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Abstract
Rationale: The balanced translocation t(8;21;22)(q22;q22;q11.2) is not reported previously, although t(8;21)(q22;q22) is seen in
approximately 7% of adults and most frequent abnormality in children with newly diagnosed acute myeloid leukemia (AML). AML-
associated hemophagocytic lymphohistiocytosis (HLH) is a rare event, reported only of limited numbers. The present study reports a
very rare case of t(8;21;22)(q22;q22;q11.2) with AML, not reported previously, and developed HLH at the same time.

Patient concerns and diagnosis: A 15-year-old girl presented with a history of bleeding gums and high fever, leukocytosis,
anemia, and thrombocytopenia. While waiting the result of bone marrow aspirate, the HLH-associated examinations were abnormal.
Bone marrow aspirate showed a hypercellular marrow with 1% myeloblasts. The cytogenetic and molecular studies revealed the
presence of abnormal karyotype-46, XX, t(8;21;22)(q22;q22;q11.2) and RUNX1–RUNX1T1 fusion gene. Genetic detections of HLH
showed heterozygous genetic variants in lysosomal trafficking regulator (LYST). Hence, she was diagnosed with AML with t(8;21;22)
(q22;q22;q11.2) and HLH.

Interventions and outcomes: All HLH clinical symptoms disappeared after the 4 weeks treatment of HLH. Then the patient
received standard AML induction chemotherapy and the leukemia relapsed after 2 cycles of high-dosed consolidation therapy.
Eventually, the patient received emergent paternal haploidentical hematopoietic stem cell transplantation based on the complex
variant translocation, leukemia replased state and HLH with compound heterozygotes mutation, and achieved sustained remission
with RUNX1–RUNX1T1 negative for more than 1 year.

Lessons: Patients with some specific recurrent cytogenetic abnormalities should be diagnosed with AML regardless of the blast
count, for example t(8;21). We should improve the understanding of complex variant translocations. HLH-related genetic mutations
were not only found in primary HLH, but also in second HLH.

Abbreviations: AML = acute myeloid leukemia, CLAG = cladribine, cytarabine, granulocyte colony-stimulating factor, CR =
complete remission, FCM = flow cytometry, F-HLH = familiar hemophagocytic lymphohistiocytosis, HLH = hemophagocytic
lymphohistiocytosis, LYST = lysosomal trafficking regulator, S-HLH = secondary hemophagocytic lymphohistiocytosis, WHO =
World Health Organization.

Keywords: acute myeloblastic leukemia, chemotherapy, hematopoietic stem cell transplantation, hemophagocytic lymphohis-
tiocytosis, variant translocation
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1. Introduction

The World Health Organization (WHO) category “AML with
recurrent genetic abnormalities” accounts for approximately
20%∼30% of AML cases.[1] The balanced chromosomal
translocation t(8;21)(q22;q22) is a frequent non-random cyto-
genetic abnormality in AML.[2] In approximately 3% to 4% of
AML patients, a complex variant translocation involving
chromosomes 8, 21 and a third or fourth chromosome.
Hemophagocytic lymphohistiocytosis (HLH) is a rare but

potentially life-threatening syndrome.[3] Secondary HLH (S-
HLH) is triggered by several causes, including infections,
malignancies, metabolic diseases, autoimmune diseases, and
acquired immune deficiencies. The malignancy-associated hemo-
phagocytic lymphohistiocytosis is mostly associated with
lymphoid neoplasms.[4] Acute myeloid leukemia with HLH is
rarely reported, only in some case reports.
Herein, we report a very rare case of t(8;21;22)(q22;q22;

q11.2) with AML, and developed HLH. The complex variant is
not reported in the previous literature and her initial bone
marrow examination showed a low blast count.
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Figure 1. Chromosome karyotype analysis. There are 6 banded metaphases after cultured, and all show an abnormal karyotype-46, XX, t(8;21;22)(q22;q22;
q11.2).
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2. Case report

A 15-year-old girl was admitted into our center with a history of
bleeding gums for 6 months and high fever for 18 days. On
physical examination, spleen could be palpable below the costal
margins without surperficial lymphadenopathy. The initial
complete blood count revealed that the white blood cell count
was 64.32�109/L with 2% myeloblasts, hemoglobin level was
94g/L, and the platelet count was 20�109/L. Then bone marrow
aspirate was taken on. She had a fever again and the hemogram
gradually declined, while waiting the result of bone marrow
aspirate. And we found that triglycerides (2.18 mmol/L), alanine
aminotransferase (67 IU/L), aspartate aminotransferase (84 IU/
L), lactate dehydrogenase (3537 IU/L), serum ferritin (81066 ng/
mL) and soluble CD25(1010 U/mL) were elevated. A reduced
natural killer cell activity (12.5%) and fibrinogen level (0.5g/L)
were detected. Taken together with the clinical and laboratory
findings, the patient was diagnosed with HLH according to the
2004 diagnostic guidelines for HLH.[5] She was immediately
treated with dexamethasone and etoposide based on the HLH-
2004 regimen and dexamethasone dose was gradually reduced.
Also bone marrow aspirate showed a hypercellular marrow with
2

1% myeloblasts. Flow cytometry (FCM) studies indicated that
1.9%of nucleated cells were positive for CD34, HLA-DR, CD13,
CD33, CD56, CD117 and negative for CD5, CD7,CD16, CD19,
which indicated an abnormalmyeloid blast origin. Chromosomal
analysis of the bone marrow cells showed an abnormal
karyotype-46, XX, t(8;21;22)(q22;q22;q11.2) (Fig. 1).Moreover
the RUNX1–RUNX1T1 fusion transcripts were detected in
further molecular study. Other possible triggers of HLH were
screened simultaneously and the genetic detections of HLH
showed that the patient and her mother had the same
heterozygous genetic variants in lysosomal trafficking regulator
(LYST) (exon46; c.10526G >A; p.Arg3509Gln). Etiological
examinations and autoimmune antibodies were negative.
Eventually, based on the presence of the recurrent genetic

abnormality, the patient was diagnosed with AML with t
(8;21;22)(q22;q22;q11.2), RUNX1–RUNX1T1. After 4 weeks
of the treatment of HLH, the serum ferritin still elevated (684 ng/
mL), but the HLH-associated clinical symptoms and other
laboratory abnormalities disappeared. Repeated bone marrow
examinations showed a hypercellular marrow with 13%
myeloblasts and the RUNX1–RUNX1T1 fusion gene was still
positive. Subsequently, the patient underwent standard AML
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induction chemotherapy consisting of cytarabine (160mg,
intravenous, days 1–7) and idarubicin (20mg, intravenous,
day 1, 10mg, intravenous, days 2–3). The patient achieved
complete remission (CR) with RUNX1–RUNX1T1 positive.
Unfortunately she experienced leukemia replase revealed by
40.5% myeloblasts in the bone marrow after 2 cycles of
consolidation chemotherapy consisting of high-dose cytarabine
(4500mg, intravenous, every 12hours, days 1, 3, 5) and
idarubicin (10mg, intravenous, day 1). Then patient received
standard CLAG (cladribine, cytarabine, granulocyte colony-
stimulating factor) regimen, which was failed and there were still
59% myeloblasts in bone marrow. Finally patient received
paternal haploidentical hematopoietic stem cell transplantation.
After the transplantation, bone marrow achieved complete
remission and RUNX1–RUNX1T1 fusion gene was negative for
more than one year.
3. Discussion

According to the World Healthy Organization classification,
patients with the specific recurrent cytogenetic abnormality of t
(8;21)(q22;q22), should be diagnosed with AML regardless of
the blast count.[6] In the majority of cases, the RUNX1–
RUNX1T1 fusion gene is the result of balanced translocation
chromosomes 8 and 21.[7] But there are some complex variant
forms of translocations. Complex variants of t(8;21) was found
to account for 3% to 4% of all t(8;21) cases.[8] Those variants
could involve chromosomes 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, or X.[9–11] The t(8;21;22)(q22;q22;
q11.2) in our case is a new form of complex variant reported
nowhere before. Although the patients with t(8;21)(q22;q22)
have a favorable prognosis, the prognostic impact of these
complex variants is still unclear. Some studies hint that there are
no obvious differences in complete remission and overall survival
rate between the classical t(8;21) and the complex variants,[12]

but others indicate that the additional chromosome could change
some biological characteristics of leukemic cells. For example,
tumor cells may resist to the cytotoxic effects of chemotherapeu-
tic agents.[13] In our case, leukemia relapsed after a standard
induction chemotherapy and high-dosed consolidation therapy.
Thus we believe this complex variant may hint unfavorable
prognosis and the significance needs further studies.
Malignancy-related HLH has been reported in many liter-

atures and the most commonmalignancy types are hematological
neoplasmas (93.7%) with NK- or T cell malignancies (35.2%),
followed by B-cell lymphoma (31.8%), Hodgkin lymphoma
(5.8%), acute leukemia (6.4%), and other hematologic neo-
plasms (14.4%).[3] AML-associated HLH is only seen in some
case reports without accurate data.
Genetic defects play an important role in familiar HLH (F-

HLH) and childhood HLH, and are increasingly found in adult
cases and S-HLH. These genes act in an autosomal recessive
inheritance pattern, especially inheritance of a mutation at both
alleles of a gene is required to manifest the disease; however,
heterozygosity for an HLH mutation is occasionally found in an
individual, and often associated with HLH-related diseases,
including rheumatologic disorders, immunodeficiency, and
others.[14] This heterozygosity can be classified into 2 categories,
including compound heterozygotes with a different mutation in
each allele of the same gene and digenic inheritance with separate
mutations in 2 different genes.[15]

Mutations in the LYST gene located on 1q42.1–42.2, have
been identified as a cause of Chediak–Higashi syndrome that is
3

associated with primary HLH, however, some cases who have
LYST gene mutations never show any clinical manifestations of
Chediak–Higashi syndrome.[17] In the case, genetic testing of the
patient and her mother identified amonoallelic mutation in LYST
(exon46; c.10526G >A; p.Arg3509Gln) and we also found a
heterozygous mutation on the intron of Exon 38 (c.9162+11G
>A). The 2 mutations are novel mutations.
In the case, the patient was extensively investigated for the

triggers of HLH, including infections, autoimmune deficiencies
and malignancies, and the only finding was AML. Thus we
thought AML was the trigger of HLH. The gene examination
showed the same LYST gene mutation in the patient and her
mother. Thus LYST gene monoallelic mutation in this patient
may serve as the first hit andHLHwill not have occurred without
a second hit like AML in our case. Our study center is taking
some research to confirm this double-hit hypothesis of HLH
pathogenesis.
We are sorry that fluorescence in situ hybridization analysis is

not performed to confirm t(8;21;22), because of lacking suitable
probes and testing conditions. So the examinations of molecular
genetics need further development in the future. The double-hit
hypothesis of HLH pathogenesis has not been proved, and more
research is needed to confirm it.
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