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Case Report
Secondary mixed phenotype acute leukemia following 
chemotherapy for diffuse large B-cell lymphoma:  
a case report and review of the literature
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Abstract: Therapy-related mixed phenotype acute leukemia (MPAL) following non-Hodgkin’s lymphoma (NHL) is 
extremely rare. We present here the case of an elderly man, diagnosed with diffuse large B-cell lymphoma (DLBCL) 
through a tonsil biopsy. After treatment with seven cycles of CHOP (cyclophosphamide, doxorubicin, vincristine and 
prednisolone) like regimen, the patient developed to MPAL (B/myeloid) with del(7)(q22), t(6;9)(p23;q34), DEK/
NUP214 fusion, as well as EZH2 and TET2 mutations. The patient was successively treated with chemotherapy and 
allogenetic hematopoietic stem cell transplantation. Until recently he is still alive more than 23 months without 
relapse.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is an 
aggressive non-Hodgkin’s lymphoma (NHL), 
which represents approximately 25-30% of all 
lymphomas and is the most common subtype 
throughout the world [1]. DLBCL is aggressive 
but potentially curable with multi-agent chemo-
therapy [1, 2]. The CHOP (cyclophosphamide, 
doxorubicin, vincristine, and prednisolone) regi-
men has been the mainstay of therapy for sev-
eral decades, and the addition of the anti-CD20 
monoclonal antibody rituximab to CHOP has led 
to a marked improvement in survival [2-4].

However, several studies have reported an ele-
vated risk of therapy-related malignancy overall 
following DLBCL or other NHL, such as solid 
and hematological tumors [3-8]. The risk of 
secondary acute leukemia after long-term 
treatment for NHL has been estimated at 
1-1.5% per year from 2-10 years after the start 
of primary chemotherapy [8, 9]. Secondary 
acute myeloid leukemia (AML) following NHL 
was relatively less frequently reported than 
secondary acute lymphoid leukemia (ALL), and 

secondary mixed phenotype acute leukemia 
(MPAL) following NHL was much more rarely 
reported [9, 10].  

In this paper, we describe a patient with DLBCL 
without chromosomal aberration at primary 
diagnosis. After treatment with a CHOP-like reg-
imen, the patient developed a secondary mixed 
phenotype acute leukemia (MPAL) with chromo-
somal abnormalities and gene mutations. Our 
patient was successfully treated with chemo-
therapy and allogeneic hematopoietic stem cell 
(allo-HSC) transplantation. 

Case report

In March 2012, a 56-year-old Chinese man was 
admitted with two weeks’ history of fever, tonsil 
pain, and enlargement of multiple cervical ly- 
mph nodes. Histological analysis of biopsied 
tonsil demonstrated DLBCL expressing CD20, 
CD79a, Bcl-2, Bcl-6, and PAX-5, but not CD3, 
CD30 (Ki-1), CD5, ALK, MPO, EBV, CD21 or 
CD10 (Figure 1). Laboratory data revealed that 
hemoglobin (Hb) was 112 g/L, red blood cell 
(RBC) count 3.54 × 109/L, white blood cell 
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(WBC) count 6.5 × 109/L, and platelet (PLT) 
count 137 × 109/L. Both bone marrow (BM) 
smears and biopsies showed no abnormalities. 
Immunophenotyping and chromosomal analy-
sis of BM aspirate was normal. In addition, 
computerized tomography (CT) of the chest, 
abdomen and pelvis did not reveal any changes 
suspicious for disease spread. Subsequently, 
chemotherapy according to the standard CHOP 
scheme was promptly administered leading to 
a rapid and progressive improvement. After 
treatment with six courses of CHOP regimen, 
the patient was asymptomatic.

In October 2014, he was hospitalized again for 
one month history of lower abdominal pain and 
lump. Abdominal CT scan showed intestinal 
obstruction. Laboratory data revealed that Hb 
was 108 g/L, WBC count 7.2 × 109/L, and PLT 
count 96 × 109/L. A abdominal operation was 
performed immediately. A biopsy sample ob- 
tained from the small intestine showed diffuse 
infiltration by DLBCL cells, which was confirmed 
by immunohistochemistry. In addition, histo-
pathological examination showed DLBCL in 3 of 
27 peri-intestinal lymph nodes. After surgical 
excision and elective lymph nodes dissection, 
the patient’s symptoms gradually improved. 
Subsequently, the patient received one cycle of 
standard CHOP chemotherapy plus rituximab.

special biochemical or immune abnormalities 
were found.

Peripheral blood (PB) smears revealed 75% 
blasts, 12% neutrophils, 6% immature granulo-
cyte, 6% lymphocyte, 1% basophilic granulo-
cyte. The blasts were characterized by fine azu-
rophilic granules with abundant cytoplasm, and 
irregular nuclei with 1-2 nucleoli. 

BM smears were hypercellular with 85.5% 
blasts; the morphologic features were similar to 
those on PB smears. In addition, erythroid dy- 
splasia was frequently observed. The blasts 
were 86% positive for myeloperoxidase stain-
ing, 92% for sudan black-B staining, and 82% 
for naphthol-AS-D chloracetate esterase stain-
ing, but they were negative for alpha-naphthyl 
butyrate esterase (Figure 2). BM trephine sec-
tions showed that blasts were positive for MPO, 
CD19 and CD22, but were negative for CD7 and 
CD3 (Figure 2).  

Flow cytometric analysis of the BM aspirate 
showed that the blasts were positive for CD13 
(94.46%), cMPO (67.61%), CD15 (45.36%), 
CD19 (64.92%), cCD79a (29.30), CyCD22 
(31.3%), CD117 (48.61%), CD34 (98.62%) and 
HLA-DR (93.49%), but were negative for CD14, 
CD10, CD20, CD7, CD2, CD3, CD56 and CD61 
(Figure 3).  

Figure 1. Diffuse large B-cell lymphoma (DLBCL) with tonsil involvement. 
Tonsil biopsies showed a diffuse proliferation of DLBCL cells with oval to 
round size, significantly basophilic cytoplasm and a central nucleolus (A) 
(Hematoxylin-Eosin staining); they were positive for CD79a (B), PAX-5 (C), 
but negative for CD3 (D) (× 400). 

In December 2014, he devel-
oped general weakness, mal-
aise and fever. On examina-
tion he was pale, and had 
dental ulcers but no icterus. 
Ultrasound diagnosis showed 
enlargement of the bilateral 
axillary lymph nodes, but no 
lymphadenectasis was found 
in the lower jaw, cervical re- 
gion and inguinal groove. Ab- 
dominal CT scan revealed no 
hepatosplenomegaly or other 
abnormality. 

Complete blood count showed 
that Hb was decreased to 59 
g/L, RBC count 2.02 × 109/L, 
WBC count 6.7 × 109/L, and 
PLT count was reduced to 18 
× 109/L. Serum β2-microglobu- 
lin and immunoglobulin G lev-
els were 4.3 μg/L and 19.53 
g/L, respectively. Coombs’ te- 
st was negative, and no other 
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Cytogenetic analysis of BM cells revealed 46, 
XY, del(7)(q22), t(6;9)(p23;q34) (Figure 4). Mu- 
ltiplex-nested reverse transcription PCR assay 
for DEK/NUP214 was positive, but for CBFB/
MYH11, FLT3/ITD, TEL-AMLI, MLL/AFX, MLL/
AF4, MLL/AF6, MLL/AF9, MLL/AF10, MLL/
ELL, MLL/AF1P, MLL/AF17, E2A/PBX1, BCR/
ABL1, SIL/TAL1, AML1/ETO, MLL/ENL, NPM/
ALK, PRKARIA/RARα, FIPIL1/RARα, NuP98/
PMX1, NuP98/HOxD13, NuP98/HOxC11, Nu- 
P98/HOxA13, NuP98/HOxA11, NuP98/HOx- 
A9, ETV6/PDGFRβ, ETV6/RUNX1, ETV6-PD- 
GFRα, FIPIL1/PDGFRα, NPM/RARa, PML/RA- 
Ra, SET/CAN, DEK/CAN, TLS/ERG, PLZF/RA- 
Ra, STAT5b/RARa, NuMA1/RARa, MLL/AF1Q, 
NPM/MLF1, TEL/ABL1, AML1/MDS1, E2A/
HLF, dupMLL, HOX11, EVI1 and TEL/PDGFR 
were all negative. Fluorescence in situ hybrid-
ization analyses with probes for DEK/NUP214 

lophosphamide (Bu/Cy) regimen, the patient 
was successively treated with allogeneic hema-
topoietic stem cells (HSC) transplantation. At 
present he is alive more than 23 months with-
out relapse.  

Discussion

We present a unique case of secondary mixed 
phenotypic acute leukemia (MPAL) with del(7)
(q22), t(6;9)(p23;q34), and DEK/NUP214 fu- 
sion after DLBCL. Immunophenotyping findings 
of our case show that the blasts co-ex- 
pressed myeloid and B-lymphoid differentiation 
antigens. Morphologically, the blasts present 
with myeloid features, which can be easily mis-
taken for AML. We indicate that flow cytometry 
and immunohistochemistry should be the pre-
ferred method for establishing the diagnosis of 
MPAL. 

Figure 2. Morphological findings of mixed phenotype acute leukemia. Blasts 
on peripheral blood smears (A) and bone marrow smears (B) were character-
ized by fine azurophilic granules with abundant cytoplasm. The nuclei were 
always irregular with 1-2 nucleoli (Wright-Giemsa stain). They were positive 
by Sudan black-B staining (C) (× 1000). Bone marrow sections showed a dif-
fuse proliferation of blasts (D) (Hematoxylin-Giemsa-Fuchsin staining), which 
were positive for MPO (E) and CD19 (F) (× 400).

was positive, but probes for 
CCND1/IGH, IGH/BCL-2, and 
PML/RARA were all negative. 
(Figure 5) 

Genomic DNA for C-KIT, NPM1, 
FLT3-TKD, FLT3-ITD, EZH2, RU- 
NX1, ASXL1, IDH1, IDH2, CBL, 
WT1, TET2, DNMT3A, PHF6, 
FBXW7, NOTCH1, ETV6, JAK- 
2V617F and TET3 were ampli-
fied, then the PCR products 
were sequenced. We observed 
EZH2 and TET2 mutations.  

Based on the revised 2016 
WHO criteria, the patient was 
diagnosed as therapy-related 
mixed phenotype acute leuk- 
emia (MPAL), B/myeloid, wi- 
th del(7)(q22), t(6;9)(p23;q34), 
DEK/NUP214 fusion, as well 
as EZH2 and TET2 mutations. 

After two course of inducti- 
on chemotherapy with vinc- 
ristine, daunorubicin, L-aspa- 
raginase, prednisone (VDLP) 
and Ara-c, the patient achi- 
eved complete remission. Th- 
en he received four courses  
of consolidation chemothera-
py with DVP (daunorubicin, vi- 
ncristine, and prednisone). Af- 
ter preconditioning with an 
improved busulfan and cyc- 
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Our patient has a history of DLBCL about three 
years. It is reported that NHL survivors have 
approximately twice the increased risk of sec-
ondary malignant neoplasm compared with the 
general population [7-9]. Young age, male sex, 
total body irradiation, alkylating agents and 
topoisomerase II inhibitors are the major risk 
factors associated with ANLL for NHL [6, 9], 
and the median time to development of thera-
py-related ANLL is 3 to 5 years [9, 10]. Our 
patient is an elderly man, who did not receive 
irradiation treatment; he received 7 courses of 
CHOP-like chemotherapy. Cyclophosphamide 
(alkylating agent) and (or) doxorubicin (topoi-
somerase II inhibitor), two important compo-

nents of CHOP, may be highly associated with 
the development of MPAL for our patient.

In addition to chromosome abnormalities, EZ- 
H2 and TET2 mutations were also observed in 
our patient with secondary MPAL. But it is still 
uncertain whether the mutations have been 
present at the time of primary diagnosis for 
DLBCL. So we extracted genomic DNA from the 
patient’s paraffin-embedded bone marrow 
biopsies atthe first diagnosis of DCBCL for com-
parison. After DNA amplification for EZH2 and 
TET2, the PCR products were sequenced, but 
no EZH2 or TET2 mutation was detected. Thus, 
besides del(7)(q22) and t(6;9)(p23;q34), the 
acquisition of EZH2 and TET2 mutations were 

Figure 3. Flow cytometric findings of mixed phenotype acute leukemia. Cell suspension immunophenotypic studies 
were performed on BM aspirate. Region 1 (R1) counted for 60.93% of all nucleated cells. In R1, the majority of the 
cells co-expressed myeloid (cMPO, CD13) and lymphoid antigens (CD19, cCD79a).
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critical drivers of secondary MPAL to our pa- 
tient.

MPAL is a rare disorder with an incidence of 
less than 2% of all acute leukemia. Therapy-

In summary, we report one unique case of ther-
apy-related MPAL with del(7)(q22), t(6;9)(p23; 
q34), and DEK/NUP214 fusion, as well as EZH2 
and TET2 mutations, following DLBCL with CH- 
OP-like treatment. The clinical courses of the 

Figure 4. G-banded karyogram of the bone marrow cells at the initial diag-
nosis. The karyotype is 46, XY, del(7)(q22), t(6;9)(p23;q34). Arrows indicate 
rearranged chromosomes.

Figure 5. Fluorescence in situ hybridization analyses. The probes for DEK/
NUP214 (A) on interphase nuclei were positive, but probes for CCND1/IGH 
(B), IGH/BCL-2 (C), and PML/RARA (D) were all negative.

related MPAL is even more ra- 
re; only four cases have been 
reported until recently [11-14]. 
Three cases were secondary 
after solid tumors (breast ca- 
ncer, seminoma, and uterine 
cancer, respectively) [12-14], 
and the other case was sec-
ondary after NHL [11]. One 
common feature is that all 
four cases were treated with 
alkylating agent (cyclophosp- 
hamide or cisplatin). Many re- 
ports showed that MPAL had a 
high incidence of abnormal 
karyotype, especially positive 
Ph chromosome (Ph+) and 
llq23 abnormality [14-16]. To 
the best of our knowledge, 
MPAL with del(7)(q22), t(6;9)
(p23;q34) and DEK/NUP214 
fusion have not been reported 
in the literature.

Due to its heterogeneity, over-
lapping features with other 
types of ALL and AML, and lin-
eage plasticity, MPAL has a 
poor prognosis particularly in 
adults, and secondary MPAL 
seems to have a worse clinical 
outcome compared with de 
novo cases [15, 16]. Currently, 
there are no special treatme- 
nt guidelines for MPAL [16-
18]. It is suggested that ALL-
directed treatment seems mo- 
re effective with a higher res- 
ponse rate and better out-
come compared with AML or 
to an AML + ALL schedule, and 
tyrosine kinase inhibitors see- 
ms to be more effective to 
Ph+ MPAL [17-19]. Our patient 
achieved complete remission 
with chemotherapy and allo-
geneic HSC transplantation, 
and maintained a good quality 
of life without serious adverse 
events.
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present case suggests that allogeneic HSC 
transplantation is a safe and effective method 
for secondary MPAL.
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