
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=yhem20

Hematology

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/yhem20

AML with inv(16)/t(16;16) and high-risk cytogenetic
abnormalities: atypical features and unfavorable
outcome

Nada Assaf, Christine Lefebvre, Victoria Raggueneau, Geoffroy Guignedoux,
Alice Marceau-Renaut, Simon Chevalier, Sylvie Tondeur, Dominique Bories,
Riad Benramdane, Philippe Rousselot & Christine Terré

To cite this article: Nada Assaf, Christine Lefebvre, Victoria Raggueneau, Geoffroy Guignedoux,
Alice Marceau-Renaut, Simon Chevalier, Sylvie Tondeur, Dominique Bories, Riad Benramdane,
Philippe Rousselot & Christine Terré (2022) AML with inv(16)/t(16;16) and high-risk cytogenetic
abnormalities: atypical features and unfavorable outcome, Hematology, 27:1, 636-641, DOI:
10.1080/16078454.2022.2078027

To link to this article:  https://doi.org/10.1080/16078454.2022.2078027

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 27 May 2022.

Submit your article to this journal 

Article views: 3560

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=yhem20
https://www.tandfonline.com/journals/yhem20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/16078454.2022.2078027
https://doi.org/10.1080/16078454.2022.2078027
https://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/16078454.2022.2078027?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/16078454.2022.2078027?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/16078454.2022.2078027&domain=pdf&date_stamp=27 May 2022
http://crossmark.crossref.org/dialog/?doi=10.1080/16078454.2022.2078027&domain=pdf&date_stamp=27 May 2022


RAPID COMMUNICATION

AML with inv(16)/t(16;16) and high-risk cytogenetic abnormalities: atypical
features and unfavorable outcome
Nada Assaf a, Christine Lefebvreb, Victoria Raggueneauc, Geoffroy Guignedouxd, Alice Marceau-Renaute,
Simon Chevalierb, Sylvie Tondeurb, Dominique Boriesf, Riad Benramdaned, Philippe Rousselotg and
Christine Terréh

aDepartment of Pathology and Laboratory Medicine, Cytogenetics division, American University of Beirut Medical Center, Beirut, Lebanon;
bLaboratoire d’Hématologie Biologique, Centre Hospitalier Universitaire de Grenoble Alpes (CHUGA), La Tronche, France; cDepartment of
Laboratory Medicine, Hematology, Centre Hospitalier de Versailles, Le Chesnay, France; dLaboratoire d’Hématologie, Centre Hospitalier
René Dubos Pontoise, Pontoise, France; eUniversity of Lille, CNRS, Inserm, CHU Lille, Institut de Recherche contre le Cancer de Lille,
UMR9020–UMR-S 1277—Canther—Cancer Heterogeneity, Plasticity and Resistance to Therapies, Lille, France; fDepartment of Molecular
Onco-Hematology Henri Mondor Hospital (APHP-UPEC), Créteil, France; gDepartment of Hematology, Centre Hospitalier de Versailles,
France & University Paris-Saclay, UMR1184, Le Chesnay, France; hDepartment of Laboratory Medicine, Hemato-Oncologic Cytogenetics,
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ABSTRACT
Objectives: Acute myeloid leukemia (AML) with inv(16)/t(16;16) is among the most frequent AML
subtypes. It is recognized by the detection of the CBFB-MYH11 fusion which confers a favorable
prognosis, irrespective of the presence of secondary cytogenetic abnormalities. However, the
effect of additional genetic anomalies on the behavior of inv(16) AML is debatable. Recent case
reports describe an unfavorable prognosis for those patients, characterized by early relapse and
death. In this study, we present a series of patients with CBFB-MYH11 fusion and high-risk
rearrangements to increase knowledge about this potentially distinct subgroup.
Methods: All cases with inv(16)/ t(16;16) and one or more high risk abnormalities were reviewed at
two tertiary healthcare centers between years 2006 and 2020 in terms of demographics, biological
and clinical data.
Results: Among the total 1447 and 1283 AML cases, the frequency was found to be 0,2% and 0.3%.
Clinical data could be retrieved for 5 patients. Detected high-risk abnormalities included TP53 and
5q deletion, complex and monosomal karyotype. The median age was 67 years, with a majority of
females (M:F = 1:1.5). Two out of 5 patients presented with therapy related AML, with short latency
periods. All patients presented with thrombocytopenia and/or leukocytopenia. Bone marrow
aspirates revealed atypical morphology and the detection of rare CBFB-MYH11 fusion transcripts.
All 5 patients died, with a short mean overall survival of 5.8 months.
Discussion and Conclusion: Our series suggests that the presence of high risk abnormalities
confers distinct biological features and poor prognosis to inv(16) AML.
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Introduction

Core binding factor (CBF) acute myeloid leukemia
(AML) are among the most frequent subtypes of AML
in pediatrics and adults, constituting around 15% of
AML cases [1]. CBF AML include cases with t
(8;21)(q22;q22.1) and inv(16)(p13q22) or t(16;16)(p13;
q22) (later referred to as AML inv(16) in the manu-
script). Identification of the RUNX1-RUNX1T1 and
CBFB-MYH11 fusion genes, respectively, is essential
for the clinical management of those patients, as treat-
ment with high-dose cytarabine-based chemotherapy
results in the established good prognosis of this
disease entity [2]. AML inv(16) is characterized by the
proliferation of myeloid blasts accompanied by abnor-
mal eosinophils and a cell population with granulocy-
tic or monocytic differentiation. Peripheral white blood
cell (WBC) counts tend to be high at presentation. In up

to 40% of cases, secondary cytogenetic abnormalities
are detected by karyotype analysis. The most
common abnormalities include trisomy 22 (known as
a cytogenetic clue for the presence of a CBFB-MYH11
fusion), trisomy 8, trisomy 21 and deletion of the
long arm of chromosome 7 [2]. The role of these
additional anomalies on the prognosis of inv(16) AML
remains unclear, with conflicting data published in
the literature [2,3]. The gain of an additional copy of
chromosome 8 was long thought to be associated
with a poor prognosis in inv(16) AML, whereas
trisomy 22 was associated with a more indolent
course and better survival [2]. However, recent
studies reveal a better survival with trisomy 8 and no
prognostic effect for trisomy 22 [3]. The effect of an
associated complex karyotype is also contradictory
[3–5]. Recent single reports describe a high risk
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behavior of inv(16) AML carrying high-risk cytogenetic
abnormalities, characterized by early relapse and
death [6–9]. This controversy constitutes a manage-
ment dilemma on the appropriate treatment strategies
of patients with AML inv(16) and a secondary cytoge-
netic abnormality.

In the aim of shedding light on the behavior of AML
inv(16) with secondary high-risk aberrations, we per-
formed a retrospective analysis of all AML cases with
inv(16) and at least one high-risk anomaly presenting
to two French referral centers over a 14 years period.
A review of the diagnostic challenges, cytologic and
molecular features, clinical characteristics and progno-
sis was conducted.

Materials and methods

All cases with confirmed AML diagnosis referred to the
cytogenetics laboratories of two French tertiary health-
care centers-Centre Hospitalier de Versailles (CHV) and
Centre Hospitalier Universitaire de Grenoble Alpes
(CHU-GA)- between years 2006 and 2020, were
reviewed. Cases harboring inv(16)/t(16;16) in addition
to one or more high-risk cytogenetic abnormalities (as
defined by the European Leukemia Network [10]) were
retrieved from the laboratory information system.
Patient information was collected from the electronic
health records including demographics (age and
gender), biological (complete blood count, bone
marrow aspirate, cytogenetic/molecular findings) and
clinical data (presentation, treatment, clinical course).

Results

Among the 1447 and 1283 AML cases diagnosed at the
CHV and the CHU-GA respectively, 3 were found at the
CHV and 4 at the CHUGA carrying a CBFB-MYH11 fusion
and a high-risk abnormality (frequency = 0,2% and
0.3%). These constituted 1.5% (3/201 patients) and
1.8% (4/217 patients) of patients with inv(16)/t(16;16),
respectively. Clinical data could be retrieved for 5 of
those patients. The median age was 67 years (range:
43–77), with a majority of females (M:F = 1:1.5).

All patients presented with thrombocytopenia
(platelet count < 150000 platelets/uL), and 3 out of 5
patients had low white blood cell counts. Atypical mor-
phology on bone marrow aspirates, with monocytic
features and absence of eosinophilia or atypical eosi-
nophils, was described in 4 out of 5 patients.

2 out of 5 cases carried classic (type A) CBFB-MYH11
fusion transcripts. Rare transcripts were detected in the
remaining cases (one type B, one E and one F). High-
risk abnormalities varied between patients and
included 5q deletion, 17p/TP53 rearrangement,
complex and monosomal karyotypes. Associated
point mutations, as diagnosed by molecular testing

methods, were not uniform among our cohort and
included mutations in FLT3-TKD, WT1 and KRAS.

Three out of five patients presented with de novo
AML. Two received conventional induction therapy
with daunorubicin and cytarabine (3 + 7 schedule), in
combination with gilteritinib in 1 patient, driven by
the presence of a FLT3-TKD mutation. Only one
patient achieved adequate response, but subsequently
relapsed. Based on her age and clinical status, the
remaining patient received 5-azacytidine, but did not
achieve complete remission. The two other patients
initially presented with myelodysplasia, one secondary
to multiple chemotherapy regimens and radiotherapy
for solid tumors (laryngeal, palate, oropharyngeal and
pulmonary carcinomas) and the other associated
with an excess of blasts. Both received 5-azacytidine
before transformation into therapy related CBF AML
with complex karyotypes. Palliative care was initiated
for both patients.

All 5 patients died, including 4 after disease pro-
gression or relapse. The mean overall survival was strik-
ingly low (5.8 months), with a 6-month survival rate of
40% (2 out of 5 patients). A comprehensive summary
of patients’ information can be found in Table 1.

Discussion and Conclusion

Diagnostic challenges

High-risk rearrangements and CBF fusions were tra-
ditionally thought to be mutually exclusive in AML
[11], and the combination was not later considered as
a separate entity in disease classification schemes
[2,10]. Our 14 years review in 2 referral centers reveals
a low prevalence of around 0.3%, indicating the rarity
of this co-occurrence. However, this AML inv(16) sub-
group could be affected by underdiagnosis. inv(16) is
a subtle, often cryptic, cytogenetic anomaly which can
be missed by karyotyping alone [2]. Visualization of
the inversion becomes more difficult in the presence
of numerous additional cytogenetic abnormalities
(complex karyotype), especially in low quality meta-
phases [6]. In 2 of our cases, the inversion was missed
by conventional karyotyping and required FISH analysis
for detection (cases 3 and 5), due to the involvement of
chromosome 16 in rearrangements with other chromo-
somes. As such, reflex FISH or RT–PCR testing for the
detection of a CBFB-MYH11 fusion in the setting of a
complex karyotype and a chromosome 16 rearrange-
ment (or loss of one chromosome 16) might be ben-
eficial to increase the diagnostic rate and improve
knowledge on the clinical behavior of this AML subtype.

Molecular characteristics

inv(16) results in the fusion of CBFB at 16q22 to MYH11
at 16p13.1, leading to the formation of a classic type A
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Table 1. Patients’ characteristics.
Case 1 Case 2 Case 3 Case 4 Case 5

Source CHU-GA CHU-GA CHV CHV CHV
Gender F M F M F
Age 43 77 76 67 56
PMH/PSH Obesity . Smoker

. Polycystic kidney disease

. Benin Prostatic Hyperplasia

. Silicosis

. Sleep apnea

. Deep Vein Thrombosis

. Pulmonary Embolism

. Hypertension

. Colectomy for polyposis

. Hypercholesterolemia

. Smoker

. Coronary Artery Disease

. Chronic Obstructive Pulmonary
Disease

. Peripheral Vascular Disease

. Laryngeal carcinoma (CR after
surgery and radiotherapy in 2001)

. Epidermoid carcinoma of the
palate (CR after surgery in 2006)

. Oropharyngeal carcinoma (CR after
surgery)

. pulmonary epidermoid carcinoma
(CR after radiotherapy,
chemotherapy by carboplatin and
paclitaxel)

None

Therapy related No Yes No Yes No
Previous disease;
latency period

N.A RAEB-2; 13 months N.A MDS; 7 months N.A

Previous
chemotherapy

N.A Azacitidine N.A Radiotherapy
Carboplatin
Paclitaxel
Azacitidine

N.A

CBC WBC: 53.9 G/l; Hb:10.9g/L;
HCT: 34%; MCV: 85fl; Plt:
86G/l; blasts: 77%

WBC: 1.6 G/l; Hb:13.2g/L; HCT: 39%; MCV: 87fl; Plt:
116G/l; blasts: 3.5%

WBC: 1.6 G/l; Hb:7.9g/L; HCT: 0.24%; Plt: 31G/l;
blasts: 4%

WBC: 18.3 G/l; Hb: 8.2g/L; HCT: 0.24l/l;
MCV: 89fl; Plt: 24G/l; blasts: 79%

WBC: 1.6 G/l; Hb:10.6g/L; HCT: l/l;
Plt: 97G/l; blasts: 62%

Morphology Hypercellular marrow with
hypogranular blasts (72%)
and increased atypical
eosinophils (12%)

Hypocellular marrow with myeloid blasts (40%),
occasionally promonocytic. Eosinophils of
normal morphology constituting 2.5% of
nucleated cells

Hypocellular marrow with 2 sized blast population
constituting 26% of nucleated cells. MPO and NSE
positive.
Absence of increased or atypical eosinophils

Hypercellular marrow infiltrated by
86% large blasts with agranular,
occasionally vacuolated, cytoplasm
and irregular nuclei, of monoblastic
appearance.
No excess eosinophils

65% blasts including monocytic
precursors.
Absence of atypical or
increased eosinophils

Flow cytometry Positive: CD2, CD13, CD33,
CD117, MPO, HLA-DR, CD34
Negative: CD65

N.A N.A Positive: CD7, CD13, CD33, CD34,
CD38, CD56, CD64, CD117, CD123,
HLA DR
Negative: Tdt, MPO

Positive: CD34, HLA DR, CD33,
CD13, CD117, CD65, CD64,
CD14 (partial), and CD4 (partial)
Negative: CD2

Fusion transcript
(RT-MLPA/RT-
PCR)

CBFB-MYH11
Type A

CBFB-MYH11
Type A

CBFB-MYH11
Type B

CBFB-MYH11
Type F

CBFB-MYH11
Type E

High risk
abnormalities

17p/TP53 deletion Complex karyotype Complex karyotype;
Monosomal;
17p/TP53 deletion

Complex karyotype;
Monosomal;
17p/TP53 deletion

Complex karyotype;
Monosomal;
17p/TP53 deletion

(Continued )
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Table 1. Continued.
Case 1 Case 2 Case 3 Case 4 Case 5

ISCN
(2016) formula

45,XX,inv(16)(p13q22)[6]/45,
sl,der(12)t(12;17)(p13;
q11)[14].ish inv
(16)(p13)(5’CBFB
+)(q22)(3’CBFB+)/der(12)
(TP53-,D17Z1-)[10].nuc ish
(TP53,D17Z1)x1[55/100]

45,X,-Y,inv(16)(p13q22)[5]/46,sl,+22[4]/45,sl,add
(3)(q26),der(3)del(3)(p21p25)add(3)(q21),del
(7)(q31q36),add(14)(q24)[5]/46,XY[6].ish add
(3)(wcp3+,MECOM+),der(3)t(3;14)(q21;
q?)(wcp3+,wcp14+),der(14)t(3;14)(?;
q24)(wcp14+,wcp3+),inv(16)(p13)(5’CBFB
+)(q22)(3’CBFB+)[10]

46,XX,del(1)(p31p36),del(4)(q21q32),der(5;17)(p10;
q10),+8,t(10 ;11)(q22 ;p15),-13,der(16)inv(16)(p13
;q22)t(13 ;16)(q14 ;q24)[6]/46,sl,del(7)(q31)[2]/46,
XX[7] .nuc ish(MYH11,CBFB)x2(MYH11 con
CBFBx1)[97/100]

45,XY,del(4)(q2?6q3?5),-7,-9,inv
(16)(p13q22),add(17)(p1?1),+mar
[10].nuc ish(MYH11,CBFBx2)(MYH11
con CBFBx1)[97/100],(TP53×1,
NF1×2)[94/100]

44,XX,-5,add(16)(p13),der
(17;22)(q10;q10)[12]/46,XX[2]
.nuc ish(MYH11,
CBFBx2)(MYH11 con
CBFBx1)[75/100],(TP53×1,
NF1×2)[77/100]

Additional tests Myeloid NGS panel (43
genes):
FLT3-TKD mutated
FLT3-ITD negative
NPM1 negative
IDH1/IDH2 negative

Myeloid NGS panel (43 genes):
WT1 mutated
FLT3-TKD negative
FLT3-ITD negative
NPM1 negative
IDH1/IDH2 negative

NPM1 negative
FLT3 negative

FLT3-TKD negative
FLT3-ITD negative
NPM1 negative
IDH1/IDH2 negative
CKIT D816 negative

TP53 mutated (exon 10
c.1024C>T:p.Arg342Ter; variant
allele frequency [VAF] 58%)
KRAS mutated (exon 2 c.35G>A:
p.Gly12Asp; VAF 12%)

Treatment Cytarabine + Daunorubicin+
Gilteritinib

5-Azacitidine 5-Azacitidine Palliative Cytarabine +Daunorubicin

Outcome CR not achieved.
Death due to COVID-19

CR followed by relapse (60% blasts).
Death one year after relapse

CR not achieved.
Death due to febrile aplasia

Death . CR followed by relapse
. Salvage therapy:

Gemtuzumab ozogamicin and
cytarabine

. Death after 5 days due to
refractory septic shock

Overall survival 1 month 15 months 6.5 months 24 days 5.5 months

CHU-GA: Centre Hospitalier Universitaire Grenoble Alpes; CHV: Centre Hospitalier de Versailles; CR: Complete Remission; N.A: Not Available; NGS: Next Generation Sequencing; RAEB: Refractory Anemia with Excess Blasts; MDS: Myelodys-
plastic syndrome; AML: Acute Myeloid Leukemia.
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transcript in 85% of cases [12]. Types D and E tran-
scripts constitute 5–10%, while the rare fusions B, C,
F-K were only described in individual case reports
[12]. Interestingly, rare transcripts (B, E and F) were
detected in the majority of our cases (60%), supporting
previous observations associating the presence of rare
CBFB-MYH11 transcripts with ‘atypical’ additional
genetic rearrangements (i.e rearrangements not invol-
ving the numerical gain of chromosomes 22, 8 or 21).
Rare fusion transcripts were found to be associated
with lower white blood cell counts and atypical cyto-
morphology but were not identified as independent
prognostic parameters [13].

Hematologic characteristics and
cytomorphology

As opposed to patients with inv(16) as a sole abnorm-
ality [2], our patients presented with leukopenia and
thrombocytopenia, in addition to a cytomorphology
not typical of the FAB AML-M4 (absence of increased
numbers or morphologically aberrant eosinophils).
Low WBC counts have been previously reported in
association with rare CBFB-MYH11 transcripts, in
addition to atypical morphology [13]. The presence
of thrombocytopenia in the peripheral blood of our
patients, however, has not yet been described nor
associated with specific molecular characteristics of
AML inv(16).

Treatment related AML inv(16)

Treatment with RT, chemotherapy and topoisomerase
inhibitors was shown to be a precursor for the devel-
opment of t-AML with balanced translocations, includ-
ing inv(16) [14,15]. The presence of additional
cytogenetic abnormalities and complex karyotypes
are also known to be more frequent in therapy
related myeloid neoplasms, [15] with TP53 mutation
constituting the most common alteration [16]. The
genetic profiling of t-AML cases with inv(16) should
thus prompt the investigation for a 17p/TP53 aberra-
tion, taking into account the potential effect on
prognosis.

In our t-AML cases, the latency period was found to
be shorter (median: 10 months) than the period
described for inv(16) t-AML without high risk abnorm-
alities (median: 22 months) [15], indicating a potential
effect of the adverse secondary abnormalities.

Effect on prognosis

AML with inv(16) is associated with a good prognosis,
characterized by high complete remission rates and
long-term overall survival [2]. Favorable outcomes in
AML inv(16) are affected by the presence of FLT3-TKD
mutations and previous therapy, [2] but not rare

fusion transcripts [13]. The clinical behavior of our
patients seems to parallel the poor outcome of the
additional high-risk cytogenetic abnormalities [10]
rather than the favorable prognosis of inv(16). As pre-
viously stated, the effect of secondary abnormalities on
the prognosis of CBFB-MYH11 positive AML is still
debatable. While some studies observed a poor
outcome of inv(16) AML with additional monosomy
7/del7q [9], tp53 mutation [17] or complex karyotype
[5], others do not report a worse outcome [3,18–20].
These studies, however, considered each secondary
abnormality as a single factor in univariate analysis.
To date, no published study has compared inv(16)
AML with high risk abnormalities to AML with inv(16)
as a sole abnormality or other secondary cytogenetic
abnormalities. In addition to our case series, 2 pub-
lished case reports describe a high-risk behavior of
this CBF AML subgroup [6,7]. In their refinement of
the ELN2017 classification, Herold et al describe a
case of AML inv(16) and mutated tp53 treated with
HSCT at first intention [17].

In conclusion, data about inv(16) and high risk cyto-
genetic abnormalities is still scarce. Our case series, in
addition to few case reports, suggests a potential clini-
cal behavior as a distinct entity, mimicking the progno-
sis of high-risk anomalies rather than the CBFB-MYH11
fusion. Larger cohort studies are required to assess the
prognostic impact of adverse cytogenetic abnormal-
ities on inv(16) AML.
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