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Abstract: Chromosomal translocation t(8;21) occurs in 5-12% of acute myeloid leukemia (AML) patients.
It is one of the best-known recurrent chromosome aberrations in AML that usually correlates with AML
with maturation (M2). The translocation results in an in-frame fusion of two genes, generating a chimeric
protein composed of one N-terminal domain from the RUNX1 gene and four C-terminal domains from the
RUNX1T1 gene. Because the presence of t(8;21) is diagnostic of AML and the prognosis of AML with t(8;21)
is usually favorable, detection of t(8;21) has diagnostic, prognostic, and therapeutic implications. Variants of
the t(8;21) involving chromosomes 8, 21 and other chromosomes account for approximately 3% of all t(8;21)
cases found in AML patients. The clinicopathologic features of AML cases carrying variant t(8;21) are less
well-characterized. Conventional cytogenetics and fluorescence in situ hybridization can identify the typical
t(8;21) but may miss the variants due to insertion or cryptic translocation, and molecular technologies such
as PCR or next-generation sequencing (NGS) is required to detect the abnormalities. Here we report three
AML cases with variants of t(8;21) detected using an integrative approach of cytogenetics and molecular
genetics analyses. This study illustrates the advantage of using NGS technology in the identification of
variant translocations involving RUNX1::RUNX1T1.
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Introduction

Acute myeloid leukemia (AML) with
RUNX1::RUNX1T1 is characterized by a fu-
sion of the RUNX1 gene on chromosome 21q22.1
and the RUNX1T1 gene on chromosome 8q22,
resulting from the translocation t(8;21)(q22;q22.1).
This is one of the core-binding factor leukemias
and one of the most common subtypes of AML
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with recurrent genetic abnormalities that are
associated with a favorable outcome [1]. The
RUNX1::RUNX1T1 fusion leads to the disruption
of the normal function of the core-binding factor
and results in leukemogenesis by blocking myeloid
maturation and differentiation [2]. Aside from
t(8;21), other secondary chromosomal aberrations
seen in AML with t(8;21) include deletion of
chromosome 9q and loss of an X chromosome in
females or loss of a Y chromosome in males [3].

Blasts in this AML category are large with abun-
dant basophilic cytoplasm, often containing numer-
ous azurophilic granules and perinuclear halo (clear-
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ing), with fewer monocytes and increased eosinophil
[4, 5]. The immunophenotype of this category is
characterized by high CD34 expression and aberrant
expression of CD19 and cytoplasmic CD79a, with
abnormal neutrophil maturation. HLA-DR, CD13,
myeloperoxidase, and PAX5 are often expressed,
with weak or no expression of CD33. Blasts are
usually positive for myeloperoxidase [6-10].

Most patients in this category have higher rates
of complete remission and long-term disease-free
survival when treated with intensive consolidation
therapy (e.g., high dosage of cytarabine) [11, 12].
Several concurrent mutations play a role in modu-
lating the proliferative potential of cells, including
mutations in KIT, FLT3, NRAS, KRAS, and possibly
JAK2 [1, 13]. The presence of KIT p.D816 in adults
correlates with a lower relapse-free survival rate,
while hyperdiploidy and/or the presence of del(9q)
is associated with longer overall survival [14]. A
high (≥ 2) mutation burden is associated with infe-
rior outcomes [15, 16]. FLT3 mutations have been
seen in up to 16% of t(8;21) patients; FLT3-ITD mu-
tations with a high allelic burden are likely to confer
inferior survival, while FLT3-TKD is associated with
a better outcome [1].

Patients who do not achieve major molecular re-
mission after consolidation therapy are at high risk
for relapse and may benefit from allogeneic stem
cell transplant therapy [17]. Detection of measur-
able residual disease either by flow cytometry or
PCR-based techniques is associated with lower com-
plete remission rates and shorter survival, even after
transplantation [18].

In general, the translocation t(8;21) can be detected
as the only genetic abnormality or as part of more
complex abnormalities. If t(8;21) is detected in a
patient with bone marrow pathology, the diagnosis
of AML can be made based on this abnormality
alone. Whether the detection of the fusion gene
can be used for the evaluation of minimal residual
disease and risk of leukemia relapse remains to be
clarified [19].

Variants of the t(8;21) involving chromosomes 8, 21

and other chromosomes account for approximately
3% of all t(8;21)(q22;q22) in AML patients. One of the
challenges to identifying the variants of the t(8;21)
is their likelihood of being missed by conventional
cytogenetics and fluorescence in situ hybridization
(FISH) analyses. The three cases presented here
highlight the importance of the combination of ap-
proaches, i.e., standard karyotyping, FISH, PCR, or
next-generation sequencing (NGS), for the detection
of variants of t(8;21).

Case Report

Case 1

A 68-year-old male presented with a near syn-
copal episode and was found to have pancytope-
nia. He also had systemic mastocytosis observed on
bone marrow biopsy. He denies any fevers, chills,
chest pain, shortness of breath, palpitations, abdom-
inal pain, nausea, vomiting, or diarrhea. He did
note chronic, intermittent, moderate to severe, non-
radiating, sharp, aching, right shoulder pain.

Flow cytometry analysis detected 46% abnormal
myeloblasts expressing dim CD45, partial CD34, dim
CD13, CD117, dim HLA-DR, partial CD56 and dim
CD19. These findings were consistent with acute
myeloid leukemia.

The morphology analysis on peripheral blood
smear and bone marrow revealed pancytopenia and
50% circulating blasts from the peripheral blood and
hypercellular bone marrow (60%) with systemic mas-
tocytosis and associated hematological neoplasm
represented by acute myeloid leukemia (87% blasts)
(SM-AHN).

Genetic tests ordered for this patient included
karyotyping analysis, FISH for AML panel, RT-PCR
for RUNX1::RUNX1T1 rearrangement, FLT3 muta-
tion analysis, and NGS Hematology Molecular Pro-
file of the bone marrow.

Chromosome analysis revealed a 3-way transloca-
tion t(8;21;21)(q22;p13;q22), resulting in the fusion of
the RUNX1::RUNX1T1, in 22 of 22 metaphase cells
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examined (Figure 1A). In addition, 14 cells showed
two copies of the derivative chromosome 21 which
resulted from t(8;21;21) (Figure 1B). The karyotyping
also revealed del(9q) in one of the 20 cells analyzed
(Figure 1C).

FISH for AML panel was also performed on inter-
phase nuclei using probes localized to the D5S721
(5p15.2), EGR1 (5q31), D7Z1 (7cen), D7S486 (7q31),
D8Z2 (8cen), RUNX1T1 (8q22), ABL1 (9q34.12),
KMT2A (11q23), PML (15q24.1), CBFB (16q22.1),
RARA (17q21.1), D20S108 (20q12), RUNX1 (21q22.3)
and BCR (22q11) regions. Two hundred nuclei were
examined, and the results demonstrated an atyp-
ical RUNX1::RUNX1T1 rearrangement in 164/200
(82.0%) of the cells scored. There was only 1 red
signal indicating a partial deletion of RUNX1T1 (Fig-
ure 1D, 1F1R2G). The derivatives of t(8;21;21) were
also labeled to show the corresponding signals by
FISH (Figure 1A): a fusion signal on der(8), a red
signal on the normal chromosome 8, a green signal
on the normal chromosome 21, and a green signal
on der(21).

Reverse transcription- polymerase chain reac-
tion (RT-PCR) in the reference labs detected
the RUNX1::RUNX1T1 fusion transcript with a
RUNX1::RUNX1T1/ABL1 ratio of 10.14139. The
FLT3 mutation analysis was negative. An NGS panel
that includes 45 targeted genes (DNA) and 35 fusion
driver genes (RNA) was conducted in our lab, and
the results showed a RUNX1::RUNX1T1 fusion and
a KIT p.(D816V) c.2447A>T mutation (Figure 1E).

The results of karyotyping, FISH, RT-PCR, and
NGS from this patient were concordant with variant
t(8;21) with RUNX1::RUNX1T1 fusion in this AML.

Case 2

The patient is a 53-year-old man with a history
of alpha-1 antitrypsin deficiency and was recently
diagnosed with thrombocytopenia. Flow cytometry
of peripheral blood demonstrated 25% blasts. Flow
cytometry on the bone marrow showed an increased
myeloblast population with expression of dim CD45,
CD19 and CD56. The blast population also expresses

Figure 1: Chromosome analysis revealed an abnormal clone 1 with a 3-way translocation t(8;21;21) (A), an ab-
normal clone 2 with two copies of derivative chromosome 21 which resulted from the 3-way translocation (B),
and an abnormal clone 3 with del(9q) in addition to the 3-way translocation (C). FISH showed an atypical
rearrangement involving RUNX1 and RUNX1T1 with 1 yellow (fusion), 1 red (8q22) and 2 green (21q22) sig-
nals (D). NGS identified RUNX1::RUNX1T1 fusion and KIT p.(D816V) c.2447A>T mutation (E). ISCN for kary-
otype: 46,XY,t(8;21;21)(q22;p13;q22)[7]/46,idem,der(21)t(8;21;21)[14]/46,idem,del(9)(q13q22)[1] ISCN for FISH: nuc
ish(RUNX1T1x2,RUNX1x3)(RUNX1T1 con RUNX1x1)[164/200].
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CD34, CD33 (dim), CD117, CD13 (dim), and HLA-
DR, consistent with a relapsed AML. The patient un-
derwent induction therapy 7+3 (getting cytarabine
continuously for 7 days, along with short infusions
of an anthracycline on each of the first 3 days) and
tolerated the induction well. He went on to high-
dose cytarabine (HiDAC) consolidation, which was
complicated by hospitalization for neutropenic fever,
as well as some self-limiting transaminitis. Unfor-
tunately, he was found to have disease relapse on
surveillance bone marrow biopsy and was admitted
for re-induction with FLAG-Ida chemotherapy.

The genetic tests included chromosome analy-
sis, FISH for AML panel, RT-PCR, AML MRD,
FLT3 mutation analysis, and NGS Molecular Pro-
file of the bone marrow. Of the 20 cells analyzed,

9 exhibited a loss of the Y chromosome, and a
three-way translocation involving 1q, 8q and 21q:
[t(1;21;8)(q12;q22;q22)], which is a variant t(8;21) (Fig-
ure 2A). The remaining 11 cells were chromosomally
normal. FISH for AML panel was performed on
interphase nuclei (probe detail as described in case
1). Two hundred nuclei were examined, and the
results were positive for a rearrangement involving
RUNX1::RUNX1T1 in 74/200 (37.0%) of the cells
scored with atypical pattern of 3-way rearrangement
involving RUNX1::RUNX1T1 (Figure 2B, 1F2R2G).
The derivatives of t(1;21;8) were also labeled to show
the corresponding signals by FISH (Figure 2A): a
fusion signal on der(8), a red signal on the normal
chromosome 8, 1 red signal on der(1), a green signal
on the normal chromosome 21, and a green signal on

Figure 2: Chromosome analysis revealed an abnormal clone with a 3-way translocation t(1;21;8) (A). FISH was
positive for an atypical pattern of the rearrangement involving RUNX1 and RUNX1T1 (B). NGS identified
RUNX1::RUNX1T1 fusion (C). ISCN for karyotype: 45,X,-Y,t(1;21;8)(q12;q22;q22)[9]/46,XY[11]. ISCN for FISH:
nuc ish(RUNX1T1,RUNX1)x3(RUNX1T1 con RUNX1x1)[74/200].
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der(21). In house NGS molecular profiling showed
RUNX1::RUNX1T1 fusion, concordant with the kary-
otype and FISH findings (Figure 2C).

Case 3

A 62-year-old female with previous medical his-
tory of AML presented with pancytopenia, chest
pain and back pain. She denied shortness of breath,
dizziness, palpitations, nausea, or vomiting.

Flow cytometric analysis of the bone marrow
revealed 23% blasts with a myeloid phenotype,
strongly expressing CD13 and CD117. Blasts aber-
rantly expressed dim CD4 and moderate to strong
CD56. This was consistent with a diagnosis of re-

lapsed acute myeloid leukemia.
Chromosome analysis was performed initially. Of

the 20 metaphase cells analyzed, 9 exhibited a loss
of the Y chromosome, and a three-way translocation
involving 5q, 8q and 21q, which might be a vari-
ant t(8;21) (Figure 3A). The remaining 11 cells were
chromosomally normal. FISH for AML panel was
again performed on 200 interphase nuclei (probe
detail as described in case 1), and the results demon-
strated multiple abnormalities: Gain of 5p15.2 was
observed in 187/200 (93.5%) of cells scored. An
atypical RUNX1::RUNX1T1 rearrangement was ob-
served in 190/200 (95.0%) of cells scored (Figure 3B,
1F2R2G). Gain of 20q12 was observed in 190/200
(95.0%) of cells scored. The derivatives of t(5;21;8)

Figure 3: Chromosome analysis revealed an abnormal clone with a complex karyotype including a 3-
way translocation t(5;21;8), a balanced translocation t(1;5), add(4q), add(5q), gains of chromosomes 4, 5,
13 and 20 (A). FISH was positive for an atypical pattern of the rearrangement involving RUNX1 and
RUNX1T1, gain of 5p15.2, and gain of 20q12 (B). NGS identified RUNX1::RUNX1T1 fusion (C). ISCN for kary-
otype: 50,XX,t(1;5)(p13;q21),?+add(4)(q21),+add(5)(q11.2),t(5;21;8)(q13;q22;q22),+13,+20[20]. ISCN for FISH: nuc
ish(RUNX1T1x3,RUNX1x3-4)(RUNX1T1 con RUNX1x1)[190/200].
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were also labeled to show the corresponding signals
by FISH (Figure 3A): a fusion signal on der(8), a red
signal on the normal chromosome 8, a red signal on
der(5), a green signal on the normal chromosome 21,
and a green signal on der(21). An NGS molecular
profiling showed the RUNX1::RUNX1T1 fusion, con-
cordant with the results from karyotype and FISH
(Figure 3C).

Discussion

AML with t(8;21)(q22;q22) is the typical form
presented as part of the group of AML patients
with recurrent genetic abnormalities. It is com-
monly seen in AML-M2, and rarely in M1 or M4
(https://atlasgeneticsoncology.org/haematological/
1019/t(8;21)(q22;q22)). This rearrangement has
been seen in both children and adults but is
more frequently observed in childhood AML,
and uncommon in patients over 60 years of
age [19-21]. AML with t(8;21)(q22;q22) and
inv(16)(p13;q22)/t(16;16)(p13;q22) are both cate-
gorized as core binding factor AML, and these
cytogenetic abnormalities have a more favorable
prognosis when treated with high dose cytarabine
[22, 23]. The t(8;21) has been reported in 5 -
12% of de novo AML and results in the fusion
protein RUNX1-RUNX1T1 [1, 24-26]. This RUNX1-
RUNX1T1 fusion protein regulates the expression of
many genes involved in multiple signaling pathways
[27]. Complex t(8;21;Var) rearrangement involving
a (variable) third chromosome has been described
in 3% of AML patients. In terms of prognosis,
complete remission (CR) in most cases (90%) can be
expected with relatively long disease-free survival
when treated with high-dose chemotherapy. Some
of the variant translocations with RUNX1::RUNX1T1
fusion transcripts are cytogenetically cryptic and
can only be identified with molecular approaches
(e.g., quantitative PCR or NGS). In this case report,
we present three cases of variant t(8;21) identified in
our lab by using karyotyping, FISH, and NGS.

Case 1 was diagnosed as AML by flow cytometry

and morphology analysis. Karyotyping showed a
variant 3-way translocation involving chromosomes
8, and 21, t(8;21;21)(q22;p13;q22). Two additional
clones were also identified by karyotyping: one with
an additional derivative chromosome 21, the other
clone with del(9q), which is a recurrent chromo-
some abnormality seen in AML. The clonal evolution
seen from chromosome analysis indicates a more
aggressive disease process. Both FISH and NGS
confirmed the rearrangement of RUNX1::RUNX1T1
although one red signal (RUNX1T1) was lost from
der(21). NGS also identified a KIT p.D816V mu-
tation in addition to the RUNX1::RUNX1T1 fu-
sion. KIT mutations occur in 20-30% of cases with
RUNX1::RUNX1T1 fusion [28]. The relapse-free sur-
vival (RFS) in KIT-mutated patients was inferior to
those of unmutated patients. Based on subgroup
analysis, KIT mutations had a prognostic impact in
patients with RUNX1::RUNX1T1; multivariate Cox
regression analysis with stepwise selection revealed
that the KIT exon 17 mutation (e.g., D816V) and the
presence of extramedullary tumors in patients with
RUNX1::RUNX1T1 were poor prognostic factors for
relapse-free survival [29]. The patient was treated
with decitabine & Venetoclax before he decided to
move to his hometown where he would not be able
to receive the high-dose chemotherapy.

Case 2 was diagnosed as a relapsed AML again by
flow cytometry and morphology analysis. Kary-
otyping revealed a variant 3-way translocation
t(1;21;8)(q12;q22;q22) and loss of the Y chromo-
some, which could be age-related with no clinical
consequences. The results from FISH and NGS
were concordant with the chromosomal finding.
The t(1;21;8) has been reported in several litera-
tures. Kim et al. identified a variant translocation
t(1;21;8)(q21;q22;q22) in a 63-year-old female patient
with AML. After induction chemotherapy, she had
complete remission. There were over 24 such cases
in the literature that did not show poorer prognosis
with t(1;21;8) than those with the classic t(8;21) [30].
Huang et al. reported 4 cases with variant t(8;21),
one of them also had t(1;21;8). All 4 patients were
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treated with combination chemotherapy and in com-
plete remission [2]. The outcome of the patient was
good. He was treated with high dose cytarabine,
achieved complete remission, and is now disease-
free.

Case 3 was diagnosed as a relapsed AML
with a similar approach as for Case 1 and
2. Chromosomal analysis revealed a very com-
plex abnormal karyotype with a 3-way transloca-
tion t(5;21;8)(q13;q22;q22), a balanced translocation
t(1;5)(p13;q21), gains of add(4p), add(5q), and chro-
mosomes 13 and 20. Literature search did not re-
trieve any reports with the same 3-way translocation.
FISH revealed a typical 3-way translocation signal
pattern for RUNX1::RUNX1T1 rearrangement with
1F2R2G. NGS confirmed the rearrangement of this
fusion.

In all 3 cases we presented here, results of kary-
otyping, FISH and NGS were concordant (Table 1).
The third patient received induction chemotherapy
with HiDAC plus FLAG-IDA, but she was not doing
well due to chemo-related pancytopenia and inter-
mittently required transfusions of packed red blood
cells (PRBCs) and platelets. The patient also had
intermittent neutropenic fevers and was deceased
after 2 months.

For genetic testing performed in our lab, ideally,
the metaphase FISH should be performed to see if
the fusion can be identified on the derivative chro-
mosome 8. Due to non-retrievable archived sample,
this was not feasible for these 3 cases. Based on the
signal patterns by AML FISH, the predicted signal
on the karyotype were labeled in Figure 1A, Figure

2A and Figure 3A to help understand the interpre-
tation of the translocation. According to a study
by Reikvam et al, there are many variants of t(8;21)
reported in the literature. Of the two fusions of
RUNX1::RUNX1T1, only the one on derivative chro-
mosome 8 can be detectable by RT-PCR. Other than
the simple reciprocal translocation, there are many
other mechanisms that can result in fusion such
as inversion or insertion involving chromosome 8.
These variant rearrangements can be cryptic and eas-
ily overlooked by conventional G-banding or FISH
[19]. Therefore, NGS should be recommended in
case in which discrepant results are seen from kary-
otype and FISH testing. In the future, chromosome
analysis, FISH, or NGS should be utilized to monitor
the disease progression and treatment efficacy for
the patients.

In conclusion, the t(8;21) variant of AML is a het-
erogenous subset group of disease with a specific
chromosome translocation. The clinical outcome is
varied due to limited data, and the prognosis can be
modified when complex karyotype and additional
DNA mutations are detected. With the advancement
of molecular technology (e.g., NGS), more genetic
information will be available to aid in a better clin-
ical interpretation, which will contribute to more
personalized treatment for patients.
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Table 1: Summary of Results from Karyotyping, FISH, and NGS.

Case Karyotype FISH NGS

1 46,XY,t(8;21;21)(q22;p13;q22)[7]/
46,idem,der(21)t(8;21;21)[14]/
46,idem,del(9)(q13q22)[1]

RUNX1::RUNX1T1 RUNX1::RUNX1T1 fusion
KIT p.(D816V) c.2447A>T
mutation

2 45,X,-Y,t(1;21;8)(q12;q22;q22)[9]/46,XY[11] RUNX1::RUNX1T1 RUNX1::RUNX1T1 fusion
3 50,XX,t(1;5)(p13;q21),?+add(4)(q21),+add(5)

(q11.2),t(5;21;8)(q13;q22;q22),+13,+20[20]
RUNX1::RUNX1T1 RUNX1::RUNX1T1 fusion
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