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Abstract
Myeloid Neoplasms with germline pre-

disposition become part of 2016 World
Health Organization (WHO) classification
of hematological malignancies since 2016.
CCAAT/enhancer binding protein-alpha
(CEBPA) is a myeloid transcription factor
located in chromosome 19q. Acute myeloid
leukemia (AML) with biallelic mutations of
CEBPA AML with recurrent genetic abnor-
malities according to WHO classification.
The inheritance of a germline CEBPA muta-
tion predisposes to the development of
AML with autosomal dominant inheritance.
Familial CEBPA AML share characteristics
with somatic CEBPA AML. However, a
higher relapse incidence is reported. We
present the case of a 46-years-old male with
family history of acute leukemia who was
diagnosed with single mutated CEBPA
acute myeloid leukemia. The same mutation
was found in two of his siblings. The clini-
cal suspicion and proper diagnosis of famil-
ial cases is necessary, especially when a
related allogenic transplant is indicated in
order to select an adequate donor. 

Introduction
In 2016, the World Health Organization

(WHO) incorporated Myeloid Neoplasm
with germline predisposition syndromes
into Myelodysplastic Syndromes (MDS)
and Acute Myeloid Leukemia (AML) clas-
sification.1 Estimates suggest that 4-10% of
children and young adults with MDS or
AML and 4% of adults with AML carry
inherited mutations affecting cancer suscep-
tibility genes.2 Implicated genes according
to the WHO classification include: CEBPA,
DDX41, RUNX1, ANKRD26, ETV6,
GATA2.1 However, newer genes have been
described more recently. These include
SAMD9, SAMD9L, as well as BRCA1 and
MSH6 genes more traditionally associated
with solid tumors.3

CCAAT/enhancer binding protein-
alpha (CEBPA) is a myeloid transcription
factor expressed in myelomonocytic cells
that actively participates in granulocytic
maturation.4 CEBPA gene is located in
chromosome 19q and mutations have been
described in 10 to 15% of AML.5 Mutations
occur in two main hotspots: N-terminal
(frame-shift mutations) and C-terminal (in-
frame insertions/deletions).6

Three different CEBPA mutant patterns
can be described in AML: i) Single mutated
CEBPA (CEBPAsm), represents 50% of
CEBPA mutated AML, wild type (wt)
CEBPA is also expressed; ii) AML double
mutated or with biallelic mutation
(CEBPAdm), no wt CEBPA expressed; iii)
AML with homozygous CEBPA mutation
due to loss of heterozygosity (LOH), no wt
CEBPA expressed.6 AML with biallelic
mutations of CEBPA (CEBPAdm) is includ-
ed as one of AML with recurrent genetic
abnormalities in WHO classification.1
Moreover, some patients may inherit a
germline CEBPA mutation that predisposes
to the development of AML with autosomal
dominant inheritance. It has been reported
that more than 10% of AML with biallelic
CEBPA mutations carried a N-terminal
frameshift CEBPA germline mutation,7 with
acquisition of a C-terminal somatic muta-
tion as a second event in the development of
AML.

Case Report
In February 2020 a 46-year-old male

was referred to our Hematology Service at
Dr. Manuel Quintela Clinicas Hospital in
Montevideo with history of cutaneous
bleeding, skin infections and weight loss in
the last three months. He worked in a farm
and had been exposed to pesticides. He had
a complete blood count (CBC) from four
months earlier that showed
thrombocytopenia (72.0×109/L) and
neutropenia (0.34×109/L). At admission
white blood cell (WBC) count was
3.0×109/L (22% myeloblasts with Auer
Rods), hemoglobin level was 10.2 g/dL, and
platelet count was 42.0×109/L. Bone marrow
(BM) aspirate showed 50% of myeloblasts
corresponding to acute myeloblastic
leukemia (AML) with maturation according
to French American-British (FAB)
classification. Blast immunophenotype was:
CD34-, CD117++, HLA-DR+, MPO+,
CD13+/- with aberrant expression of CD7
and no monocytic, erythroid or
megakaryocytic differentiation (Figure 1).
Bone marrow biopsy showed 80%
myeloblasts without dysplastic features or

fibrosis. BM cytogenetics detected an
abnormal clone: 48, XY +4 +10 [9] / 46, XY
[2]. Molecular analysis demonstrated a
monoallelic N-terminal frameshift CEBPA
mutation detected by fragment length
analysis (25bp deletion) as described by
Benthaus et al.8 As shown in Figure 1 a
deletion of 25bp was confirmed by sanger
sequencing (NG_012022.1:g.531_555del).
This CEBPA variant has not been reported
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previously and we have started reporting
process with cosmic database. According to
European Leukemia NET, patient was
classified as Intermediate Risk Acute
Myeloid Leukemia. 

The patient (proband II-4) had five sib-
lings, four of them were alive. His sister
(sibiling II-6) died with 7 years old in 1986
from Acute Leukemia (we do not have the
phenotype). His two brothers and one of his
sisters were healthy and the other sister
(sibiling II-1) had Rheumatoid Arthritis and
was receiving biologic treatment. His moth-
er was alive, and his father died at 63-years-

old of unknown cause. One of his nieces
(relative III-1) was diagnosed with breast
cancer at the age of 30-years-old and the
other one (relative III-2) died at two-years-
old of an unknown cause (Figure 1).
Histocompatibility studies were performed,
and the two brothers (sibilings II-3 and II-5)
were fully matched. Due to the familial his-
tory suggestive of inherited myeloid neo-
plasia predisposition, the two potential
donors (sibilings II-3 and II-5) were studied
for CEBPA mutations detection by fragment
length analysis and confirmed by sanger
sequence and the CEBPA variant present in

the patient was found in both cases (Figure
1). Written informed consent were obtained
from the patients before evaluation. 

Patient received induction with 3+7
(Idarubicin and cytarabine) not achieving
cytomorphologic remission (partial
response) after first course (marrow aspirate
showed 10% myeloblasts). A second 3+7
was delivered as re-induction and then
Complete Remission (CR) was achieved.
Minimal residual disease (MRD) assessed
by multiparametric flow cytometry was
high (0.3%). The intended treatment was
allogenic transplantation. However, his two
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Figure 1. 1) Leukemia Diagnosis. 1.A) Bone marrow aspiration, cytomorphology (May Grunwald Giemsa 100x). 1.B)
Immunophenotype. Green: blast cells showing CD34, HLA-DR, CD117 and CD7 expression; Red: T lymphocytes; Grey: erythroblasts;
Light purple: neutrophils; Dark purple: Eosinophils. 2) Sequence analysis of CEBPA showing the germline mutation identified in
patient II:4 and two brothers II-3 and II-5. 2.A and 2.B shows forward and reverse sequencing respectively. Reference sequence (arrows
indicate the beginning and end of the deletion) , patient’s sequence (Proband II:4) and both siblings (Sibilings II:3 and II:5). This muta-
tion consists of an 25pb deletion in CEBPA. The normal sequence remains present but its intensity decreased in 50% and is accompa-
nied by a new signal that correspond to the deleted sequence. 3) Pedigree of the family. Squares refer to males and circles to females.
In light grey acute myeloid leukemia; dark grey: acute leukemia of unknown phenotype. An arrow indicates the proband. His father
and niece died of unknown cause. GM: germ line mutation. 



related matched donors could not be used
because both carried the CEBPA germline
mutation. He is now in complete remission,
receiving high dose cytarabine consolida-
tion therapy and waiting for an unrelated
matched donor.

Written informed consent for publica-
tion was obtained from the patient.

Discussion and conclusions
The first family found to harbor a

germline CEBPA mutation was described in
United Kingdom in 2004, the index case
was a 30-year-old male with de novo M2
AML whose sister developed M2 AML as
well only two weeks later.9 Both patients
exhibited aberrant CD7 expression in
myeloblasts.  After that, over ten families
with Familial CEBPA have been reported
with mutations that localize mostly in N-ter-
minal. Median age at diagnosis was report-
ed at 25 years and previous MDS or cytope-
nia were not common. FAB subtypes were
usually M1 and M2 and karyotype was fre-
quently normal. Penetrance was reported to
be almost complete.4

Clinical presentation of familial
CEBPA cases is very similar to somatic
CEBPA biallelic AML having similar sur-
vival probabilities at diagnosis. Familial
CEBPA AML have higher relapse incidence
(up to 90% in some series), with multiple
relapses episodes and first relapses present-
ing later than in sporadic cases.4,10 Median
time to first relapse in Familial CEBPA
AML was reported to be 27 months.11
Sensitivity to chemotherapy after relapses is
higher in familial cases with better progno-
sis.11 Because of differential molecular pro-
file of subsequent events (different somatic
CEBPA mutations), late relapses have been
attributed to the novo disease originating
from predisposed stem cell pool and that
this would explain chemo sensitivity.2

Our patient was 46-year-old which is
older than the median age at presentation.
However, presentation age can range from 2
to 50-years-old.11 In concordance with pre-
vious reports, he had M2 AML with CD7
aberrant expression.4 Although the majority
of familial CEBPA AML present biallelic
mutation (CEBPAdm) with N-terminal
germline mutation followed by the acquisi-
tion of a C-terminal somatic mutation,7 a
monoallelic N-terminal CEBPA mutation
was found in this case. We report a new
CEBPA variant. One possible interpretation
for monoallelic CEBPA AML is that this
germline mutation (first hit) was followed
by mutation (second hits) in other not stud-
ied genes such as WT1, GATA2, KIT,

TET2, EZH2.10 Another possibility is that
our patient presented a homozygous muta-
tion due to Loss of heterozigocity (LOH)
with no expression of wtCEBPA. This has
been reported for CEBPA mutated AML and
the underlying proposed mechanism is the
deletion of the wild-type allele, or uni-
parental disomy (UPD) as a result of mitotic
recombination.12,13 High-resolution single
nucleotide polymorphism (SNP) array or
next generation sequencing (NGS) allows
the detection of UPD.14 However, we were
not able to confirm LOH as a result of UPD
in our patient because these technologies
are not available in our country. Another
possibility is that CEBPA germline muta-
tion was followed by “second hits” (somatic
mutations) in other genes such as WT1,
GATA2, KIT, TET2, EZH2.10

Although there is no consensus about
the requirement of performing allogenic
stem cell transplant (allo HSCT) in
germline CEBPA AML, our patient did not
achieve complete remission after first
induction treatment and also have persisted
with positive minimal residual disease
(MRD) measure by flow cytometry after re-
induction. We decided to consolidate with
Allo HSCT and he had two HLA matched
siblings. However, family background and
the presence of patient CEBPA mutation
made us to study sibling donors and we
found that both carried the same CEBPA
variant, thereby becoming non-suitable
donors. This case reveals the importance of
considering germline testing in patients
with CEBPA variants, irrespective of the
age of onset.

Lately, next generation sequence (NGS)
based platforms for the evaluation of muta-
tion status in AML have become the stan-
dard of care in multiple institutions as it is
more practical and cost- effective than
numerous single-gene assays. Although
there are various panels, most of them share
a core set of approximately 25 genes fre-
quently mutated in AML which also include
several genes that are associated with
Myeloid Neoplasms with germline predis-
position.1 The challenge is to identify which
of those would have a possible germline
origin. Variant allele frequency (VAF) may
provide important information in this
regard.  It has been reported that mutations
in genes with known germline inheritance
present at heterozygous range (40-60%) or
homozygous (around 80%) VAF should
trigger further evaluation.15 Currently, we
are developing an NGS panel for myeloid
malignancies at our laboratory that we hope
will be soon available soon for AML diag-
nostic evaluation. 

We highlight the importance of familial
AML suspicion based on family history,

especially when a related donor transplant
is planned. Algorithms has been described
in order to guide the study of a suspect
myeloid neoplasm with germline predispo-
sition syndrome.16 Our patient presented a
first degree relative with acute leukemia at a
young age onset and a CEBPA mutation.
This leads us to consider the possibility of a
CEBPA familial AML. The diagnosis is not
only beneficial for the patient, allowing a
suitable donor selection, but also to asymp-
tomatic affected carriers in order to develop
an adequate surveillance strategy.15,16
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