or the Kruskal-Wallis test (skewed distribution) for 
continuous variables in case of multiple subgroups. Probabilities of event-free survival 
(pEFS) and OS (pOS) were estimated by Kaplan-Meier curves and differences between 
groups were compared with the log-rank test. P<0.05 was considered statistically 
significant.
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Table 5.1 | Clinical characteristics of 46 pediatric patients with t(16;16)-AML

Characteristics Number of patients (%)

Study group
AIEOP
BFM-G
COG
DCOG
France
JPLSG/JCCG
NCRI UK
NOPHO
St. Jude 

3 (7)
3 (7)
6 (13)
4 (9)
6 (13)
3 (7)
8 (17)
8 (17)
5 (11)

Year of diagnosis 2007 [2002-2010]

Age at diagnosis (y) (n=45) 10.0 [3.8-13.2]

Male
Female 

22 (48)
24 (52)

WBC at diagnosis (×109/L) (n=45)
≥50 
≥100 

74 [35-80]
17 (38)
12 (27)

Hemoglobin at diagnosis (mmol/L) (n=31) 5.9 [4.5-8.9]

Platelets at diagnosis (×109/L) (n=31) 47 [17-89]

Bone marrow blasts at diagnosis (%) (n=25) 53 [31-72]

FAB type (n=37)
M4
M4eo
Other

13 (35)
18 (49)
6 (16)

CNS involvement (n=38) 11 (29)

Extramedullary involvement (n=37)
Extramedullary involvement, CNS only excluded

15 (41)
5 (14)

Additional cytogenetic aberrations (n=45)
+8
+21
+22
other

17 (38)
5 (11)
3 (7)
4 (9)
8 (18)

Fusion type (n=21)
A
D
E
Other

12 (57)
3 (14)
4 (19)
2 (10)

Molecular aberrations 
CEPBα (n=16)
FLT3 (n=30)
NPM1 (n=22)
RAS (n=12)
cKIT (exon 8/17) (n=24)
WT1 (exon 7/8/9/10) (n=20)

0
4 (14)*
1 (5)
9 (53)†

7 (29)
4 (20)

HSCT in CR1 9 (20)
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Table 5.1 | Continued

* FLT3-ITD n=2, FLT3-TKD n=2.
† N-RAS n=7, K-RAS n=2.
NOTE. Normally distributed values of continuous variables are expressed as mean ± standard deviation, and other values are 
expressed as median [25th-75th percentiles], In case of missing data for specific characteristics, percentages were calculated 
without “unknown". Percentages may not make 100% due to rounding.
Abbreviations: AIEOP, Associazione Italiana Ematologia Oncologia Pediatrica; AML, acute myeloid leukemia; BFM-G, Berlin-
Frankfurt-Munster study group Germany; CNS, central nervous system; COG, Children’s Oncology Group; CR1, first complete 
remission; DCOG, Dutch Childhood Oncology Group; HSCT, hematopoietic stem cell transplantation; IQR, interquartile range; 
JPLSG/JCCG, Japanese Pediatric Leukemia/Lymphoma Study Group/Japan Children’s Cancer Group; NRCI UK, National Cancer 
Research Institute United Kingdom; NOPHO, Nordic Society of Paediatric Haematology and Oncology; SE, standard error; St. 
Jude, St. Jude Children’s Research Hospital; WBC, white blood cell count; y, years.

RESULTS

The study included 46 patients with t(16;16)-AML (see Table 5.1). Information on CBFβ 
fusion type was initially available from local PCR analyses and database records for 
16 patients. For 5 patients information on fusion type was not available, but biobank 
material was used for qPCR analysis. Most patients had fusion type A (n=12, 57%), 
followed by type E (n=4, 19%), and type D (n=3, 14%). PCR results were not available 
for 2 (10%) patients, but their fusion type could be classified as “other" on the basis 
of available sequence data. Because of the low numbers, fusion types other than the 
common type A were grouped together as “non-type A". Patients with fusion non-type 
A were often male (n=6, 67%), whereas those with type A were more often female (n=8, 
73%) (P>0.05),. Both types were predominantly associated with FAB-type M4eo (type A 
55% vs. non-type A 89%, P>0.05). Age and white blood cell count (WBC) at diagnosis 
were not significantly different between type A and non-type A patients (9.4 vs. 11.5 
years and 77 vs. 71×109/L, respectively). 

Additional cytogenetic aberrations were identified in 17 (38%) patients. Trisomy 8 (+8), 
+21 , or +22 were the most frequently detected additional aberrations. Distribution of 
additional cytogenetic aberrations was similar between patients with fusion type A and 
non-type A. RAS mutations were common (n=9, 53%) and only found in patients with 
fusion type A (n=5, 83%). cKIT mutations were present in 5 (29%) patients. However, 
information on molecular aberrations was missing in more than half of the patients.
Median follow-up time for patients in continuous CR was 6.8 (range 0.6-15.2) years. 
Patient outcomes were very good with a 100% CR rate, and 5-year pEFS and pOS of 80% 
[SE, 6.4%] and 87% [SE, 5.6%], respectively (Figure 5.1). 
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Figure 5.1 | Probabilities of event-free survival (A) and overall survival (B) for pediatric patients with t(16;16)-
AML
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Table 5.2 | Five-year probabilities of event-free (pEFS) and overall survival (pOS) according to clinical 
characteristics

Characteristics n pEFS [SE] pOS [SE]

Overall 46 0.80 [0.06] 0.87 [0.06]

Year of diagnosis
In or before 2002
After 2002

12
34

0.75 [0.13]
0.86 [0.06]

0.83 [0.11]
0.88 [0.07]

Age at diagnosis (y) 
<10
≥10
<12
≥12

24
22
31
15

0.80 [0.09]
0.80 [0.09]
0.81 [0.08]
0.78 [0.11]

0.84 [0.09]
0.90 [0.07]
0.88 [0.07]
0.85 [0.10]

Male
Female 

22
24

0.84 [0.09]
0.77 [0.09]

0.87 [0.08]
0.86 [0.08]

WBC at diagnosis (×109/L) (n=45)
<50
≥50 
<100
≥100

17
28
33
12

0.81 [0.10]
0.78 [0.09]
0.79 [0.08]
0.80 [0.12]

0.87 [0.08]
0.86 [0.08]
0.89 [0.06]
0.79 [0.13]

FAB type (n=37)
M4eo
Other

18
19

0.90 [0.10]
0.71 [0.11]

0.90 [0.10]
0.82 [0.09]

CNS involvement (n=38)
Yes
No

11
27

0.90 [0.10]
0.76 [0.10]

0.88 [0.12]
0.85 [0.08]

Extramedullary involvement (n=37)
Yes
No

22
15

0.92 [0.07]
0.73 [0.11]

0.90 [0.10]
0.83 [0.09]

Additional cytogenetic aberrations (n=45)
Any
None 

17
28

0.94 [0.06]
0.71 [0.09]

0.94 [0.06]
0.83 [0.08]

Fusion type (n=21)
A
Other

12
9

0.77 [0.14]
0.83 [0.15]

0.86 [0.12]
0.83 [0.15]

No SCT in CR1
SCT in CR1

37
9

0.82 [0.07]
0.75 [0.15]

0.91 [0.05]
0.75 [0.15]

NOTE. None of the characteristics in this table was associated with either superior or inferior outcome. Because of low patient 
numbers, almost all cases were censored within the molecular subgroups. Therefore, results for the molecular subgroups are 
not shown. 
Abbreviations: CNS, central nervous system; CR1, first complete remission; FAB, French-American-British classification; HSCT, 
hematopoietic stem cell transplantation; pEFS, probability of event-free survival; pOS, probability of overall survival; SE, 
standard error; WBC, white blood cell count.

136788-klein-layout.indd   111136788-klein-layout.indd   111 10/03/2020   10:5110/03/2020   10:51



112

Chapter 5

Five patients (11%) relapsed, of whom 4 had a WBC >50×109/L. None had additional 
cytogenetic aberrations. Two patients had fusion type A; for 3 patients the fusion type 
was unknown. Five (11%) patients died, all diagnosed before 2009. Of them 2 (4%) died 
after relapse.
Three patients (7%) died in CR1: 1 patient died due to multi-organ failure during 
consolidation phase, 1 patient died due to infection after hematopoietic stem cell 
transplantation (HSCT), and 1 patient died due to graft-versus-host-disease after 
HSCT. Table 5.2 and S5.2 show outcomes by clinical characteristics and characteristics 
according to survival status, respectively.

DISCUSSION

This retrospective analysis of cases treated over a wide period of time shows that children 
with t(16;16)-AML have clinical characteristics and excellent outcomes similar to those 
reported for patients with inv(16).5,10-13 In line with previous findings, patients with M4eo 
showed a trend towards better survival.5,13 The additional cytogenetic aberrations found 
in our patients are consistent with those described in previous studies that combined 
inv(16)/t(16;16) patients. Trisomy 8 has been associated with inferior survival in adults, 
whereas +22 has been associated with better outcome.10,11 One of our patients who died 
after HSCT in CR1 harbored a deletion of chromosome 7, but the remaining 7 patients 
who either died or experienced relapse had no additional cytogenetic aberrations. One 
patient who died after HSCT in CR1 had a cKIT mutation. None of the relapsed patients 
had known molecular aberrations, but molecular information was largely unknown. 
In adults with inv(16)/t(16;16), cKIT mutations occur more frequently in patients with 
fusion type A and has been associated with inferior outcome.14 However, most studies 
show no prognostic impact of cKIT in inv(16)-patients.15 As the number of events in 
this study was low, independent cytogenetic or molecular aberrations of prognostic 
relevance could not be identified. 
The most common fusion type includes type A, but heterogeneity of the nucleotide 
breakpoint has been described for both CBFβ and MYH11.7,8 CBFβ-MYH11 products 
with different breakpoints vary subtly in their biological activities and patients with 
inv(16)/t(16;16) exhibit heterogeneity in cytological and molecular characteristics 
among different types of fusion transcripts.7,8,12 These distinct biological features may 
translate into different clinical characteristics and their prognostic impact is a potentially 
interesting area of investigation. Adults with inv(16) non-type A have a lower WBC, less 
often FAB-type M4eo, and more frequently concomitant (rare) additional cytogenetic 
aberrations than patients with type A. Both similar and inferior outcome for non-type 
A has been reported.12,14 In our cohort, the incidence of non-type A fusions was slightly 
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higher than that of ≤15% reported in previous studies that included both inv(16) and 
t(16;16).8,12,14 Unfortunately, the fusion type was not specified in more than half of our 
patients, therefore we could not confirm statistically significant differences among 
fusion types. Targeted PCR analysis was performed for most patients, whereas sequence 
data were available for only few patients. Due to insufficiently available material we 
were not able to perform whole exome sequencing. Future studies should explore the 
role of these break points when evaluating inv(16) and t(16;16)-patients.
The high CR rate, low relapse rate, and excellent survival confirms pediatric t(16;16)-AML 
as a favorable-risk entity. If we compare our results with those of previous reports on 
combined cohorts -mainly including inv(16) patients- we can conclude that t(16;16)-
AML has at least an as good prognosis as inv(16).1,2 However, 3 of the 5 deceased patients 
died from toxic complications in CR1, of whom 2 had been transplanted. Given the low 
relapse rate, the risk of HSCT-related mortality, and the high salvage rate after relapse16, 
t(16;16)-patients may not be transplanted in CR1. 
Although our study was hampered by missing data, and comparison with simultaneously 
diagnosed and treated pediatric patients with inv(16) was not done, this is the first study 
to report a relatively large cohort of pediatric t(16;16)-AML patients. These patients have 
a good outcome, similar to that reported for patients with inv(16). Prospective trials 
are required to study which patients are at higher risk for toxicity and to identify other 
clinical/biological factors predicting treatment failure. 
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SUPPLEMENTS

Supplementary Table S5.1 | Definitions and outcome parameters

CR Complete remission;
≤5% leukemic blasts in the BM with signs of normal hematopoiesis and 
with clear signs of regeneration of normal peripheral-blood cell production 
(i.e., platelets >50×109/L without transfusions, neutrophils >1.0×109/L), 
and no leukemic cells in the peripheral blood or elsewhere. 

CCR Continued complete remission.

First CR (CR1) CR after initial therapy following diagnosis.

Death in CR Death occurring after CR was established (>8 weeks of treatment start).

Event Death, relapse, refractory disease/non-response (event 
at time point 0), or secondary malignancy.

EFS Event-free survival;
Duration of survival from the time of enrollment until 
any (first) event or the last date of follow-up.

OS Overall survival;
Duration of survival from the time of enrollment until the last date of follow-up or death.

Relapse After a documented first CR, the recurrence of ≥10% unequivocal 
leukemic cells in a representative bone marrow sample and/or 
evidence of leukemic infiltration or recurrence at any site.

NOTE. Definitions and response assessments were adopted from standard recommendations 1.
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Supplementary Table S5.2 | Characteristics of 46 patients with t(16;16)-AML according to survival status

Characteristics CCR (n=41) Death (n=5)

Year of diagnosis 2007 [2003-2012] 2003 [1996-2008]

Age (y) (n=45) 10 [4-3] 10 [7-18]

Male 20 (49%) 2 (40%)

WBC (×109/L) (n=45) 75 [20-104] 80 [32-130]

FAB type M4eo (n=37) 17 (41%) 1 (20%)

Additional cytogenetic aberrations (n=45)
+8
+21
+22

16 (40%)
5 (13%)
3 (8%)
4 (10%)

1 (20%)*
0
0
0

CBFβ type2,3

A
D
E
Other
Unknown

 
11 (58%)
3 (16%)
3 (16%)
2 (11%)
22

 
1 (50%)
0
1 (50%)
0
3

CNS involvement (n=38) 10 (29%) 1 (25%)

HSCT in CR1 7 (17%) 2 (40%)

* One patient had additional del(7q).
NOTE. Normally distributed values are expressed as mean (± standard deviation), and other values are expressed as median 
[25th-75th percentiles], In case data were missing for specific characteristics, percentages were calculated without “unknown". 
Abbreviations: CCR, continued complete remission; CNS, central nervous system; CBFβ, core-binding factor bèta; FAB, French-
American-British classification; HSCT, hematopoietic stem cell transplantation; WBC, white blood cell count.
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