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Introduction
Double-hit lymphoma (DHL) is a disease entity recently 

introduced to describe malignant lymphoma with two recurrent 
translocations typically involving MYC and BCL2 oncogenes [1-3]. 

The term DHL is also used to refer to lymphomas having abnormalities 
of other oncogenes such as BCL6 concurrent with MYC translocation, 
or those having corresponding translocations demonstrated by 
cytogenetics. Several studies with a large series of DHL cases have 
clarified its aggressive disease course and poor prognosis [4-7]. Of note, 
approximately 40% of DHL patients have evidence of bone marrow 
involvement, with 10% of cases showing leukemic presentation. A large 
retrospective study revealed that both bone marrow involvement and 
leukemic presentation are prognostic factors predicting shorter event 
free survival and overall survival [4]. Therefore, accurate evaluation of 
bone marrow involvement is essential for better prediction of disease 
course and establishment of treatment strategy in DHL.

Morphologically, majority of tumor cells of DHL show features 
intermediate between Burkitt lymphoma and diffuse large B-cell 
lymphoma (DLBCL), but a subset of cases with features of B-lymphoblastic 
lymphoma or follicular lymphoma has also been identified [8]. 
Consequently, lymphoma cells infiltrating in bone marrow can show wide 
variety of morphology, leading to difficulty in diagnosis of bone marrow 
involvement. Here we describe a rare case of DHL with bone marrow 
involvement that showed concurrent development of acute myeloid 
leukemia (AML). Although morphological distinction between lymphoma 
cells and leukemic cells in the bone marrow was difficult, cytogenetic 
analysis and immunophenotyping by flow cytometry (FCM) were useful 
in discriminating these two types of malignant hematological cells.

Case Report
An 81-year-old man presented at hospital with general fatigue, loss 

of body weight, and high fever. He had been suffering from chronic 
anemia and thrombocytopenia for years, but precise hematological 
evaluation had not been performed. The blood examination at the 
hospital showed the presence of blastoid cells in his peripheral 
blood, and he was referred to our hospital. Physical examination 
revealed no specific symptoms except for anemia in palpebrae. The 
laboratory evaluation revealed elevated serum lactate dehydrogenase 
level of 923 IU/L (reference range: 124-222). Computed tomography 

disclosed axillary lympadenopathy and abnormal para-aortic mass. A 
hematological examination showed mild anemia (hemoglobin level 
of 103 g/L) and thrombocytopenia (platelet count of 95.0 × 109/L), 
neutrophil dysplasia, and the presence of blastoid cells (21.5% of white 
blood cells) and dysmorphic lymphocytes (2.5% of white blood cells). 
Bone marrow aspiration revealed the presence of blast cells (6.6% of 
total nucleated cells (TNCs)) and dysmorphic lymphocytes (76.6% 
of TNCs). The blast cells were medium-sized to large with basophilic 
cytoplasm, and some contained nucleoli on the nucleus (Figure 1). 
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Abstract 
An 81-year-old man presented at hospital with general fatigue, loss of body weight, and high fever. A blood 

examination showed anemia, thrombocytopenia, neutrophil dysplasia, and the presence of blastoid cells. Bone 
marrow aspiration also revealed the presence of blast cells and dysmorphic lymphocytes. Flow cytometric analysis 
of bone marrow cells identified three distinct aberrant cell populations: small and large cells both positive for CD10, 
CD19 and CD20, and medium-sized to large cells positive for CD13, CD34, and CD117. Cytogenetic analysis of 
the bone marrow cells showed two distinct populations having either 46, XY, t(8;22)(q24;q11.2), t(14;18)(q32;q21) 
or 46XY, -5, -17, -20, +mar1, +mar2, +mar3. This is an extremely rare case with concurrence of DHL and AML, and 
his lymphoma cells and leukemia cells in the bone marrow were difficult to distinguish morphologically. It is essential 
to fully perform cytogenetic analysis and immunophenotyping for accurate evaluation of bone marrow involvement 
of DHL.

Figure 1: Wright-Giemsa staining of cell smears of bone marrow aspiration 
(×1000). 
The blast cells were medium-sized to large with basophilic cytoplasm, and some 
contained nucleoli on the nucleus (red arrows). Dysmorphic lymphocytes were 
of two types: small cells with a high nucleus/cytoplasm ratio, some of which had 
deeply cleaved nuclei (white arrows); and large cells with basophilic cytoplasm, 
some of which contained a few cytoplasmic vacuoles (black arrows).
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Dysmorphic lymphocytes were of two types: small cells with a high 
nucleus/cytoplasm ratio, some of which had deeply cleaved nuclei, 
accounting for 40% of TNCs; and large cells with basophilic cytoplasm, 
some of which contained a few cytoplasmic vacuoles, accounting for 
36.6% of TNCs. However, blast cells and large dysmorphic lymphocytes 
were sometimes difficult to distinguish. Myeloperoxidase was weakly 
positive in 2% of bone marrow blastoid cells, while esterase and periodic 
acid-Schiff (PAS) staining was negative. Histopathological examination 
of the bone marrow biopsy specimen revealed two types of lymphoid 
cell populations, with small cells having a round nucleus and large cells 
with vacuoles, both of which were positive for CD10, CD20, CD79a, 
bcl-2, and bcl-6 by immunohistochemistry. Biopsy of the lymph nodes 
or para-aortic mass was not performed due to deteriorating conditions 
of the patient.

CD10-, CD19-, CD20-, and HLA-DR-positive populations of bone 
marrow cells were detected by flow cytometry in the area of CD45-
positive populations of large and small cells which accounted for 29.5% 
and 36.1% of TNCs, respectively. A distinct population of medium-
sized to large cells (7.2% of TNCs) positive for CD13, CD34, CD117, 
and HLA-DR was detected in the area of cells dimly positive for CD45 
(Figure 2). 

Cytogenetic analysis of the bone marrow cells showed two distinct 
patterns of abnormality. Among the 20 metaphase cells, 46, XY, t(8;22)
(q24;q11.2), t(14;18)(q32;q21) was detected in 6 cells, while 46XY, 
-5, -17, -20, +mar1, +mar2, +mar3 was detected in 3 cells (Figure 3). 
Fluorescence in situ hybridization (FISH) using dual color probes for 
IgH/BCL2 performed on the bone marrow cells demonstrated signal 
patterns indicative of an IgH/BCL2 fusion in 72% of interphase cells. 
FISH using IgH/MYC probes did not detect cells with this fusion 
pattern. In addition, FISH using single color probe for CSF1R located 
on chromosome 5q showed loss of this gene in 25% of interphase cells. 
FISH of IgL/MYC or IgK/MYC was not performed due to insufficient 
materials.

Based on the morphology, FCM, and cytogenetic analysis, he was 
diagnosed as DHL with bone marrow involvement complicated with 
AML with myelodysplasia-related changes. Since both diseases were 
predicted to respond poorly to anti-neoplastic therapy and he was 
intolerable to aggressive therapy due to his age, he was only treated 
supportively. Dyspnea due to pulmonary infiltration of malignant cells 
gradually developed, and he died of progression of DHL and AML on 
the 47th hospital day.
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Figure 2: Flow cytometric analysis of the bone marrow cells. 

A and B: In the area of CD45-positive cells, two cell populations were identified. One population consisted of small lymphocytes, which were positive for CD19 and 
CD20, and dimly positive for CD10 (A). Another population consisted of medium-sized to large lymphocytes, which were positive for CD10, CD19, and CD20 (B). 

C: In the area of CD45- dimly positive cells, a distinct population of medium-sized to large cells positive for CD13, CD34, and CD117 were detected.
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Figure 3: Cytogenetic analysis of the bone marrow cells.
A and D: 46,XY,t(8;22)(q24;q11.2),t(14;18)(q32;q21) in 6 cells (A) and G-banding karyotype showed 46,XY,-5,-17,-20,+mar1,+mar2,+mar3 in 3 cells (D) out of 20 
metaphase cells. Arrows in A indicate the chromosomes with translocation.
B, C and E: FISH analyses of IgH/BCL2 fusion (B), IgH/MYC fusion (C), and CSF1R (E). Arrows in B indicate the presence of fusion of red (IgH probe) and green 
(BCL2 probe) signals. No fusion of IgH/MYC was detected in C (red: MYC probe, green: IgH probe, blue: D8Z2 probe). Heterozygous loss of CSF1R (red signal) on 
the 5q was shown in E, while D5S721 & D5S23 (green) on the 5p of both alleles were retained.
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Discussion
The present case is, to the best of our knowledge, the first reported 

case with concurrence of DHL and AML. Oki et al. reported 129 cases 
of DHL in single institute between 2003-2013, among which 16 cases 
(12%) showed leukemic presentation [5]. However, all of the cases were 
classified as bone marrow involvement of DHL cells, and concurrence 
of myeloid malignancies has not been described. In the present case, 
FCM analysis revealed the presence of distinct lymphoid cells (two 
populations) and myeloid blasts in both bone marrow and peripheral 
blood. Further cytogenetic analysis confirmed the presence of two 
distinct cell populations, one with features of DHL (concurrent t(8;22)
(q24;q11.2) and t(14;18)(q32;q21)) and another with a myelodysplasia-
related feature (loss of chromosomes 5). Consequently, FCM and 
cytogenetic analysis confirmed very rare concurrence of DHL and 
AML in this patient. Based on the distinct immunophenotypic and 
cytogenetic features of each cell population, we suppose that this 
concurrence would be incidental rather than cellular transformation 
from one to another. However, the possibility remains that both 
malignant cells derived from common leukaemic/lymphoma stem cells 
with unidentified genetic abnormalities. While such concurrence may 
be a very rare event, precise FCM and cytogenetic analysis would be 
useful in accurately diagnosing bone marrow involvement of DHL.

In the present case, MYC translocation was not proven by FISH 
analysis, but the presence of t(8;22)(q24;q11.2) by cytogenetic analysis 
strongly suggested that the lymphoma cells harbored MYC/IgL fusion 
gene in addition to IgH/BCL2 fusion. Furthermore, two distinct 
populations of lymphoid cells were detected in the bone marrow, one 
of which showed morphological features of follicular lymphoma cells. 
Therefore, transformation from follicular lymphoma to DHL was also 
suspected, as has been reported in a subset of DHL cases. Actually, 
Kishimoto et al. reported a DHL case with two distinct lymphoma cell 
populations in the bone marrow having translocations of both MYC 
and BCL2 [9]. In this case, single BCL2 translocation was detected in 
the primary lymph node, suggesting the transformation from follicular 

lymphoma with BCL2 translocation to B-lymphoblastic leukemia 
with additional MYC translocation. Unfortunately, no evidence of 
transformation was available in our case, because cytogenetic analysis 
did not detect bone marrow cells with single t(14;18)(q32;q21) 
translocation. Cytogenetic analysis of the primary lymph node lesions 
might have provided more information regarding this issue. Because 
of wide variation in biology and morphological aspects of DHL, it is 
essential to fully perform cytogenetic analysis and immunophenotyping 
for accurate evaluation of DHL.
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